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DATA CLASSIFICATION 

Product Preview 

This heading on a data sheet indicates that the device is in the formative 
stages or in design (under development). The disclaimer at the bottom of 
the first page reads: "This document contains information on a product 
under development. Motorola reserves the right to change or discontinue 
this product without notice." 

Advance Information 

This heading on a data sheet indicates that the device is in sampling, 
preproduction, or first production stages. The disclaimer at the bottom of 
the first page reads: "This document contains information on a new product. 
Specifications and information herein are subject to change without notice." 

Fully Released 

A fully released data sheet contains neither a classification heading nor a 
disclaimer at the bottom of the first page. This document contains infor­
mation on a product in full production. Guaranteed limits will not be changed 
without written notice to your local Motorola Semiconductor Sales Office. 

BurstRAM, DSPRAM, ParityRAM, and OuickRAM are trademarks of Motorola, Inc. 
SPARC is a trademark of Sun Microsystems. 



MOTOROLA 

MEMORIES 

Prepared by 
Technical Information Center 

Motorola has developed a broad range of reliable memories for virtually any digital 
data processing system application. Complete specifications for the individual circuits 
are provided in the form of data sheets. In addition, a selector guide is included to 
simplify the task of choosing the best combination of circuits for optimum system 
architecture. 

New Motorola memories are being introduced continually. For the latest 
releases, and additional technical information or pricing, contact your nearest 
authorized Motorola distributor or Motorola sales office. 

Motorola reserves the right to make changes without further notice to any products herein to improve reliability, 
function or design. Motorola does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
Motorola products are not designed, intended, or authorized for use as components in systems intended for 
surgical implant into the body, or other applications intended to support or sustain life, or for any other application 
in which the failure of the Motorola product could create a situation where personal injury or death may occur. 
Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer 
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless 
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, 
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim 
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are 
registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/ Affirmative Action Employer. 

Printed in U.S.A. 
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12BK x B, B0/100 ns, ET and E2 Inputs, Low Power, 

Data Retention ............................................ . 
12BK x B, B0/100 ns, E and S Inputs, Low Power, 

Data Retention ............................................ . 
256K x 4, 100/120 ns, Page Mode ............................. . 
12BK x B, 100/120 ns, Page Mode ............................. . 
BK x 24, 25/30/35 ns, DSPRAM ............................... . 
32K x B, B5/100/120 ns ...................................... . 
32K x B, 100 ns, -40 to B5°C ................................. . 
32K x B, B5/100/120 ns, Low Power ........................... . 
32K x B, 70 ns, Low Power ................................... . 
32K x B, 100 ns, -40 to B5°C ................................. . 
32K x B, 100 ns, -40 to 105°C ................................ . 
BK x B, 45/55 ns ............................................ . 
BK x B, 55/70 ns, -40 to B5°C ................................. . 
BK x B, 45/55, Low Power .................................... . 
32K x 9, 30/34/45 ns ........................................ . 
32K x 9, 17/20/25 ns, See QuickRAM .......................... . 
32K x 9, 12/15 ns, See QuickRAM II ........................... . 
32K x B, 30/34/45 ns ........................................ . 
32K x B, 17 /20/25 ns, See QuickRAM .......................... . 
32K x B, 25/30/35/45/55 ns, -40 to B5°C ....................... . 
32K x B, 12/15 ns, See QuickRAM II ........................... . 
256K x 1, 15/20/25 ns, See QuickRAM II ....................... . 
256K x 1, 10/12 ns, See QuickRAM II .......................... . 

MOTOROLA MEMORY DATA 

ix 

Page 
Number 

6-3 
B-3 
10-3 
B-10 
3-3 

3-15 
3-27 
3-39 
3-3 

3-15 
9-3 
2-3 

2-1B 
2-33 
2-4B 
2-64 
2-79 
2-94 
5-3 

5-16 
2-3 
2-4B 
2-64 
2-94 
5-3 
5-16 

5-3 

5-16 
4-3 
4-5 

9-49 
6-B 
6-24 
6-B 
6-16 
6-24 
6-32 
7-3 
7-11 
7-3 
7-19 

7-122 
7-142 
7-26 

7-122 
7-32 

7-142 
7-122 
7-142 



Device Number 

MCM6208 
MCM6208-15,20,25 
MCM6208C-1 0, 12 
MCM6209 
MCM6209-15,20,25 
MCM6209C-10, 12 
MCM62110 
MCM6226 
MCM6228 
MCM62350 
MCM62351 
MCM62486 
MCM6264-15,20 
MCM6264C 
MCM6264C-10, 12 
MCM6264D 
MCM6264D-C 
MCM6265-15,20,25 
MCM6265C-10, 12 
MCM6268 
MCM6269 
MCM6270 
MCM62820 
MCM6287 
MCM6287-12, 15,20 
MCM6287C-8, 10 
MCM6288 
MCM6288-12, 15 
MCM6288C-8, 10 
MCM6290 
MCM6290-12, 15 
MCM6290C-8, 10 
MCM6292 
MCM6293 
MCM6294 

MCM62940 

MCM6295 

MCM62950 
MCM62960 
MCM62963 
MCM62964 

MCM62965 

MCM62973 
MCM62974 

MCM62975 

ALPHANUMERIC INDEX (Continued) 

Function 

64K x 4, 35/45 ns ........................................... . 
64K x 4, 15/20/25 ns, See QuickRAM .......................... . 
64K x 4, 10/12 ns, See QuickRAM II ........................... . 
64K x 4, 35/45 ns, Output Enable ............................. . 
64K x 4, 15/20/25 ns, See QuickRAM .......................... . 
64K x 4, 10/12 ns, See QuickRAM II ........................... . 
32K x 9, 15/20 ns, Synchronous, Dual 1/0, Parity Checker ........ . 
128K x 8, 25/30 ns .......................................... . 
256K x 4, 25/30 ns .......................................... . 
4K x 4, 20/22/25 ns, Cache Tag ............................... . 
4K x 4, 20/22/25 ns, Cache Tag ............................... . 
32K x 9, 20/25/30 ns, Synchronous BurstRAM .................. . 
8K x 8, 15/20 ns, See QuickRAM .............................. . 
8K x 8, 20/25 ns, -40 to 85°C ................................. . 
8K x 8, 10/12 ns, See QuickRAM II ............................ . 
8K x 8, 20/25/35/45 ns ....................................... . 
8K x 8, 25/35/45/55 ns, -40 to 85°C ........................... . 
8K x 9, 15/20/25 ns, See QuickRAM ........................... . 
8K x 9, 10/12 ns, See QuickRAM II ............................ . 
4K x 4, 20/25/35/45/55 ns .................................... . 
4K x 4, 20/25/35 ns, Fast Chip Select .......................... . 
4K x 4, 20/25/35 ns, Output Enable , ........................... . 
8K x 20, 23/30 ns, Latched Address ........................... . 
64K x 1 , 25/35 ns ........................................... . 
64K x 1, 12/15/20 ns, See QuickRAM .......................... . 
64K x 1, 8/1 O ns, See QuickRAM II ............................ . 
16K x 4, 20/25/30/35 ns ...................................... . 
16K x 4, 12/15 ns, See QuickRAM ............................ . 
16K x 4, 8/10 ns, See QuickRAM II ............................ . 
16K x 4, 10/25/30/35 ns, Output Enable ........................ . 
16K x 4, 12/15 ns, See QuickRAM ............................ . 
16K x 4, 8/1 O ns, See QuickRAM II ............................ . 
16K x 4, 25/30 ns, Synchronous, Transparent Outputs ........... . 
16K x 4, 20/25 ns, Synchronous, Output Registers .............. . 
16K x 4, 20/25 ns, Synchronous, Output Registers, 

Output Enable ............................................ . 
32K x 9, 14/19/24 ns, Synchronous, BurstRAM, 

for 040 Applications ....................................... . 
16K x 4, 25/30 ns, Synchronous, Transparent Outputs, 

Output Enable ............................................ . 
32K x 9, 20/25 ns, Synchronous, for RISC-CISC Cache .......... . 
32K x 9, 17/20/24 ns, Synchronous, Output Registers ............ . 
4K x 10, 18/20/25/30 ns, Synchronous, Output Registers ......... . 
4K x 10, 20/25/30 ns, Synchronous, Output Registers, 

Output Enable ............................................ . 
4K x 10, 25/30/35 ns, Synchronous, Transparent Outputs, 

Output Enable ............................................ . 
4K x 12, 18/20/25/30 ns, Synchronous, Output Registers ......... . 
4K x 12, 18/20/25/30 ns, Synchronous, Output Registers, 

Output Enable ............................................ . 
4K x 12, 25/30/35 ns, Synchronous, Transparent Outputs, · 

Output Enable ....................... ·- ................... . 

MOTOROLA MEMORY DATA 

x 

Page 
Number 

7-40 
7-122 
7-142 
7-40 

7-122 
7-142 
9-57 
7-47 
7-53 
9-67 
9-77 
9-87 
7-122 
7-60 

7-142 
7-66 
7-72 
7-122 
7-142 
7-78 
7-78 
7-83 
9-96 
7-89 
7-122 
7-142 
7-98 

7-122 
7-142 
7-98 

7-122 
7-142 
9-13 
9-22 

9-31 

9-102 

9~40 

9-110 
9-115 
9-120 

9-125 

9-129 
9-133 

9-138 

9-142 



Device Number 

MCM62980 
MCM62981 
MCM62982 
MCM62983 
MCM62990 
MCM62995 
MCM6706 
MCM6708 
MCM67081 
MCM67082 
MCM6709 
MCM81000 
MCM8256 
MCM84000 
MCM84256 
MCM8L1000 
MCM8L4000 
MCM8L4256 
MCM91000 
MCM94000 
MCM94256 
MCM9L1000 
MCM9L4000 
QuickRAM 
QuickRAM II 

ALPHANUMERIC INDEX (Continued) 

Function 

64K x 4, 15/20 ns, Synchronous .............................. . 
64K x 4, 15/20 ns, Synchronous, ParityRAM .................... . 
64K x 4, 12/15 ns, Synchronous, Output Registers .............. . 
64K x 4, 12/15 ns, Synchronous, ParityRAM, Output Registers .... . 
16K x 16, 17120/25 ns, Synchronous ........................... . 
16K x 16, 17 /20/25 ns, Asynchronous, Latched Address ......... . 
32K x 8, 10/12/15 ns ........................................ . 
64K x 4, 10/12 ns ........................................... . 
64K x 4, 10/12/15 ns, Separate Input/Output .................... . 
64K x 4, 10/12/15 ns, Separate Input/Output .................... . 
64K x 4, 10/12 ns, Output Enable ............................. . 
1 M x 8, 70/80/100 ns ........................................ . 
256K x 8, 20/25/30 ns ....................................... . 
4M x 8, 80/100 ns ........................................... . 
256K x 8, 70/80/100 ns ...................................... . 
1 M x 8, 70/80/100 ns, Low Power ............................. . 
4M x 8, 80/100 ns, Low Power ................................ . 
256K x 8, 70/80/1 00 ns, Low Power ........................... . 
1 M x 9, 70/80/100 ns ........................................ . 
4M x 9, 80/100 ns ........................................... . 
256K x 9, 70/80/100 ns ...................................... . 
4M x 9, 70/80/100 ns, Low Power ............................. . 
1 M x 9, 80/100 ns ........................................... . 
Fast Static RAM Family ..................................... .. 
Fast Static RAM Family ..................................... .. 

MOTOROLA MEMORY DATA 

xi 

Page 
Number 

9-147 
9-153 
9-158 
9-163 
9-168 
9-174 
7-105 
7-110 
7-116 
7-116 
7-110 
3-51 
8-17 
3-62 
3-74 
3-51 
3-62 
3-74 
3-85 
3-96 
3-108 
3-85 
3-96 

7-122 
7-142 



MOTOROLA MEMORY DATA 

xii 



Selector Guide and Cross Reference 
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DYNAMIC RAMs HCMOS} 
Motorola Address Operating 

Organ I· Part Accea1 Time Current Pin Package 
Densl~ zatlon Number _Lns Ma~ _imA Ma!!.l._ Count O_ptlons 

1M 1Mx1 MCM511000A 70/801100 80170160 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM51l1000A 70/80/100 80170160 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM511001A 70/80/100 80/70/60 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM511002A 70/80/100 80170160 18 20 20/26 [{BDIP __g)_IP SOJ,!}_ 

256Kx4 MCM514256A 70/801100 80170160 20, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM51 L4256A 70/80/100 80170160 20, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM514258A 70/801100 80170160 20 20 20/26 l!BP1P _g)Jp so-1!1. 

4M 4Mx1 MCM514100 80/100 100185 20, 20/26 (Z)IP, SO(J) 
MCM51L4100 80/100 100/85 20 20/26 [mJP SOJ,!l_ 

1Mx4 MCM514400 80/100 105/90 20, 20/26 (Z)IP, SO(J) 
MCM51L4400 80/100 105190 20, 20/26 (Z)IP, SO(J) 
MCM514410 801100 105/90 20 20/26 l@)P SOJ,!}_ 

- . 

Motorola Address Operating 
Organl· Part Access Tlm11 Current Pin Package 

Densl!Y_ zatlon Number _ins Ma!!.l._ J_mA Ma!!.l._ Count Q2_tlons 
8M 1Mx8 MCM81000 70/80/100 6401560/480 30 (S)IMM, (L)SIP 

MCM8L1001 70/80/100 6401560/480 30 (S)IMM, (L)SIP 
MCM81001 70/80/100 6401560/480 30 (S)IMM, (L)SIP 
MCM81002 70/80/100 6401560/480 30 l@!MM _ill.SIP 

8M 1Mx9 MCM91000 70/80/1 00 720/630/540 30 (S)IMM, (L)SIP, SG (gold) 
w/Parity MCM9L1000 70/80/100 720/630/540 30 (S)IMM, (L)SIP, SG (gold) 

MCM91001 70/80/100 720/630/540 30 (S)IMM, (L)SIP 
MCM91002 70/80/100 720/630/540 30 l.!fil!MM_illSIP 

2M 256Kx8 MCM84256 70/80/1 00 160/140/120 30 (S)IMM 
MCM8L4256 70/80/100 160/140/120 30 l!fillMM 

2M 256Kx9 MCM94256 70/80/100 240/210/190 30 (S)IMM 
w/Parity MCM9L4256 70/80/1 00 240/21 0/190 30 L<fil!MM 

4M 1Mx4 MCM41000 80/100 280/240 26 ImiMM 
4Mx1 MCM11400 80/100 90/80 26 imMM 

32M 4Mx8 MCM84000 80/100 800/680 30 (S)IMM 
MCM8L4000 80/100 800/680 30 l!fillMM 

32M w/Parity 4Mx9 MCM94000 80/100 900/765 30 (S)IMM 
MCM9L4000 80/100 900/765 30 l(fil!MM 

8M w/Pai!ii 256Kx36 MCM36256 70/80/100 960/840/760 72 tifiliMM SG]g:o@. 
16M w/Par;ji 512Kx36 MCM36512 70/80/100 192011660/1520 72 tifili MM SG Jg_o15!1_ 
32M W/Pari.!Y_ 1Mx36 MCM36100 80/100 1144/984 72 fill MM SG Jg_ol5!1_ 
64M w/Par\!t 2Mx36 MCM36200 80/100 1 t 20/960 72 fill MM SG jg_o15!1_ 
8M w/Pai!ii 256Kx40 MCM40256" 70/60/100 60017001600 72 fill MM SG jg_ol5!1_ 
16M w/Pari!Y 512Kx40 MCM40512" 70/80/100 820/720/620 72 If@ MM SG Jg_o15!1_ 
32M w/Par\!t 1Mx40 MCM40100" 80/100 1050/900 72 tifiliMM SGJg_o15!1_ 
64M w/Par;Ji 2Mx40 MCM40200" 80/100 1070/920 72 Ilfill MM SG Jg_ol5!1_ 

"To be introduced. 
Package Information: P=26 pin, 300 mil, plastic dual-in-line package 

J=26 pin, 300 mil, plastic small outline •J• lead package 
Z=20 pin, 300 mil, plastic zig-zag In-line package, 

or 26 pin zig-zag in-line memory module 

Comments 
Fast page mode cycle time-40/45/55 ns 
Fast page mode with low power battery backup 
Nibble mode access time-35/35/40 ns 
Static column mode c:}'91e time=40/45/55 ns 
Fast page mode cycle time=40145/55 ns 
Fast page mode with low power battery backup 
Static column mode c:}'91e time=40/45/55 ns 
Fast page mode cycle time=50/60 ns 
Fast..E!!fill mode with low_E9wer battfill'.._back~ 
Fast page mode cycle time=50/60 ns 
Fast page mode with low power battery backup 
Fast~e mode with write~r bit 

Comments 
Fast page mode cycle time=40/45/55 ns 
Fast page mode with low power battery backup 
Nibble mode access time=35/35/40 ns 
Static column mode 9'.,Cle time=40/45/55 ns 
Fast page mode cycle time=40145/55 ns 
Fast page mode with low power battery backup 
Nibble mode access time-35/35/40 ns 
Static column mode 9'.,Cle time-40145155 ns 
Fast page mode cycle time=40/45/55 ns 
Fast.J!!!ll.e mode with low _E9Wer battery backup 
Fast page mode cycle time-40145/55 ns 
Fast.J!!!ll.e mode with low_E9wer bait~ backl,!2_ 
Fast.J!!!ll.e mode_.9'.cle time-40/45/55 ns 
Fast.J!!!ll.e mode £rCle time=40145/55 ns 
Fast page mode cycle time-50/60 ns 
Fast.l!!!l!.e mode_.9'.cle time-50160 ns 
Fast page mode cycle time-50160 ns 
Fast .l!!!l!.e mode 9(.Cle lime=50/60 ns 
Fast.J!!!ll.e mode £lCle time=40/45/55 ns 
Fast.J!!!ll.e mode 9'.,Cle time-40/45/55 ns 
Fast.J!!!ll.e mode £lCle time-40/45155 ns 
Fast.J!!!ll.e mode £lCle time-40145/55 ns 
Same as MCM36xxx for error correction ~ications 
Same as MCM36xxx for error correction applications 
Same as MCM36xxx for error correction applications 
Same as MCM36xxx for error correction applications 

S=30 pad single-in-line memory module, or 
72 pad single-in-line memory module 

L=30 pin single-in-line memory module 
SG-30 pad single-in-line memory module with gold pac 
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DUAL PORT VIDEO RAMs 
Motorola Address Operating 

Organ I· Part Access Time Current Pin Package 
Densl!Y_ zatlon Number J_ns Ma& J__mA Matj_ Count ~Ions Comments 

1M 256Kx4 MCM524258A 100/120 140/150 28 28 IfilP S@ Dual _egrt VRAM with 512x4 SAM_port ta-25/35 ns 
128Kx8 MCM528128A 100/120 140/150 40 40 JIB:o1p filP s@ Dual_egrt VRAM with 256x8 SAM_port ta-25/35 ns 

---- --- -- -- - - - - - - - - -- ---- - - - ---

Motorola Address Operating 
Organ I· Part Access Time Current Pin 

Dens I!}'._ zatlon Number J_ns Matj_ J_mA Matj_ Count Pack'!Jl!'!S.. Comments 
16K 2Kx8 MCM2018AN 35/45/55 135 24 300 mil JElPIP NMOS. R~aces TMM2019D MCM2016HN MCM2016N. 

256K 32Kx6 MCM60256A 85/1 00/120 70 28 llPlDIP .JE)SOG 1 oo _JJA_ stand~ current 
MCM60L25SA 70/85/1 00/1 20 70 28 ilB_DIP J!isoG 30 .J!.A stand~ current 
MCM60L256A-C 100 70 28 llPlDIP JELSOG Industrial temfl_erature raQg!! .l-40' to +85'9,_ low ...E?wer 
MCM60L256A-V 100 70 28 Jiw1p JE)§OG Extended tem_.E.erature raQg!! :.l-40' to + 105'9,_ low .J1!>Wer 

1M 128Kx6 MCM518126 100 60 32 llElPIP ..1.Elfil_SfJ._SOG Built-in refresh CE1 & CE2 
Pseudo MCM518129 100 60 32 J.lB§QQ_ Built-in refresh CE & CS 
SAAM MCM51L8126 80/100 70160 32 ~IP Jflli:sQSOG 200 ~ stand'1Y_ current built-in refresh CE1 & CE2 

MCM51L6129 60/100 70160 32 J.lB§QQ_ 200 ~ stand\!l'._ current built-in refresh CE & CS 
MCM51LV6128 60/100 70160 32 lfEiP1p JE}!LSQSOG 200 ~ stand'1Y_ current built-in refresh CE1 & CE2 
MCM51LV8129 60/100 70160 32 l<FlSOG 200 _!lA_ stand\!l'._ current built-in refresh CE & CS 

Package Information. P-26 & 32 pin, 600 mil, plastic dual-in-line package SF=32 pin, 330 mil, plastic small outline gullwing package 
F=28 pin, 330 mil, plastic small outline gullwing package or, 

32 pin, 450 mil, plastic small outline gullwing package 

Motorola Address/ Operating 
Organl· Part Pin Packaging Cycle Time Current Tech· 

Densl!YI zatlon Number Count jpack~ Width In mllltl_ _i_ns Ma& J__mA ma& nol~ Comments 
16K 2Kx8 MCM2018A 24 300 PDIP 45/55 135 !IM)S R~aces TMM2019D MCM2016HN MCM2018N. 

4Kx4 MCM6268 20 300 PDIP 20/25/35/45/55 110/110/11 0/80/80 1-CM)S 20 ns in warehouse stock. 
MCM6269 20 300 PDIP 20/25/35 110 1-CM)S Fast Cti!J!.. Select access time-10/12115 ns. 
MCM6270 24/22 300 SOJ/PDIP 20/25/35 110 1-CM)S Fast Ou_!E!Jt Enable access time=10/12115 ns. 

64K 8Kx8 MCM6264 28 300/400 SOJ/300 PDIP 35/45/55 100/90/80 1-CM)S Look for DSP and cache mem<l!}'._ '!EeJications. 
MCM6264D 28 300/400 SOJ/300 PDIP 20/25 1151110 1-CM)S 20 ns fast and 8 bits wide. 
MCM6264 28 300 PDIP/SOJ 15 140 1-CM)S 15 ns fast and 8 bits wide. 
MCM6264C 28 300/400 SOJ/300 PDIP 35/45/55 100/90/60 1-CM)S Industrial tem_mirature ra11g0 -40' to 85'C. 
MCM6264D-C 28 300/400 SOJ/300 PDIP 25/30 115/110 1-CM)S Industrial tem_mirature ra11g0 -40' to 85'C. 
MCM6264C 28 300 PDIP/SOJ 20 140 1-CM)S Industrial tem_mirature ra11g0 -40' to 85'C. 

8Kx9 MCM6265 28 300 SOJ/PDIP 15/20/25 140/130/120 1-CM)S Ideal for ~ications r'!91Jiri'l!l_fl__arlli'.. 
16Kx4 MCM6288 22 300 PDIP 12/15/20/25/35 150/140/120/120/110 1-CM)S 12 ns devices have tDVWH=6 ns max. 

MCM6290 24 300 SOJ/PDIP 12/1 5/20/25/35 150/140/120/120/110 1-CM)S 12 ns devices have O~t Enable=6 ns max. 
64Kx1 MCM6267 24/22 300 SOJ/PDIP 12/1 5/20/25/35 150/140/130/1201110 1-CM)S Mainframe fil>plications can also be used for .£!lr.J!i'.. bit. 

256K 32Kx8 MCM6206 28 400 SOJ/600 PDIP 30/35/45 130/125/115 1-CM)S Two chll!._ control functions: Chill_ Enable and Ou!Q_ut Enable. 
MCM6206 28 300 SOJ/PDIP 17/20/25/35 1 55/150/140/135 1-CM)S 17 ns with full 10%.J1!>wer s~ 
MCM6206C 28 300 SOJ/PDIP 25/35/45 140/135/130 1-CM)S Industrial tem...E!'rature rai:!l!.e -40' to 85'C. 
MCM6706 28 300 SOJ 10/12/15 180/170/160 BiCMOS New Motorola BiCMOS. 

32Kx9 MCM6205 32 300 SOJ/PDIP 17/20/25/35 155/150/140/135 1-CM)S Ideal for <!QQ!ications r~uiririg__fl_ai'.l!i 
MCM6205C 32 300 SOJ/PDIP 25/35/45 140/135/130 1-CM)S Industrial tem_mirature ra!JB.e -40' to 85'C. 
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Motorola Address/ 
Organl- Part Pin Packaging Cycle Time 

Densl!X zation Number Count l.i!>ack!ll.• Width in mil~ _fils Ma& 
256K 64Kx4 MCM6709 28 300 SOJ 10/12/15 

256Kx1 MCM6207 24 300 SOJ/PDIP 15/20/25 
1M 128Kx8 MCM6226 32 400 SOJ/PDIP 25/30 

256Kx4 MCM6228 28 400 SOJ/PDIP 25/30 

FAST STATIC RAM MODULES 
Motorola Address/ 

Organl- Part Pin Cycle Time 
Densl!l. zation Number Count Packll{lil!{l _tns Ma!}_ 

2M 64Kx32 MCM3264Z 64 ZIP 20/25/30 
256Kx8 MCM8256Z 60 ZIP 20/25/30 

3M 2x64Kx24 MCM2464Z 58 ZIP 22/27 

APPLICATION SPECIFIC STATIC RAMs 

Motorola Address/ 
Organi- Part Pin Cycle Time 

Dascr~tlon zatlon Number Count Pack!!D!!!.!I. _fils Ma& 
Cache Taq RAM 4Kx4 MCM4180 24/22 300 mil SOJ/PDIP 18/20/25 
Cache Tag RAM 4Kx4 MCM62350 24 300 mil SOJ/PDIP 18/20/25 
with Status Bit 
Registers MCM62351 24 300 mil SOJ/PDIP 18/20/25 
Synchronous 16Kx4 MCM6293 28 300 mil SOJ/PDIP 20/25 
Static RAM MCM6294 28 300 mil SOJ/PDIP 20/25 

MCM6295 28 300 mil SOJ/PDIP 25/30 
64Kx4 MCM62980 28 300 mil SOJ 15/20 

MCM62982 28 300 mil SOJ 12115 
16Kx16 MCM62990 52 PLCC 17/20 

4x64Kx1 MCM62981 32 300 mil SOJ 15/20 
MCM62983 32 300 mil SOJ 12115 

4Kx10 MCM62963 44 PLCC 18/20/25 
4Kx12 MCM62973 44 PLCC 18/20/25 

MCM62974 44 PLCC 18/20/25 
MCM62975 44 PLCC 25/30 

32Kx9 MCM62940 44 PLCC 19/24 
MCM62950 44 PLCC 20/25 
MCM62960 44 PLCC 17/20/25 
MCM62486 44 PLCC 19/24 
MCM62110 52 PLCC 15/20 

DSPRAM 8Kx24 MCM56824 52 PLCC 25/30/35 
Latched Address 8Kx20 MCM62820 52 PLCC 23/30 
SAAM 16Kx16 MCM62995 52 PLCC 17/20/25 

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORY 
Motorola Address Operating 

Organ I- Part Access Time Current Pin 
Dansi!X_ zatlon Number _fils Ma& .l_mA Ma& Count 

2K 256Kx8 MCM2614P 3.5_!ll!_ 10 e 
Package Information: P..a pin, 300 mil 

Operating 
Currant Tech-

J_mA ma& nol<>gy_ Comments 
180/170/160 BiCMOS New Motorola BiCMOS. 
150/140/130 HCMJ5 15 ns 256K with s~arate 1/0. 

150/140 HCMJ5 1 M fast static RAM. 
145/135 HCMJ5 1 M fast static RAM. 

Operating 
Current Tech-

_tmA ma!}_ nolC!!ll'_ Comments 
1200/1120/1040 HCMJ5 Perfect for 32-bit system JEDEC standard. 
1200/1120/1040 HCMJ5 JEDEC standard module faster ~eeds.J!_ossible. 

1680/1560 HCMJ5 Two banks of x24 mem~ 

Operating 
Currant Tech-

J_mA ma& nolC!!ll'_ Comments 
140 HCMJ5 Fu!!:£_ co'!!l!!'tible with Mostek MK41i180. 
140 HCMJ5 Housekeeping bits function, active pull-up match output. Flash 

clearable. 
140 HCMJ5 Houseke'!E!!:!a bits function 'le!'" drain match ou_!Q_ut. Flash clearable. 
140 HCMJ5 R~istered ou.!e!Jts for fu!!Ll!!!!'lined ~ications s~arate I/O's. 
140 HCMJ5 R'!Qistered ou.!Q_uts_.Q!us ou..!Q_ut enable s~rate I/O's. 
140 HCMJ5 Tran~arent ou_!Q_uts _.Q!us ou~t enable separate I/O's. 
170 HCMJ5 La!9!1 cache memQ!Y_ for RISC and CISC systems. 
170 HCMJ5 R~istered ou..!Q_uts for two st!!ll_e pipeline. 
360 HCMJ5 Des_!g_ned for advanced RISC-CISC cache ilPPiications. 
170 HCMJ5 Cache mem~ar[!y_ RAM. 

170/130 HCMJ5 R~istered ou..!Q_uts cache memo.!iIJ:a!:!!{ RAM. 
170 HCMJ5 Same functional!!Y_ as MCM6293. 
170 HCMJ5 Same functional!!Y_ as MCM6293. 
170 HCMJ5 Same functional!!Y_ as MCM6294. 
170 HCMJ5 Same functional!!Y_ as MCM6295. 
250 HCMJ5 Burst mode for 040 ~ications. 
250 HCMJ5 Des_!g_ned for advanced RISC-CISC cache ~ications. 
180 HCMJ5 Des_!g_ned for SPARC™ '!Q.Qlications. Functionajly_ equivalent to CY7C157. 
250 HCMJ5 Burst mode for 486 ~ications. 
250 HCMJ5 Dual I/O's for 88110. 

250/210/180 HCMJ5 Des_!g_ned for DSP56001 ~ications. 
240/165 HCMJ5 Des_!g_ned for MIPS R3000 cache. 

360 HCMJ5 DSP96000 memory applications. Can be used like any asynchronous 
SAAM sa<!!Qles available now. 

Pack!ll!'2S. Comments 
Ilf}OIP 2 or 4 wire serial access data_l!l'otection after reset. 

tn 
m 
r­
m 

~ :a 
Q 
c: 
c 
m 



MOTOROLA MEMORY DATA 

1-6 



n 
::a 

DYNAMIC RAMs 0 en 
MOTOROLA FUJITSU HITACHI INTEL MICRON MITSUBISHI NEC OKI SAMSUNG Tl TOSHIBA en 

1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 ::a 
MCM511000A MB81C1000 HM511000 P21010 MT4C1024 M5M41000 µPD421000 MSM511000 KM41C1000 TMS4C1024 TC511000A m 

"T1 MCM511001A MB81C1001 HM511001 MT4C1025 M5M41001 µPD421001 MSM511001 KM41C1001 TMS4C1025 TC511001A m 
MCM511002A MB81C1003 HM511002 MT4C1026 M5M41002 µPD421002 MSM511002 KM41C1002 TMS4C1027 TC511002A ::a MCM514256A MB81C4256 HM514256 P21014 MT4C4256 M5M44256A µPD424256 MSM514256 KM44C256 TMS44C256 TC514256A m 
MCM514258A MB81C4258 HM514258 MT4C4258 M5M44258A µPD424258 MSM514258 KM44C258 TC514258A z 

1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 n 
MCM514400 MB814400 HM514400 MT4C4001 M5M44400 µPD424400 KM44C1000 TC514400 m 

4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 
MCM514100 MB814100 HM514100 T21040 MT4C1004 M5M44100 µPD424100 KM41C4000 TC514100 

s::: DYNAMIC RAM MODULES 
~ MOTOROLA FUJITSU HITACHI INTEL MICRON MITSUBISHI NEC OKI SAMSUNG Tl TOSHIBA 0 
J) 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 
0 MCM84256 HB56D25608 MT8C8256 MH25608B MC-41256A8 MSC2304_S8 TM4256_8 
~ MCM8L4256 

.:.. s: 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 m 
s: MCM94256 MB85240 HB56D25609 MT8C9256 MH25609B MC-41256A8 MSC2304_S9 TM4256_9 
0 MCM9L4256 
J) 

1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 -< 
0 MCM81000S MB85230 HB56A18 MT8C8024 MH1M08BO MC-421 OOOA8 MSC2313_S8 KMM581000 TM024GAD8 THM81000 

~ MCMBL1000S SM2101910 
> MCM81001S MB85231 MT8C8025 MH1M0881 MC-42100088 

MCM81002S MT8C8026 MH1M08B2 MC-421 OOOC8 

1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 

MCM91000S MB85235 HB56A19 MT8C9024 MH1M09BO MC-421 OOOA9 MSC2312_S9 KMM591000 TM024EAD9 THM91000 
MCM9L1000S 
MCM91001S MT8C9025 MH1M09B1 MC-42100089 
MCM91002S MB85237 MT8C9026 MH1M09B2 MC-421 OOOC9 

256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 256Kx36 

MCM36256 HB56D25636B MT8C36256 MH25636BJ THM362500 

512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 

MCM36512 HB56D51236B MT8C36512 MH51236BJ THM365120 

4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 

MCM84000 HB56A48 
MCMBL4000 

4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 

MCM94000 HB56A49 MH4M090J MSC2340_ YS9 
MCM9L4000 



0 
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FAST STATIC RAMs 0 
tA 

MOTOROLA• IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI SONY tA 
4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 :a 

MCM6268P20 IDT6168SA20P CY7C168A-20PC MT5C1604-20 P4C168-20PC m 
MCM6268P25 IDT6168SA25P CY7C 168A-25PC MT5C1604-25 P4C168-25PC HM6268P-25 MB81 C68A-25P 

.,, 
MCM6269P20 CY7C169A-20PC P4C169-20PC m 
MCM6269P25 CY7C169A-25PC P4C169-25PC MB81C69A-25P :a 

m 
MCM6270J20 IDT61970S20Y CY7C170A-20VC MT5C1605DJ-20 2 
MCM6270J25 IDT61970S25Y CY7C170A-25VC MT5C1605DJ-25 0 MCM6270P20 IDT61970S20P CY7C170A-20PC MT5C1605-20 P4C170-20PC 
MCM6270P25 IDT61970S25P CY7C170A-25PC MT5C1605-25 P4C170-25PC m 

8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 
MCM6264NJ15' CY7C185-15VC MT5C6408DJ-15 TC5588J-15 CXK5863AJ15 
MCM6264NJ20' IDT7164S20Y CY7C185-20VC MT5C6408DJ-20 P4C164-20JC TC5588J-20 CXK5863AJ20 
MCM6264NJ25' IDT7164S25Y CY7C185-25VC MT5C6408DJ-25 P4C164-25JC TC5588J-25 CXK5863J25/AJ25 

MCM6264P15' CY7C185-15PC MT5C6408-15 TC5588P-15 CXK5863AP15 

s:: MCM6264P20' IDT7164S20P CY7C185-20PC MT5C6408-20 P4C164-20PC TC5588P-20 CXK5863AP20 

s MCM6264P25' IDT7164S25P CY7C185-25PC MT5C6408-25 P4C164-25PC TC5588P-25 CXK5863P25/AP25 

0 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 

::0 MCM6265J15 MB82B79-15PJ TC5589J-15 
0 MCM6265J20 P4C163-20JC MB82B79-20PJ TC5589J-20 M5M179P-35 r;: MCM6265P15 TC5589P-15 
s:: MCM6265P20 P4C163-20PC TC5589P-20 

do m 
16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 s:: 

0 MCM6288P12 CY7C164-12PC MT5C6404-12 P4C188-12PC HM6788HP-12 
::0 MCM6288P15 IDT7188S15P CY7C164-15PC MT5C6404-15 P4C188-15PC HM6788HP-15 TC55416P-15H M5M5188BP-15 CXK5464AP15 -< MCM6288P20 IDT7188S20P CY7C164-20PC MT5C6404-20 P4C188-20PC HM6788HP-20 TC55416P-20/P-20H M5M5188BP-20 CXK5464AP20 
0 MCM6288P25 IDT7188S25P CY7C164-25PC MT5C6404-25 P4C188-25PC HM6788P-25 MB81 C74-25P TC55416P-25 M5M5188AP-25 CXK5464AP25 
~ MCM6290J12 CY7C166-12VC MT5C6405DJ-12 P4C198-12JC HM6789HJP-12 > MCM6290J15 IDT6198S15Y CY7C166-15VC MT5C6405DJ-15 P4C198-15JC HM6789HJP-15 TC55417J-15H M5M5189BJ-15 CXK5465J15 

MCM6290J20 IDT6198S20Y CY7C166-20VC MT5C6405DJ-20 P4C198-20JC HM6789HJP-20 TC55417 J-20/J-20H M5M5189BJ-20 CXK5465J20 
MCM6290J25 IDT6198S25Y CY7C166-25VC MT5C6405DJ-25 P4C198-25JC HM6789JP-25 MB81C75-25PJ TC55417J-25 M5M5189AJ-25 CXK5465J25 

MCM6290P12 CY7C166-12PC MT5C6405-12 P4C198-12PC HM6789HP-12 
MCM6290P15 IDT6198S15P CY7C166-15PC MT5C6405-15 P4C198-15PC HM6789HP-15 TC55417P-15 M5M5189BP-15 CXK5465P15 
MCM6290P20 IDT6198S20P CY7C166-20PC MT5C6405-20 P4C198-20PC HM6789HP-20 TC55417P-20/P-20H M5M5189BP-20 CXK5465P20 
MCM6290P25 IDT6198S25P CY7C166-25PC MT5C6405-25 P4C198-25PC HM6789P-25 MB81 C75-25P TC55417P-25 M5M5189AP-25 CXK5465P25 

64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 

MCM6287J12 MT5C6401DJ-12 P4C187-12JC HM6787HJP-12 
MCM6287J15 IDT7187S15Y CY7C187-15VC MT5C6401DJ-15 P4C187-15JC HM6787HJP-15 M5M5187BJ-15 CXK5164J15 
MCM6287J20 IDT7187S20Y CY7C187-20VC MT5C6401 DJ-20 P4C187-20JC HM6787HJP-20 M5M5187BJ-20 CXK5164J20 
MCM6287J25 IDT7187S25Y CY7C187-25VC MT5C6401 DJ-25 P4C187-25JC HM6787 JP-25 MB81C71A-25PJ M5M518JAJ-25 CXK5164J25 

MCM6287P12 MT5C6401-12 P4C187-12PC HM6787HP-12 
MCM6287P15 IDT7187S15P CY7C187-15PC MT5C6401-15 P4C187-15PC HM6787HP-15 M5M5187BP-15 CXK5164P15 
MCM6287P20 IDT7187S20P CY7C187-20PC MT5C6401-20 P4C187-20PC HM6787HP-20 M5M5187BP-20 CXK5164P20 
MCM6287P25 IDT7187S25P CY7C187-25PC MT5C6401-25 P4C187-25PC HM6787HP-25 MB81 C71 A-25P M5M518JAP-25 CXK5164P25 

• P = 300 mil PDIP, J = 300 mil SOJ, unless otherwise noted 

'MCM6264: NJ= 300 mil SOJ, J = 400 mil SOJ, P = 300 mil PDIP, WP= 600 mil PDIP 



0 
:a 

FAST STATIC RAMs (Continued) 
0 
en 
en 

MOTOROLA• IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI SONY :a 
32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 m 

MCM6206NJ20 .. IDT71256S20P CY7C199-20 MT5C2568DJ-20 P4C1256-20JC TC55328J-20 "T1 
MCM6206NJ25 .. IDT71256S25P MT5C2568DJ-25 P4C1256-25JC HM6787 JP-25 M88289-25 TC55328J-25 CXK58255AJ25 m 
MCM6206NP20" IDT71256S20P CY7C198-20 P4C1256-20PC TC55328P-20 :a 
MCM6206NP25 .. IDT71256S25P MT5C2568-25 P4C1256-25PC HM6787P-25 M881 C71 A-25 TC55328P-25 CXK58255AP25 m z 
MCM6706J12 718256S12Y 0 MCM6706J15 718256S15Y m 
MCM6706P12 718256S12P 
MCM6706P15 718256S15P 

32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 

MCM6205N20 TC55329J-20 
MCM6205NJ25 IDT71259S25Y 
MCM6205NP20 TC55329P-20 

s:: MCM6205NP25 IDT71259S25P M88289-25 

Q 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 
0 MCM6208J15 M5M52588J-15 
:D MCM6208J20 IDT71258S20Y MT5C2564DJ-20 P4C1258-20JC HM6708JP-20 TC55464J-20 M5M52588J-20 0 
):: MCM6208J25 IDT71258$25Y CY7C194-25VC MT5C2564DJ-25 P4C1258-25JC HM6708JP-25 TC55464J-25 M5M5258AJ-25 

MCM6208P15 M5M52588P-15 

cb 
s:: MCM6208P20 IDT71258S20P MT5C2564-20 P4C1258-20PC HM6708P-20 TC55464P-20 M5M52588P-20 m MCM6208P25 IDT71258S25P CY?C 194-25PC MT5C2564-25 P4C1258-25PC HM6708P-25 TC55464P-25 M5M5258AP-25 s:: 
0 MCM6708P10 
:D MCM6708P12 IDT718258$12P 
-< MCM6708J10 
0 MCM6708J12 IDT718258512Y 
~ MCM6708P10 }> 

MCM6708P12 IDT618928$12P 

MCM6709J10 
MCM6709J12 IDT618928512Y 
MCM6209J15 
MCM6209J20 IDT61298$20Y MT5C2565DJ-20 P4C1298-20JC TC55465J-20 
MCM6209J25 IDT61298S25Y CY7C196-25VC MT5C2565DJ-25 P4C1298-25JC TC55465J-25 

MCM6209P15 
MCM6209P20 IDT61298S20P MT5C2565-20 P4C1298-20PC TC55465P-20 
MCM6209P25 IDT61298$25P CY7C196-25PC MT5C2565-25 P4C1298-25PC TC55465P-25 

256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 

MCM6207J15 
MCM6207J20 IDT712575S20Y MT5C2561 DJ-20 P4C1257-20JC HM6707 JP-20 
MCM6207J25 IDT712575S25Y MT5C2561DJ-25 P4C1257-25JC HM6707 JP-25 M5M5260AJ-25 

MCM6207P15 M5M52578P-15 
MCM6207P20 IDT712575S20P CY7C197-20PC MT5C2561-20 P4C1257-20PC HM6707P-20 M5M52578P-20 
MCM6207P25 IDT712575S25P CY7C197-25PC MT5C2561-25 P4C1257-25PC HM6707P-25 M5M5257 AP-25 

• P = 300 mil PDIP, J = 300 mil SOJ, unless otherwise noted 

.. MCM6206: NJ= 300 mil SOJ, J = 400 mil SOJ, NP= 300 mil PDIP, P = 600 mil PDIP 



CROSS REFERENCE 

FAST STATIC RAM 
APPLICATION SPECIFIC MEMORIES 

MOTOROLA• IDT 

4Kx4 CACHE TAG COMPARATORS 

MCM4180J,P IDT6178SY,SP 

16Kx4 SYNCHRONOUS 

MCM6293J,P 
MCM6294J,P 
MCM6295J,P 

IDT61593SY,SP 
IDT61594SY,SP 
I DT61 595S25Y, P 

• P = 300 mil PDIP, J = 300 mil SOJ 

SGS 

MK41H80N 

FAST STATIC RAM 
MODULES 

SARATOGA 

SSL4180PC 

SSM7193J,P 
SSM7194J,P 
SSM7195J,P 

MOTOROLA• CYPRESS HITACHI 

64Kx32 

MCM3264-20 
MCM3264-25 
MCM3264-30 

256Kx8 

MCM8256-20 
MCM8256-25 
MCM8256-30 

CYM1831-25 
CYM1831-30 

CYM1441-25 

• P = 300 mil PDIP, J = 300 mil SOJ 

HB66A2568A-25 

MOTOROLA MEMORY DATA 

1-10 



CMOS Dynamic RAMs 

MOTOROLA MEMORY DATA 

2-1 



DYNAMIC RAMs tHCMO~ 
Motorola Address Operating 

Organl- Part Access Time Current Pin Package 
Densl_!it zatlon Number .J!!s Mal<}_ _imA Mal<}_ Count O~lons 

1M 1Mx1 MCM511000A 70/80/100 80/70/60 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM51 L1000A 70/80/100 80/70/60 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM511001A 70/80/100 80/70/60 18, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM511002A 70/80/100 80/70/60 18 20 20/26 l!ElPIP _filp SQ{,!)_ 

256Kx4 MCM514256A 70/80/100 80/70/60 20, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM51 L4256A 70/80/100 80/70/60 20, 20, 20/26 (P)DIP, (Z)IP, SO(J) 
MCM514258A 70/80/100 80/70/60 20 20 20/26 !iE1PIP .ffi!P SQ{,!)_ 

4M 4Mx1 MCM514100 80/100 100/85 20, 20/26 (Z)IP, SO(J) 
MCM51L4100 80/100 100/85 20 20/26 [gj)P SQ{,!)_ 

1Mx4 MCM514400 80/100 105/90 20, 20/26 (Z)IP, SO(J) 
MCM51L4400 80/100 105/90 20, 20/26 (Z)IP, SO(J) 
MCM514410 80/100 105/90 20 20/26 lmJp ~ 

MOTOROLA MEMORY DATA 

2-2 



MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

1 M x 1 CMOS Dynamic RAM 
Page Mode 

The MCM511000A is a 1.0,. CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 
• Common 1/0 with Ear1y Write 
• Fast Page Mode 
• Test Mode 
• TTL-Compatible Inputs and Output 
e RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: MCM511000A=B ms 

MCM51L1000A=64 ms 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM511000A-70 and MCM51L1000A-70=70 ns (Max) 
MCM511000A-80 and MCM51L1000A-80=80 ns (Max) 
MCM511000A-10 and MCM51L1000A-10=100 ns (Max) 

• Low Active Power Dissipation: 
MCM511000A-70 and MCM51L1000A-70=440 mW (Max) 
MCM511000A-80 and MCM51L1000A-80=385 mW (Max) 
MCM511000A-10 and MCM51L1000A-10=330 mW (Max) 

• Low Standby Power Dissipation: 
MCM511000A and MCM51L1000A=11 mW (Max, TTL Levels) 
MCM511000A=5.5 mW (Max, CMOS Levels) 
MCM51L1000A=1.1 mW (Max, CMOS Levels) 

SMALL oun1NE 

DUAL-IN-LINE 
Vss 

lB Vss 
w Q 

PIN w 17 Q iiAS CA§ 

ASSIGNMENT 
16 CA§ TF NC 

15 A9 NC 22 A9 

14 AB 

Al 13 A7 

A2 12 AB 
AO. 1B AB 

A3 11 A5 Al 10 17 A7 

Vee 10 A4 A2 11 16 AB 

A3 12 15 A5 

Vee 13 14 A4 

MOTOROLA MEMORY DATA 
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MCM511000A 
MCM51L1000A 

P PACKAGE 
300 MIL PLASTIC 

CASE 7'17A 

J PACKAGE 
300MILSOJ 

CASE 822 

Z PACKAGE 
PLASTIC 

ZIG-ZAG IN-LINE 
CASE836 

PIN NAMES 

AO-AS . • . . • . . . . • • Address Input 
D • . • . • • • • . . • . • . . • Data Input 
Q • • • . . . • . . . • . . • . Data Output 
W. . . . . . . . . . . Read/Write Enable 
llA!! . . . . . . . . Row Address Strobe 
m . . . . . . Column Address Strobe 
Vee ............ Powar<+sv1 
Vss ................ Ground 
TF .......... Test Function Enable 
NC .••.•••••.••• No Connection 

ZIG-ZAG IN-LINE 

11 
A9 ::I 2 

3 :== CA§ 
Q ==1 4 

5 1==Vss 
D ::I & 

I:: W 
m !=: B 

1== TF 
NC =9:1 

iJ~ NC 
AO !li --112 

1== Al 
A2 H1 

1H. A3 151--
Vcc ==11a 

A5 g:== A4 

ill A6 
191--

A7 ==120 
1== AB 



MCM511000A • MCM51L1000A 

RAS------

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1 to +7 v 
Voltage Relative to Vss for Any Pin Except Vee Vin• Vout -1 to +7 v 
Test Function Input Voltage Vin(TFJ -1 to +10.5 v 
Data Out Current • lout 50 mA 

Power Dissipation Po 600 mW 

Operating Temperature Range TA Oto+70 oc 
Storage Temperature Range TsN_ -56 to + 150 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higherthan recommended voltages for extended 
periods of time could affect device reliability. 

MOTOROLA MEMORY DATA 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -
Test Function Input High Voltage V1H (TFl vcc+4.s -
Test Function Input Low Voltage V1L ITFl -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

V CC Power Supply Current 1cc1 
MCM511000A-70 and MCM51L1000A-70, tRc=130 ns -
MCM511000A-80 and MCM51L1000A-80, tRc= 150 ns -
MCM511000A-10 and MCM51L1000A-10, tRc=180 ns -

Vee Power Supply Current (Standby) IRAS= GAS= V1Hl 1cc2 -
Vee Power Supply Current During RAS only Refresh Cycles (CAS=V1Hl ICC3 

MCM511000A-70 and MCM51L1000A-70, tRc=130 ns -
MCM611000A-80 and MCM51L1000A-80, tRc=150 ns -
MCM511000A-10 and MCM51L1000A-10, tRC = 180 ns -

Vee Power Supply Current During Fast Page Mode Cycle (RAS=V1Ll lcC4 
MCM511000A-70 and MCM51L1000A-70, tpc=40 ns -
MCM511000A-80 and MCM51L1000A-80, tpc = 45 ns -
MCM511000A-10 and MCM51L1000A-10, tpc=SS ns -

Vee Power Supply Current (Standby) IRAS=CAS=Vcc-0.2 Vl MCM511000A ices -
MCM51L1000A -

Vee Power Supply Current During GAS Before RAS Refresh Cycle ices 
MCM511000A-70 and MCM51L1000A-70, tRc=130 ns -
MCM511000A-80 and MCM51L1000A-80, tRc=150 ns -
MCM511000A-10 and MCM51L1000A-10, tRc=180 ns -

Vee Power Supply Current, Battary Backup Mode-MCM51L1000A only lcC7 -
ltRc=125 ,.s; tRAs=1 ,.s; 'CAS=GAS Before RAS Cycle or 0.2 V; AO-A9, W, 
D=Vcc-0.2 V or 0.2 V) 

Input Leakage Current (Except TF) (0 VsVin:S6.5 V) ll!!elll -10 

Input Leakage Current ITFl (0 VsVinlTF)'SVcc+0.5 Vl 11!!1!!1) -10 

Output Leakage Current l'CAS=V1H• 0 VsV0 ut:S5.5 V) ll!!e!Ol -10 

Test Function Input Current 1Vcc+4.5 VsVin(TF):S10.5 V) lin(TF) -
Output High Voltage llOH = - 5 mAl VoH 2.4 

Output Low Voltage lloL = 4.2 mA) VOL -

CAPACITANCE If= 1.0 MHz, TA= 25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A9, D Cin 

RAS, CAS, W, Tf 

Output Capacitance (CAS = V1H to Disable Output) Q Cout 

NOTES: 
1. All voltages referenced to Vss· 

Max Unit Notea 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

10.5 v 1 

vcc+1.o v 1 

Max Unit Notea 

mA 2 
80 
70 
60 

2.0 mA 

mA 2 
80 
70 
60 

mA 2, 3 
60 
50 
40 

1.0 mA 
200 pA 

mA 2 
80 
70 
60 

300 pA 

10 pA 

10 pA 

10 pA 

1 mA 

- v 

0.4 v 

Max Unit N-

5 pf 4 

7 pf 4 

7 pf 4 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output opan. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ± 10%, TA=O to 70°C, Unless Otheiwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES !See Notes 1, 2, 3, 4, and 5) 

Symbol 
MCM611000A-10 MCM611000A-80 

Parameter MCM61L 1000A-10 MCM61L1000A-80 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL IRC 130 - 150 -
Read-Write Cycle Time IRELREL IRWC 155 - 175 -
Page Mode Cycle Time tCELCEL tpc 40 - 45 -
Page Mode Read-Write Cycle Time ICE LC EL IPRWC 65 - 70 -
Access Time from RAS IRELQV IRAC - 70 - 80 

Access Time from m ICELQV ICAC - 20 - 20 

Access Time from Column Address IAVQV IAA - 35 - 40 

Access Time from Precharge m ICEHQV ICPA - 35 - 40 

m to Output in Low-Z ICELQX ICLZ 0 - 0 -
Output Buffer and Turn-Off Delay ICEHQZ IOFF 0 20 0 20 

Transition Time (Rise and Fall) IT IT 3 50 3 50 

RAS Precharge Time IREHREL IRP 50 - 60 -
RAS Pulse Width IRELREH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH !RASP 70 100,000 80 100,000 

RAS Hold Time ICELREH IRSH 20 - 20 -
mHoldTime IRELCEH icsH 70 - 80 -
m Pulse Width ICELCEH ICAS 20 10,000 20 10,000 

RAS to m Delay Time IRELCEL IRCD 20 50 20 60 

RAS to Column Address Delay Time IRELAV IRAD 15 35 15 40 

m to RAS Precharge Time ICEHREL tcRP 5 - 5 -
m Precharge Time (Page Mode Cycle Only) ICEHCEL tcp 10 - 10 -
Row Address Setup Time IAVREL IASR 0 - 0 -
Row Address Hold Time !RELAX IRAH 10 - 10 -
Column Address Setup Time tAVCEL IASC 0 - 0 -
Column Address Hold Time ICE LAX ICAH 15 - 15 -
Column Address Hold Time Referenced to RAS IRELAX tAR 55 - 60 -
Column Address to RAS Lead Time IAVREH IRAL 35 - 40 -

NOTES: 

MCM611000A-10 
MCM61L1000A-10 Unit Notes 

Min Max 

180 - ns 6 

210 - ns 6 

55 - ns 

85 - ns 

- 100 ns 7,8 

- 25 ns 7, 9 

- 50 ns 7, 10 

- 50 ns 7 

0 - ns 7 

0 20 ns 11 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 12 

20 50 ns 13 

5 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ:& is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements IT= 5.0 ns. 
5. TF pin must be at V1L or open if. not used. 
6. The specifications for IRC (mini and IRWC (mini are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs70°C) is assured. 
7. Measured with a current load equivalent to 2 TTL (-200 ,,A, +4 mA) loads and 100 pF with the data output trip points set at 

VoH=2.o.v and Vot =0.8 v. 
8. Assumes that IRCD SIRCD (max). 
9. Assumes that IRCD ;,:tRCD (max). 

10. Assumes that IRAD"''RAD (max). 
11. IOFF (maxi defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
12. Operation within the tRCD (maxi limit ensures that !RAC (max) can be met. IRCD (max) is specified as a reference point only; if IRCD is 

greater than the specified IRCD (max) limit, then access time is controlled exclusively by ICAC· 
13. Operation within the !RAD (max) limit ensures that !RAC (maxi can be met. !RAD (max) is specified as a reference point only; if !RAD is 

greater than the specified !RAD (max), then access time is controlled exclusively by IAA· 

MOTOROLA MEMORY DATA 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 

Symbol 
MCM511000A-10 MCM611000A-80 MCM&11000A-10 

Paramatar MCM&1L1000A-10 MCM&1L1000A-IO MCM&1L 1000A-10 Unit Notu 

Standard Aharnata Min Max Min Max Min Max 

Read Command Setup Time twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to m tCEHWX IRCH 0 - 0 - 0 - ns 14 

Read Command Hold Time Referenced to iiAS" tREHWX tRRH 0 - 0 - 0 - ns 14 

Write Command Hold Time Referenced to m tCELWH twCH 15 - 15 - 20· - ns 

Write Command Hold Time Referenced to iiAS" IRELWH twCR 55 - 60 - 75 - ns 

Write Command Pulse Width IWLWH twP 15 - 15 - 20 - ns 

Write Command to iiAS" Lead Time IWLREH tRWL 20 - 20 - 25 - ns 

Write Command tom Lead Time IWLCEH tcWL 20 - 20 - 25 - ns 

Data In Setup Time tDVCEL tDs 0 - 0 - 0 - ns 15 

Data In Hold Time tCELDX tDH 15 - 15 - 20 - ns 15 

Data In Hold Time Referenced to iiAS" tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period MCM511000A tRVRV tRFSH - 8 - 8 - 8 ms 
MCM51L1000A - 64 - 64 - 64 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 16 

m to Write Delay tCELWL tcwD 20 - 20 - 25 - ns 16 

llAS" to Write Delay tRELWL tRWD 70 - 80 - 100 - ns 16 

Column Address to Write Delay Time tAVWL tAWD 36 - 40 - 50 - ns 16 

m Setup Time form Before iiAS" Refresh tRELCEL tcsR 10 - 10 - 10 - ns 

m Hold Time form Before llAS" Refresh tRELCEH tCHR 30 - 30 - 30 - ns 

m Precharge to·m Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

m Precharge Time for m Before iiAS" tcEHCEL tcPT 40 - 40 - 50 - ns 
Counter Test 

m Precharge Time tcEHCEL tCPN 10 - 10 - 15 - ns 

Test Mode Enable Setup Time Referenced to ITEHREL ITES 0 - 0 - 0 - ns 
llAS" 
Test Mode Enable Hold Time Referenced to tREHTEL ITEHR 0 - 0 - 0 - ns 
llAS" 
Test Mode Enable Hold Time Referenced to tcEHTEL tTEHC 0 - 0 - 0 - ns 
m 

NOTES: 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. These parameters are referenced to eAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 
16. twcs. tRWD· tcWD· and tf>WD are not restrictive operating parameters. They are included in the date sheet as electrical characteristics 

only; if twcs:.:twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD"'tcwD (mini, tRwD>=tRWD (mini, and tAWDl!:tAWD (min), the cycle is a read-write cycle and the data out 
wm contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at acceas time) 
Is indeterminate. 
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ADDRESSES 

V1H- ,_ __ .,..... ___ .,..__.,. 

w 

VoH­
Q !DATA OUT! 

Vm -

READ CYCLE 

VALID DATA 

EARLY WRITE CYCLE 

MOTOROLA MEMORY DATA 
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READ-WRITE CYCLE 

V1H-

llAS 
V1L -

V1H-
m 

V1L -

ADDRESSES 
V1L-

V1H-
w 

V1L -

V1H-
D !DATA INl 

V1L -

VoH-
Q !DATA DUTl 

Vol -

FAST PAGE MODE READ CYCLE 

V1H-
RAS 

V1L -

m 
VIL -

ADDRESSES 

w 

VQH -
Q !DATA OUTI ------------KIXXI 

MOTOROLA MEMORY DATA 
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FAST PAGE MODE EARLY WRITE CYCLE 

ADDRESSES 

D !DATA IN) 

VDH-
0 !DATA DUTI ---------------HIGH z------------------

VoL -

FAST PAGE MODE READ-WRITE CYCLE 

V1H----.i_ 
RAS 14------------IRASP'-----------~ 

V1H ---+-+-'...._ ___ ......,~ 
CilS 

V1L -

V1H-
ADDRESSES 

V1H- ....,.....,.. _ _,.;......,.......,.....-1..,_ ___ ...,. 

w 

V1H - .....,,.....,,.....,,....;.....,,.....,,.....,.....,.....,.,......., 

0 !DATA INI 

VoH-
0 !DATA OUT! -----------fl 

Vat -

MOTOROLA MEMORY DATA 
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AO TO AB 

0 !DATA OUT) 

::: it 
VoH -

RAS ONLY REFRESH CYCLE 
1W and A9 are Don't Care) 

---~~~~~~~~~~~tRc~~~~~~~~~~~~-.i 

--------------- HIGH Z ----------------
Vm -

CAS BEFORE RAS REFRESH CYCLE 
iW and AO to A9 are Don't Care) 

ICHR 

1>------------HIGH Z -------------

MOTOROLA MEMORY DATA 
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HIDDEN REFRESH CYCLE (READ) 

..----lRAS-----11~ 

V1H-
RAS 

Vil -

V1H-

CAS 
Vil -

ADDRESSES 

w 

VoH-
0 (DATA OUT) -----------+-<I 

HIDDEN REFRESH CYCLE (EARLY WRITE) 

V1H-

RAS 
V1l -

V1H-
CAS 

V1l -

V1H-
ADDRESSES 

V1l -

V1H-
w 

Vil -

V1H-

D (DATA IN) 
V1l -

VoH-
0 !DATA OUT) HIGH Z 

Vol -

MOTOROLA MEMORY DATA 
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V1H-
RAS 

V1t -

V1H-
CAS 

V1t -

V1H-
ADDRESSES 

V1t -

READ CYCLE 

VoH-
Q !DATA OUT! 

Vat -

V1H-
w 

V1t -

EARLY WRITE CYCLE 

Q !DATA OUT! 
VoH -

VOL -

w 

READ-WRITE CYCLE 

VoH­
Q !DATA OUTI 

w 

D (DATA INI 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

------------IRAS-----------'I~ -----
------IRSH-----.i 

--------HIGH Z----+---+-+---<I 

MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep­
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active= V1L. tRCD minimum) for all read 
or write cycles. The delay between RAS and CAS active tran­
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This "gate" feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (lRAH) specification is met (and defines tRCD min­
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad­
dresses and in generating the CAS clock. 

There are two other variations in addressing the 1 M RAM: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: "normal" 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V1Hl, lRCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However, CAS must be active before or at lRCD 
maximum to guarantee valid data out (Q) at lRAC (access time 
from RAS active transition). If the lRCD maximum is exceeded, 
read access time is determined by the CAS clock active tran­
sition (tCAC). 

The RAS and CAS clocks must remain active for a minimum 
time of IRAS and lCAS respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
lRRH or lRCH after RAS or CAS inactive transition, respec­
tively, to maintain th'e data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 
time of lRP to precharge the internal device circuitry for the 

next active cycle. Q is valid, but not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in­
active, the output will switch to High Z. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V1 L). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
IRAS and tcAS· and precharge time tRP apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for lRWL and tcwL. respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CAS active 
transition, keeping data-out buffers disabled. This feature can 
be utilized on systems with a common 1/0 bus, provided all 
writes are performed with early write cycles, to prevent bus 
contention. 

A late write cycle occurs when W active transition is made 
after CAS active transition. W active transition could be de­
layed for almost 10 microseconds after CAS active transition, 
(tRCD+tcwD+tRwL+2tT):5tRAS. if other timing mini­
mums (tRCD· lRWL. and tT) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but Q may be indeterminate­
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for tRWL and tcwL. respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast succes.sive data operations at all 2048 
column locations on a selected row of the 1 M dynamic RAM. 
Read access time in page mode (tCACl is typically half the 
regular RAS clock access time, lRAC· Page mode operation 
consists of keeping RAS active while toggling CAS between 
V1H and VIL· The row is latched by RAS active transition, 
while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low <V1L). 
The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tpRwcl. Either a read, write, 

MOTOROLA MEMORY DATA 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre­
viously described). These operations can be intermixed in con­
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by tRASP· Page mode operation is ended when RAS transi­
tions to inactive, coincident with or following GAS inactive 
transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re­
freshed (recharged) to maintain the correct bit stilte. Bits in 
the MGM511000A require refresh every 8 milliseconds, while 
refresh time for the MGM51L1000A is 64 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MGM511000A, and 124.8 micro­
seconds for the MGM51L 1000A. Burst refresh, a refresh of all 
512 rows consecutively, must be performed every 8 millise­
conds on the MGM511000A and 64 milliseconds on the 
MGM51L1000A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re­
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

counter that generates the row address to be refreshed. Ex­
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding GAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRP 
and back to active, starts the hidden refresh. This is essentially 
the execution of a GAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the ''1''s which were written in step 2 in normal read 
RAS-Only Refresh mode. 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while GAS remains high 
(V1Hl throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

GAS before RAS refresh is enabled by bringing GAS active 
before RAS. This clock order activates an internal refresh 

MEMORY CYCLE 

Q - HIGH·Z -+---< 

4. Using the same starting column address as in step 2, read 
"1" out and write "O" into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "O"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

CAS BEFORE RAS 
REFRESH CYCLE 

VALID DAROUT 

CAS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (AO-AB) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (B0-83), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 

is high Z. See truth table and block diagram. 

Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the "TF" pin on "super voltage" for the specified period (!TES. 
lTEHR· lTEHC; see TEST MODE CYCLE). 

"Super voltage"= V cc+ 4.5 V 
where 

4.5 V<Vcc <5.5 Vand maximum voltage=10.5 V. 
A9 is ignored in test mode. In normal operation, the "TF" 

pin must either be connected to V1L. or left open. 

Test Mode Truth Table 

D BO l 81 l 82 l 83 Q 

0 0 
I 

0 
I 

0 
I 

0 0 
1 1 1 1 1 1 

- Any Other High-Z 

TEST MODE CYCLE 

V1H- ----------4. 
---.+-ITEHC 

TEST FUNCTION BLOCK DIAGRAM 

IA91 

256K 
BLOCK 

TF 

BO 

256K 
A,, Ay BLOCK 

81 
NORMAL 

256K 
BLOCK 

TF 
B2 

256K 
BLOCK jj 

83 
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ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix---T-M~CM 511
000A 

01'"'"- X 

Part Number . 

xx xx 

T L Shipping Method (R2=Tape & Reel, L_ Blank= Rails) 

Speed (70=70 ns, 80=80 ns, 
10= 100 ns) 

~-~----Package (P=300 mil Plastic DIP. 
J=300 mil SOJ, Z=Plastic ZIP) 

Full Part Numbers-MCM511000AP70 MCM511000AJ70 MCM511000AJ70R2 MCM511000AZ70 
MCM511000AP80 MCM511000AJ80 MCM511000AJ80R2 MCM511000AZ80 
MCM511000AP10 MCM511000AJ10 MCM511000AJ10R2 MCM511000AZ10 

MCM51L1000AP70 MCM51L1000AJ70 MCM51L1000AJ70R2 MCM51L1000AZ70 
MCM51L1000AP80 MCM51L1000AJ80 MCM51L1000AJ80R2 MCM51L1000AZ80 
MCM51L1000AP10 MCM51L1000AJ10 MCM51L1000AJ10R2 MCM51L1000AZ10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

1 M x 1 CMOS Dynamic RAM 
Nibble Mode 

The MCM511001A is a 1.0µ CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial 
access of up to 4 bits of data. 

The MCM511001A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 
• Common 1/0 with Early Write 
• Fast Nibble Mode 
• Test Mode 
• ITL-Compatible Inputs and Output 
• RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: MCM511001A-70=70 ns (Maximum) 

MCM511001A-80=80 ns (Maximum) 
MCM511001A-10= 100 ns (Maximum) 

• Low Active Power Dissipation: MCM511001A-70=440 mW (Maximum) 
MCM511001A-80=385 mW (Maximum) 
MCM511001A-10=330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 
5.5 mW (Maximum, CMOS Levels) 

SMALL OUTLINE 

DUAL-IN-LINE 
0 2B Vss 

1. 18 Vss w 25 

PIN w 17 Q RAS 24 CAS 

ASSIGNMENT RAS lB CAS TF 23 NC 

TF 15 A9 NC 22 A9 

AD 14 AB 

Al 13 A7 

A2 12 AB AD 18 AB 

A3 11 A5 Al 10 17 A7 

Vee 10 A4 A2 11 lB A6 

A3 12 15 A5 

Vee 13 14 A4 

MOTOROLA MEMORY DATA 

2-18 

MCM511001A 

-

PPACKAGE 
300 MIL PLASTIC 

CASE 7ff1A 

~ JPACKAGE 
~· 300MILSOJ 

CASE 822 

-

ZPACKAGE 
PLASTIC 

ZIG-ZAG IN-LINE 
CASE 836 

PIN NAMES 

AO-A9 . . . . . . . . . . . Address Input 
D . . . . . . . . . . . . . . . . Data Input 
Q . . . . . . . . . . . . . . . Data Output 
W. . . . . . . . . . . Read/Write Enable 
RAS . . . . . . . . Row Address Strobe 
GAS" . . . . . . Column Address Strobe 
Vee ............ Powerl+5VI 
Vss ................ Ground 
TF .......... Test Function Enable 
NC ............. No Connection 

ZIG-ZAG IN-LINE 

A9 
11 
::I 

1J_ CAS 
a _;u--

--1 4 
Vss =5:: == 

1 _B_ w 7 1--
RAS ==1 B 

9 I== TF 
NC ==I 

1J~ NC 111 
AD ==112 

Al 1== 
A2 H1 

1H. A3 151--
Vee ==11B 

1== A4 
A5 gl 

1 lQ. 
191-- AB 

A7 ==12D 
I== AB 



MCM511001A 

AO 
Al 

A2 
A3 
A4 

A5 
AB 
A7 

AB 

A9 

RAS-------J~ 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating 

Power Supply Voltage 

Voltage Relative to Vss for Any Pin Except Vee 

Test Function Input Voltage 

Data Out Current 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

BLOCK DIAGRAM 

Symbol Value Unit 

Vee -1to+7 v 
Vin• Vout -1 to +7 v 
Vin(TFI - 1 to + 10.5 v 

lout 50 mA 

Po 600 mW 

TA Oto +70 oc 
Ts.!ll._ -55to+150 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higherthan recommended voltages for extended 
periods of time could affect device reliability. 

MOTOROLA MEMORY DATA 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 

I 
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MCM511001A 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0V±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -
Test Function Input High Voltage V1H (TF) Vcc+4.5 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 1cc1 
MCM511001A-70, IRC = 130 ns -
MCM511001A-80, tRC = 150 ns -
MCM511001A-10, tRC = 180 ns -

Vee Power Supply Current (Standby) IRAS= CAS = V1Hl 1cc2 -
Vee Power Supply Current During RAS only Refresh Cycles (CAS = V1Hl ICC3 

MCM511001A-70, tRc=130 ns -
MCM511001A-80, tRc=150 ns -
MCM511001A-10, tRC = 180 ns -

Vee Power Supply Current During Nibble Mode Cycle (ii7'$ = V1Ll ICC4 
MCM511001A-70, tNc=35 ns -
MCM511001A-80, 1Nc=35 ns -
MCM511001A-10, 1Nc=40 ns -

Vee Power Supply Current (Standby) (RAS=CAS=Vcc-0.2 Vl ices -
Vee Power Supply Current During CAS Before RAS Refresh Cycle ices 

MCM511001A-70, tRc=130 ns -
MCM511001A-80, tRc= 150 ns -
MCM511001A-10, tRc=180 ns -

Input Leakage Current (Except TF) 10 V sVin s6.5 VI 11~11 -10 

Input Leakage Current (TF) (0 VsVin(TFJSVcc+0.5 VI 11~11 -10 

Output Leakage Current (CAS=V1H. 0 VsV0 utS5.5 V) 11~01 -10 

Test Function Input Current (Vcc+4.5 VsVin(TF):S10.5 VI lin(TFI -
Output High Voltage UoH = - 5 mAl VoH 2.4 

Output Low Voltage (IOL =4.2 mAI VoL -

CAPACITANCE If= 1.0 MHz, TA =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A9, D Cjn 

RAS, CAS, W, TF 

Output Capacitance (CAS = V1H to Disable Output) Q Cout 

NOTES: 
1. All voltages referenced to Vss-

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

10.5 v 1 

Max Unit Notes 

mA 2 
80 
70 
60 

2.0 mA 

mA 2 
80 
70 
60 

mA 2 
60 
50 
40 

1.0 mA 

mA 2 
80 
70 
60 

10 µA 

10 µA 

10 µA 

1 mA 

- v 
0.4 v 

Max Unit Notes 

5 pF 3 

7 pF 3 

7 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1.6..t/ ~V. 
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MCM511001A 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
<Vee =5.0 V ± 10%, TA =0 to 10°e, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES !See Notes 1 2, 3 4 and 51 

Parameter 
Symbol MCM511001A-70 MCM511001A-80 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 130 - 150 -

Read-Write Cycle Time tRELREL tRWC 155 - 175 -

Nibble Mode Cycle Time tCEHCEH tNC 35 - 35 -
Nibble Mode Read-Write Cycle Time tCEHCEH tNRMW 55 - 55 -

~'---"'--

Access Time from RAS tRELQV tRAC - 70 - 80 

Access Time from GAS tCELQV tCAC - 20 - 20 

Access Time from Column Address tAVQV tAA - 35 - 40 

Nibble Mode Access Time tCELQV tNCAC - 15 - 15 

CAS to Output in Low-Z tCELQX tcLZ 0 - 0 -

Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time tREHREL tRP 50 - 60 -

RAS Pulse Width tRELREH tRAS 70 10,000 80 10,000 

RAS Hold Time tCELREH tRSH 20 - 20 -

CAS Hold Time tRELCEH tcsH 70 - 80 -

<:AS Pulse Width tCELCEH tCAS 20 10,000 20 10,000 

RAS to "CA'S Delay Time tRELCEL tRCD 20 50 20 60 

RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 

GAS to RAS Precharge Time tCEHREL tCRP 5 - 5 -

GAS Precharge Time tCEHCEL tcPN 10 - 10 -

Row Address Setup Time tAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 10 - 10 -

Column Address Setup Time tAVCEL tASC 0 - 0 -

Column Address Hold Time tCELAX tCAH 15 - 15 -
Column Address Hold Time Referenced to RAS tRELAX tAR 55 - 60 -

Column Address to RAS Lead Time tAVREH tRAL 35 - 40 -

NOTES: 

MCM511001A-10 
Unit Notes 

Min Max 

180 - ns 6 

210 - ns 6 

40 - ns 

65 - ns 

- 100 ns 7, 8 

- 25 ns 7, 9 

- 50 ns 7, 10 

- 20 ns 7 

0 - ns 7 

0 20 ns 11 

3 50 ns 

70 - ns 

100 10,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 12 

20 50 ns 13 

5 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. VtH min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ,S is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1H) in a monotonic manner. 
4. AC measurements tr= 5.0 ns. 
5. The TF pin must be at V1L or open if not used. 
6. The specifications for tRC (min) and tRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°C s TA !00°C) is assured. 
7. Measured with a current load equivalent to 2 TIL 1-200 µA, +4 mAJ loads and 100 pF with the data output trip points set at 

VoH =2.0 v and VoL =0.8 v. 
8. Assumes that tRCD"'tRCD (max). 
9. Assumes that tRCD?!:tRCD (max). 

10. Assumes that tRAD ;,:tRAD (max). 
11. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
12. Operation within the tRCD (maxi limit ensures that tRAC (maxi can be met. tRCD (maxi is specified as a reference point only; if lRCD is 

greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC· 
13. Operation within the tRAD (maxi limit ensures that tRAC (maxi can be met. tRAD (maxi is specified as a reference point only; if tRAD is 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA· 
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MCM511001A 

READ, WRITE, AND READ-WRITE CYCLES !Continued) 

Symbol MCM511001A-70 MCM511001A-80 MCM511001A-10 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Command Setup Time twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS ICEHWX tRCH 0 - 0 - 0 - ns 14 

Read Command Hold Time Referenced to RAS tREHWX tRRH 0 - 0 - 0 ns 14 

Write Command Hold Time Referenced to GAS tCELWH twCH 15 - 15 - 20 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 55 - 60 - 75 - ns 

Write Command Pulse Width twLWH twP 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data In Setup Time tDvcEL tDs 0 - 0 - 0 - ns 15 

Data In Hold Time tCELDX tDH 15 - 15 - 20 - ns 15 

Data In Hold Time Referenced to RAS tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 16 

GAS to Write Delay tcELWL tcwD 20 - 20 - 25 - ns 16 

RAS to Write Delay tRELWL tRWD 70 - 80 - 100 - ns 16 

Column Address to Write Delay Time tAVWL tAWD 35 - 40 - 50 - ns 16 

GAS Setup Time for CAS Before RAS Refresh tRELCEL tcsR 10 - 10 - 10 - ns 

CAS Hold Time for CAS Before RAS Refresh tRELCEH tcHR 30 - 30 - 30 - ns 

RAS Precharge to GAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

GAS Precharge Time for CAS Before RAS tcEHCEL tCPT 40 40 - 50 - ns 
Counter Test 

Nibble Mode Pulse Width tcELCEH tNCAS 15 - 15 - 20 - ns 

Nibble Mode GAS Precharge Time ICEHCEL tNCP 10 - 10 - 10 - ns 

Nibble Mode RAS Hold Time tCELREH tNRSH 15 - 15 - 20 - ns 

Nibble Mode CAS to Write Delay Time tCELWL tNCWD 15 - 15 - 20 - ns 

Nibble Mode Write Command to RAS Lead twLREH tNRWL 15 - 15 - 20 - ns 
Time 

Nibble Mode Write Command to CAS Lead twLCEH tNCWL 15 - 15 - 20 - ns 
Time 

Test Mode Enable Setup Time Referenced to ITEHREL ITES 0 - 0 - 0 - ns 
RAS 
Test Mode Enable Hold Time Referenced to tREHTEL ITEHR 0 - 0 - 0 - ns 
RAS 
Test Mode Enable Hold Time Referenced to ICEHTEL tTEHC 0 - 0 - 0 - ns 
GAS 

NOTES: 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 
16. twcs. tRWD· tcwo. and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only; if twcs~twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcWD2:tCWD (mini, tRWD2:tRWD (min), and tAWD2:tAWD (mini, the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 
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READ CYCLE 

IRC 

V1H - IRAS 

RAS 
V1L -

tcsH 

IRCD 

V1H-
CAS 

V!L -
IAR 

ADDRESSES 

V1L -

L 
V1H-

w 
V1L -

to FF 
IRAC 

VoH -
Q !DATA OUTI HIGH Z VALID DATA 

Vol -

EARLY WRITE CYCLE 

ADDRESSES 

V1H - ~--~---~~~~- o.--+---+--twp------
W 

'""~ 
VoH -

Q IDATA OUT! ---------------HIGH Z ------------------
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MCM511001A 

READ-WRITE CYCLE 

V1H-

RAS 
VJL -

V1H-
GAS 

VJL -

ADDRESSES 
VJL -

VJH-
w 

VJL -

V1H-
D !DATA INI 

V1L -

VoH-
Q (DATA DUTI 

Vm -

NIBBLE MODE READ CYCLE 

ADDRESSES 

VoH-
Q !DATA OUT! --- HIGH Z 

VOL -

MOTOROLA MEMORY DATA 
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MCM511001A 

NIBBLE MODE EARLY WRITE CYCLE 

V1H-

RAS 
Vil -

V1H-
CAS 

Vil -

V1H-
ADDRESSES 

V1l -

V1H-
'ii 

Vil -

V1H-
D IDATA INI 

V1t -

VDH-
Q !DATA OUT) --------------HIGH z------------------

Vol -

NIBBLE MODE READ-WRITE CYCLE 

V1H-
RAS 

V1l -

V1H ---+-+-4---""" 
CAS 

V1H­
ADORESSES 

V1H-
'ii ----t---t--+---,LI 

D IDATA IN) 

VoH­
Q !DATA OUT) 

VOL -
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MCM511001A 

AO TO AB 

V1L -

VoH-

RAS ONLY REFRESH CYCLE 
(\iii and A9 are Don't Carel 

t+------------tRc-------------

0 (DATA OUT) --------------- HIGH Z ----------------

V1H-

RAS 
V1L -

V1H-
CAS 

V1L -

VoH-
0 (DATA OUT) 

VOL -

ICPN 

IQ ff 

CAS BEFORE RAS REFRESH CYCLE 
IW and AO to A9 are Don't Carel 

l>------------HIGHZ-------------
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MCM511001A 

HIDDEN REFRESH CYCLE (READ} 

14----lRAS---~ 

V1H-
RAS 

V1L -

lRSH lCHR 

V1H-

rn 
V1L 

ADDRESSES 

VoH-
Q !DATA OUT) ---- HIGH Z -----11-<1 VALID DATA 

V1H-

RAS 
V1L -

V1H-
rn 

V1L -

V1H-
ADDRESSES 

V1L -

V(H-
w 

V1L -

V1H-

D !DATA INI 
V1L -

VoH-
Q (DATA DUTI 

Vol -

HIDDEN REFRESH CYCLE IEARLY WRITE) 

14-----IRAS----I~ 

HIGH Z 
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MCM511001A 

Ill CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1l -

V1H-
CAS 

V1l -

V1H -
ADDRESSES 

V1l -

READ CYCLE 

VDtt -
Q !DATA oun 

Vol -

Vitt-
w 

Vil -

EARLY WRITE CYCLE 
Vott -

Q !DATA OUT) -------HIGH Z -----+---l-+-------~-+---1------
VQL -

READ-WRITE CYCLE 

Vott-
Q !DATA OUT) HIGH Z 

VQL -

V1tt-

w 
V1l -

D !DATA INI 
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MCM511001A 

DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep­
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active= V11_, tRCD minimum) for all read 
or write cycles. The delay between RAS and CAS active tran­
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This "gate" feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines tRCD min­
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad­
dresses and in generating the CAS clock. 

There are two other variations in addressing the 1 M RAM: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: "normal" 
random read cycle, nibble mode read cycle, read-write cycle, 
and nibble mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V1Hl. tRCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However. CAS must be active before or at tRCD 
maximum to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If the tRCD maximum is exceeded, 
read access time is determined by the CAS clock active tran­
sition (tcACL 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tcAS respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
tRRH or tRCH after RAS or CAS inactive transition, respec­
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 

time of tRP to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in­
active, the output will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: 
early write, late write, nibble mode early write, and nibble mode 
read-write. Early and late write modes are discussed here, while 
nibble mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V1 LI. Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active times 
tRAS and tcAs. and precharge time tRP apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twCS before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcwL. respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I I 0 bus, 
provided all writes are performed with early write cycles, to 
prevent bus contention. 

A late write cycle occurs when W active transition is made 
after CAS active transition. W active transition could be de­
layed for almost 10 microseconds after CAS active transition, 
(tRCD+tcwD+tRWL +2tT)StRAS· if other timing mini­
mums (tRcD. tRWL and tT) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but Q may be indeterminate­
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for tRWL and tcwL. respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

NIBBLE MODE CYCLES 

Nibble mode allows fast successive serial data operations 
at two, three, or four bits of the 1 M dynamic RAM. Read 
access time in nibble mode (tNCACl is considerably faster than 
the regular RAS clock access time tRAC· Nibble mode oper­
ation consists of keeping RAS active while toggling CAS be­
tween V1H and VIL· The address of the first nibble bit is latched 
by RAS and CAS active transitions. Each subsequent CAS 
active transition increments the row and column addresses 
internally to access the next bit in binary fashion. After the 
fourth bit is accessed, the nibble pattern repeats itself: (0,0) 
(0,1) (1,0) (1,1) (0,0) (0,1) (1,0) (1,1) .... The A10 address 
determines the starting point of the 4-bit nibble, with row 
address A10 the least significant of the (column, row) ordered 
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MCM511001A 

pair. External addresses are ignored after the first nibble bit is 
selected. 

A nibble mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tNCP, while RAS remains low (V1L). 
The second CAS active transition while RAS is low initiates 
the first nibble mode cycle (tNC or tNRMW). Either a read, 
write, or read-write operation can be performed in a nibble 
mode cycle, subject to the same conditions as in normal op­
eration (previously described). These operations can be inter­
mixed in consecutive nibble mode cycles and performed in 
any order. The maximum number of consecutive nibble mode 
cycles is limited by tRAS. Nibble mode operation ends when 
RAS transitions to inactive, coincident with or following a CAS 
inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re­
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511001A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511001A. Burst refresh, a re­
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re­
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while CAS remains high 
(V1H) throughout the cycle. An external· counter is employed 
to ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex­
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRP 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CAS before RAS refresh 
counter test. read-write cycle. Repeat this operation 
512 times. 

3. Read the ''1''s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
"1" out and write "O" into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "O"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

MEMORY CYCLE 
CAS BEFORE RAS 
REFRESH CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 

0 - HIGH Z -1---- VALID DATA·OUT 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (AO-AS) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (B0-63), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 

Test mode can be used in any timing cycle except nibble 
mode cycles. The test mode function is enabled by holding 
the "TF" pin on "super voltage" for the specified period (!TES. 
ITEHR· tTEHC; see TEST MODE CYCLE). 

"Super voltage" =Vcc+4.5 V 
where 

4.5 V<Vcc <5.5 V and maximum voltage= 10.5 V. 
A9 is ignored in test mode. In normal operation, the "TF" 

pin must either be connected to V1L. or left open. 

Test Mode Truth Table 

D BO i B1 ] B2 t B3 a 
0 0 ~ -, 0 0 0 
1 1 1 1 1 
- Any Other High-Z 

TEST MODE CYCLE 

VtH - -----------!. 
i.----+- lTEHC 

TEST FUNCTION BLOCK DIAGRAM 

A,, Ay 

IA91 

256K TF 
BLOCK 

BO 

256K 
A,. Ay 

BLOCK 
B1 

NORMAL 

256K 
0 BLOCK 

TF 
B2 

256K 
BLOCK ii 

63 
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MCM511001A 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix ____ T_,CM T511001
A 

Part Number -

Full Part Numbers-MCM511001AP70 
MCM511001AP80 
MCM511001AP10 

x xx xx 1 T 5";'"°'' M.ethod (R2=Tape & Reel, 
Blank= Rails) 

Speed (70=70 ns, 80=80 ns, 10= 100 ns) 

Package (P=300 mil Plastic DIP, J=300mil SOJ, 
Z =Plastic ZIP) 

MCM511001AJ70 
MCM511001AJ80 
MCM511001AJ10 

MCM511001AJ70R2 
MCM511001AJ80R2 
MCM511001AJ10R2 

MCM511001AZ70 
MCM511001AZ80 
MCM511001AZ10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

1Mx1 CMOS Dynamic RAM 
Static Column 

The MCM511002A is a 1.01' CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The static column mode feature allows column data to 
be accessed upon the column address transition when RAS and CS are h01d low, similar 
to static RAM operation. 

The MCM511002A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100.mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 
• Common 1/0 with Early Write 
• Static Column Mode 
• Test Mode 
• TTL-Compatible Inputs and Output 
e RAS Only Refresh 
• CS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, B ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: MCM511002A-70=70 ns (Maximum) 

MCM511002A-80=80 ns (Maximum) 
MCM511002A-10= 100 ns (Maximum) 

• Low Active Power Dissipation: MCM511002A-70=440 mW (Maximum) 
MCM511002A-80=385 mW (Maximum) 
MCM511002A-10=330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 
5.5 mW (Maximum, CMOS Levels) 

SMALL OUTLINE 

DUAL-IN-LINE Vss 
0 

0 1. 1B Vss 
PIN w cs 

17 0 
ASSIGNMENT 4 NC 

RAS 16 cs 
NC A9 

TF 15 A9 

AO 14 AB 

Al 13 A7 
AO AB 

A2 12 A6 
Al 10 A7 

A3 11 A5 
A2 11 A6 

Vee 10 A4 
A3 12 A5 

Vee 13 A4 
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P PACKAGE 
300 MIL PLASTIC 

CASE 707A 

J PACKAGE 
300 MIL SOJ 

CASE 822 

PIN NAMES 

Af>.A9 . . . . . . . . . . . Address Input 
D . . . . . . . . . . . . . . . . Data Input 
Q . . . . . . . . . .. . . . . Data Output 
W. . . . . . . . . . . Read /Write Enable 
RAS . . . . . . . . Row Address Strobe 
CS . . . . . . . . . . . . . . . Chip Select 
Vee ............ Power(+5Vl 
Vss ................ Ground 
TF .......... Test Function Enable 
NC . . . . . . . . . . . . . No Connection 

ZIG-ZAG IN-LINE 

A9 
1 I 
::I 

I =2= cs 
0 

3 I 
==1 4 
5 I== Vss 
::I 

I =6= w 
7 I 

RAS ==1 B 
TF 9 I== 

NC ::I 
11!! NC 

n:~; AO 

13 1 == Al 
A2 ::I 

1H. A3 
Vee 

1~1--
--115 
171== A4 

A5 ::I 
1U 

111.1-- A6 
A7 --120 

AB 1== 



MCM511002A 

BLOCK DIAGRAM 

RAS------
#1 CLOCK 

GENERATOR 

ABSOLUTE MAXIMUM RATINGS !See Note> 

Rating Symbol 

Power Supply Voltege vcc 
Voltage Relative to Vss for Any Pin Except Vee Vjn, Vout 
Test Function Input Voltage Vin(TFl 

Data Out Current lout 

Power Dissipation Po 

Operating Temperature Range TA 

Storage Temperature Range TS!a. 

Value Unit 

-1 to +7 v 
-1 to +7 v 

-1 to +10.5 v 
50 mA 

600 mW 

Oto+70 •c 
-55 to + 150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of tima could affect device reliability. 
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DATA IN 
BUFFER 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP 
110 GATING 

2048 

MEMORY 
ARRAY 

SUBSTRATE BIAS 
GENERATOR 

Q 

Vee 
Vss 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 



MCM511002A 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -
Test Function Input High Voltage V1H (TF) Vcc+4.5 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 1cc1 
MCM511002A-70, tRc= 130 ns -
MCM511002A-80, tRc= 150 ns -
MCM511002A-10, tRC = 180 ns -

Vee Power Supply Current (Standby) IRAS= CS= V1Hl 1cc2 -
Vee Power Supply Current During RAS only Refresh Cycles (CS= V1Hl 1cc3 

MCM511002A-70, tRc=130 ns -
MCM511002A-80, tRc=150 ns -
MCM511002A-10, tRC = 180 ns -

Vee Power Supply Current During Static Column Mode Cycle IRAS= CS= V1Ll icC4 
MCM511002A-70, tsc = 40 ns -
MCM511002A-80, tsc = 45 ns -
MCM511002A-10, tsc = 50 ns -

Vee Power Supply Current (Standby) (RAS=CS=Vcc-0.2 VI icc5 -
Vee Power Supply Current During CS Before RAS Refresh Cycle ices 

MCM511002A-70, tRc=130 ns -
MCM511002A-80, tRC = 150 ns -
MCM511002A-10, tRc=180 ns -

Input Leakage Current (Except TF) (O V SVin s6.5 V) 11!!11!11 -10 

Input Leakage Current (TF) (0 VsVin(TFJSVcc+0.5 VI 11!!11!11 -10 

Output Leakage Current (CS=V1H. 0 VsV0 utS5.5 VI 11~01 -10 

Test Function Input Current (Vcc+4.5 VsVinlTF1"'10.5 VI lin(TFI -
Output High Voltage lloH = -5 mA) VoH 2.4 

Output Low Voltage llOL = 4.2 mAI VoL -

CAPACITANCE (f= 1.0 MHz, TA =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A9, D Cin 

RAS, cs, W, TF 

Output Capacitance (CS= V1H to Disable Output) a Cout 

NOTES: 
1. All voltages referenced to Vss. 

Max Unit Not• 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

10.5 v 1 

Max Unit Notes 

mA 2 
80 
70 
60 

2.0 mA 

mA 2 
80 
70 
60 

mA 2, 3 
60 
50 
40 

1.0 mA 

mA 2 
80 
70 
60 

10 p.A 

10 p.A 

10 p.A 

1 mA 

- v 
0.4 v 

Max Unit Not• 

5 pF 4 

7 pF 4 

7 pF 4 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per static column mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 14t/ 4V. 
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MCM511002A 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 v ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES !See Notes 1, 2, 3, 4, and 51 

Symbol MCM511002A-70 MCM&11002A-80 
Parameter 

Standard Altarneta Min Max Min Max 

Random Raad or Write Cycle Time tRELREL tRC 130 - 150 -
Raad-Write Cycle Time IRELREL tRWC 156 - 156 -
Static Column Mode Cycle Time IAVAV tsc 40 - 46 -
Static Column Mode Read-Write Cycle Time tAVAV ISRWC 70 - 80 -
Access Time from RA!: IRELOV IRAC - 70 - 80 

Access Time from CS tcELQV tcAc - 20 - 20 

Access Time from Column Address IAVOV IAA - 35 - 40 

Access Time from Last Write twLOV IALW - 65 - 75 

CS to Output in Low·Z tcELQX tcLZ 0 - 0 -
Output Buffer and Turn-Off Delay tCEHOZ to FF 0 20 0 20 

Data Out Hold from Address Change IAXQX tAOH 5 - 5 -
Data Out Enable from Write twHOV tow - 20 - 20 

Data Out Hold from Write twHOX twOH 0 - 0 -
Transition Time (Risa and Fall) tT tT 3 50 3 50 

"liAS Precharge Time IREHREL IRP 50 - 60 -
"liAS Pulse Width IRELREH IRAS 70 10,000 80 10,000 

"liAS Pulse Width (Static Column Modal tRELREH IRASC 70 100,000 80 100,000 

"liAS Hold Time ICELREH tRSH 20 - 20 -
CS Hold lime tRELCEH tcsH 70 - 80 -
CS Pulse Width tCELCEH tcs 20 10,000 20 10,000 

CS Pulse Width (Static Column Modal tCELCEH tcsc 20 100,000 20 100,000 

RA!: to CS Delay Time tRELCEL tRCD 20 50 20 60 

~to Column Address Delay Time tRELAV tRAD 15 36 15 40 

CS to RA!: Precharge Time tcEHREL tcRP 5 - 5 -
CS Precharge Time (Static Column Mode tCEHCEL tcp 10 - 10 -
Cycle Only) 

Row Address Setup Time tAVREL IASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 10 - 10 -

NOTES: 

McM&11002A-10 
Unit Notaa 

Min Max 

180 - ns 6 

210 - ns 6 

50 - ns 

100 - ns 

- 100 ns 7, 8 

- 25 ns 7, 9 

- 50 ns 7, 10 

- 95 ns 7, 11 

0 - ns 7 

0 20 ns 12 

5 - ns 

- 25 ns 
0 - ns 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 100,000 ns 

25 75 ns 13 

20 50 ns 14 

5 - ns 

10 - ns 

0 - ns 

15 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 p.a is required attar power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1HI in a monotonic mannar. 
4. AC measurements tT = 5.0 ns. 
5. TF pin must be at V1L or open if not used. 
6. The specifications for tRC (mini and tRWC (mini are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs70°C) is easured. 
7. Measured with a current load equivalent to 2 TTL (-200 p.A, +4 mAI loads and 100 pF with the data output trip points set at 

VoH=2.0 v and VoL=0.8 v. 
8. Assumes that tRCD StRCD (maxi. 
9. Assumes that tRCD i!:tRCD (max). 

10. Assumes that IRADi!:tRAD (maxi, and/or tLWADi!:tLWAD (max). 
11. Assumes that ILWAD:StLWAD (maxi. 
12. toFF (maxi defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
13. Operation within the tRCD (maxi limit ensures that tRAC (maxi can be met. tRCD (maxi is specified as a reference point only; if tRCD is 

greater than the specified IRCD (maxi limit, then access time is controlled exclusively by tCAC· 
14. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specif1Bd as a reference point only; if tRAD is 

greater than the specified tRAD (maxi, then access time is controlled exclusively by tAA. 
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MCM511002A 

READ, WRITE, AND READ-WRITE CYCLES (Continued) 

Symbol MCM511002A-70 MCM511002A.al MCM511002A-10 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Column Address Setup Time tAVCEL tASC 0 - 0 - 0 - ns 

Column Address Hold Time tcELAX tCAH 15 - 15 - 20 - ns 

Write Address Hold Time Referenced to RAS tRELAX tAWR 55 - 60 - 75 - ns 

Column Address Hold Time Referenced to tRELAX tAR 80 - 90 - 115 - ns 
RAS 

Column Address to RAS Lead Time tAVREH tRAL 35 - 40 - 50 - ns 

Column Address Hold Time Referenced to tREHAX tAH 5 - 5 - 10 - ns 15 
RAS High 

Write Command to CS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Last Write to Column Address Delay Time twLAV tLWAD 20 30 20 35 25 45 ns 16 

Last Write to Column Address Hold Time twLAX tAHLW 65 - 75 - 95 - ns 

Read Command Setup Time twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tcEHWX tRCH 0 - 0 - 0 - ns 17 

Read Command Hold Time Referenced to tREHWX tRRH 0 - 0 - 0 - ns 17 
RAS 

Write Command Hold Time tCELWX twCH 15 - 15 - 20 - ns 18 

Write Command Hold Time Referenced to tRELWH twCR 55 - 60 - 75 - ns 
RAS 

Write Command Pulse Width twLWH twP 15 - 15 - 20 - ns 

Write Command Inactive Time twHWL twl 10 - 10 - 10 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Data In Setup Time tDVCEL tDs 0 - 0 - 0 - ns 19 

Data In Hold Time tCELDX tDH 15 - 15 - 20 - ns 19 

Data In Hold Time Referenced to RAS tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time (Output Data twLCEL twcs 0 - 0 - 0 - ns 18 
Disable) 

CS to Write Delay tCELWL tcwD 20 - 20 - 25 - ns 18 

RAS to Write Delay tRELWL tRWD 70 - 80 - 100 - ns 18 

Column Address to Write Delay Time tAVWL tAWD 35 - 40 - 50 - ns 18 

CS Setup Time for CS Before RAS Refresh tRELCEL tcsR 10 - 10 - 10 - ns 

CS Hold Time for CS Before RAS Refresh tRELCEH tcHR 30 - 30 - 30 - ns 

CS Precharge to CS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

CS Precharge Time for CS Before RAS tCEHCEL tcPT 40 - 40 - 50 - ns 
Counter Test 

CS Precharge Time tcEHCEL tCPN 10 - 10 - 15 - ns 

Test Mode Enable Setup Time Referenced to trEHREL tr ES 0 - 0 - 0 - ns 
RAS 

Test Mode Enable Hold Time Referenced to tREHTEL trEHR 0 - 0 - 0 - ns 
RAS 

Test Mode Enable Hold Time Referenced to tcEHTEL trEHC 0 - 0 - 0 - ns 
CAS 

NOTES: 
15. tAH must be met for a read cycle. 
16. Operation within the tLWAD limit ensures that tALW can be met. tLWAD (max) is specified as a reference point only; if tLWAD is greater 

than the specified tLWAD (max) limit, then access time is controlled exclusively by tAA. 
17. Either tRRH or tRCH must be satisfied for a read cycle. 
18. twcs, twCH· tRWD· tcWD· and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only. If twCS"=twCS (min) and twCH"=twCH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tRWD"=tRWD (min), tcWD"=tcwD (min), and tAWD"=tAWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

19. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 
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MCM511002A 

READ CYCLE 

V1H-
ADDRESSES 

V1l -

V1H-
cs 

V1l -

V1H-
w 

Vil -

VDH -
a (DATA OUT) --------HIGH z------1---<I 

Vol -

V1H-
RAS 

V1l -

ADDRESSES 
VIL -

V1H-

cs 
Vil -

ICLZ 

EARLY WRITE CYCLE 

14-------------~c-----------------<.t 

1+------'AWR--------1.i 
1+--------•csH------..__..., 

1+-----•RcD----•F-----4 __ __,_,_,CWI. ___ __, 
--------'WCR+--_,_...._ _____ ~__,., 

V1H - ...,.......,....,...,.......,,_,,,....,.,......,.,......,.,......,...........,. 
'ii 14--+-+--twP IWcH ___ ..,, 

V1L- I _::_1 
... ,.,. :::<XXX~ m:-J<xxxxxxxxxxxro 

VDH-
0 IDATA DUTI 

Vol -
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MCM511002A 

V1H-

RAS 
V1L -

V1H-
ADDRESSES 

V1L-

V1H-
cs 

V1L -

V1H-

w 
V1L -

V1H-
0 !DATA IN) 

V1L -

VoH-
0 !DATA OUTJ 

VoL -

ADDRESSES 

VoH-

READ-WRITE CYCLE 

STATIC COLUMN MODE READ CYCLE 

COLUMN 
ADDRESS 

COLUMN 
ADDRESS 

0 !DATA OUT) -----HIGH z------t:i 
VoL -
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MCM511002A 

STATIC COLUMN MODE EARLY WRITE CYCLE (A) 

V1H-
RAS 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-

cs 
V1L -

V1H-
w 

V1L -

V1H-
D !DATA INI 

V1L -

VoH-
Q !DATA OUTI HIGH Z 

Vat -

STATIC COLUMN MODE EARLY WRITE CYCLE (8) 

V1H - -----:>L 
..------------~ 

V1L-

ADDRESSES 

V1H- -----1--------,,1_ 

V1L -

V1H - ------.,1-------.. 

V1L-

VIH - --,......,...-,..-.,.-.,..-..,......,,....,......,. ..r----,s. 
D (DATA INI 

Vil - -""--'"-'"-"'-""'--"'--""--"'_,, ,,._ ___ ,.-

VoH -
Q IDATA OUT) -----------------HIGHZ-------------------~ 

VoL-

MOTOROLA MEMORY DATA 

2-40 



MCM511002A 

V1H-
RAS 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
cs 

V1L -

V1H-
w 

V1L -

V1H-
D (DATA IN) 

V1L -

VDH-
Q (DATA OUT) 

Vol -

V1H­
ADDRESSES 

V1L­
ROW 

ADDRESS 

STATIC COLUMN MODE READ-WRITE CYCLE 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

V1H- ------...L .--.--tcSC 
ES 

V1H­
D (DATA IN) 

V1L -

VoH­
Q (DATA OUT) 

VoL-
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MCM511002A 

RAS 

cs 

AO TO AB 

0 IDATA OUTJ 

V1H-

V1L -

V1H -

V1L -

VoH-

VoL -

V1H-

RAS ONLY REFRESH CYCLE 
CW and A9 are Don't Carel 

-------------IRC'------------.i 

-------------- HIGH Z ---------------

IRPC 

CS BEFORE RAS REFRESH CYCLE 
CW and AO to A9 are Don't Carel 

ICSR --+-1-t~ 
ICHR 

V1t---....1 
toFF-14---

VoH--------.L 
Q {DATA OUTJ 1>-----------HIGH z -------------

VoL-------
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MCM511002A 

HIDDEN REFRESH CYCLE IREADI 

-------IRC';-------------'RC---------.~ 

VAlll DATA 

HIDDEN REFRESH CYCLE !EARLY WRITE! 

Va-

¥11---....... ---~ 
~ 

V1H-_..,.....,,.....;,, _ _,,_ _______ ......,,___...,.......,.....,.....,_,...,.-.....,......,....,_..,...,. ..... ....-..-..-.,.........,.....,... 

D PATA Ill 

VoH-
OIOATA llllTl -------------- IEHZ----------------Vm.-
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MCM511002A 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H-

RAS 
V1t -

V1H-
cs 

V1t-
READ CYCLE 

V1H-
ADDRESSES 

V1t -

VoH-
0 !OATA oun --------

EARLY WRITE CYCLE 

ADDRESSES 

Vot -

VoH-
0 {DATA oun ---------- HIGH z .....,~--t-T---------.....,..--""T""------

Vot -

Y1t-.loL...lol...lL..lL.lL...l.'-lj..JJ...JJ.-"-...ll...lol....l'-l'-l""f'---+-l----------+-~F-"-:-"'""""-"-....._.,,._-"-..._ 

tos IDH =j I 
ViH Jo-'"'-VA--llD-DAT-A -...IJ<XXXXXXXXXXXXXXX> 
V1t- I ICAH I I 
V1H- -~-.......,-~----~-.......,...-.-.... ,...,.:""'"7':-7i:...,......,......,......,......,......,.-,......, 

0 !OATA INJ 

READ-WRITE CYCLE 

ADDRESSES 

VoH-
0 !OATA oun 

Vot -

0 {OATA IN) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 10-bit address fields. A total 
of twenty address bits, ten rows and ten columns, will decode 
one of the 1,048,576 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the "static column" designation of this 
device. Chip select (CS) active transition (active=V1L. IRCD 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex­
ternal column addresses into the RAM. 

There are other variations in addressing the 1M RAM: RAS 
only refresh cycle and CS before RAS refresh cycle. Both 
are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and "static column mode" read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cycle begins as described in ADDRESS-
1 NG THE RAM, with RAS active transition latching the de­
sired row. The write (W) input level must be high (V1Hl. !RCS 
(minimum) before the CS active transition, to enable ·read 
mode. A valid column address can be provided at any time 
(!RAD minimum), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. CS must be active and column address must be valid 
by IRCD and !RAD maximums, respectively, to guarantee valid 
data out (Q) at IRAC (access time from RAS active transition). 
If either tRCD or tRAD maximum is exceeded, read access 
time is determined by the CS clock active transition (tCAcl 
and/or valid column address (tAAl· 

The RAS and CS clocks must remain active for a minimum 
time of IRAS and tcs. respectively, to complete the read cycle. 
The column address must remain valid for IAH after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time IRRH or IRCH after 
RAS or CS inactive transition, respectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of IRP to precharge 
the internal device circuitry for the next active cycle. 0 is valid, 
but not latched, as long as the CS clock is active. When the 
CS clock transitions to inactive, the output will switch to 
High Z. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write and "static column mode" early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(VJL level). Early and late write modes are distinguished by the 
active transition of W with respect to CS leading edge. Min­
imum active time IRAS and tcs. and precharge time tRP apply 
to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CS active transition. Column 
address set up and hold times (tASC. tCAHl. and data in (D) 
set up and hold times (tDs. toHl are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
IRWL and tcwL. respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CS active tran­
sition, keeping data-out buffers disabled. This feature can be 
utilized on systems with a common 1/0 bus, provided all writes 
are performed with early write cycles, to prevent bus 
contention. 

A late write cycle occurs when W active transition is made 
after CS active transition. W active transition could be delayed 
for almost 10 microseconds after CS active transition, 
(tRCD+ICWD+tRWL +21Tl:StRAS·. if other timing mini­
mums (tRCD· tRwL. and !Tl are maintained. Column address 
and D timing parameters are referenced to W active transition 
in a late write cycle. Output buffers are enabled by CS active 
transition but Q may be indeterminate-see note 18 of AC 
operating conditions table. Parameters tRWL and tcwL also 
apply to late write cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwD and/or IAWD minimum, 
to guarantee valid a before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data op­
erations performed at any or all 1024 column locations on the 
selected row of the 1M dynamic RAM during one RAS cycle. 
Read access time of multiple operations (tAA or !CACI is 
considerably faster than the regular RAS clock access time 
!RAC· Multiple operations can be performed simply by keeping 
RAS active. CS may be toggled between active and inactive 
states at any time within the RAS cycle. 

Once the timing requirements for the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order. at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS orW, as indicated in static column 
mode early write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
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clocking the write operation. CS must be toggled inactive (tcpl 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
consecutive operations is limited by tRASC· The cycle ends 
when RAS transitions to inactive. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re­
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511002A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511002A. Burst refresh, a re­
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM511002A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (V1Hl 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

CS before RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 
that generates the row address to be refreshed. External ad­
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding CS active at the end of 
a read or write cycle, while RAS cycles inactive for tRP and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1 ). 

0 - HIGH Z -+----' 

CS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by the check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CS before RAS refresh 
counter test. read-write cycle. Repeat this operation 
512 times. 

3. Read the ''l''s which were written in step 2 in normal read 
mode. 

4. Using the same column address as in step 2, read 'T' 
out and write "O" into the cell by performing the CS 
before RAS refresh counter test. read-write cycle. 
Repeat this operation 512 times. 

5. Read "O"s which were written at in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses IAO-A8l are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (BO-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits Q 
is high Z. See truth table and block diagram. ' 

Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the "TF' pin on "super voltage" for the specified period ltTES. 
tTEHR· tTEHC; see TEST MODE CYCLE). 

"Super voltage"=Vcc+4.5 V 

where 
4.5 V<Vcc <5.5 V and maximum voltage= 10.5 V. 

A9 is ignored in test mode. In normal operation, the "TF" 
pin must either be connected to V1L. or left open. 

CS BEFORE RAS 
REFRESH CYCLE 

VALID OATA·OUT 

CS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 
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0 

Test Mode Truth Table 

D BO 1 81 ] 82 1 83 

0 0 ~ 1 0 0 
1 1 1 1 
- Any Other 

TEST MODE CYCLE 

V1H- ----------1. 

IA91 

TEST FUNCTION BLOCK DIAGRAM 

256K 
BLOCK 

BO 

256K 
BLOCK 

B1 

256K 
BLOCK 

B2 

256K 
BLOCK 

B3 

A,. Ay 

A,. Ay 

ii 

ORDERING INFORMATION 
(Order by Full Part Number) 

Q 

0 
1 

High-Z 

-----trEHC 

TF 

Motorola Memory Prefix ____ T__.CM T X 

Part Number -

xx xx 

T T_ Shipping Method (R2=Tape & Reel, L_ Blank=Rails) 

Full Part Numbers- MCM511002AP70 
MCM511002AP80 
MCM511002AP10 

MCM511002AJ70 
MCM511002AJ80 
MCM511002AJ10 

Speed (70=70 ns, 80=80 ns, 
10= 100 ns) 

Package (P=300 mil Plastic DIP, 
J =300 mil SOJ, Z= Plastic ZIP) 

MCM511002AJ70R2 
MCM511002AJ80R2 
MCM511002AJ10R2 

MCM511002AZ70 
MCM511002AZ80 
MCM511002AZ10 
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•SEMICONDUCTOR-------------­

TECHNICAL DATA 

Advance Information 
4M x 1 CMOS Dynamic RAM 
Page Mode 

The MCM514100 is a 0.8,, CMOS high-speed, dynamic random access memory. It is 
organized as 4, 194,304 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM514100 requires only 11 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 350-mil-wide J-lead small outline pack­
age, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 
• Common 1/0 with Early Write 
• Fast Page Mode 
• Test Mode 
• TIL-Compatible Inputs and Output 
• RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 1024 Cycle Refresh: MCM514100= 16 ms 

MCM51L4100=128 ms 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM514100-80 and MCM51L4100-80=80 ns (Maxi 
MCM514100-10 and MCM51L4100-10= 100 ns (Maxi 

• Low Active Power Dissipation: 
MCM514100-80 and MCM51L4100-80=550 mW (Maxi 
MCM514100-10 and MCM51L4100-10=468 mW (Maxi 

• Low Standby Power Dissipation: 
MCM514100 and MCM51L4100= 11 mW (Max, TIL Levels) 
MCM514100=5.5 mW (Max, CMOS Levels) 
MCM51L4100=2.2 mW (Max, CMOS Levels) 

SMALL OUTLINE 

PIN ASSIGNMENT 
Vss 
0 

NC 4 NC 

A10 5 A9 

AO AB 

A1 10 A7 

A2 11 AB 

A3 12 A5 

Vee 13 A4 

MCM514100 
MCM51L4100 

J PACKAGE 
PLASTIC 

SMALL OUTLINE 
CASEB22A 

Z PACKAGE 
PLASTIC 

ZIG-ZAG IN-LINE 
CASE 836 

PIN NAMES 

AO-A10 ••••••••••. Address Input 
D • • • • • • • • . • • . . . . • Data Input 
a . . . . . . . . . . . . . . . Data Output 
W. . . . . . . . . . . Read/Write Enable 
RAS' . . . . . . . . Row Address Strobe 
CAS . . . . • . Column Address Strobe 
Vee .........•.• Power<+5VI 
Vss ................ Ground 
NC . • . . . • • • • • • • • No Connection 

ZIG-ZAG IN-LINE 

A9 
1 I 

==:1_ 
3 1-- CAS 

0 ==1 4 

=5:: == Vss 
D i..!I_ w 

m 7 1--
==1 B 
9 1== A10 

NC ::I 
1J~ NC 

AO 
111 
==112 

H:== 
Al 

A2 
1H. A3 151--

Vee ==11B 
171== A4 

A5 ::I in AB 191--
A7 ==120 

1== AB 

This document contains information on a new product. Specifications and infonnation herein are subject to change without notice. 
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BLOCK DIAGRAM 

AO 
A1 

A2 

A3 

A4 
AS 

A& 
A7 

AB 

AB 
AlO 

#1 CLOCK 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS {See Notel 

Rating Symbol 

Power Supply Voltage Vee 

Voltage Relative to Vss for Any Pin Except Vee Yin• Vout 

Data Out Current lout 

Power Dissipation Po 

Opareting Temperature Range TA 

Storage Temperature Range TS!!l 

Value 

-1 to +7 

-1 to +7 

50 

600 

Oto+70 

-56to +150 

Unit 

v 
v 

mA 

mW 

•c 
•c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MOTOROLA MEMORY DATA 

2-49 

DATA IN 
BUFFER 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATING 

4098 

MEMORY 
ARRAY 

SUBSTRATE BIAS 
GENERATOR 

Q 

Vee 
Vss 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that nonnal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

V cc Power Supply Current 1cc1 
MCM514100-80 and MCM51L4100-80, tRc= 150 ns -
MCM514100.10 and MCM51L4100.10, tRc= 180 ns -

Vee Power Supply Current (Standby) (RAS°=m=V1Hl lcC2 -
Vee Power Supply Current During RAS" only Refresh Cycles tm=V1Hl ICC3 

MCM514100-80 and MCM51L4100-80, IRC = 150 ns -
MCM514100.10 and MCM51L4100.10, tRc=180 ns -

Vee Power Supply Current During Fast Paga Mode Cycle (RAS= VJLl 1cc4 
MCM514100-80 and MCM51L4100-80, tpc=50 ns -
MCM514100.10 and MCM51L4100.10, tpc=60 ns -

Vee Power Supply Current (Standby) (RAS°=m=Vcc-0.2 Vl MCM514100 Ices -
MCM51L4100 -

V CC Power Supply Current During m Before RAS Ref rash Cycle lcC6 
MCM514100-80 and MCM51L4100-80, tRc= 150 ns -
MCM514100.10 and MCM51 L4100.10, IRC = 180 ns -

Vee Power Supply Current, Battery Backup Mode-MCM51L4100 only 
(IRC = 125 µs; IRAS= 1 µs; "EA5 = "EA5 Before RAS° Cycle or 0.2 V; AO-A 10, W, 

1cc1 -

D=Vcc-0.2 v or0.2 Vl 

Input Leakage Currant (0 V :SVin s6.5 V) 11~1) -10 

Output Leakage Current tm=V1H. 0 VsV0 ut:S5.5 Vl 11~01 -10 

Output High Voltage tloH = -5 mA) VoH 2.4 

Output Low Voltage tloL = 4.2 mAl VOL -

CAPACITANCE (f = 1.0 MHz, TA =25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tasted) 

Parameter Symbol 

Input Capacitance AO-A10, D Cin 

m.m.w 

Output Capacitance tm=V1H to Disable Output) a Cout 

NOTES: 
1. All voltages referenced to Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
100 
85 

2.0 mA 

mA 2 
100 
85 

mA 2, 4 
60 
50 

1.0 mA 
400 p.A 

mA 2 
100 
85 

500 p.A 

10 p.A 

10 p.A 

- v 
0.4 v 

Max Unit Notes 

5 pF 3 

7 pF 3 

7 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured ,at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/ AV. 
4. Measured with one address transition per page mode cycle. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 2 3 and 4) 

MCM5141Q0.80 MCM514100-10 

Parameter Symbol MCM51L41Q0.80 MCM51L4100-10 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IRELREL IRC 150 - 180 -
Read-Write Cycle Time IRELREL IRWC 175 - 210 -
Page Mode Cycle Time ICELCEL tpc 50 - 60 -
Page Mode Read-Write Cycle Time tcELCEL IPRWC 75 - 90 -
Access Time from ~ IRELOV IRAC - 80 - 100 

Access Time from m ICELOV ICAC - 20 - 25 

Access Time from Column Address IAVOV IAA - 40 - 50 

Access Time from Precharge m ICEHOV ICPA - 45 - 56 

CAS to Output in Low-Z ICE LOX ICLZ 0 - 0 -
Output Buffer and Turn-Off Delay ICEHQZ IOFF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

~ Precharge Time IREHREL tRp 60 - 70 -
~ Pulse Width IRELREH IRAS 80 10,000 100 10,000 

~ Pulse Width (Fast Page Mode) IRELREH IRASP 80 200,000 100 200,000 

~HoldTime ICELREH tRSH 20 - 25 -
~HoldTime IRELCEH tcsH 80 - 100 -
m Pulse Width tCELCEH ICAS 20 10,000 25 10,000 

~tom Delay Time IRELCEL IRCD 20 60 25 75 

ilAS to Column Address Delay Time IRELAV IRAD 15 40 20 50 

m to ilAS Precharge Time ICEHREL ICRP 5 - 10 -
m Precharge Time ICEHCEL tcp 10 - 10 -
Row Address Setup Time IAVREL tASR 0 - 0 -
Row Address Hold Time IRELAX IRAH 10 - 15 -
Column Address Setup Time IAVCEL IASC 0 - 0 -
Column Address Hold Time ICE LAX ICAH 15 - 20 -
Column Address Hold Time Referenced to ilAS IRELAX IAR 60 - 75 -
Column Address to RAS Lead Time IAVREH IRAL 40 - 50 -

NOTES: 

Unit Notes 

ns 5 

ns 5 

ns 

ns 

ns 6, 7 

ns 6, 8 

ns 6,9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 p.S is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements tr=5.0 ns. 
5. The specificetions for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs700C) is assured. 
6. Measured with a current load equivalent to 2 TTL ( - 200 ,.A. + 4 mA) loads and 100 pF with the data output trip points set at 

VoH =2.0 v and Vol =0.8 v. 
7. Assumes that tRCD:SIRCD (max). 
8. Assumes that IRCD "''RCD (max). 
9. Assumes that IRAD"''RAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. IRCD (max) is specified as a reference point only; if lf!CD is 

greater than the specified IRCD (max) limit, then access time is controlled exclusively by tcAC· 
12. Operation within the IRAD (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only; if IRAD is 

greater than the specified IRAD (max), then access time is controlled exclusively by tAA· 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 

MCM514100-80 MCM514100-10 

Parameter Symbol MCM51L410CJ..80 MCM51L4100-10 Unit Notes 

Standard Alternate Min Max Min Max 

Read Command Setup Time twHCEL IRCS 0 - 0 - ns 

Read Command Hold Time Referenced to CAS tceHwx tRCH 0 - 0 - ns 13 

Read Command Hold Time Referenced to m tREHWX tRRH 0 - 0 - ns 13 

Write Command Hold Time Referenced to CAS tCELWH IWCH 15 - 20 - ns 

Write Command Hold Time Referenced to RAS tRELWH IWCR 60 - 75 - ns 

Write Command Pulse Width twLWH twP 15 - 20 - ns 

Write Command tom Lead Time twLREH tRWL 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 25 - ns 

Data in Setup Time tDVCEL tDs 0 - 0 - ns 14 

Data in Hold Time tceLDX tDH 15 - 20 - ns 14 

Data in Hold Time Referenced to m tRELDX tDHR 60 - 75 - ns 

Refresh Period MCM514100 tRVRV tRFSH - 16 - 16 ms 
MCM51L4100 - 128 - 128 

Write Command Setup Time twLCEL twcs 0 - 0 - ns 15 

CAS to Write Delay tceLWL tcwD 20 - 25 - ns 15 

m to Write Delay tRELWL tRWD 80 - 100 - ns 15 

Column Address to Write Delay Time tAVWL tAWD 40 - 50 - ns 15 

GAS" Precharge to Write Delay Time (Page Mode) tceHWL tCPWD 45 - 55 - ns 15 

CAS Setup Time for CAS Before m Refresh tRELCEL tcsR 5 - 10 - ns 

CAS Hold Time for CAS Before m Refresh tRELCEH tcHR 15 - 20 - ns 

m Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - ns 

CAS Precharge Time for CAS Before fiAS" Counter tcEHCEL tcPT 40 - 50 - ns 
Test 

Write Command Set Up Time (Test Mode) twLREL twrs 10 - 10 - ns 

Write Command Hold Time (Test Model tRELWH twTH 10 - 10 - ns 

Write to RAS" Precharge Time !CAS Before m twHREL twRP 10 - 10 - ns 
Refresh) 

Write to RAS" Hold Tinie (CAS Before RAS" Refresh) tRELWL twRH 10 - 10 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles. 
15. twcs. tRWD· tCWD· tAWD and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only; if twCS"=twCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcWD"=tcwD (min), tRWD"=tRWD (min), tAWD"=tAwo (min), and tcPWD"=tCPWD (min) (page model, 
the cycle is a read~write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the date out (at access time) is indeterminate. 
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READ CYCLE 

V1H-
RAS 

VIL -

V1H -
CAS 

Vil -

ADDRESSES 

VIL -

V1H -
w 

V1L -

IRAC 
VQH -

0 IOATA OUT) HIGH Z VALID DATA 
VOL -

EARLY WRITE CYCLE 

ADDRESSES 

V1H- ~~-~..,;..~~~....--.. 

w 

VoH -
Q {DATA OUT) ---------------HIGH Z ------------------
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V1H-

RAS 
V1L -

V1H-
CA8 

Vfl -

ADDRESSES 
Vfl -

V1H -

w 
V1L -

VoH -
0 !DATA OUTJ 

VOL -

READ-WRITE CYCLE 

FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE EARLY WRITE CYCLE 

V1H -
RAS 

V1L -

V1H-
CAS 

Vil -

V1H -
D !DATA IN) 

V1L -

VoH -

0 !DATA OUT) 
Vol -

FAST PAGE MODE READ-WRITE CYCLE 

ADDRESSES 

0 !DATA IN) 

VoH-
0 !DATA OUT) ------------<I 
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RAS ONLY REFRESH CYCLE 
IW and A 10 ara Don't Caral 

i+----------~~c------------.i 

V1H- ----.L 1"'1---------~AS--------<~ .Jo..-----""!'L 
m 

V1H­

AO TO AU VIL_ 

VoH-

Q !DATA oun -------------HIGH z --------------
VoL-

CAS BEFORE RAS REFRESH CYCLE 
(AO to A 10 are Don't Cara I 

ICHR 

----------~GHZ------------

MOTOROLA MEMORY DATA 
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HIDDEN REFRESH CYCLE (READ) 

--------IRC------------
i.----IRAS-----.i 

V1H-
RAS 

Vil -

V1H-

CAS 
v,l -

ADDRESSES 
V1l -

V1H-
w 

Vil -

VoH -
Q (DATA OUT) 

VQL -

HIDDEN REFRESH CYCLE (EARLY WRITE) 

i.-----IRAS--___,~ 

V1H-

RAS 
V1l -

V1H-
CAS 

Vil -

V1H-
ADDRESSES 

Vil -

V1H-
w 

Vil -

V1H-

D !DATA IN) 
V1l -

VoH -
0 IOATA OUT) HIGH Z 

Vol -

MOTOROLA MEMORY DATA 
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V1H-
RAS 

V1L -

m 
V1H-

V1L -

V1H-
ADDRESSES 

V1L-

READ CYCLE 

VoH-
0 !DATA DUTI 

Vm -

w 
V1L -

EARLY WRITE CYCLE 
VoH-

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

----+-+--

0 !DATA OUT) -----t-t-------....,...-t----t--t-HIGH Z --------------

w 

READ-WRITE CYCLE 

VoH-

!4-t-~+-;'--~- IRWL~~~--11-+-.i 

0 IOATA OUT) ------''-+--HIGH z------~--<I 
Vol -

w 

0 !DATA INJ 

MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary 
to assure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe ( CAS), into two sep­
arate 11-bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, will decode one of the 
4, 194,304 bit locations in the device. RAS active transition is 
followed by CAS active transition (active= V1L. tRCQ_mini­
mum) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external 
addresses into the RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This "gate" feature on the external CAS 
clock enables the internal CAS line as socn as the row address 
hold time (!RAH) specification is met (and defines tRCD min­
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad­
dressas and in generating the CAS clock. 

There are three other variations in addressing the 4M RAM: 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: "normal" 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V1Hl, tRCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However, CAS must be active before or at tRCD 
maximum to guarantee valid data out (Q) at IRAC (access time 
from RAS active transition). If the tRCD maximum is exceeded, 
read access time is determined by the CAS clock active tran­
sition (tCAcl. 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tCAS respectively, to complete the read 
cycle. \iii must remain high throughout the cycle, and for time 
IRRH or tRCH after RAS or CAS inactive transition, respec­
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 
time of IRP to precharge the internal device circuitry for the 

next active cycle. Q is valid, but not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in­
active, the output will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of \iii to active 
(V1L). Early and late write modes are distinguished by the active 
transition of \iii, with respect to CAS. Minimum active time 
tRAS and tCAs. and precharge time IRP apply to write mode, 
as in the read mode. 

An early write cycle is characterized by \iii active transition 
at minimum time~ before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcwL. respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state condition throughout an early write 
cycle because \iii active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common 1/0 bus, 
provided all writes are performed with early write cycles, to 
prevent bus contention. 

A late write cycle occurs when \iii active transition is made 
after CAS active transition. \iii active transition could be de­
layed for almost 10 microseconds after CAS active transition, 
(tRcD+tcwD+tRWL +2trlstRAS· if other timing mini­
mums (tRCD· IRWL and fT) are maintained. D is referenced 
to \iii active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but Q may be indeterminate­
see note 15 of AC operating conditions table. RAS and CAS 
must remain active for tRWL and tcwL. respectively, after \iii 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except \iii must remain high for tcwD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 2048 
column locations on a selected row of the 4M dynamic RAM. 
Read access time in page mode (tCAcl is typically half the 
regular RAS clock access time, IRAC· Page mode operation 
consists of keeping RAS active while. toggling CAS between 
V1H and V1.b:...!.he row is latched by RAS active transition, 
while each CAS active transition allows selection of a new­
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (V1L). 
The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tPRWcl. Either a read, write, 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre­
viously described). These operations can be intermixed in con­
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by tRASP· Page mode operation is ended when RAS transi­
tions to inactive, coincident with or following CAS inactive 
transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Each bit must be period­
ically refreshed (recharged) to maintain the correct bit state. 
Bits in the MCM514100 require refresh every 16 milliseconds, 
while refresh time for the MCM51L4100 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad­
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM514100, and 124.8 microseconds 
for the MCM51L4100. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM514100 and 128 milliseconds on the MCM51 L4100. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (4096) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re­
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while CAS remains high 
!V1Hl throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 

CAS Before RAS Rtifresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex­
ternal address lines are ignored during the automatic refresh 

cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). W must be inactive 
for time twRP before and time twRH after RAS active tran­
sition to prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding CAS active the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1.) Wis subject to the same conditions 
with respect to RAS active transition (to prevent test mode 
cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 1024 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the "1"s which were written in step2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
"1" out and write "O'' into the cell by performing the CAS 
before RAS refresh counter test, reed-write cycle. 
Repeat this operation 1024 times. 

5. Read "O"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

MEMORY CYCLE 
CAS BEFORE RAS 
REFRESH CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 

Q - HIGH Z -+---< VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (512K x 8) allows it 
to be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty two addresses are used when operating the device in 
test mode. Row address A 10, and column addresses AO and 

A 10 are ignored by the device in test mode. A test mode cycle 
reads and/or writes data to a bit in each of the eight 512K 
blocks (80-87) in parallel. External data out is determined by 

the internal test mode logic of the device. See truth table and 
test mode block diagram following. 

D BO 81 

0 0 0 

Test mode is enabled by performing a test mode cycle 
(see test mode timing diagram and parameter specifications 
table). Test mode is disabled by a RAS only refresh cycle or 

CAS before RAS refresh cycle. The test mode performs 
refresh with the internal refresh counter like a CAS before 

RAS refresh. 

Test Mode Truth Tabla 

82 BJ 84 86 

0 0 0 0 

Any Other 

TEST MODE 

86 

0 

87 

0 
1 

a 
1 
1 
0 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0V ±10%, TA=0to70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 

MCM614100-80 MCM614100.10 

Parameter Symbol MCM51L4100-80 MCM61L4100.10 Unit Notes 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time 'RELREL 'RC 155 - 185 - ns 5 

Read-Write Cycle Time IRELREL IRWC 180 - 215 - ns 5 

Page Mode Cycle Time tceLCEL tpc 55 - 65 - ns 

Page Mode Read-Write Cycle Time ICELCEL IPRWC 80 - 95 - ns 

Acceaa Time from RAS" 'RELOV 'RAC - 85 - 105 ns 6, 7 

Access nme from CAS tceLOV 'CAC - 25 - 30 ns 6, 8 

Access Time from Column Address IAVQV IAA - 45 - 55 ns 6,9 

Acceaa nme from Precharge CAS ICEHQV 'CPA - 50 - 60 ns 6 

RAS" Pulse Width IRELREH IRAS 85 10,000 105 10,000 ns 

RAS" Pulse Width (Fast Page Mode) IRELREH IRASP 85 200,000 105 200,000 ns 

iiAS"HoldTime ICELREH 'RSH 25 - 30 - ns 

CAS Hold Time IRELCEH tcsH 85 - 105 - ns 

CAS Pulse Width ICELCEH ICAS 25 10,000 30 10,000 ns 

Column Address to RAS" Lead Time IAVREH IRAL 45 - 55 - ns 

CAS to Write Delay ICELWL icwD 25 - 30 - ns 10 

RAS" to Write Delay IRELWL IRWD 85 - 105 - ns 10 

Column Address to Write Delay Time IAVWL IAWD 45 - 55 - ns 10 

CAS Precharge to Write Delay Time (Page Mode) tceHWL tcPWD 50 - 60 - ns 10 

NOTES: 
1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and V1L. 
2. An initial pause of 200 µ.S is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification appUes for all input signals. In addition to meeting the transition rate specttication, all input signals must 

transition between V1H and V1L (or between V1L and V1HI in a monotonic manner. 
4. AC measurements IT= 5.0 ns. 
5. The specifications for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTA:S70°C) is assured. 
6. Measured with a current load equivalent to 2 ITL 1-200 µA, + 4 mA) loads and 100 pF with the data output trip points set at 

VoH=2.0 v and Vol =0.8 v. 
7. Assumes that 'RCD"''RCD (max). 
8. Assumes that IRCD"'RCD (max). 
9. Assumes that IRAD"tRAD (max). 

10. twcs. IRWD· tcwD. IAWD and tcPWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twCS "twCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD"'CWD (min), tRWD"'RWD (min), IAWD"tAWD (min), and tcPWD"'CPWD (min) (page mode), 
the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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TEST MOOE 

ADDRESSES 

BO AlOR, AlOC, AOC 
Bl AlOR, AlDC, ADC 
B2 A 1 OR, AfDC. ADC 
B3 A 1 OR, iiijC, ADC 
B4 ATOii, AlOC, AOC 
B5 AlOR, AlOC, AOC 
86 Al OR, AlOC, AOC 
B7 A 1 OR, AfDC, AOC 

TEST MODE BLOCK DIAGRAM 

ADDRESSES 

512K BLOCK 1l ~ 
BO f--A------, 

J 

<jl~<jl<jl<jl<jl<jl 

.--H 512K BLOCK ll ~ 
Bl f--B ___ __, 

J 

~· 512K BLOCK 

H B5 

'---R 512K BLOCK l[ : 
BS t--G----1----t-t-t--t-t--HI 

J 

qj 512K BLOCK l[ ~ 
B7 H Jt---------;1-+-11-+-1H--1-

~--~ 

°'l~«>OOOOc 

ADDRESSES 
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V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

V1H-
ii 

V1L -

VoH-
0 DATA OUT 

VoL -

TEST MODE CYCLE 
ID and AO to A 10 are Don't Carel 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 

Motorola Memory Prefix---T~. 
514100 or 51 L4100 

Part Number-------------'I 

x xx xx 

T T_Shipping Method (R2=Tape & Reel, L_ Blank=Rails) 

Full Part Numbers-MCM514100J80 
MCM514100J10 

MCM51 L4100J80 
MCM51L4100J10 

Speed (80=80 ns, 1.0= 100 ns) 

Package (J = Plastic SO with J leads, 
Z= Plastic ZIP) 

MCM514100J80R2 MCM514100Z80 
MCM514100J10R2 MCM514100Z10 

MCM51 L4100J80R2 MCM51 L4100Z80 
MCM51L4100J10R2 MCM51 L4100Z10 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

256K x 4 CMOS Dynamic RAM 
Page Mode 

The MCM514256A is a 1.0µ CMOS high-speed, dynamic random access memory. It is 
organized as 262, 144 four-bit words and fabricated with CMOS silicon-gate process tech­
nology. Advanced circuit design and fine line processing provide high performance, im­
proved reliability, and low cost. 

The MCM514256A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a 
300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 
• Fast Page Mode 
• TIL-Compatible Inputs and Output 
• RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM514256A=8 ms 
MCM51L4256A=64 ms 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time ltRAcl: 

MCM514256A-70 and MCM51L4256A-70=70 ns (Max) 
MCM514256A-80 and MCM51L4256A-80=80 ns (Max) 
MCM514256A-10 and MCM51L4256A-10= 100 ns (Max) 

• Low Active Power Dissipation: 
MCM514256A-70 and MCM51L4256A-70=440 mW (Max) 
MCM514256A-80 and MCM51L4256A-80=385 mW (Max) 
MCM514256A-10 and MCM51L4256A-10=330 mW (Max) 

• Low Standby Power Dissipation: 
MCM514256A and MCM51L4256A=11 mW (Max), TIL Levels 
MCM514256A=5.5 mW (Max), CMOS Levels 
MCM51L4256A=1.1 mW (Max), CMOS Levels 

SMALL OUTLINE 

DUAL-IN-LINE 
Dao Vss 

Dao 1. vss DOI DQ3 

PIN DOI 003 w D02 

ASSIGNMENT w DQ2 m 
RAS 4 NC ~ 

NC 5 

AD AB 

Al A7 AO AB 

A2 AB Al 10 A7 

A3 A5 A2 11 AB 

Vee 1D II A4 A3 12 A5 

Vee 13 A4 
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MCM614266A 
MCM61 L4266A 

dl!ll!!l!!ll//I P PACKAGE ~ ~] ~ U U300 MIL PLASTIC 

CASE738A 

J PACKAGE 
300 MILSOJ 

CASE822 

-

ZPACKAGE 
PLASTIC 

G-ZAG IN-LINE 
CASE 838 

PIN NAMES 

AG-AB . . . . . . . . . . . Address Input 
D00-003 ...•... Data Input/Output 
G . . . . . . . . . . . . . . Output Enable 
W. . . . . . . . . . . . Read/Writa Input 
'AAS . . . . . . . . Row Address Strobe 
~ . . • . . . Column Address Strobe 
Vee ............ Powerl+5VI 
Vss ................ Ground 
NC . • . . . . . . • . . • . No Connection 

ZIG-ZAG IN-LINE 

~ 
1 I 

==I 
3 :=2= m 

002 

;::=:= 
003 

Vss 
7 :== Dao 

001 ==1 B 
91== w 

RAS ==:1q 
111-- NC 

AO ==112 

H:== 
Al 

A2 
1H. A3 151--

Vee ==110 
g:== A4 

A5 
11l AB 191--

A7 ==1~~ 
AB 
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BLOCK DIAGRAM 

w-----------a---._ 

AO 
Al 
A2 
A3 
A4 
A5 
AB 
A7 
AB 

NO. 2 CLOCK 
GENERATOR 

COLUMN 
ADDRESS 

BUFFERS (9) 

REFRESH 
CONTROLLER/ 
COUNTER 191 

ROW ADDRESS 
BUFFERS 191 

NO. 1 CLOCK 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol 

Power Supply Voltage Vee 

Voltage Relative to Vss for Any Pin Except Vee Vin• Vout 

Data Out Current lout 

Power Dissipation Po 

Operating Temperature Range TA 

Storage Temperature Range Ts.!l!.. 

Value 

-1 to +7 

-1to+7 

50 

600 

Oto+70 

-56to+150 

Unit 

v 
v 

mA 

mW 

oc 
oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higherthan recommended voltages for extended 
periods of time could affect device reliability. 
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SUBSTRATE 
BIAS 

GENERATOR 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0V ±10%, TA=0to70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 1cc1 
MCM514256A-70 and MCM51L4256A-70, tRc= 130 ns -
MCM514256A-80 and MCM51 L4256A-80, tRc = 150 ns -
MCM514256A-10 and MCM51L4256A-10, tRc= 180 ns -

Vee Power Supply Current !Standby) (iiAs=m=V1HI ICC2 -
Vee Power Supply Current During RAS only Refresh Cycles 1m = VtHI tcca 

MCM514256A-70 and MCM51L4256A-70, tRc= 130 ns -
MCM514256A-80 and MCM51L4256A-80, tRc= 150 ns -
MCM514256A-10 and MCM51 L4256A-10, tRC = 180 ns -

Vee Power Supply Currant During Fast Paga Mode Cycle (RAS=VtLI ICC4 
MCM514256A-70 and MCM51L4256A-70, tpc=40 ns -
MCM514256A-80 and MCM51L4256A-80, tpc=46 ns -
MCM514256A-10 and MCM51 L4256A-10, tpc = 55 ns -

Vee Power Supply Current (Standby) (iiA5=m=Vcc-0.2 VI MCM514256A tees -
MCM51L4256A -

Vee Power Supply Currant During m Before iiA5 Refresh Cycle tees 
MCM514256A-70 and MCM51L4256A-70, tRc=130 ns -
MCM514256A-80 and MCM51L4256A-80, tRc=150 ns -
MCM514256A-10 and MCM51 L4256A-10, IRC = 180 ns -

Vee Power Supply Current, Battery Backup Mode-MCM51L4256A only 
ltRC = 125 µs; tRAS = 1 µs; m = m Before RAS Cycle or 0.2 V; AO-AS, G, W, 

tcc1 -

000-003=~-0.2 V or 0.2 VI 

Input Leakage Currant (0 V:SVin:S6.5 VI lt!!elll -10 

Output Leakage Currant 1m=V1H• O VsV0 ut:S5.5 VI ll!!elOI -10 

Output High Voltaiie UoH - -5 mAI VoH 2.4 

Output Low Voltage UoL = 4.2 mAI Vol -
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-AS Cin 

G, RAS, '!:AS, W 
Output Capacitance 1m=V1H to Disable Output) 000-003 Cout 

NOTES: 
1. All voltages referenced to Vss· 

Max Unit Not• 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Not• 

mA 2 
80 
70 
60 

2.0 mA 

mA 2 
80 
70 
60 

mA 2, 3 
60 
50 
40 

1.0 mA 
200 p.A 

mA 2 
80 
70 
60 

300 p.A 

10 ,.A 

10 p.A 

- v 
0.4 v 

Max Unit Notea 

5 pf 4 

7 pf 4 

7 pf 4 

2. Currant is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=l4t/4V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES !See Notes 1 2, 3, and 41 

MCM514266A-70 MCM514266A-80 MCM514256A-10 

Parameter 
Symbol 

MCM51L4256A-70 MCM51L4256A-80 MCM51L4256A-10 

Standard Alternate Min Max Min Max Min Max 

Random Read or Write Cycle Time 'RELREL IRC 130 - 150 - 1BO -

Read-Write Cycle Time IRELREL IRMW 185 - 205 - 245 -

Fast Page Mode Cycle Time ICELCEL tpc 40 - 45 - 55 -
Fast Page Mode Read-Write Cycle Time ICELCEL IPRMW 95 - 100 - 115 -
Access Time from RAS IRELOV 'RAC - 70 - BO - 100 

Access Time from GAS ICELQV ICAC - 20 - 20 - 25 

Access Time from Column Address IAVQV IAA - 35 - 40 - 50 

Access Time from Precharge CAS ICEHQV ICPA - 35 - 40 - 50 

CAS to Output in Low-Z ICELOX ICLZ 0 - 0 - 0 -

Output Buffer and Turn-Off Delay IC EH OZ IOFF 0 20 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 3 50 

RAS Precharge Time 'REHREL IRP 50 - 60 - 70 -
RAS Pulse Width IRELREH IRAS 70 10,000 BO 10,000 100 10,000 

RAS Pulse Width I Fast Page Mode I 'REL REH IRASP 70 100,000 BO 100,000 100 100,000 

RAS Hold Time ICE LR EH IRSH 20 - 20 - 25 -
GAS Hold Time IRELCEH ICSH 70 - BO - 100 -

GAS Pulse Width ICELCEH ICAS 20 10,000 20 10,000 25 10,000 

RAS to GAS Delay Time IRELCEL IRCD 20 50 20 60 25 75 

RAS to Column Address Delay Time IRE LAV IRAD 15 35 15 40 20 50 

CAS to RAS Precharge Time ICEHREL ICAP 5 - 5 - 10 -
<:AS Precharge Time ICEHCEL ICPN 10 - 10 - 15 -

CAS Precharge Time I Page Mode Cycle ICEHCEL tcp 10 - 10 - 10 -
Only) 

Row Address Setup Time 'AVREL IASR 0 - 0 - 0 -
Row Address Hold Time IRELAX 'RAH 10 - 10 - 15 -
Column Address Setup Time IAVCEL IASC 0 - 0 - 0 -

Column Address Hold Time ICE LAX ICAH 15 - 15 - 20 -

Column Address Hold Time Referenced to IRELAX IAR 55 - 60 - 75 -
RAS 

Column Address to RAS Lead Time IAVREH IRAL 35 - 40 - 50 -

NOTES: 

Unit Notes 

ns 5 

ns 5 

ns 

ns 

ns 6, 7 

ns 6,8 

ns 6,9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µS is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements tr= 5.0 ns. 
5. The specifications for tRc (min) and tRMW (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°C:s;TA:s;70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL 1-200 µA, +4 mAI loads and 100 pF with the data output trip points set at 

VoH =2.0 v and VoL =0.8 v. 
7. Assumes that IRCD ""RCD (maxi. 
8. Assumes that IRCO"=IRCO (max). 
9. Assumes that IRAD"='RAD (max). 

10. toFF (max) and/or tGz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

11. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD is 
greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC· 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max), then access time is controlled exclusively by 1AA· 
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READ WRITE AND READ WRITE CYCLES {Continued) -
Symbol 

MCM6142i&A-70 MCM61Gi6A-80 MCM61Gi6A-10 

·Parameter MCM61LA258A-70 MCM61LA258A-80 MCM61L.42&8A-10 Unit Notea 
Standard Alternate Min Max Min Mex Min Max 

Raad Command Setup Tima twHCEL IRCS 0 - 0 - 0 - ns 

Raad Command Hold Time tcEHWX IRCH 0 - 0 - 0 - ns 13 

Read Command Hold Tima Referenced to IREHWX IRRH 0 - 0 - 0 - ns 13 
"AAS 
Write Command Hold Time Referenced to ICELWH twCH 15 - 15 - 20 - ns 
m 
Write Command Hold Tima Referenced to IRELWH twCR 55 - 60 - 75 - ns 
"AAS 
Write Command Pulse Width twLWH twP 15 - 15 - 20 - ns 

Write Command to 'RAS Lead Time twLREH IRWL 20 - . 20 - 25 - ns 
Write Command to 00 Lead Time twLCEH tcwL 20 -· 20 - 25 - ns 
Data In Setup Tima IDVCEL tDs 0 - 0 - 0 - ns 14 

Data In Hold Time ICELDX IDH 15 - 15 - 20 - ns 14 

Deta In Hold Time Referenced to 'RAS IRELDX IDHR 55 - 60 - 75 - ns 

Refresh Period MCM514256A IRVRV IRFSH - 8 - 8 - 8 ms 
MCM51L4256A - 64 - 64 - 64 

Write Command Setup Tima twLCEL twcs 0 - 0 - 0 - ns 15 

m to Write Delay ICELWL tcwD 50 - 50 - 60 - ns 16 

1IAS" to Write Dalay IRELWL IRWD 100 - 110 - 135 - ns 16 

Column Address to Write Delay Time IAVWL IAWD 66 - 70 - 85 - ns 15 

m Setup Time for m Before 'RAS IRELCEL tcSR 10 - 10 - 10 - ns 
Refresh 

m Hold Tima form Before 'RAS IRELCEH ICHR 30 - 30 - 30 - ns 
Refresh 

1iAS" Precharge to m Active Time IREHCEL tRPC 0 - 0 - 0 - ns 

m Precharge Time form Before 'RAS ICEHCEL ICPT 40 - 40 - 50 - ns 
Counter Test 

"AAS Hold Time Referenced to G IGLREH 'ROH 10 - 10 - 20 - ns 

G Access Time IGLQV IGA - 20 - 20 - 25 ns 
G to Deta Delay IGLHDX IGD 20 - 20 - 25 - ns 

Output Buffer Turn-Off Delay Time from G IGHQZ IGZ 0 20 0 20 0 26 ns 10 

G Command Hold Time twLGL IGH 20 - 20 - 25 - ns 

NOTES: 
13. Either tRRH or IRCH must be satisfied for a read cycle. 
14. These parameters are referenced to m leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 
15. twcs. IRWD· tcwo. and IAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only; if twCS"twCS {min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the emire cycle; if ICWD"'CWD (mini, IRWD"'RWD {min), and IAWD"'AWD {mini, the _cycle is a read-write cycle and the data out 
will comain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out {at access timal 
is indeterminate. 
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G CONTROLLED LATE WRITE CYCLE 

V1H-----L i"'f----­
RAS 

V1H­
ADDRESSES 

V1H- ~~~~-~~~-~~-~""""-
W 

V1L - ,_,...._. ...... _.._........__,._...._..._,,._.._."-"'-"-+.------..._-"-"'-"--'"-''--"'--"-"--"--"--"--"--"-"'-"-" 

V1H-......,,......,,....,.....,.-,:--,,-..,...."T""""""*'"°----+-t--_..,,t::-r.,.....,.-,,....,.....,._,,...,......,...."T""..,.-.,.-,......,.....,.,....,.,....,.....,._,,....,.-
G 

READ-WRITE CYCLE 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
w 

V1L -

V1H-
ii 

V1L -

V1HNDH -
DOD·DOJ 

V1LNDL -
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FAST PAGE MODE READ CYCLE 

V1H - ----,._ fol'--­

RAS 
V1L -

V1H - ..-...-...-..-...... ...-...-..-...--
G 

V1L - "'-"'-"'-"'-!'-"'-"-"'-"-_"'-",._-+-....__..._...._.><.....>t,--;.._-+....&...+<-.,,.._-"'1-"-...._......_-+-+-'-+-"-"--"-"-

VoH -
000-003 

VOL -

V1H­
AOORESSES 

V1L -

V1H - ,.....,.--,......,...-.,..-.,..-.,. 

w 

FAST PAGE MODE EARLY WRITE CYCLE 

V1L - '-''-''-'""'"'""-"'-~~-+---4-'"-'""-"-.x...;;-+--......;;~_..,-'I \........_"'--'_+---"-"--"-"-"._.._._. 

V1H - _....,....,..-,......,.....,. ~-----.L ,......,......,.....,. _.,.----..i_ 
000-003 

V1L - _.__.._.._.._.., r-----...,- ~~~~ -.'--=~-~ 
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FAST PAGE MODE READ-WRITE CYCLE 

V1H-
CAS 

V1t -

V1H-
ADDRESSES 

V1t -

w 
V1H-

V1t -

V1H-
G 

V1HiVoH -
000-003 ------t-<IUI 

V1tiVot -

VALID VALID VALID VALID 
OATA OUT OATA IN OATA OUT DATA IN DATA OUT DATA IN 
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ADDRESSES 

RAS ONLY REFRESH CYCLE 
IW and G are Don't Carel 

--------IRAS--------+1 

CAS BEFORE RAS REFRESH CYCLE 
(W, G. and AO-AS are Don't Carel 

------------IRC------------+t 

I-+------- IRAS---------1~ 

--t-+- ICSR 1RPC 
----ICHR-----<~ ..,,__ __ ICPN-----+t 

f*-10FF 

-----i-------------HIGHZ---------------
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V1H----"""- !+--­
RAS 

V1L-

V1H­
ADDRESSES 

V1L -

HIDDEN REFRESH CYCLE (READ) 

V1H_.,..._,.....,....., ..... .....,.....i.,-+--+--------..,,........,......,......,.......,.......,........,......,........-.,.....;,-.,......,....,.....,......,.,....,,,...,.__,,,.., 
w 

V1L_...._,._._.._.,__ 

VoH-
000-003 ----------1 

Vol -

V1H­
ADDRESSES 

V1L -

HIDDEN REFRESH CYCLE IEARLY WRITE) 
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RAS 
V1H-

V1L -

CAS 
V1H-

V1L -

V1H-
ADDRESSES 

V1L -

READ CYCLE 

w V1H-

V1L-

6 
V1H-

V1L -

DOO-D03 VDH - ----­
Vol -

URL Y WRITE CYCU 

V1H­

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

14--+-+-----'RWL------+--+t 
14--+--+----ICWL-------l~ 

V1L -~ ..... ~~--~------.-............ ""!-.,._--t-+------""""",._._.......,......,..,...-'!'-"--_.._.._.._.._ 

DOO-D03 
V1H- ____ _ 

V1L-

w 

V1H­

V1L - ..._.._.._.'-"'--"'-"'--"--"--"_...._........._....._......_....._....._""""_+-' 

IDH 

V1HIVOH -
DOD-D03 V1LIVDL - -----
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (RAS) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe IRAS) and column address strobe (CAS), into two sep­
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine columns, will decode one of the 262, 144 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active= V1L, lRCD minimum) for all read 
or write cycles. The delay between RAS and CAS active tran­
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (!RAH) specification is met (and defines tRCD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and 
in generating the CAS clock. 

There are two other variations in addressing the 256K x 4 
RAM: RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: normal 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V1H), !RCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both CAS and output enable (G) control read access 
time: CAS must be active before or at lRCD maximum and G 
must be active lRAC-tGA (both minimum) after RAS active 
transition to guarantee valid data out (Q) at !RAC (access time 
from RAS active transition). If the !RCD maximum is exceeded 
and/or G active transition does not occur in time, read access 
time is determined by either the CAS or G clock active transition 
(tCAC or tGAl. 

The RAS and CAS clocks must remain active for a minimum 
time of IRAS and tcAS· respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
tRRH or tRCH after RAS or CAS inactive transition, respec­
tively, to maintain the data at that bit location. Once RAS 

transitions to inactive, it must remain inactive for a minimum 
time of !RP to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched, as long as the 
CAS and G clocks are active. When either the CAS or G clock 
transitions to inactive, the output will switch to High Z, toFF 
or tGz after inactive transition. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write, page mode early write, and page mode read­
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
IV1LI. Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
IRAS and tcAs, and precharge time !RP apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data In 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for lRWL and tcwL. respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CAS active 
transition, keeping data out buffers disabled, effectively dis­
abling G. 

A late write cycle (referred to as G controlled write) occurs 
when W active transition is made after CAS active transition. 
W active transition could be delayed for almost 10 microse­
conds after GAS active transition, ltRCD + tcwD + tRWL 
+q)stRAS, if timing minimums lRCD· lRWL, and 1T are 
maintained. D is referenced to W active transition in a late 
write cycle. Output buffers are enabled by CAS active tran­
sition but Q may be indeterminate-see note 15 of AC oper­
ating conditions table. Parameters lRWL and tcwL also apply 
to late write cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tCWD minimum after the CAS 
active transition, to guarantee valid a before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 512 
column locations on a selected row of the 256K x 4 dynamic 
RAM. Read access time in page mode (tCAC) is typically half 
the regular RAS clock access time, tRAC· Page mode oper­
ation consists of keeping RAS active while toggling CAS be­
tween V1H and VIL· The row is latched by RAS active 
transition, while each CAS active transition allows selection 
of a new column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum tcp, while RAS remains low (V1L). The 
second CAS active transition while RAS is low initiates the 
first page mode cycle (tpc or tPRWCl. Either a read, write, 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre­
viously described). These operations can be intermixed in con­
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by tRASP· Page mode operation is ended when RAS transi­
tions to inactive, coincident with or following CAS inactive 
transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re­
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM514256A require refresh every 8 milliseconds, while 
refresh time for the MCM51 L4256A is 64 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM514256A, and 124.8 micro­
seconds for the MCM51 L4256A. Burst refresh, a refresh of all 
512 rows consecutively, must be performed every 8 millise­
conds on the MCM514256A and 64 milliseconds on the 
MCM51L4256A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CAS before RAS refresh, and Hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while CAS remains high 
(V1Hl throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 

DOO·D03-HIGH Z +---< 

counter that generates the row address to be refreshed. Ex­
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRP 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1 ). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the "1"s which were written in step2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
"1" out and write "O" into the cell by performing CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "O"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

CAS BEFORE RAS 
REFRESH CYCLE 

VALID DATA OUT 

CAS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 514256A or 51L4256A X 

Motorola Memory Prefix _T I 
Part Number------------' 

xx xx 

T Lshipping Method (R2=Tape & Reel, L_ Blank= Rails) 

Full Part Numbers-MCM514256AP70 
MCM514256AP80 
MCM514256AP10 

MCM51 L4256AP70 
MCM51 L4256AP80 
MCM51 L4256AP10 

Speed (70=70 ns, 80=80 ns, 
10= 100 ns) 

~-----Package (P=300 mil Plastic DIP, 
J =300 mil SOJ, Z= Plastic ZIP) 

MCM514256AJ70 
MCM514256AJ80 
MCM514256AJ10 

MCM51 L4256AJ70 
MCM51 L4256AJ80 
MCM51 L4256AJ10 

MCM514256AJ70R2 
MCM514256AJ80R2 
MCM514256AJ10R2 

MCM51 L4256AJ70R2 
MCM51 L4256AJ80R2 
MCM51L4256AJ10R2 

MCM514256AZ70 
MCM514256AZ80 
MCM514256AZ10 

MCM51 L4256AZ70 
MCM51L4256AZ80 
MCM51 L4256AZ10 
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• SEMICONDUCTOR 

TECHNICAL DATA 

256K x 4 CMOS Dynamic RAM 
Static Column 

The MCM514258A is a 1.0,. CMOS high-speed, dynamic random access memory. It is 
organized as 262, 144 four-bit words and fabricated with CMOS silicon-gate process tech­
nology. Advanced circuit design and fine line processing provide high performance, im­
proved reliability, and low cost. 

The MCM514258A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIPI, a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

e Three-State Data Output 
• Static Column Mode 
• TTL-Compatible Inputs and Output 
• RAS Only Refresh 
e CS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM514258A-70=70 ns (Max) 
MCM514258A-80=80 ns (Max) 
MCM514258A-10= 100 ns (Max) 

• Low Active Power Dissipation: 
MCM514258A-70=440 mW (Max) 
MCM514258A-80=385 mW (Max) 
MCM514258A-10=330 mW (Max) 

• Low Standby Power Dissipation: 
11 mW (Max), TTL Levels 
5.5 mW (Max), CMOS Levels 

SMALL OUTLINE 

DUAL-IN-LINE 
Vss 

DOD 1. Vss 001 003 
PIN 001 003 002 

ASSIGNMENT w 002 4 ~ 
m 4 fl 5 ii 

NC ii 
AO AB 

Al A7 1B AB 
A2 AB 10 17 A7 
A3 A5 11 1B AB 

Vee 10 A4 12 15 A5 

13 A4 
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~PPACKAGE ~~~~\\~MIL PLASTIC 

CASE738A 

J PACKAGE 
300MILSOJ 

CASE 822 

~ """""'' ~~~~LASTIC 
ZIG-ZAG IN-LINE 

CASE 836 

PIN NAMES 

AO.AB . . . . • • . • • • • Address Input 
DQ0-003 ...•.•. Data Input/Output 
G . . . . . . . . . . . . . . Output Enable 
W. . . . . . . . . . . . Read/Write Input 
~ . . . . . . . . Row Address Strobe 
CS • • • . . . . . . . . . . • • Chip Select 
Vee ............ Power ( +5 VI 
Vss ................ Ground 
NC . . . . . . . . • • • • . No Connection 

ZIG-ZAG IN-LINE 

ii 
1 I 
::I 2 

3:== fl 
002 ==1 4 

5 I== 003 
Vss ::I 6 

I:: 000 
001 

71 
==1 B 
91== w 

m ::I 0 
1J. NC 

AO 
111 
==112 

1== A1 
A2 H1 

1Ji A3 
Vee 

151 
==115 
171== A4 

A5 ==: !ll. 
191-- AB 

A7 ==120 
1== AB 
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cs-------+! 

AO 
Al 
A2 
A3 
A4 
A5 
AS 
A7 
AB 

BLOCK DIAGRAM 

COLUMN 
ADDRESS 

BUFFERS 191 

REFRESH 
CONTROLLER/ 
COUNTER 91 

RDW ADDRESS 
BUFFERS 191 

ND. 1 CLOCK 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1 to +7 v 
Voltage Relative to Vss for Any Pin Except Vee Vin• Vout -1 to +7 v 
Data Out Current lout 50 mA 

Power Dissipation Po 600 mW 

Operating Temperature Range TA Oto +70 oc 
Storage Temperature Range Ts.!9.. -55 to + 150 oc 

NDTE: Permanent device damage may occur tt ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

MOTOROLA MEMORY DATA 
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SUBSTRATE 
BIAS 

GENERATOR 

DQD-003 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 v ±10%, TA=O to 1o•c, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Vohage (Operating Voltage Rangel Vee 4.5 5.0 

Vss 0 0 

Logic High Vohage, All Inputs V1H 2.4 -
Logic Low Vohage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee PcMer Supply Current 1cc1 
MCM5142!i11A-70, lRC = 130 118 -
MCM5142!i11A-81, lRC = 160 ns -
MCM5142!i11A-10, lRC = 1111 118 -

Vee - Supply Current (Standby) (RAS=CS=V1Hl lccz -
Vee PcMer Supply Current During RA!; only Refresh Cycles (CS= V1Hl icca 

MCM5142!i11A-70, lRC = 130 118 -
MCM5142!i11A-81, lRc = 160 ns -
MCM6142!i11A-10, lRC = 1111 118 -

Vee PcMer Supply Current During Static Column Mode Cycle lli2=CS=V1Ll icC4 
MCM5142!i11A-70, tsc=40 118 -
MCM5142!i11A-81, tsc=46 118 -
MCM5142!i11A-10, tsc = 60 ns -

Vee PcMer Supply Current (Standby) (RA!;= CS= Vcc-0.2 Vl ices -
Vee PcMer Supply Current During CS Bafon1 1iAS Refresh Cycle icce 

MCM6142!i11A-70, lffc= 130 ns -
MCM5142!i11A-81, lRC = 160 ns -
MCM5142!i11A-10, lRC = 1111 ns -

Input Leakage Current CO V:SVjn:S&.5 Vl 'DYnn -10 

Output Leakage Current ~=V1H• 0 VsVout:S5.5 VI l11!1110l -10 

Output High Voltage lloH= -5 mAl VOH 2.4 

Output Low Voltage lloL =4.2 mAl Vol -

CAPACITANCE lf=1.0 MHz. TA=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capac:itance AO-AB Cin 

1;, m. C'S, w 
Output Capacitanca !C'S= V1H 10 Disable OutpUtl DQO-D03 Cout 

NOTES: 
1. Al voltages rafarencad 10 Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
80 
70 
60 

2.0 mA 

mA 2 
80 
70 
60 

mA 2, 4 
60 
60 
40 

1.0 mA 

mA 2 
80 
70 
60 

10 ,.A 

10 ,.A 

- v 
0.4 v 

Max Unit Notes 

5 pf 3 

7 pf 3 

7 pf 3 

2. Current is a functioil of cycle rata and outpUt loading; maximum currant is maasurad at the fastest cycle rate with the output open. 
3. capacitance n-.urad with a Boonton Meter or effective capacitance calculated from the equation: C=llitf/!.V. 
4. Measured with one address transition per static column mode cycle. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES !See Notes 1, 2, 3, and 4) 

Symbol MCM514258A-70 MCM514258A-80 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Tima IRELREL IRC 130 - 150 -
Read-Write Cycle Time IRELREL IRMW 185 - 205 -
Static Column Mode Cycle Tima IAVAV tsc 40 - 45 -
Static Column Mode Read-Write Cycle Time IAVAV ISRMW 100 - 110 -

Access Time from RAS IRELQV IRAC - 70 - 80 

Access Time from ~ ICELQV tcAC - 25 - 25 

Access Time from Column Address IAVQV IAA - 35 - 40 

Access Time from Last Write twLQV IALW - 65 - 75 

~ to Output in Low-Z ICELQX ICLZ 0 - 0 -
Output Buffer and Turn-Off Delay tcEHQZ IOFF 0 20 0 20 

Output Data Hold Time from Column Address IAXQX IAOH 5 - 5 -
Output Data Enable Time from Write twHQV tow - 20 - 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time IREHREL IRP 50 - 60 -
RAS Pulse Width IRELREH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Static Column Model IRELREH IRASC 70 100,000 80 100,000 

~ to RAS Hold Time ICELREH IRSH 25 - 25 -
RAS to ~ Hold Time IRELCEH tcsH 70 - 80 -
~ Pulse Width ICELCEH tcs 25 10,000 25 10,000 

~ Pulse Width (Static Column Mode) ICELCEH tcsc 25 100,000 25 100,000 

RAS to ~ Delay Time IRELCEL IRCD 20 45 20 55 

RAS to Column Address Delay Time IRELAV IRAD 15 35 15 40 

~ to RAS Precharge Time ICEHREL ICRP 5 - 5 -
CS Precharge Time ICEHCEL tcpN 10 - 10 -
~ Precharge Time (Static Column Mode) ICEHCEL tcp 10 - 10 -
Row Address Setup Time IAVREL IASR 0 - 0 -
Row Address Hold Time !RELAX IRAH 10 - 10 -
Column Address Setup Time IAVCEL IASC 0 - 0 -
Column Address Hold Time ICELAX ICAH 15 - 15 -
Write Address Hold Time Referenced to liAS !RELAX IAWR 55 - 60 -
Column Address Hold Time Referenced to !RELAX IAR 85 - 95 -
RAS 
Column Address to RAS Lead Time IAVREH IRAL 35 - 40 -

NOTES: 

MCM514258A-10 
Unit Notes 

Min Max 

180 - ns 5 

245 - ns 5 

55 - ns 

135 - ns 

- 100 ns 6, 7 

- 30 ns 6, 8 

- 50 ns 6, 9 

- 95 ns 6, 10 

0 - ns 6 

0 30 ns 11 

5 - ns 

- 30 ns 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

30 - ns 

100 - ns 

30 10,000 ns 

30 100,000 ns 

25 70 ns 12 

20 50 ns 13 

5 - ns 

15 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

115 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ:; is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1HI in a monotonic manner. 
4. AC measurements tr= 5.0 ns. 
5. The specifications for tRc (min) and tRMW (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs70"C) is assured. 
6. Measured with a current load equivalent to 2 TTL ( -200 p.A, + 4 mA) loads and 100 pF with the data output trip points set at 

VoH =2.0 v and VoL =0.8 v. 
7. Assumes that IRCD SIRCD (max). 
8. Assumes that tRCO;,:tRCD (max). 
9. Assumes that !RAD ;,:tRAD (max). 

10. Assumes that ILWAD StLWAD (max). 
11. toFF (max) and/or 1Gz define the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
12. Operation within the IRCD (max) limit ensures that IRAC (max) can be mat. IRCD (max) is specified as a reference point only; if IRCD is 

greater than the specified IRCD (maxi limit, then access time is controlled exclusively by tCAC· 
13. Operation within the !RAD (max) limit ensures that !RAC (max) can be mat. IRAD (max) is specified as a reference point only; if IRAD is 

greater than the specified IRAD (max), then access tima is controlled exclusively by IAA· 
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READ, WRITE, AND READ-WRITE CYCLES !Continued) 

Symbol MCM614258A-70 MCM614258A-80 MCM614258A-10 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Column Address Hold Time Referenced to tREHAX tAH 10 - 10 - 10 - ns 14 
RAS 

Last Write to Column Address Delay Time twLAV tLWAD 20 30 20 35 25 45 ns 15 

Last Write to Column Address Hold Time twLAX tAHLW 65 - 75 - 95 - ns 

Read Command Setup Time Referenced to twHCEL tRCS 0 - 0 - 0 - ns 
cs 
Read Command Hold Time Referenced to CS' tcEHWX tRCH 0 - 0 - 0 - ns 16 

Read Command Hold Time Referenced to tREHWX tRRH 0 - 0 - 0 - ns 16 
RAS 

Write Command Hold Time I Output Data tCEHWH twCH 15 - 15 - 20 - ns 17 
Disable) 

Write Command Hold Time Referenced to tRELWH twCR 55 - 60 - 75 - ns 
RAS 

Write Command Pulse Width 1WLWH twP 15 - 15 - 20 - ns 

Write Inactive Time twHWL twl 10 - 10 - 10 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Write Command to CS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data In Setup Time tDVCEL tDs 0 - 0 - 0 - ns 18 

Data In Hold Time tCELDX tDH 15 - 15 - 20 - ns 18 

Data In Hold Time Referenced to RAS tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time (Output Data twLCEL twcs 0 - 0 - 0 - ns 17 
Disable) 

CS to Write Delay I RW Cycle) tCELWL tcwD 55 - 55 - 65 - ns 17 

RAS to Write Delay IRW Cycle) tRELWL tRWD 100 - 110 - 135 - ns 17 

Column Address to Write Delay Time tAVWL tAWD 65 - 70 - 85 - ns 17 

CS Setup Time for CS Before RAS Refresh tCELREL tcsR 10 - 10 - 10 - ns 

CS Hold Time for CS Before RAS Refresh tRELCEH tCHR 30 - 30 - 30 - ns 

RAS Precharge to CS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

CS Precharge Time for CS Before RAS tcEHCEL tcPT 40 - 40 - 50 - ns 
Counter Test 

RAS Hold Time Referenced to G tGLREH tROH 10 - 10 - 20 - ns 

~Access Time tGLOV tGA - 25 - 25 - 25 ns 

G to Data Delay tGHDX tGD 20 - 20 - 25 - ns 

Output Buffer Turn-off Delay Time from ~ tGHOZ tGz 0 20 0 20 0 25 ns 11 

G Command Hold Time twLGL tGH 20 - 20 - 25 - ns 

NOTES: 
14. tAH must be met for a read cycle. 
15. Operation within the tLWAD lmax) limit ensures that tALW (max) can be met. tLWAD (max) is specified as a reference point only; if tLWAD 

is greater than the specified tLWAD (max) limit, then access time is controlled exclusively by tAA· 
16. Either tRRH or tRCH must be satisfied for a read cycle. 
17. twCH· twCS· tRWD· tcwD. and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only; if twcs:.:twcs (min) and twCH:!:1WCH lmin), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tcwD:.:tcwD (min), tRWD:!:tRWD (min), and tAWD:!:tAWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in late write or read-write cycles. 
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V1H------:i1.. 
m 

V1L-

V1H­
ADDRESSES 

READ CYCLE 

V1H _.,....,.....,....,..,......,...;,_...,......,+----l~---------t-_,.'=it:'"7"'-,r"7l""7'""7""'.l{""':~ir­
W 

yl_.._._......,._.._....,......._. 

V1H----.--..,;..-... ...... ....--.-.-.i-.-.. 
ii 

V1L -t...l"-ll~~~~...lool....K..¥...¥...X..X-'~'-ll~r-.--+__.'-f'_""""...._'"":'..._..._ __ _..._.._.._. .... 

VoH-
DDD-003 -----­

V0t. -

V1H - ""°"""'~ _.._,,,,,,,........._ 
ADDRESSES 

V1L -

V1H- . ....,,.....,....,,,....,,,...,.,....,.....,._ 

w 

EARLY WRITE CYCLE 
10 is Don't Carel 

V1L - ~"-ll"-ll"-ll"-ll~~:....x;..z~+---+--------------alf'"""'-¥...¥...¥...._.X.. 

tos 
V1H-

D00-003 ---------cl 1>---------HIGH z--------
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G CONTROLLED LATE WRITE CYCLE 

'4-------------IRC------------~ 

---------IRAS---------

V1H - -----.~ 
RAS 

V1H­
ADDRESSES 

V1H- ~-~-~-~~~---~......._ 
Vi 

READ-WRITE CYCLE 

14-------------~~As-------------.... 

V1H-
RAS 

V1L -

'RCD ------------tRsH--------1~ 
ICRP 

V1H-
cs 

V1L-

V1H-
ADDRESSES COLUMN ADDRESS 

V1L-
t+----+---- IAWD------~ 

------tcwo-----

V1H-
Vi 

V1L -

V1H-
il 

V1L -

V1HIVDH -
DOD-003 

V1LIVDL -

MOTOROLA MEMORY DATA 
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STATIC COLUMN MODE READ CYCLE 

i.----------IRASC------------..i 
V1H-

RAS 
V1L -

V1H-

ADDRESSES 
V1L -

V1H-

cs 
V1L -

V1H-
w 

V1L -

V1H-

IT 
V1L -

VDH-
DOD-D03 -----

RAS 

ADDRESSES 

cs 

'ii 

DOO-D03 

V1H-

V1L -

V1H-

V1L -

V1H-

V1L -

V1H-

V1L -

V1H-

V1L -

STATIC COLUMN MODE EARLY WRITE CYCLE IA) 
IG is Don't Carel 
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V1H-
RAS 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
cs 

V1L -

V1H-
w 

V1L -

V1HIVDH-
DQ0-003 

V1LIVOL -

V1H-
RAS 

V1L -

V1H-
ADDRESSES 

V1L -

~ 
V1H-

V1L -

V1H-
w 

V1L -

V1H-
6 

V1t -

V1HIVDH­
DDO·DD3 

V1tlYOL -

IASR 

STATIC COLUMN MODE EARLY WRITE CYCLE (B) 
IG is Don't Carel 

STATIC COLUMN MODE READ-WRITE CYCLE 

1-4-------------tRASC-----------~ 

tsRMW 

COLUMN COLUMN 
AO DRESS ADDRESS 

tcAH IRAL 

ISRMW 
IRWL 

IRCO tcwD IAWD 

j.----READ-WRITE--------READ·WRITE -----l•~I 
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V1H-
RAS 

V1L -

V1H-
cs 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
w 

V1L -

6 
V1H-

V1L -

VJHNOH-
DOO-D03 

V1LNOL -

V1H-
RAS 

V1H-
cs 

V1L -

V1H-
ADDRESSES 

V1L -

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

CDLUMN 
ADDRESS 

RAS ONLY REFRESH CYCLE 
IW and G are Don't Care) 

VALID 
DATA OUT 

l+------------tRc------------~ 

CS BEFORE RAS REFRESH CYCLE 
IW. G, and AO to AB are Don't Care) 

VoH--------..L 
DOO-D03 !>------------HIGH z-------------VQL ______ __.,-

MOTOROLA MEMORY DATA 
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V1H-----­
RAS 

V1H­
ADDRESSES 

V1L -

HIDDEN REFRESH CYCLE (READ) 

V1H_.,....,...._.._..,i..,....,....,j,,.+--+------'i---,j.,....,......,...,.,...,.,...,.,...,....,....,...,...,....;,,..,...,....,.._,.,...,...,.,...,.....,.~ 

w V1L_..._..._...._.._. __ 

V1H _.,..._._._,..__....,.....,.....,.-.. 
6 

VoH-
DllD·Dll3 ----HIGH z----<I VALID DATA OUT 

Vol -

HIDDEN REFRESH CYCLE (EARLY WRITE) 
CG ia Don't Carel 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

14-----------IRAS---------~ 

- V1H- -----.._ 
RAS ~IL_ 

ICHR 

IAH 

READ CYCl.E ---+-+-----IRAL-----+-~~ 
V1H- ._....., ..... ....,.,..... _____ ....., ...... ,___ .i..--~:.....----...,c""oL"'u'""MN,,_ __ _._...__._..._""'-- 11,...,....,.....,.. 

ADDRESSES V1L - ____ ._. ............ ...._ _______ lli---------A-DO_R_Es_s ___ .,...,._.,...,._ -----

V1H- -x-..,......,.....,....,.....,~~,.....,'""'~~~"*•-++----------tH--tl---3:::~..,....""° 

W V1L - _.._...._....._..._.._..._......_..._.._........,""-"....,.,_,, 

V1H­

ll" V1L- ...lll-¥..lL...lL...X....K...~~'-lo~-¥...i.t...lL...X...~~~~c...-4----.....1.;.+1,,-¥..K,,..K....X..."""-.K..:~~ 

VoH-
000-003 VoL - --------

EARl.Y WRITE CYClE 

ADDRESSES 

V1H- _,...,.....,.....,.....,.....,......,.....,,.....,,.....,....,....,....,. ............... .,,,.,,,,_ ...... ,,,i._ ,,_...,.....,.....,.....,.....,...~,._,,....,.,..,....,.....,.....,.....,...,..., 

V1L - ....¥....llt...X..."""-~"-llt...M....¥....K...K...¥-N .,._ _ _:;:::;::::::....-;it 'lol....¥...X....K...~~~....¥...lC.,-.K..:~'-¥....¥...L.:. 

W V1H­

V1L - _..._..,_..._..,....._....._....._....._......_ ....... ..x....x..~""'"-++--------"F:::.V......_.....,..._..._,"""-..._..._..._...__ 

000-003 ViH- -----HIGH z------<I 
V1L- ~--------'I 

11 
COLUMN 
ADDRESS 

ll° V1H­

V1L- ~~~-¥...¥....X,..K....K...~~'-lo~'...:J{.....¥....¥..~~-+-' 
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DEVICE INITIALIZATION 

On power-up an initial peuse of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 9-bit address fields. A total of 
eighteen address bits, nine rows and nine columns, will decode 
one of the 262, 144 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the "static column" designation of this 
device. Chip select (CS) active transition (active= V1L tRCD 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex­
ternal column addresses into the RAM. 

There are two other variations in addressing the 256K x 4 
RAM: RAS only refresh cycle and CS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and "static column mode" read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cycle begins as described in ADDRESS­
ING THE RAM, with RAS active transition latching the de­
sired row. The write (iiiil input level must be high (V1Hl, tRCS 
(minimum) before the CS active transition, to enable read 
mode. A valid column address can be provided at any time 
(tRAD minimum), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both CS and output enable (G) control read access 
time: CS and G must be active (and column address must be 
valid) by tRCD maximum, and tRAC-tGA minimum, respec­
tively, to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If either tRCD maximum is ex­
ceeded or G active transition does not occur in time, read 
access time is determined by the CS and/or G clock active 
transition (tCAc. tGAl· 

The RAS and CS clocks must remain active for a minimum 
time of tRAS and tcs. respectively, to complete the read cycle. 
The column address must remain valid for tAH after RAS 
inactive transition to complete the read cycle. iiii must remain 
high throughout the cycle, and for time tRRH or tRCH after 
RAS or CS inactive transition, respectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of tR p to precharge 
the internal device circuitry for the next active cycle. Q is valid, 
but not latched, as long as the CS and G clocks are active. 

When either the CS or G clock transitions to inactive, the 
output will switch to High Z, tOFF or tGz after inactive 
transition. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write and "static column mode" early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of iiii to active 
(V1L level). Early and late write modes are distinguished by the 
active transition of iiii with respect to CS leading edge. Min­
imum active time tRAS and tcs. and precharge time tRP apply 
to write mode, as in the read mode. 

An early write cycle is characterized by iiii active transition 
at minimum time twcs before CS active transition. Column 
address set·up and hold times (tASC· tCAHl, and data in (0) 
set up and hold times (tDs. tDHl are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
tRWL and tcwL. respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
iiii active transition precedes or coincides with CS active tran­
sition, keeping data-out buffers disabled effectively disabling 
G. 

A late write cycle (referred to as G controlled write) occurs 
when iiii active transition is made after CS active transition. 
iiii active transition could be delayed for almost 10 microse­
conds after CS active transition, (tRAD + tASC + tRWL + 
:zti":StRAS. if other timing minimums (tASC· tRWL. and tTl 
are maintained. Column address and D timing parameters are 
referenced to iiii active transition in a late write cycle. Output 
buffers are enabled by CS active transition but Q may be 
indeterminate-see note 17 of AC operating conditions table. 
Parameters tRWL and tcwL also apply to late write cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except iiii must remain high for tcwo and/or tAWD minimum, 
to guarantee valid a before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data op­
erations performed at any or all 512 column locations on the 
selected row of the 256 x 4 dynamic RAM during one RAS 
cycle. Read access time of multiple operations (tAA or tCAcl 
is considerably faster than the regular RAS clock access time 
tRAC· Multiple operations can be performed simply by keeping 
RAS active. CS may be toggled between active and inactive 
states at any time within the RAS cycle. 

Once the timing requirements for the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or iiii, as indicated in static column 
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mode eerly write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
clocking the write operation. CS must be toggled inactive !tcpl 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
consecutive operations is limited by tRASC· The cycle ends 
when RAS transitions to inactive. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re­
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM51425BA require refresh every B milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM51425BA. Burst refresh, a re­
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM51425BA. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (V1H> 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

CS before RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 

Q - HIGH Z -+---< 

that generates the row address to be refreshed. External ad­
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding CS active at the end of 
a read or write cycle, while RAS cycles inactive for tRP and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1). 

CS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by the check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CS before RAS refresh 
counter test. read-write cycle. Repeat this operation 
512 times. 

3. Read the 'T's which were written in step 2 in normal read 
mode. 

4. Using the same column address as in step 2, read "1" 
out and write "O" into the cell by performing the CS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "O"s which were written at in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

CS BEFORE RAS 
REFRESH CYCLE 

VALID DATA·OUT 

CS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 514a58A 

Motorola Memory Prefix 

Part Number 

T T 
Full Part Numbers- MCM514258AP70 

MCM514257 AP80 
MCM514258AP10 

x xx xx T T Shipping Method <R2 =Tape & Reel, Blank= Rails) 

Speed (70=70 ns, 80=80 ns, 10=100 ns) 

Package IP = Plastic DIP, J = Plastic SO 

MCM514258AJ70 
MCM514258AJ80 
MCM514258AJ10 

with J leads, z~ Plastic ZIP) 

MCM514258AJ70R2 
MCM514258AJ80R2 
MCM514258AJ10R2 

MCM514258AZ70 
MCM514258AZ80 
MCM514258AZ10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M x 4 CMOS Dynamic RAM 
Page Mode 

The MCM514400 is a 0.8,. CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 four-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM514400 requires only ten address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 350-mil-wide J-lead small outline pack­
age, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 
• Fast Page Mode 
• Test Mode 
• TTL-Compatible Inputs and Output 
e RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 1024 Cycle Refresh: MCM514400= 16 ms 

MCM51 L4400 = 128 ms 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM514400-80 and MCM51L4400-80=80 ns (Max) 
MCM514400-10 and MCM51L4400-10= 100 ns (Max) 

• Low Active Power Dissipation: 
MCM514400-80 and MCM51L4400-80=578 mW (Max) 
MCM514400-10 and MCM51L4400-10=495 mW (Max) 

• Low Standby Power Dissipation: 
MCM514400 and MCM51L4400= 11 mW (Max, TTL Levels) 
MCM514400=5.5 mW (Max, CMOS Levels) 
MCM51L4400=2.2 mW (Max, CMOS Levels) 

SMALL OUTLINE 

OQO 26 Vss 
PIN ASSIGNMENT OQ1 25 003 

w 24 002 

RAS 4 23 eAS 

A9 22 ii 

AO lB AB 

Al 10 17 A7 

A2 11 16 AB 

A3 12 15 A5 

Vee 13 14 A4 

MCM514400 
MCM51L4400 

JPACKAGE 
PLASTIC 

SMALL ounlNE 
CASE822A 

Z PACKAGE 
PLASTIC 

ZIG-ZAG IN-LINE 
CASE836 

PIN NAMES 

AO.A9 ........... Address Input 
DQ0-003 ....... Data Input/Output 
Cl . • . . . . . . . . . . . . Output Enable 
W. . . . . . . . . . . . Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
~ . . . . . . Column Address Strobe 
Vee ............ Power(+5VI 
Vss ................ Ground 

ZIG-ZAG IN-LINE 

ii 
1 I 

==: ]._ 
3 1-- eAS 

002 ==1 4 

=5:: == 
003 

Vss 
1=6= DOD 

001 7 I 
==1 B 

JI::== 
i 

m 
1!~ A9 

AD 111 
==112 

1== Al 
A2 H1 

1!i A3 
Vee 

151 
==115 
171== A4 

A5 ==:1Q. 
191-- AB 

A7 ==120 
1== AB 

This document contains infonnation on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 

2-94 



MCM514400• MCM51 L4400 

BLOCK DIAGRAM 

w----------a--.... 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

RAS------...i 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating 

Power Supply Voltage 

Voltage Relative to Vss for Any Pin Except Vee 

Date Out Current 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Symbol 

Vee 

Yin• Yout 

lout 

Po 

TA 

Ts.!ll.. 

Value Unit 

-1 to +7 v 
-1 to +7 v 

50 mA 

600 mW 

Oto+70 •c 
-56to +150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DATA IN 
BUFFER 

DATA OUT 
BUFFER 

SUBSTRATE 
BIAS 

GENERATOR 
'------' 

DQO-DQ3 

-vee 
-vss 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 



MCM514400•MCM51L4400 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0V±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 1cc1 
MCM514400-80 and MCM51 L4400-80, tRC = 150 ns -
MCM514400-10 and MCM51L4400-10, tRc=180 ns -

Vee Power Supply Current (Standby) IRAS= CAS = V1Hl 1cc2 -
Vee Power Supply Current During RAS only Refresh Cycles ICAS = V1Hl 1cc3 

MCM514400-80 and MCM51L4400-80, tRc=150 ns -
MCM514400-10 and MCM51L4400-10, tRc=180 ns -

Vee Power Supply Current During Fast Page Mode Cycle (RAS= V1Ll icC4 
MCM514400-80 and MCM51 L4400-80, tpc = 45 ns -
MCM514400-10 and MCM51L4400-10, tpc=55 ns -

Vee Power Supply Current (Standby) (RAS=CAS=Vcc-0.2 Vl MCM514400 ices -
MCM51L4400 -

Vee Power Supply Current During CAS Before RAS Refresh Cycle ices 
MCM514400-80 and MCM51L4400-80, tRc=150 ns -
MCM514400-10 and MCM51 L4400-10, !RC= 180 ns -

Vee Power Supply Current, Battery Backup Mode-MCM51L4400 only 1cc1 -
itRC = 125 µ.s; IRAS= 1 µ.s; CAS = CAS Before RAS Cycle or 0.2 V; AO-A9, G, W, 
DQO-DQ3=Vcc-0.2 v or 0.2 V) 

Input Leakage Current 10 V sVin s6.5 V) l11s9ll) -10 

Output Leakage Current ICAS° =V1H. 0 VsVoutS5.5 V) lli!lljOl -10 

Output High Voltage llOH = - 5 mA) VoH 2.4 

Output Low Voltage HoL = 4.2 mA) VoL -

CAPACITANCE (f=l.O MHz, TA=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A9 Cin 

G, RAS, CAS, W 
1/0 Capacitance (CAS = V1H to Disable Outputl DQO-DQ3 Cl/D 

NOTES: 
1. All voltages referenced to Vss. 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
105 
90 

2.0 mA 

mA 2 
105 
90 

mA 2, 3 
70 
60 

1.0 mA 
400 µA 

mA 2 
105 
90 

500 µA 

10 µA 

10 µA 

- v 
0.4 v 

Max Unit Notes 

5 pF 4 

7 pF 4 

7 pF 4 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/6.V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Notedl 

READ, WRITE. AND READ-WRITE CYCLES !See Notes 1 2 3 and 4l 

MCM614400-80 MCM614400-10 

Parameter Symbol MCM61L4400-80 MCM61L44CJ0.10 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL IRC 150 - 180 -
Read-Write Cycle Time IRELREL IRWC 205 - 246 -
Fast Page Mode Cycle Time tCELCEL tpc 50 - 60 -
Fast Page Mode Read-Write Cycle Time tCELCEL IPRWC 106 - 125 -
Access Time from RAS IRELOV IRAC - 80 - 100 

Access Time from CAS ICELOV tcAC - 20 - 25 

Access Time from Column Address IAVOV IAA - 40 - 50 

Access Time from Precharge CAS tcEHOV tcPA - 46 - 56 

CAS to Output in Low-Z ICE LOX ICLZ 0 - 0 -
Output Buffer and Turn-Off Delay IC EH OZ IOFF 0 20 0 20 

Transition Time (Rise and Fall) IT IT 3 50 3 50 

RAS Precharge Time IREHREL IRP 60 - 70 -
RAS Pulse Width tRELREH IRAS 80 10,000 100 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH IRASP 80 200,000 100 200,000 

RAS Hold Time tcELREH IRSH 20 - 25 -
CAS Hold Time tRELCEH ICSH 80 - 100 -
CAS Pulse Width tcELCEH ICAS 20 10,000 25 10,000 

RAS to CAS Delay Time IRELCEL IRCD 20 60 25 75 

RAS to Column Address Delay Time IRELAV IRAD 15 40 20 50 

CAS to RAS Precharge Time IC EH REL ICAP 5 - 10 -
CAS Precharge Time ICEHCEL tcp 10 - 10 -
Row Address Setup Time IAVREL IASR 0 - 0 -
Row Address Hold Time I RELAX IRAH 10 - 15 -
Column Addr- Setup Time IAVCEL IASC 0 - 0 -
Column Address Hold Time ICELAX ICAH 15 - 20 -
Column Address Hold Time Referenced to RAS IRELAX IAR 60 - 75 -

Column Addr- to RAS Lead Time IAVREH IRAL 40 - 50 -

NOTES: 

Unit Notes 

ns 5 

ns 5 

ns 

ns 

ns 6, 7 

ns 6, 8 

ns 6, 9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are m-ured between V1H and VIL· 
2. An initial pause of 200 pS is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements IT= 5.0 ns. 
5. The specifications for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°C:sTA:s70"C) is assured. 
6. Measured with a current load equivalent to 2 TTL ( - 200 ,.A, + 4 mA) loads and 100 pF with the data output trip points set at 

VoH=2.0V and Vol =0.8 v. 
7. Assumes that tRCD:51RCD (max). 
8. Assumes that IRCD~IRCD (max). 
9. Assumes that IRAD~IRAD (max). 

10. IOFF (max) and/or !Gz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

11. Operation within the IRCD (max) limit ensures that IRAC (max) can be met. IRCD (max) is specified as a reference point only; if tRCD is 
greater than the specified IRCD (max) limit, then access time is controlled exclusively by ICAC· 

12. Operation within the IRAD (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only; if lftAD is 
greater than the specified tRAD (max), then access time is controlled exclusively by tAA. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 

MCM&144GIMO MCM&14400-10 
Parameter Symbol MCM&1l.44CJ0.80 MCM611MCJ0..10 Unit No-

Standard Alternate· Min Max Min Max 
Raad Command Setup Time IWHCEL tRCS 0 - 0 - ns 

Reed Command Hold Time Referenced to 00 tcEHWX tRCH 0 - 0 - ns 13 

Reed Command Hold Time Referenced to 'RAS tREHWX tf1RH 0 - 0 - ns 13 

Write Command Hold Time Referenced to 00 tCELWH IWCH 16 - 20 - ns 

Write Command Hold Time Referenced to 'RAS tRELWH IWCR 60 - 75 - ns 

Write Command Pulse Width IWLWH IWP 15 - 20 - ns 

Write Command to 'RAS Leed Time IWLREH tRWL 20 - 26 - ns 

Write Command to 00 Leed Time IWLCEH tcWL 20 - 25 - ns 

Date In Setup Time tDVCEL tDs 0 - 0 - ns 14 

Date In Hold Time tcELDX tDH 15 - 20 - ns 14 

Date In Hold Time Referenced to 'RAS tRELDX tDHR 60 - 75 - ns 

Refresh Pariod MCM514400 tRVRV tRFSH - 16 - 16 ms 
MCM61L4400 - 128 - 128 

Write Command Setup Time IWLCEL twcs 0 - 0 - ns 15 

00 to Write Delay lCELWL tcwD 60 - 60 - ns 15 

'RAS to Write Delay lRELWL tRWD 110 - 135 - ns 16 

Column Address to Write Delay Time tAVWL tAWD 70 - 86 - ns 15 

00 Precharge to Write Delay Time (Page Model tcEHWL tCPWD 76 - 90 - ns 15 

00 Setup Time for 00 Before 'RAS Refresh tRELCEL tcSR 5 - 10 - ns 

00 Hold Time form Before 'RAS Refresh tRELCEH tCHR 16 - 20 - ns 

'RAS Precharge to 00 Active Time tREHCEL tRPC 0 - 0 - ns 

00 Precharge rune form Before 'RAS Counter Test tcEHCEL tcPT 40 - 60 - ns 

RAS Hold Time Referenced to G tGLREH tROH 10 - 20 - ns 

G Access Time tGLQV tGA - 20 - 25 ns 

G to Deta Delay tGLHDX lGD 20 - 25 - ns 

Output Buffer Turn-Off Delay Time from G tGHQZ tGz 0 20 0 20 ns 10 

G Command Hold Time IWLGL lGH 20 - 25 - ns 

Write Command Setup Time (Test Model IWLREL twrs 10 - 10 - ns 

Write Command Hold Time (Test Model tRELWH IWTH 10 - 10 - ns 

Write to 'RAS Precharge Time <m Before m Refresh) IWHREL IWRP 10 - 10 - ns 

Write to 'RAS Hold Time (00 Before 'RAS Refresh) tRELWL IWRH 10 - 10 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. Thaae parameters are referenced to m leading edge in early write cycles and to w leading edge in late write or read-write cycles. 
15. twcs. tRWD· tcwD· ttwVD and tcPWD are not ..,.irictive operating parameters. Thay are included in the data sheet as electrical 

characteristics only; if twCSl!:IWCS (min), the cycle is an aerty write cycle and tha date out pin will remain open circuit (high Impedance) 
throughout tha entire cycle; if tcwDl!:tCWD (min), tRWD l!:tRWD (min), tAWD :.tAWD (min), and tcPWD l!:tCPWD (min) (page model, 
the cycle Is a read-write cycle and tha deta out will contain date read from the selected cell. If neither of these sets of conditions Is satisfied, 
the condition of tha data out (at access time) is indeterminate. 
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READ CYCLE 
---------------tRc----------+i 

14--------'RAS--------.i 
V1H - ------,[_ ..,,__ ___ ,AR-----

RAS 
V1L -

14-------tcsH-+------1~ 

V1H­
ADDRESSES 

V1t -

V1H-...-..-...-...-..-,......;........-.,.....1r-1---~----------+--+-:::ii:,....,.--..-,,,....,.......,.......,.,......,......,~ 

w 

V1H - ,.....,.......,......,......,.....,......,..;.-,.-,.-,.-..-,...-,......,_,~ 

6 
V1t-"-''-''--''-'.._."-"f-"'-"'-"-"'-"-"-'J'o-'"'--'"-"F---+-_._-I"-....._-"-_._-";....._......__..._.._.._.._..__.._..~ 

EARLY WRITE CYCLE 

V1H - ------.i -----'AR-----

RAS 

--------1csH-+-----.i 

V1H - .,........,.......,.-.,. .JO-=,,--S... 

ADDRESSES 
V1L -

V1H - .-...-....--..--.,.-...-......-....--.. 
w 

V1L - L...l'---'"-"-"-""----"--"-+.-+---+---'-"--""--"-"--"--"~'--''-''-''-'"-'"-"-"'-"'-"'-""-""-

V1H - ...,,....,,._...,,.~_,...;,,....,......,......,......,;..-..,.-.,..._,.......,......,.....,.....,.......,.._.,.....~~~~~.....-.....--..-.....-....... .....--.--...,,.-
G 

V1L - _.._._._._._..._,...._.._..._.._~..__..._,....._..._..._..._..._..._...._....._......_....._......__,._......__,.__..._.._...__.._.._._......._ 

1 .. 
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G CONTROLLED WRITE CYCLE 

V1H- ----oL .. .,_ __ _ 
RAS 

V1H­
ADDRESSES 

V1L -

V1H - ,...., ...... .....,._,.......,.....,.....,.......,....,.....-.......,......,,............._ 

w 
V1t - ._.._......_._.. ........ ....._...._...._..._...._.._.._......,,-+"'"f"o----..,..--~"-'-~--~~~-----

V1H - '<:"""ll<:""'l"t""'ll~""Aft:"A'"7'1"!;.,_ ___ -t+-~~.,..-,..""A""Aft:"ft:"7'A"7'""~1t"""'J""t""'ll:"A""A""A"7{"" 
ii 

READ-WRITE CYCLE 

14--------------~IRWC----------------

--------------IRAS--------------

V1H-
RAS 

V1l-

V1H-
CAS 

V1t -

V1H-
ADDRESSES 

V1t -

V1H-
w 

V1t -

VIH -
ii 

V1t -

V1HIVOH-
000-003 

V1tiVOL -
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FAST PAGE MODE READ CYCLE 

V1H - ----,,_ .,._ __ 

RAS 
Vil -

V1H - ----',,_ ____ ..._ 

ii 
V1l - ---...._,l'--____ .,_."'""'l'°"'""-+---"'-...__.._..,_ __ -+.-.+'-r"'-"'\ 1r--:"--+--'1-"'-1'--"-"'""'":......__._-. 

VoH-
000-003 

Vol -

V1H­
AOORESSES 

V1l -

V1H - ,........,......,.....,......,.....,.,....,. 

w 

FAST PAGE MODE EARLY WRITE CYCLE 

V1l-~~L....;~"-:IL....l.q~-4---Ji::......l"-.:"-:IL....lL..::~.j....---'i1='-..;,;.-'IC'~~-=11'1 ..... --::f'-.lC....ll'....ll'....:.L...:.L......lL....l. 

V1H- _.....,,...,......,._,....,. ~-=-:::---""--J<:"''llt""'llt""7\ ..t:--:::-;-:::--~.~"" 
000-003 

V1l - ...... _... ....... ......,_..., r-------r -~~~ ____ _,, 
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FAST PAGE MODE READ-WRITE CYCLE 

V1H-
CAS 

V1t -

V1H-
ADDRESSES 

V1t -

w V1H-

V1t -

V1H-

6 
V1L -

V1HIVOH -
000·003 ------+-er.< 

V1tiVOl -

VALID VALID VALID 
DATA OUT DATA IN DATA OUT DATA IN 
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VoH-
000-003 Vol -

RAS ONLY REFRESH CYCLE 
IW and G are Don't Carel 

14-------IRAS------____,~ _____ ....,. "'"" _____ _,. 

CAS BEFORE RAS REFRESH CYCLE 
(G and ~AS are Don't Carel 

14-----------IRC-------------

14-------IRAS-------~ 

r-IOfF 

____ .,,.)>-------------HIGH z---------------
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V1H----"""­
RAS 

V1H­
AOORESSES 

VoH-
000-003 

HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (EARLY WRITE) 
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RAS 
V1H-

V1L -

CAS 
V1H -

V1L -

V1H-
ADDRESSES 

V1L -

READ CYCLE 

w V1H-

V1L -

G 
V1H-

V1L -

DOD-D03 VoH - ----+--+­
VoL -

D00-003 Vitt - ----+-+­
V1L -

READ-WRITE CYCLE 

V1H -

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1L - ._...._.._.'-"'-"-"_.. __ _.._ ....... _..__.._.....__..__.._'I"--+-" 

DATA OUT 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary 
to assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CASI, into two sep­
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS ~ctive transition (active= V11 .. t.l!,g2 minl~l for all read 
or write cycles. The delay between RAS and CAS active tran­
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This "gate" feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAHl specification is met (and defines tRCD min­
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad­
dresses and in generating the CAS clock. 

There are three other variations in addressing the 1 M x 4 
RAM: RAS only refreeh cycle, CAS before RAS refreeh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: "normal" 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
MHl. tRCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both CAS and output enable (Gl control read access 
time: CAS must be active before or at tRCD maximum and G 
must be active tRAC-tGA (both minimum) after RAS active 
transition to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If the tRCD maximum is exceeded 
and/or G active transition does not occur in time, read access 
time is determined by either the CAS or G clock active transition 
(tCAC or tGAl· 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tCAS respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
tRRH or tRCH after RAS or CAS inactive transition, respec­
tively, to maintain the data at that bit location. Once RAS 

transitions to inactive, it must remain inactive for a minimum 
time of tRP to precharge the internal device circuitry for the 
next active cycle. a is valid, but not latched, as long as the 
CAS and G clocks are active. When either the CAS or G clock 
transitions to inactive, the output will switch to High Z (three­
state) toFF or tGZ after the inactive transition. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V1Ll. Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
tRAS and tCAS· and precharge time tRP apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time~ before CAS active transition. Data in 
(DJ is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcwL. respectively, 
after the start of the early write operation to complete the 
cycle. 

a remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers and G disabled. 

A late write cycle (referred to as G-controlled write) occurs 
when W active transition is made after CAS active transition. 
W active transition could be delayed for almost 10 microse­
conds after CAS active transition, (tRCD + tcwD + 
tRWL +2tr)StRAS· if other timing minimums (tRCD· tRWL 
and trl are maintained. D is referenced to W active transition 
in a late write cycle. Output buffers are enabled by CAS active 
transition but outputs are switched off by G inactive transition, 
which is required to write to the device. a may be indeter­
minate-see note 15 of AC operating conditions table. RAS 
and C!S' must remain active for tRWL and tcwL. respectively, 
after W active transition to complete the write cycle. G must 
remain inactive for tGH after W active transition to complete 
the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section 
except W must remain high for tcwD minimum after the CAS 
active transition, to guarantee valid a before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 1024 
column locations on a selected row of the 1Mx4 dynamic 
RAM. Raad access time in page mode (tCAcl is typically half 
the regular RAS clock access time, tRAC· Page mode oper­
ation consists of keeping RAS active while toggling CAS be­
tween V1H and VIL· The row is latched by RAS active 
transition, while each CAS active transition allows selection 
of a new column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp. while RAS remains low (V1Ll. 
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The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tPRWCl· Either a read, write, 
or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre­
viously described). These operations can be intermixed in con­
secutive page mode cycles and performed in any order. The 
maximum number of c.onsecutive page mode cycles is limited 
by tRASP· Page mode operation is ended when RAS transi­
tions to inactive, coincident with or following CAS inactive 
transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Each bit must be period­
ically refreshed (recharged) to maintain the correct bit state. 
Bits in the MCM514400 require refresh every 16 milliseconds, 
while refresh time for the MCM51 L4400 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad­
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM514400, and 124.8 microseconds 
for the MCM51 L4400. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM514400 and 128 milliseconds on the MCM51 L4400. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (4096) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re­
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while CAS remains high 
(V1HI throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex-

MEMORY CYCLE 

000-003 - HIGH Z +----< 

ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). W must be inactive 
for time twRP before and time twRH after RAS active tran­
sition to prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRP 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1 I. W is subject to the same conditions 
with respect to RAS active transition (to prevent test mode 
cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 1024 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1. Write "O" s into all memory cells with normal write mode. 
2. Select a column address, read "O" out and write "1" into 

the cell by performing the CAS before RAS refresh 
counter test, read-writa cycla. Repeat this operation 
1024 times. 

3. Read the "1 "s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
"1" out and write "O" into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 1024 times. 

5. Read "O"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

CAS BEFORE RAS 
REFRESH CYCLE 

VALID DATA OUT 

CAS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (!i12K x 8) allows it 
to be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty addresses are used when operating the device in test 
mode. Column address AO is ignored by the device in test 
mode. A test mode cycle reads and I or writes data to a bit in 
each of the eight 512K blocks (B0-87) in parallel. External data 
out is determined by the internal test mode logic of the device. 
See truth table and test mode block diagram following. 

table). Test mode is disabled by a RAS only refresh cycle or 
CAS before RAS refresh cycle. The test mode performs 
refresh with the internal refresh counter like a CAS before 
RAS refresh. 

Test Mode Truth Table 

D BO, 81 l 82, 83 l 84, B5 j 86, 87 

Test mode is enabled by performing a test mode cycle 
(see test mode timing diagram and parameter specifications 

TEST MODE 

0 
1 
-

0 I 1 
0 I 0 I 1 1 
Any Other 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4l 

MCM514400-80 MCM514400-10 

Parameter Symbol MCM51 l.4400-80 MCM51L.4400-10 

Standard Alternate Min Max Min Max 

Random Raad or Write Cycle Time IRELREL IRC 155 - 185 -
Read-Write Cycle Time IRELREL IRWC 210 - 250 -
Fast Page Mode Cycle Time ICELCEL tpc 55 - 66 -
Fast Page Mode Read-Write Cycle Time ICELCEL IPRWC 115 - 135 -
Access Time from RAS" IRELQV IRAC - 85 - 105 

Access Time from CAS ICELQV ICAC - 25 - 30 

Access Time from Column -Address IAVQV IAA - 45 - 56 

Access Time from Precharge CAS ICEHQV ICPA - 50 - 60 
RAS Pulse Width IRELREH IRAS 85 10,000 105 10,000 

RAS" Pulse Width (Fast Page Model IRELREH IRASP 85 200,000 105 200,000 

RAS" Hold Time ICE LR EH IRSH 25 - 30 -
CA'S Hold Time IRELCEH tcsH 85 - 105 -
CA'S Pulse Width ICELCEH tcAS 25 10,000 30 10,000 

Column Address to RAS lead Time tAVREH IRAL 45 - 56 -
CAS to Write Delay ICELWL tcwD 56 - 65 -
RAS" to Write Delay IRELWL IRWD 115 - 140 -
Column Address to Write Delay Time IAVWL IAWD 75 - 90 -
CAS Precharge to Write Delay Time (Page Model ICEHWL tcPWD 85 - 95 -
G Access Time IGLQV IGA - 25 - 30 

G Command Hold nme twLGL IGH 25 - 30 -

NOTES: 

0 
1 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Q 

1 
1 
0 

Notes 

5 

5 

6, 7 

6, 8 

6, 9 

6 

10 

10 

10 

10 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ.s is required after power-up followed by 8 RAS" cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements 11'=5.0 ns. 
5. The specifications for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°C:sTA:s70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL 1-200 µA, +4 mAl loads and 100 pF with the data output trip points set at 

VoH =2.0 v and VoL =0.8 v. 
7. Assumes that IRCD:SIRCD (maxi. 
8. Assumes that tRCD"'lRCD (max). 
9. Assumes that IRAD<!:IRAD (max). 

10. twcs. IRWD· ICWD· IAWD and ICPWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twcs "''WCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD"'lCWD (min), lRWD"'tRWD (min), IAWD"'IAWD (mini, and ICPWD"'ICPWD (mini (page mode), 
the cycle is a read-write cycle and the data out will contain data read from tha selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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TEST MODE BLOCK DIAGRAM 

Vee 
Aoc d 512K BLOCK 

BO i 

~ TEST 512K BLOCK ii 
Bl 

~~9 
Aoc 

Vee 
Aoc 

d NORMAL 

512K BLOCK 
B2 c 

? TEST 512K BLOCK ii B3 

9 
vcc Aoc 

d 512K BLOCK 
B4 

? TEST 512K BLOCK 
B5 

9 
Aoc 

512K BLOCK 

Aoc 
BB 

~NORMAL 

TEST 512K BLOCK 
ii B7 

NORMAL 
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V1H-
m 

V1L-

V1H-
CAS 

V1L-

V1H-
ii 

Y1t-

VoH-
000-003 

YQL-

TEST MODE CYCLE 
IG and AO to A9 are Don't Carel 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix---T-'CM ,,_ r·-
Part Number . 

x xx xx 

T Shipping Method (R2=Tape & Reel, 
' Blank= Rails) 

Full Part Numbers-MCM514400J80 
MCM514400J10 

MCM51 L4400J80 
MCM51L4400J10 

Speed (80=80 ns, 10= 100 nsl 

Package (J =Plastic SO with J leads, 
Z = Plastic ZIP) 

MCM514400J80R2 MCM514400Z80 
MCM514400J10R2 MCM514400Z10 

MCM51 L4400JSOR2 MCM51 L4400Z80 
MCM51 L4400J10R2 MCM51 L4400Z10 
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DRAM MODULES J_Contact DRAM Marketl'!!l_ for Custom DRAM Module& 
Motorola Address Operating 

Organl- Part Access Time Current Pin Package 
Densl!Y_ zation Number J_ns Ma&_ _J_mA Ma&_ Count O~lons 

SM 1Mx8 MCM81000 70/S0/1 00 640/560/480 30 (S)IMM, (L)SIP 
MCMSL1001 70/S0/100 640/560/4SO 30 (S)IMM, (L)SIP 
MCMS1001 70/S0/1 00 640/560/4SO 30 (S)IMM, (L)SIP 
MCMS1002 70/S0/1 00 640/560/4SO 30 ilfilJMM MIP 

SM 1Mx9 MCM91000 70/80/100 720/630/540 30 (S)IMM, (L)SIP, SG (gold) 
w/Parity MCM9L1000 70/S0/100 720/630/540 30 (S)IMM, (L)SIP, SG (gold) 

MCM91001 70/S0/1 00 720/630/540 30 (S)IMM, (L)SIP 
MCM91002 70/S0/1 00 720/630/540 30 !(SjlMM Jl,)SIP 

2M 256KxS MCMS4256 70/S0/100 160/140/120 30 (S)IMM 
MCMSL4256 70/S0/1 00 160/140/120 30 llfiliMM 

2M 256Kx9 MCM94256 70/S0/100 240/210/190 30 (S)IMM 
w/Pari!Y_ MCM9L4256 70/S0/1 00 240/210/190 30 li~MM 

4M 1Mx4 MCM41000 S0/100 2S0/240 26 ~MM 
4Mx1 MCM11400 S0/100 90/SO 26 ~MM 

32M 4MxS MCMS4000 S0/100 S00/6SO 30 (S)IMM 
MCMSL4000 S0/100 800/680 30 !(§)IMM 

32M w/Parity 4Mx9 MCM94000 S0/100 900/765 30 (S)IMM 
MCM9L4000 80/100 900/765 30 ~MM 

SM w/ParliY: 256Kx36 MCM36256 70/S0/1 00 960/S40/760 72 ~MM SG __{g_ol!!l_ 
16M w/Par[!y_ 512Kx36 MCM36512 70/80/100 1920/1680/1520 72 ~MM SG__{g_ol!!l_ 
32M w/Par[!y_ 1 Mx36 MCM36100 80/100 1144/984 72 ~MM SG]iolc[ 
64M w/Par[!y_ 2Mx36 MCM36200 S0/100 1120/960 72 ~MM SG]g:oldl 
SM w/Pari.!Y_ 256Kx40 MCM40256. 70/S0/1 00 800/700/600 72 [@IMM SG]R:oidf 
16M w/Parity_ 512Kx40 MCM40512' 70/80/1 00 S20/720/620 72 ~MM SGjg_ol!!l_ 
32 M w/Parity_ 1Mx40 MCM40100' 80/100 1050/900 72 ~MM SGjg_ol!!l_ 
64M w/Parity_ 2Mx40 MCM40200' S0/100 1070/920 72 ~MM SG jg_ol!!l_ 

'To be introduced. 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
1 M x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36100S is a 36M, dynamic random access memory (DRAM) module 
organized as 1,048,576 x 36 bits. The module is a 72-lead single-in-line memory 
module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 350-mil­
wide SOJ packages and four CMOS 1 M x 1 DRAMs housed in 20/26 lead SOJ pack­
ages, mounted on a substrate along with a 0.22 µF (min) decoupling capacitor 
mounted under each DRAM. The MCM514400 is a CMOS high speed, dynamic ran­
dom access memory organized as 1,048,576 four-bit words and fabricated with 
CMOS silicon-gate process technology. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 

• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
• RAS Only Refresh 
• CAB" Before RAS Refresh 

• Hidden Refresh 
• 1 024 Cycle Refresh: 

MCM36100S = 16 ms (Max) 
MCM36L100S = 128 ms (Max) 

• Consists of Eight 1 M x 4 DRAMS, Four 1 M x 1 DRAMS, and Twelve 0.22 µF (Min) 
Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc): 
MCM36100S-80 = 80 ns (Max) 
MCM36100S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM361 OOS-80 = 6.16 W (Max) 
MCM361OOS-10 = 5.28 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels = 132 mW (Max) 
CMOS Levels = 66 mW (Max, MCM361 OOS) 
CMOS Levels = 22 mW (Max, MCM36L 1 OOS) 

PIN OUT 

Pin Name Pin Name Pin Name Pin 

1 Vss 13 A1 25 0024 37 

2 000 14 A2 26 007 38 

3 0018 15 A3 27 0025 39 

4 001 16 A4 28 A7 40 

5 0019 17 A5 29 NC 41 

6 002 18 A6 30 Vee 42 

7 0020 19 NC 31 AS 43 

8 003 20 004 32 A9 44 

9 0021 21 0022 33 NC 45 

10 Vee 22 005 34 f!AS2 46 

11 NC 23 0023 35 0026 47 

12 AO 24 006 36 008 48 

Name Pin Name Pin 

0017 49 009 61 

0035 50 0027 62 

Vss 51 0010 63 

CASO 52 0028 64 

CAS2 53 0011 65 

CAS3 54 0029 66 

CAS1 55 0012 67 

RASO 56 0030 68 

NC 57 0013 69 

NC 58 0031 70 

w 59 Vee 71 

NC 60 0032 72 

Name 

0014 

0033 

0015 

0034 

0016 

NC 

P01 

P02 

P03 

P04 

NC 

Vss 

MCM36100 
MCM36L100 

0 

ID i I 
= 

36 ID' 
37 

ID 
ID 

0 1111 
72 

PIN NAMES 

AO-A9 
DQO-DQ35. 
CAS"""O--CAS3 . 
PD1-PD4. 
RASO, RAS2 .. 
W ... 
Vee.···· 

...... Address Inputs 
Data lnpuVOutput 

. Column Address Strobe 
Presence Detect 

. . Row Address Strobe 
. Read/Write Input 

. Power(+ 5 V) 
..... Ground 

... No Connection 
Vss . · · 
NC. 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Pin Name 

PD1 
PD2 
PD3 
PD4 

BLOCK DIAGRAM 

V01 DQO 
CAS 
RAS 

1102 001 
1103 002 

r~ w A()-A9 l/04 003 

1/01 004 
CAS 

1/02 005 RAS 
lt03 006 POiE w Ao-A9 V04 007 

] ] 

J: D;i.P 
DOB 

w AO-A9 Dout 

:r :r 
1/01 009 

CAS 
RAS 

1/02 0010 

rOiE 1103 0011 
w Ao-A9 1/04 0012 

CA5 
1101 0013 

RAS V02 0014 
V03 0015 

~O/E w Ao-A9 l/04 0016 :r :r 
CAS 

D;U---1 
0017 

AAS w AD-A9 Dout 

:r :r 
V01 0018 

CAS 
1/02 0019 AAS 
1/03 0020 rOIE w AO-A9 1/04 0021 

1101 0022 
CAS 
RAS V02 0023 

1103 0024 

~~ w A()-A9 1/04 0025 

J: D;~ .0026 

w AO-A9 Dout 

1/01 0027 
CAS 

1/02 0028 RAS 
V03 0029 

~O/E w Ao-A9 l/04 0030 

V01 0031 
CAS 
RAS 1/02 0032 

V03 0033 rOiE w Ao-A9 1104 0034 

- JcAS D;~ 0035 
'RAS w A()-A9 Dout 

J J 9 
-.... UCHJ11 

l ::r 0.22 µF (Min.) 
Vss--------------..+--------ta-~ UCHJ11 

PRESENCE DETECT PIN OUT 

70ns 80ns 100ns 

Vss Vss Vss 
Vss Vss Vss 
Vss NC Vss 
NC Vss Vss 

MOTOROLA MEMORY DATA 



MCM36100•MCM36L 100 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1to+7 v 
Voltage Relative to Vss Vin• Vout -1to+7 v 

(For Any Pin Except V cc) 

Data Output Current per DO Pin lout 50 mA 

Power Dissipation Po 8.4 w 
Operating Temperature Range TA Oto+70 ·c 
Storage Temperature Range Ts1g -55to+ 125 ·c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA= Oto 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs V1L -1.0 - 0.8 v 1 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min Max Unit Notes 

V cc Power Supply Current lcc1 mA 2 
MCM36100-80, tRc = 150 ns - 1120 
MCM36100-10, tRc = 180 ns - 960 

Vee Power Supply Current (Standby) (RAS= OAS= V1H) lcc2 - 24 mA 

Vee Power Supply Current During RAS only Refresh Cycles lcc3 mA 2 
MCM36100-80, tRc = 150 ns - 1120 
MCM36100-10, tRc = 180 ns - 960 

Vee Power Supply Current During Fast Page Mode Cycle Ice• mA 2 
MCM36100-80, tRc = 150 ns - 760 
MCM36100-10, tRc = 180 ns - 640 

Vee Power Supply Current (Standby) (RAS= OAS= Vee -0.2 V) MCM36100 Ices - 12 mA 
MCM36L100 - 4 

V cc Power Supply Current During OAS Before RAS Refresh Cycle Ices mA 2 
MCM36100-80, tRc = 150 ns - 1120 
MCM36100-10, tRc = 180 ns - 960 

Input Leakage Current (Vss,; V;n,; Vee) llkg(I) -120 120 µA 

Output Leakage Current (OAS at Logic 1, Vss,; Yout,; Vee) l11<g(O) -20 20 µA 

Output High Voltage (loH = - 5 mA) VoH 2.4 - v 
Output Low Voltage (IOL = 4.2 mA) Vol - 0.4 v 

NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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CAPACITANCE (f = 1.0 MHz, TA = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max 

Input Capacitance (AO-A9) C11 - 88 

Input Capacitance (W) C12 - 94 

lnpui Capacitance (mlS!!, RAS2) C13 - 52 

Input Capacitance(~) C1• - 36 

1/0 Capacitance (D00--007, D09--0016, D018--0025, D027-D034) Coo1 - 17 

110 Capacitance (D08, D017, D026, D035) Coo2 - 22 

NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 t. t It. V. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0V±10%, TA= Oto 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM36100-80 MCM36100-10 

Parameter Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IAElAEl tRC 150 - 180 -
Page Mode Cycle Time ICElCEl lpe 50 - 60 -

Access Time from RAS IRElOV IRAC - 80 - 100 

Access Time from CAS lcElQV lcAC - 20 - 25 

Access Time from Column Address IAVQV IAA - 40 - 50 

Access Time from Precharge CAS lcEHQV le PA - 45 - 55 

CAS to Output in Low-Z tcElQX lcLZ 0 - 0 -
Output Buffer and Turn-Off Delay tcEHQZ IOFF 0 20 0 20 

Transition Time (Rise and Fall) tr It 3 50 3 50 

RAS Precharge Time IREHREl IRP 60 - 70 -
RAS Pulse Width IRElREH IRAS 80 10,000 100 10,000 

RAS Pulse Width (Fast Page Mode) IRElREH IRASP 80 100,000 100 100,000 

RAS Hold Time lcElREH IRSH 25 - 25 -
CAS Hold Time IRElCEH le SH 80 - 100 -
CAS Pulse Width ICElCEH lcAS 20 10,000 25 10,000 

RAS to CAS Delay Time IRElCEl IRCD 20 60 25 75 

RAS to Column Address Delay Time IRElAV tRAD 15 40 20 50 

NOTES: 

Unit Notes 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

Unit Notes 

ns 5 

ns 

ns 6,7 

ns 6,8 

ns 6, 9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

(continued) 

1. V1H min and Vil max are reference levels for measuring timing of input signals. Transition times are measured between V1H and Vil· 
2. An initial pause of 200 µs is required alter power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and Vil (or between Vil and V1H) in a monotonic manner. 
4. AC measurements tr = 5.0 ns. 
5. The specifications for tRc (min) and IRWc (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C :s TA ,; 70°C) is assured. · 
6. Measured with a current load equivalentto 2 TTL (- 200 µA, + 4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

Vol= 0.8 V. 
7. Assumes that IRco :s IRco (max). 
8. Assumes that IRco 2! IRco (max). 
9. Assumes that tRAD 2! IRAD (max). 

1 O. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the IRco (max) limit ensures that IRAC (max) can be met. IRco (max) is specified as a reference point only; if IRco is greater 

than the specified IRcD (max) limit, then access time is controlled exclusively to lcAc· 
12. Operation within the IRAo (max) limit ensures that tRAC (max) can be met. IRAD (max) is specttied as a reference point only; if IRAD is greater 

than the specified IRAD (max), then access time is controlled exclusively by IAA. 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM36100-80 MCM36100-10 

Parameter Standard Alternate Min Max Min Max Unit Notes 

CAS to RAS Precharge Time tcEHREL tcRP 5 - 10 - ns 

CAS Precharge Time (Page Mode Cyle Only) tcEHCEL tcp 10 - 10 - ns 

Row Address Setup Time tAVREL tASR 0 - 0 - ns 

Row Address Hold Time tRELAX 1RAH 10 - 15 - ns 

Column Address Setup Time tA.VC.Ei_ tAsc 0 - 0 - ns 
t-----1 

Column Address Hold Time tcELAX tcAH 15 - 20 - ns 

Column Address Hold Time Referenced tRELAX IAR 60 - 75 - ns 
to RAS 

Column Address to RAS Lead Time tAVREH 1RAL 40 - 50 - ns 

Read Command Setup Time twHCEL tRcs 0 - 0 - ns 

Read Command Hold Time Referenced tcEHWX 1RCH 0 - 0 - ns 13 
toCAS 

Read Command Hold Time Referenced 1REHWX 1RRH 0 - 0 - ns 13 
to RAS 

Write Command Hold Time Referenced tcELWH twcH 15 - 20 - ns 
toCAS 

Write Command Hold Time Referenced 1RELWH twcR 60 - 75 - ns 
to RAS 

Write Command Pulse Width twLWH twp 15 - 20 - ns 

Write Command to RAS Lead Time twLAEH 1AWL 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcWL 20 - 25 - ns 

Data in Setup Time tovcEL las 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX \oH 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS 1RELDX loHR 60 - 75 - ns 

Refresh Period MCM36100 tRVRV tRFSH - 16 - 16 ms 
MCM36L100 - 128 - 128 

Write Command Setup Time twLCEL twcs 0 - 0 - ns 15, 16 

CAS Setup Time for CAS Before RAS Refresh 1RELCEL tcsR 10 - 10 - ns 

CAS Hold Time for CAS Before RAS Refresh tRELCEH tcHR 30 - 30 - ns 

CAS Precharge to CAS Active Time tREHCEL 1RPC 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS tcEHCEL tcpr 40 - 50 - ns 
Counter Test 

CAS Precharge Time tcEHCEL tcPN 10 - 15 - ns 

NOTES: 
13. Either tRRH or IRcH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge 1n random write cycles. 
15. Early write only (twcs 2 lwcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs 2 twcs (min), the cycle 

is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. lfthis condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 
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_ V1H-----J 
RAS 

V1H -
ADDRESSES 

READ CYCLE 

V1L - l.Jl...lflL..!l~='-f'IU'f----:~~:iL--lt'\L~OL~OL~OL~OL~OL~ 

DQO-DQ35 VoH -
(DATAOUT) Vol- -----HIGH-Z 

V1H­
ADDRESSES 

EARLY WRITE CYCLE 

toFF 

VALID DATA 

DQ0-0035 VIH - ~~7'7nl:'7"~~'7t--i\ lr-'--'--..:.:.;.-,1 J1:'7t"7t"'l't"71~7t"'lit'"7'1~.,...-,,....,,,,.-,,.,,r7 
(DATA IN) VIL_ L.ll~.1£..lLIL~IL.llC.lt.lt.lf"K..----~'IL..l.L.llC.lt..lL.llL.llC.lt.lL.lLJl.:.lL~Wl.~ 

MOTOROLA MEMORY DATA 
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FAST PAGE MODE READ CYCLE 

- V1H----~• 
RAS 

- V1H - --+--+-1----..i--. 
CAS 

ADDRESSES 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

_ V1H----~• 
RAS 

- V1H - ________ ,.._,. 

CAS 

ADDRESSES 

DQO-DQ35 V1H - ...,.,..,.....,,......,.;-.,..-.,..-,,. Jr-----"\I 

(DAT A IN) VIL _ LY.-Y--:.t....i.WL,.lL.lWI I'----_,,-

MOTOROLA MEMORY DATA 
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RAS ONLY REFRESH CYCLE 
(Wand A9 are Don't Care) 

----------IRC----------i 

_ VtH _ ----.t i...-----IRAS-----..-i 1..------.1 

RAS 

- V1H - ---l~-44-----------------.1--~---
CAS 

V1H -
AO-AB 

000-0035 VoH - -----------HIGH-Z-----------­
(DATA OUT) Vol_ 

_ V1H­
RAS 

_V1H­
CAS 

C1'S BEFORE RAS REFRESH CYCLE 
(Wand AO to A9 are Don't Care) 

....--------IRC --------o~ 

ICHR-

000-0035 VoH - -----.1~-------HIGH-Z----------­
(DATA OUT) VOL_ ----

MOTOROLA MEMORY DATA 
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- V1H­
RAS 

HIDDEN REFRESH CYCLE (READ) 

_ V1H - --ir---+-t------. 
GAS 

ADDRESSES 

- V1H----.1 
RAS 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

_ V1H - --1r--+t------.. 
GAS 

ADDRESSES 

toFF 

DOO-D035 V1H - ___ ,___ __ ir------,i 1<'"7<"""~....,,....,,....,.....,,...,,...,.....,.-,.-,.-,,"""".,,-,r1<""1r"7 

(DAT A IN} VIL _ ---1---~ "-------'! "--><-"->UL.-"-''-"--"-'"--"-"-><->'-"--"-''-"--"--> 

MOTOROLA MEMORY DATA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

----------IRAS--------11~ 

_ V1H----...,., 
RAS 

_ V1H­
CAS 

1CPT-- tcAs-

ADDRESSES 
V1H - 't'Arr~r;;7nr""X""7r.1t'"71:'7r-7'7rA 11'----'::<;;;;;;;;;;~-,i 11:;r.lt'"7l~nrr-x-;~rr7'7 

VIL - L.JL...>L..."'-"'-"-.>L...>'-"--"-'"-"'-"-J£->'-" l'---f'f'"'-""""'---" "-"'-"--"-'~-"-"-"-"-JL...>WL...> 

READ CYCLE 

DOO-D035 VoH -

(DATAOUT) Vol_ 

WRITE CYCLE 

-----

- V1H - ~~~~~~~~~~ 
w 

DOO-D035 V1H - .....,.....,.....,......,....,..."'X'""l.....,.....,...,....,.,..,.....,.....,. r-------,i K..,,...,,......,.....,.....,.....,n.-.,.....,....-.:""r-? 
(DA TA IN) VIL _ L...>1.-"-"'-"'-"'-""'-''-"-><-"-"'-"-"'-''--....-------T "-"'-"'-""-''-"--"-"-"'-"-""-''-" 

MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the device (greater than 4 millisec­
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (Cl'iS). A total of twenty address bits will decode one of 
the 524,288 word locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maxium time called IRCD· which is the row to column strobe 
delay. This time interval is also referred to as the multiplex win­
dow which gives flexibility to a system designer to set up the 
external addresses into the RAM. These conditions have to be 
met for normal read or write cycles. This initial portion of the 
cycle accomplishes the normal addressing of the device. 
These are, however, two other variations in addressing the 
module, one is called the RAS only refresh cycle (described 
later) where a 9-bit row address field is presented on the input 
pins and latched by the RAS clock. The most significant bit on 
Row Address A9 is not required for refresh. The other varia­
tion, which is called page mode, allows the user to column ac­
cess all words within a selected row. (See PAGE-MODE 
CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen­
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the. RAS clock transitioning from V1H to the V1L level. The 
CAS clock must also make a transition from V1H to the V1L level 
at the specified IRCD timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi­
plex window. The only stipulation is that the CAS clock must be 
active before or at the IRcD maximum specification for an ac­
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc). If the IRcD maximum condition is not met, the access 
(lcAc) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter­
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (IRAH) specification has 
been met and defines the IRcD minimum specification. The 
time difference between IRCD minimum and IRcD maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAs) period for the RAS clock and the mini-

mum (lcAs) period for the CAS clock. The RAS clock must stay 
inactive for the minimum (tRP) time. The former is for the com­
pletion of the cycle in progress, and the latter is for the device 
internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V1H level from the time the CAS 
clock makes its active transition (tRcs) to the time when it tran­
sitions into the inactive (tRcH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the write 
(W) clock must go active (Vil level) at or before the CAS clock 
goes active at a minimum lwcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcwLl and the row 
strobe to write lead time (IRwL). These define the minimum time 
that RAS and CAS clocks need to be active after the write oper­
ation has started (W clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera­
tions at all 1024 column locations on a selected row. Page ac­
cess (tcAc) is typically half the regular RAS clock access (IRAC) 
on the Motorola 1 M dynamic RAM. Page mode operation con­
sists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 10-bit 
column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (!pc). The CAS 
cycle time (tpc) consists of the CAS clock active time (lcAs), 
and CAS clock precharge time (lcp) and two transitions. In 
practice, any combination of read and write cycles can be per­
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Therefore, to retain the cor­
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen­
tially cycling through the 1024 row address locations every 16 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 
RAS-only cycle on 1024 row addresses every 16 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V1H level. 

MOTOROLA MEMORY DATA 
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CAS Before mra Refresh 

This refresh cycle is initiated when roIB" falls, after CPS has 
been low (by tcsR). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output wa.s enabled by CPS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CPS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CPS at V1L and taking roIB" 
high and after a specified precharge period (tRp), executing a 
CPS before roIB" refresh cycle. (See Figure 1.) 

CAS BEFORE mra REFRESH COUNTER TEST 

The internal refresh counter of the device can be tested with 
a CAS before mra refresh counter test. This refresh counter 

DQ0-0035 - HIGH·Z 

test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cycles, as indi­
cated by the check data written in each row. See CAS before 
mra refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before mra initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before mra refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before mra refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read "1 "s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 

VALID DATA·OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 36100 or 36L100 x xx 

Motorola Memory Prefix_T I 
Part Number----------~ 

T L Speed (80 = 80 ns, 10 = 100 ns) 

L_ Package (S =SIMM, SG =Gold Pad SIMM) 

MCM361 OOSG80 Full Part Numbers - MCM361 OOS80 
MCM36100S10 MCM36100SG10 

MCM36L 100S80 MCM36L 1 OOSG80 
MCM36L1OOS10 MCM36L 1OOSG10 

NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
2M x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36200S is a 72M, dynamic random access memory (DRAM) module 
organized as 2,097, 152 x 36 bits. The module is a double-sided 72-lead single-in-line 
memory module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 
350-mil-wide SOJ packages and four CMOS 1 M x 1 DRAMs housed in 20/26 lead 
SOJ packages, mounted on a substrate along with a 0.22 µF (min) decoupling capaci­
tor mounted under each DRAM. The MCM514400 is a CMOS high speed, dynamic 
random access memory organized as 1 ,048,576 four-bit words and fHbricated with 
CMOS silicon-gate process technology. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 
• RAS Only Refresh 

• CAS Before RAS Refresh 
• Hidden Refresh 
• 1024 Cycle Refresh: 

MCM36200S = 16 ms (Max) 
MCM36L200S = 128 ms (Max) 

• Consists of Sixteen 1 M x 4 DRAMs, Eight 1Mx1 DRAMs, and 
Twenty Four 0.22 µF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (IRAc): 
MCM36200S-80 = 80 ns (Max) 
MCM36200S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM36200S-80 = 6.30 W (Max) 
MCM36200S-10 = 5.41 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels = 264 mW (Max) 
CMOS Levels = 132 mW (Max, MCM36200S) 
CMOS Levels = 44 mW (Max, MCM36L200S) 

PIN OUT 

Pin Name Pin Name Pin Name Pin 

1 Vss 13 A1 25 DQ24 37 

2 DOD 14 A2 26 DQ7 3B 

3 D01B 15 A3 27 DQ25 39 

4 DQ1 16 A4 2B A7 40 

5 0019 17 AS 29 NC 41 

6 DQ2 1B A6 30 Vee 42 

7 DQ20 19 NC 31 AB 43 

B DQ3 20 DQ4 32 A9 44 

9 DQ21 21 DQ22 33 RAS3 45 

10 Vee 22 DQ5 34 RAS2 46 

11 NC 23 DQ23 35 DQ26 47 

12 AO 24 DQ6 36 DOB 4B 

Name Pin Name Pin 

DQ17 49 DQ9 61 

0035 50 DQ27 62 

Vss 51 DQ10 63 

CASO 52 DQ28 64 

CAS2 53 DQ11 65 

CAS3 54 DQ29 66 

CAS1 55 DQ12 67 

RASO 56 DQ30 6B 

RAS1 57 DQ13 69 

NC 58 DQ31 70 

w 59 Vee 71 

NC 60 DQ32 72 

Name 

DQ14 

DQ33 

DQ15 

DQ34 

DQ16 

NC 

PD1 

PD2 

PD3 

PD4 

NC 

Vss 

MCM36200 
MCM36L200 

0 

ID 
36 ID 
37 

iD 
ID 

0 1111 
72 

PIN NAMES 

AO-A9 . Address Inputs 
DQO-DQ35 . . Data Input/Output 
CASO-CAS3 ... Column Address Strobe 
PD1-PD4..... Presence Detect 
RASO-RAS3 . . . . Row Address Strobe 
W . . . Read/Write Input 
Vee .. Power(+ 5 V) 
Vss Ground 
NC . . .... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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eAS2 

RAS2 

eAS3 

w 
AO-A9 

eAS 
RAS 

~OIE 

eAS 
RAS 

~OIE 

eAS 
RAS 

eAS 
RAS 

~OIE 

eAS 
RAS 

00/E 

eAS 
RAS 

eAS 
RAS 

00/E 

eAS 
RAS 

00/E 

eAS 

RAS 

eAS 
RAS 

~O/E 

eAS 
RAS 

~O/E 

eAS 

RAS 

w 
I 

w 

w 

w 
I 

w 
l 

w 

w 

w 
I 

w 

w 

w 

w 
I 

AO-A9 
I 

AO-A9 

AO-A9 

AO-A9 
I 

AO A9 
l 

AO-A9 

AO-A9 

AO-A9 
I 

AO-A9 

AO-A9 

AO-A9 
I 

AO-A9 

l 

BLOCK DIAGRAM 

DQO-DQ3 
1101 1101 
1102 1102 

eAS 
-~ 

RAS 
1103 -0- 1103 
1104 _,._ 1104 AO A9 w OIEll-

DQ~(\JQ7 
1101 1101 

eAS 1102 _,._ 1102 
RAS 

1103 1103 
1104 -~ 1104 AO A9 w O/Ell-

0_9!! 
D;nµ 1-{Din eAS v 

D out Dout w -
AO-A9 RAS 

1101 
DQ9~R_Q12 

1101 
1102 1102 eAS 

1103 1103 RAS 

1104 v 1104 AO-A9 w OIE~ 
DQ13-DQ16 I I 

1101 -~ 1101 
1102 -"- 1102 eAS 

1103 _,._ 1103 
RAS 

1104 -C>- 1104 AO A9 w O/Ell-

DQ17 l l 
D;p -v- qD;n eAS 

D out D out AO-A9 w RAS 

1101 
DQ18Q°021 

1101 
eAS 1102 -"- 1102 
RAS 

1103 -C>- 1103 
1104 1104 AO-A9 w O/Ell-

DQ2~c(l025 
1101 1101 

eAS 1102 v 1102 
RAS 

1103 1103 v 

0/Ell-1/04 -0 1104 AO A9 w 
I I DQ26 

D;p 
-v-

qin 
eAS 

Dout Dout AO-A9 w RAS 

DQ27 DQ30 ii01 1/01 
1/0 -0 1/02 eAS 

110 -"- 1103 RAS 

1104 -"- 1104 AO A9 w O/Ell-
DQ31-DQ34 

1101 1---0- 1/01 
eAS 1/02 1---0- 1102 

1/03 j-------0- 1/03 RAS 

1/04 1---0------i 1/04 AO-A9 w 0/Ell-

D~ I I 
D;nµ L{D;n eAS 

D out Dout AO-A9 w RAS 

j J 
Vee---------------~--------------;- UO-U23 

0.22 µF (Min.) 

Vss ---------------~------------ UO-U23 

PRESENCE DETECT PIN OUT 

Pin Name 70 ns 80 ns 100 ns 

PD1 NC NC NC 
PD2 NC NC NC 
PD3 Vss NC Vss 
PD4 NC Vss Vss 

MOTOROLA MEMORY DATA 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1to+7 v 
Voltage Relative to V ss Vin· Vout -1to+7 v 

(For Any Pin Except V CC) 

Data Output Current per DO Pin lout 50 mA 

Power Dissipation Po 8.58 w 
Operating Temperature Range TA Oto+ 70 oc 

0 I Storage Temperature Range T stg - 55 to + 125 C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto ?0°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs V1L -1.0 - 0.8 v 1 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min Max Unit Notes 

V cc Power Supply Current lcc1 mA 2 
MCM36200-80, tRc = 150 ns - 1144 
MCM36200-10, tRc = 180 ns - 984 

Vee Power Supply Current (Standby) (RAS= GAS= V1H) 1cc2 - 48 mA 

Vee Power Supply Current During RAS only Refresh Cycles 1cc3 mA 2 
MCM36200-80, IRC = 150 ns - 1144 
MCM36200-10, IRC = 180 ns - 984 

Vee Power Supply Current During Fast Page Mode Cycle 1cc4 mA 2 
MCM36200-80, 'Re= 150 ns - 624 
MCM36200-10, tRc = 180 ns - 504 

Vee Power Supply Current (Standby) (RAS= GAS= Vee - 0.2 V) MCM36200 Ices - 24 mA 
MCM36L200 - 4.8 

V cc Power Supply Current During GAS Before RAS Refresh Cycle icc6 mA 2 
MCM36200-80, tRc = 150 ns - 1144 
MCM36200-10, tRc = 180 ns - 984 

Input Leakage Current (V SS ,; Vin ,; V CC) l1kg(I) -240 240 µA 

Output Leakage Current (GAS at Logic 1, Vss,; V0ut,; Vccl l1kg(O) -20 20 µA 

Output High Voltage (loH = - 5 mA) VoH 2.4 - v 

Output Low Voltage (loL = 4.2 mA) Vol - 0.4 v 
NOTES: 

1. All voltages referenced to Vss· 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min Max 

Input Capacitance (AO-A9) C11 - 161 

Input Capacitance (W) C12 - 178 

Input Capacitance (RASO-RAS2) C13 - 52 

Input Capacitance (CASO-CAS3) C14 - 52 

1/0 Capacitance (DOO-D07, D09-D016, D018-D025, D027-D034) cD01 - 29 

1/0 Capacitance (D08, D017, D026, D035) CD02 - 39 

NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 8 t I 8 V. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = O to 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM36200-80 MCM36200-10 

Parameter Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 150 - 180 -
Page Mode Cycle Time tcELCEL tpc 50 - 60 -

Access Time from RAS tRELOV IRAC - 80 - 100 

Access Time from CAS tcELOV tcAC - 20 - 25 

Access Time from Column Address tAVOV tAA - 40 - 50 

Access Time from Precharge CAS tcEHQV ICPA - 45 - 55 

CAS to Output in Low-Z tcELOX tcLZ 0 - 0 -
Output Buffer and Turn-Off Delay tcEHOZ IOFF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time tREHREL tRP 60 - 70 -
RAS Pulse Width IRELREH IRAS 80 10,000 100 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH tRASP 80 100,000 100 100,000 

RAS Hold Time tcELREH tRSH 25 - 25 -
CAS Hold Time IRELCEH tcsH 80 - 100 -
CAS Pulse Width tcELCEH tcAS 20 10,000 25 10,000 

RAS to CAS Delay Time IRELCEL IRCD 20 60 25 75 

RAS to Column Address Delay Time IRELAV IRAD 15 40 20 50 

NOTES: 

Unit Notes 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

Unit Notes 

ns 5 

ns 

ns 6, 7 

ns 6, 8 

ns 6, 9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µsis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements tr = 5.0 ns. 
5. The specifications fortRc (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C ,; TA ,; 70°C) is assured. 
6. Measured with a current load equivalent to 2 ITL (-200 µA,+ 4 mA) loads and 100pFwith thedataoutputtrippoints setatVoH =2.0 Vand 

Vol= 0.8 V. 
7. Assumes that IRCD,; IRCD (max). 
8. Assumes that IRCD 2 IRCD (max). 
9. Assumes that IRAD 2 IRAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the IRCD (max) limit ensures thattRAC (max) can be met. tRCD (max) is specified as a reference point only; if IRCD is greater 

than the specified IRCD (max) limit, then access time is controlled exclusively to tcAC· 
12. Operation within the tRAD (max) limit ensures that!RAC (max) can be met. IRAD (max) is specified as a reference point only; if !RAD is greater 

than the specified IRAD (max), then access time is controlled exclusively by IAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM36200 MCM36L200 

Parameter Standard Alternate Min Max Min Max Unit Notes 

CAS to RAS Precharge Time ICEHREL tcRP 5 - 10 - ns 

CAS Precharge Time (Page Mode Cyle Only) ICEHCEL tcp 10 - 10 - ns 

Row Address Setup Time tAVREL tASR 0 - 0 - ns 

Row Address Hold Time IRELAX IRAH 10 - 15 - ns 

Column Address Setup Time tAVCEL tASC 0 - 0 - ns 

Column Address Hold Time tcELAX tcAH 15 - 20 - ns 

Column Address Hold Time Referenced tRELAX tAR 60 - 75 - ns 
to RAS 

Column Address to RAS Lead Time tAVREH IRAL 40 - 50 - ns 

Read Command Setup Time twHCEL tRCS 0 - 0 - ns 

Read Command Hold Time Referenced tcEHWX tRCH 0 - 0 - ns 13 
toCAS 

Read Command Hold Time Referenced tREHWX IRRH 0 - 0 - ns 13 
to RAS 

Write Command Hold Time Referenced ICELWH twcH 15 - 20 - ns 
toCAS 

Write Command Hold Time Referenced tRELWH twcR 60 - 75 - ns 
to RAS 

Write Command Pulse Width twLWH twp 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - ns 

Write Command to CAS Lead Time IWLCEH tcwL 20 - 25 - ns 

Data in Setup Time tDvCEL tDs 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS tRELDX tDHR 60 - 75 - ns 

Refresh Period MCM36200 tRVRV tRFSH - 16 - 16 ms 
MCM36L200 - 128 - 128 

Write Command Setup Time twLCEL twcs 0 - 0 - ns 15, 16 

CAS Setup Time for CAS Before RAS Refresh tRELCEL tcSR 10 - 10 - ns 

CAS Hold Time for CAS Before RAS Refresh IRELCEH ICHR 30 - 30 - ns 

CAS Precharge to CAS Active Time tREHCEL IRPC 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS tcEHCEL tcpT 40 - 50 - ns 
Counter Test 

CAS Precharge Time tcEHCEL tcpN 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twcs ~ twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs ~twcs (min), the cycle 

is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 

17. To avoid bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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READ CYCLE 

- V1H-----1 

RAS 

ADDRESSES 

to FF 

VALID DATA 

EARLY WRITE CYCLE 

ADDRESSES 

- V1H - -~~---'~~~- i...-+--+ 
w 

DQO-DQ35 VJH - .,.....,..,....,.....,,....,..:..,,...,,,....,....,.;........,. 1~:....-__;_......;;.;..;,_._i J,~.,....,.....,.....,....,....,...,....,...,....,...,...,....,.....,.<"'7 

(DATA IN) VIL_ J..l<UL..lt..lWL.lWILJIUL.l/.J/ "-------'! ~c..>L..>L...loL.l.<UL...>L...l!L..ll...\L.lL.lL.JJ....lL.:~U 

MOTOROLA MEMORY DATA 
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FAST PAGE MODE READ CYCLE 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

DQ0--0035 ViH - .....,.....,....,.....,....,....,,.....,.,..,. 1r----'"\I 

(DATA IN) VIL_ L->L....._,"-"-""'"-"'_,, 1'------'1 

MOTOROLA MEMORY DATA 
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RAS ONLY REFRESH CYCLE 
(Wand A9 are Don't Care) 

---------IAC ________ ___, 

- V1H- --~-------------------~---
GAS 

V1H -
AO-AS 

lg~~~~~:~:= -----------HIGH·Z------------

_ V1H­
AAS 

_ V1H­
CAS 

CAS BEFORE RAS REFRESH CYCLE 
(Wand AO to A9 are Don't Care) 

14----IAAS;---..-i 
,,.-----.! lr-----.i 

!CHA-

toFF 

DQO-DQ35 VoH - ----,,__ _______ HIGH·Z-----------
(DATA OUT) Vol ____ __,, 

MOTOROLA MEMORY DATA 
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_ V1H­
RAS 

_ V1H----.1 
RAS 

HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

_ V1H - --ir--++----~ 
GAS 

ADDRESSES 

DQO-DQ35 VIH - ---+-----.. Jr------,1 ,.....,.-~..,....,,....,.,...,,-,.-,.....,,"'.,...-,"'""'""-.r-7 

(DATA IN) VIL _ ---1---~ "-------'! "...lL.."'-'LlL-"--'"-"..:JL."--"'--"-.lL.lLlL..ll..-'"-'<:...it...i 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

---------1RAS-------~ 

- V1H-----' 
RAS 

1CPT-- tcAs-

ADDRESSES 
V1H - ,..........,.....,.....,,.......,.....,...,.....,...,....,,,...,....,.....,....,,. lr---',;,,,-,.,,.,,.,.--.i ,......,...,..........,,......____..,;..........,...........,~ 

V1L - L.>L..>£.;IL-"C->L-lL->wt..lL.l"-"'-"-"'-'WI 1\--~""""'"-.J "..>£.;IL-"C->L-lL->wt..lL.lLY..Y...;IL.\ 

READ CYCLE 

DOO-D035 VoH -
(DATA OUT) VOL _ -----

- V1H - .....,....,...,.....,......,.....,.....,.....,.....,...,,.....,......,.....,......,..r----1+-------++--+---.+-r~ 
w 

WRITE CYCLE 

- V1H - ~~~~~~~~~~ 
w 

DOO-D035 V1H - ""-.r""'"7t'"7r1n<"~""'"7t'"""'Jc-------'.ll. ,......,...,.....,.....,.....,..-.-...-.-......-.-......, 

(DATA IN) VIL _ DJ..J,t...;IOl~:IUUl..~IL.J,l~~'~-------'t'\L.~IL.J,l~:.Uu.t..~DJ.~ 

MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired forthe internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec­
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device aretime multiplexed 
with two separate 1 0-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 2,097, 152 word locations in the module. The column ad­
dress strobe follows the row address strobe by a specified 
minimum and maxium time called tRCD· which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi­
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, two other variations in addressing 
the module, one is called the RAS only refresh cycle (de­
scribed later) where a 9-bit row address field is presented on 
the input pins and latched by the RAS clock. The most signifi­
cant bit on Row Address A9 is not required for refresh. The oth­
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE­
MODE CYCLES section). 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen­
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. The 
CAS clock must also make a transition from V 1 H to the VIL level 
at the specified tRCD timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi­
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRCD maximum specification for an ac­
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAd· If the tRCQ..'Tlaximum condition is not met, the access 
(ICAC) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter­
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the IRCD minimum specification. The 
time difference between IRCD minimum and IRCD maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAS) period for the RAS clock and the mini-

mum (ICAS) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de­
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V1H level from the time the CAS 
clock makes its active transition (tRcs) to the time when it tran­
sitions into the inactive (IRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the write 
(VV) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcwU and the row 
strobe to write lead time (tRwL)- These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera­
tions at all 1024 column locations on a selected row. Page ac­
cess (tcAC) is typically half the regular RAS clock access 
(IRAC) on the Motorola 1 M dynamic RAM. Page mode opera­
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tcAs). 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per­
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Therefore, to retain the cor­
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen­
tially cycling through the 1024 row address locations every 16 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 
RAS-only cycle on 1024 row addresses every 16 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR)· This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 

000-0035 - HIGH-Z 

test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cycles, as indi­
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read "1 "s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 

VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 36200 or 36L200 x xx 

Motorola Memory Prefix_T I 
Part Number-----------' 

T T ""'""'"., ~"'" '"""'' 
Package (S =SIMM, SG =Gold Pad SIMM) 

Full Part Numbers - MCM36200S70 
MCM36200S80 
MCM36200S10 

MCM36200SG70 
MCM36200SG80 
MCM36200SG10 

MCM36L200S70 . MCM36L200SG70 
MCM36L200S80 MCM36L200SG80 
MCM36L200S10 MCM36L200SG10 

NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36256S is a 9M, dynamic random access memory (DRAM) module or­
ganized as 262, 144 x 36 bits. The module is a 72-lead single-in-line memory module 
(SIMM) consisting of eight MCM514256A DRAMs housed in 20/26 J-lead small out­
line packages (SOJ) and four CMOS 256K x 1 DRAMs housed in 18-lead PLCC 
packages, mounted on a substrate along with a 0.22 µF (min) decoupling capacitor 
mounted under each DRAM. The MCM514256A is a 1.0 µCMOS high speed, dy­
namic random access memory organized as 262, 144 four-bit words and fabricated 
with CMOS silicon-gate process technology. 
• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
• RAS Only Refresh 
• CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM36256 = 8 ms (Max) 
• Consists of Eight 256K x 4 DRAMS, Four 256K x 1 DRAMs, and Twelve 0.22 µF 

(Min) Decoupling Capacitors 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAc): 

MCM36256S-70 = 70 ns (Max) 
MCM36256S-80 = 80 ns (Max) 
MCM36256S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM36256S-70 = 5.28 W (Max) 
MCM36256S-80 = 4.62 W (Max) 
MCM36256S-10 = 3.96 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels= 132 mW (Max) 
CMOS Levels = 66 mW (Max) 

PIN OUT 

Pin Name Pin Name Pin 

1 Vss 13 A1 25 

2 DOO 14 A2 26 

3 D018 15 A3 27 

4 D01 16 A4 28 

5 D019 17 A5 29 

6 D02 18 A6 30 

7 D020 19 NC 31 

8 D03 20 D04 32 

9 D021 21 D022 33 

10 Vee 22 DOS 34 

11 NC 23 D023 35 

12 AO 24 D06 36 

Name Pin Name Pin Name Pin 

D024 37 D017 49 D09 61 

DO? 38 D035 50 D027 62 

D025 39 Vss 51 D010 63 

A7 40 CASO 52 D028 64 

NC 41 CAS2 53 D011 65 

Vee 42 CAS3 54 D029 66 

AS 43 CAS1 55 D012 67 

NC 44 RASO 56 D030 68 

NC 45 NC 57 D013 69 

RAS2 46 NC 58 D031 70 

D026 47 w 59 Vee 71 

DOS 48 NC 60 D032 72 

Name 

D014 

D033 

D015 

D034 

D016 

NC 

PD1 

PD2 

PD3 

PD4 

NC 

Vss 

MCM36256 

PIN NAMES 

AO-AB ......... Address Inputs 
DQO-DQ35 . Data lnpuVOutput 
CASO-CAS3 ... Column Address Strobe 
PD1-PD4 . . . . . . . . . . . . Presence Detect 
RASO, RAS2 . . . Row Address Strobe 
W . Read/Write Input 
Vee ................... Power(+ 5 V) 
Vss Ground 
NC . . .. No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 

3-27 

• 



MCM36256 

.. 

Pin Name 

PD1 
PD2 
PD3 
PD4 

w 
AO-AB 

BLOCK DIAGRAM 

1/01 
CAS 
RAS 

1/02 
1/03 

~OIE w AO-AS 1104 

1101 
CAS 

1102 
RAS 

1103 
~OIE w AO-AS 1104 

I I 
CAS 

D;'U----1 
RAS w AO-AS Dout 

I I 
1101 

CAS 
RAS 

1102 
1103 

~OIE w AO-AS 1104 

1101 
CAS 
RAS 

1102 
1103 

PO/E w AO-AS 1/04 
I I 

CAS 
D;'U----1 

RAS w AO-AS Dout 

I I 
1/01 

CAS 
RAS 

1/02 
1/03 

PO/E w AO-AS 1/04 
l I 

1101 
CAS 

1/02 
RAS 

li03 
PO/E w AO-AB 1/04 

CAS D;~ 
RAS w AO-AS Dout 

1101 
CAS 
RAS 

1/02 
1/03 

~OIE w AO-AS 1/04 

1/01 
CAS 

1/02 
RAS 

1103 
~O/E w AO-AS 1104 

l _[ 
CAS D;~ 
RAS w AO-AB D out 

J J 

DQO 
DQ1 
DQ2 
003 

DQ4 
DQ5 
DQ6 
007 

DOB 

DQ9 
0010 
0011 
0012 

0013 
DQ14 
0015 
0016 

0017 

DQ1B 
0019 
0020 

0021 

0022 
0023 

0024 
0025 

0026 

0027 
DQ2B 
0029 
DQ30 

0031 
0032 
0033 

0034 

0035 

Vee--------------->-----------... UO-U11 

0.22 µF (Min.) 

Vss --------------->-----------... UO-U11 

PRESENCE DETECT PIN OUT 

70ns BOns 100ns 

Vss Vss Vss 
NC NC NC 
Vss NC Vss 
NC Vss Vss 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1to+7 v 
Voltage Relative to V SS 

(For Any Pin Except Vee) 
Vin• Vout -1to+7 v 

Data Output Current per DQ Pin lout 50 mA 

Power Dissipation Po 7.2 w 
Operating Temperature Range TA o to+ 70 oc 

Storage Temperature Range Ts_!g_ -55to+125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedance circuits. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs VIL -1.0 - 0.8 v 1 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min Max Unit Notes 

Vee Power Supply Current 1cc1 mA 2 
MCM36256-70, IRC = 130 ns - 960 
.MCM36256-80, IRC = 150 ns - 840 
MCM36256-10, IRC = 180 ns - 720 

Vee Power Supply Current (Standby) (RAS= CAS = V1H) 1cc2 - 24 mA 

V cc Power Supply Current During RAS only Refresh Cycles 1cc3 mA 2 
MCM36256-70, 'Re= 130 ns - 960 
MCM36256-80; IRC = 150 ns - 840 
MCM36256-10, IRC = 180 ns - 720 

Vee Power Supply Current During Fast Page Mode Cycle icc4 mA 2 
MCM36256-70, IRC = 40 ns - 720 
MCM36256-80, IRC = 45 ns - 600 
MCM36256-10, IRC = 55 ns - 480 

Vee Power Supply Current (Standby) (RAS= CAS =Vee - 0.2 V) Ices - 12 mA 

V cc Power Supply Current During CAS Before RAS Refresh Cycle Ices mA 2 
MCM36256-70, 'Re= 130 ns - 960 
MCM36256-80, IRC = 150 ns - 840 
MCM36256-10, tRc = 180 ns - 720 

Input Leakage Current (Vss 5 Vin 5 Vccl 11~1) -120 120 µA 

Output Leakage Current (CAS at Logic 1, Vss 5 Vout 5 Vccl l1kg(O) -10 + 10 µA 

Output High Voltage (loH = - 5 mA) VoH 2.4 - v 
Output Low Voltage (loL = 4.2 mA) Vol - 0.4 v 

NOTES: 
1. All voltages referenced to V SS· 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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CAPACITANCE (I= 1.0 MHz, TA= 25°e, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max 

Input Capacitance (AO-A8) C11 - 88 

Input Capacitance (W) C12 - 94 

Input Capacitance (RASO, RAS2) C13 - 52 

Input Capacitance (CASO-CAS3) C14 - 36 

1/0 Capacitance (000-007, 009-D016, D018-D025, D027-D034) Coo1 - 17 

1/0 Capacitance (D08, D017, D026, D035) cD02 - 22 

NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 ~ t I~ V. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = 0 to 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM36256-70 MCM36256-80 MCM36256-10 

Parameter Standard Alternate Min Max Min Max Min Max 

Random Read or Write Cycle Time IRELREL !RC 130 - 150 - 180 -
Page Mode Cycle Time lcELCEL tpc 40 - 45 - 55 -
Access Time from RAS IRELOV IRAC - 70 - 80 - 100 

Access Time from CAS ICELOV tcAc - 20 - 20 - 25 

Access Time from Column Address IAVOV IAA - 35 - 40 - 50 

Access Time from Precharge CAS tcEHOV tcPA - 35 - 40 - 50 

CAS to Output in Low-Z tcELOX tcLZ 0 - 0 - 0 -
Output Buffer and Turn-Off Delay ICEHOZ IOFF 0 20 0 20 0 20 

Transition Time (Rise and Fall) 1T IT 3 50 3 50 3 50 

RAS Precharge Time IREHREL IRP 50 - 60 - 70 -

RAS Pulse Width 1RELREH IRAS 70 10,000 80 10,000 100 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH IRASP 70 100,000 80 100,000 100 100,000 

RAS Hold Time ICELREH IRSH 20 - 25 - 25 -

CAS Hold Time IRELCEH tcsH 70 - 80 - 100 -

CAS Pulse Width ICE LC EH tcAS 20 10,000 20 10,000 25 10,000 

RAS to CAS Delay Time 1RELCEL 1RCD 20 50 20 60 25 75 

RAS to Column Address Delay Time 1RELAV 1RAO 15 35 15 40 20 50 

NOTES: 

Unit Notes 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

Unit Notes 

ns 5 

ns 

ns 6, 7 

ns 6, 8 

ns 6, 9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µsis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between VfL and V1H) in a monotonic manner. 
4. AC measurements IT = 5.0 ns. 
5. The specifications for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C 5 TA 5 70°C) is assured. 
6. Measured with a current loiid equivalentto 2 TTL (-200 µA, + 4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

Vol= 0.8 V. 
7. Assumes tha11RCD 51RCD (max). 
8. Assumes that 1RCD "1RCD (max). 
9. Assumes tha11RAD 2' 1RAD (max). 

10. IOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the 1RCD (max) limit ensures thattRAC (max) can be met.1RCD (max) is specified as a reference point only; iftRCD is greater 

than the specified IRCD (max) limit, then access time is controlled exclusively to 1CAC· 
12. Operation with in the IRAD (max) limit ensures tha11RAC (max) can be met. IRAD (max) is specified as a reference point only; if 1RAD is greater 

than the specified IRAD (max), then access time is controlled exclusively by IAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM36256· 70 MCM36256-BO MCM36256-10 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

CAS to RAS Precharge Time tcEHREL tcRP 5 - 5 - 10 - ns 

CAS Precharge Time (Page Mode tcEHCEL tcp 10 - 10 - 10 - ns 
Cyle Only) 

Row Address Setup Time tAVREL tASR 0 - 0 - 0 - ns 

Row Address Hold Time tRELAX tRAH 10 - 10 - 15 - ns 

Column Address Setup Time tAVCEL tASC 0 - 0 - 0 - ns 

Column Address Hold Time tcELAX tcAH 15 - 15 - 20 - ns 

Column Address Hold Time tRELAX tAR 55 - 60 75 - ns 
Referenced to RAS 

Column Address to RAS Lead Time tAVREH tRAL 35 - 40 - 50 - ns 

Read Command Setup Time twHCEL tRcs 0 - 0 - 0 - ns 

Read Command Hold Time tcEHWX tRCH 0 - 0 - 0 - ns 13 
Referenced to CAS 

Read Command Hold Time tREHWX tRRH 0 - 0 - 0 - ns 13 
Referenced to RAS 

Write Command Hold Time tcELWH twcH 15 - 15 - 20 - ns 
Referenced to CAS 

Write Command Hold Time tRELWH twcR 55 - 60 - 75 - ns 
Referenced to RAS 

Write Command Pulse Width twLWH twp 15 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tDvCEL tDs 0 - 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to tRELDX tDHR 55 - 60 - 75 - ns 
RAS 

Hefresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

CAS Setup Time for CAS Before tRELCEL tcsR 10 - 10 - 10 - ns 
RAS Refresh 

CAS Hold Time for CAS Before RAS tRELCEH tcHR 30 - 30 - 30 - ns 
Refresh 

CAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

CAS Precharge Time for CAS tcEHCEL tcPT 40 - 40 - 50 - ns 
Before RAS Counter Test 

CAS Precharge Time tcEHCEL tcPN 10 - 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twcs <: twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs ~twcs (min), the cycle 

is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 
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V1H -
ADDRESSES 

ADDRESSES 

READ CYCLE 

10FF 

VALID DATA 

EARLY WRITE CYCLE 

DQO-D035 VIH - "'"'""1<'"'1"""",:..,.-..,..-,.....,,n,...,. Ir-'---'-....::..:._, k-:.,.;-,>7''7'<"Ir>r7r><-..,.--,,-,......,,,...,,....,.-,....., 

(DATA IN) VIL _ L-11'-"'--"-'"-"C.JL.-"-'"-l<'-""-J/ ._ _____ f\l:..l.L~IL..l.Dl.:..l.LY-'ID.Lll.,),L~t.::.I.~ 
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FAST PAGE MODE READ CYCLE 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

- V1H-----• 
RAS 

ADDRESSES 

DQO-DQ35 VIH - ,.....,...,....,.....,.....,.,...,...,.....,. lr------.i 

(DATA IN) VIL_ L..>O~~"-"~.Jl..JI ~----'I 

MOTOROLA MEMORY DATA 
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RAS ONLY REFRESH CYCLE 
(W and AS are Don't Care) 

1-4--------IRC----------i 
1-4------IRAS--------. 

- V1H - ----.! 1..----~1 
RAS 

- V1H - -----1.---++----------------.1----,.---
CAS 

V1H -
AO-A7 

D00-0035 VoH - HIGH·Z 
(OATAOUT) VOL_ ----------- ------------

_ V1H­
RAS 

_ V1H­
CAS 

loFF 

CAS BEFORE RAS REFRESH CYCLE 
(Wand AO to AS are Don't Care) 

14--------IRC-------I~ 

~---IRAS---..-. 

ICHR-

D00-0035 VoH - -----.ii)--------- HIGH·Z ----------­
(OATAOUT) VOL_ ---~ 
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- V1H­
RAS 

ADDRESSES 

HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

- V1H - -------~ CAS 

ADDRESSES 

DQO-DQ35 ViH -

(DATA IN) VIL_ 

twp 

~I.-----~~-..-....... ,....... ................. ..,....., ........ ..,.....,...... .................................. tDHg 

~ VALIDDAT~ xxx=. 
...,,,.._ __ tDHR---~-~l -
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ V1H-----..J 
RAS 

_ V1H­
CAS 

14---------IRAS--------.i 

----IRSH----.i 

tcAs-

ADDRESSES 
V1H - .......,...,.....,......,...,....,.....,.....,.....,..........,.,.,....,.....,.....,. lr--'*"""'""""-.1 K-.rir-x-i...,.....,...-,.....,.-ir.,......r'l<'""7 

VIL - L.Jl...lL:~WLlUWL.ll...:>L:.l.~lL.l.Lir I'--""""==--" "-"'-"-.l<..ll-lL-"-'"-'<-"-""-"'-"-' 

READ CYCLE 

DOO-D035 VoH -
(DATA OUT) Vol_ -----

- V1H - ,....,.~,.....~~~~,.....~~.-1r----1-l--------++--l---.l-r­
W 

WRITE CYCLE 

- V1H - ,....,.~,.....,........~~~,.....~~ 
w 

DOO-D035 V1H - '7'i:A'"'l\7'rK7'l~~~:A'"'l\7'lT------1.1r>,...,.--x-i.....,..-,,-,..-x-ir.,.....,n 

(DATA IN) VIL _ ,_,._.._..._.....,... ......... ......_....._,,_,.-"-,,_,, ......_ _____ __,,- "-"'-"-.l<...ll-lL-"-'"-"-"-"'-"'-' 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec­
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi­
plexed with two separate 9-bit address fields that are strobed 
atthe beginning of the memory cycle by two clocks (active neg­
ative) called the row address strobe (RAS) and the column ad­
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262,144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called IRCD· which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi­
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, other variations in addressing the 
module: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen­
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. The 
CAS clock must also make a trans~ion from V1H to the V1L level 
at the specified IRCD timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi­
plex window. The only stipulation is that the CAS clock must be 
active before or at the IRc~ximum specification for an ac­
cess (data valid) from the RAS clock edge to be guaranteed 
(IRACl· If the IRCQ.!!laximum condition is not met, the access 
(ICACl from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter­
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (IRAHl specification has 
been met and defines the tRCD minimum specification. The 
time difference between IRCD minimum and IRCD maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CASclock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAS) period for the RAS clock and the mini­
mum (tcAsl period for the CAS clock. The RAS clock must 

stay inactive for the minimum (IRPl time. The former is for the 
completion of the cycle in progress, and the latter is for the de­
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(iiil) input must be held at the V1H level from the time the CAS 
clock makes its active transition (IRCS) to the time when it tran­
sitions into the inactive (IRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the write 
(iiil) clock must go active (V1L level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcwLl and the row 
strobe to write lead time (IRWLl· These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera­
tions at all 512 column locations on a selected row. Page ac­
cess (tCACl is typically half the regular RAS clock access 
(IRAC) on the Motorola 1 M dynamic RAM. Page mode opera­
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tcAsl. 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per­
formed to ·suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Therefore, to retain the cor­
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen­
tially cycling through the 512 row address locations every 8 mil­
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 

DQO-DQ35 - HIGH-Z 

test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 512 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read "1 "s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 

VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 36256 

Motorola Memory Prefix_T T 
Part Number-------------' 

x xx 

T T_ Speed (70 = 70 ns, BO= BO ns, 10 = 100 ns) 

L__ Package (S =SIMM, SG =Gold Pad SIMM) 

Full Part Numbers - MCM36256S70 
MCM36256SBO 
MCM36256S10 

MCM36256SG70 
MCM36256SGBO 
MCM36256SG10 
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• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
512K x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36512S is an 18M, dynamic random access memory (DRAM) module 
organized as 524,288 x 36 bits. The module is a 72-lead double-sided single-in-line 
memory module (SIMM) consisting of sixteen MCM514256A DRAMs housed in 20/26 
J-lead small outline packages (SOJ) and eight CMOS 256K x 1 DRAMs housed in 
18-lead PLCC packages, mounted on a substrate along with a 0.22 µF (min) decoup­
!ing capacitor mounted under each DRAM. The MCM514256A is a 1.0 µCMOS high 
speed, dynamic random access memory organized as 262, 144 four-bit words and 
fabricated with CMOS silicon-gate process technology. 
• Three-State Data Output 
• Early-Write Common 110 Capability 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
• RAS Only Refresh 
• CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM36512 = 8 ms (Max) 
• Consists of Sixteen 256K x 4 DRAMs, Eight 256K x 1 DRAMs, and Twenty Four 

0.22 µF (Min) Decoupling Capacitors 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAc): 

MCM36512S-70 = 70 ns (Max) 
MCM36512S-80 = 80 ns (Max) 
MCM36512S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
.MCM36512S-70 = 5.412 W (Max) 
MCM36512S-80 = 4.752 W (Max) 
MCM36512S-10 = 4.092 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels = 264 mW (Max) 
CMOS Levels = 132 mW (Max) 

PIN OUT 

Pin Name Pin Name Pin 

1 Vss 13 A1 25 

2 000 14 A2 26 

3 001B 15 A3 27 

4 001 16 A4 2B 

5 0019 17 A5 29 

6 002 1B A6 30 

7 0020 19 NC 31 

B 003 20 004 32 

9 0021 21 0022 33 

10 Vee 22 005 34 

11 NC 23 0023 35 

12 AO 24 006 36 

Name 

0024 

007 

0025 

A7 

NC 

Vee 
AB 

NC 

RAS3 

RAS2 

0026 

DOB 

Pin Name Pin Name Pin 

37 0017 49 009 61 

3B 0035 50 0027 62 

39 Vss 51 0010 63 

40 CASO 52 002B 64 

41 CAS2 53 0011 65 

42 CAS3 54 0029 66 

43 CAS1 55 0012 67 

44 RASO 56 0030 6B 

45 RAS1 57 0013 69 

46 NC 5B 0031 70 

47 w 59 Vee 71 

4B NC 60 0032 72 

Name 

0014 

0033 

0015 

0034 

0016 

NC 

PD1 

PD2 

PD3 

PD4 

NC 

Vss 

MCM36512 

= = = = = = = = = = = = = = = = 

i 
36 ES 

PIN NAMES 

AO-AB . . . . .... Address Inputs 
DQO-DQ35 . Data lnpuVOutput 
CASO-CAS3 ... Column Address Strobe 
PD1-PD4... Presence Detect 
RASO-RAS3 ...... Row Address Strobe 
W . . . . . . . . . . . . . . . . . . Read/Write Input 
Vee ........ Power(+ 5 V) 
Vss . . . . . . . . . . . . Ground 
NC ....... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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eAS2 

eAS3 

w 
AO-AS 

eAS 
RAS 

PO/E 

eAS 
RAS 

POiE 

eAS 
m 

eAS 
RAS 

00/E 

eAS 
RAS 

rO/E 

eAS 
m 

eAS 
RAS 

rOiE 

GAS 
RAS 

rO/E 

eAS 
m 

eAS 
RAS 

rOiE 

GAS 
RAS 

rO/E 

J: 

w AO-AS 

w AO-AS 

w AO-AS 

w AO-AS 
] I 

w AO-AS 
l J. 

w AO-AS 

w AO-AS 

w AO-AS 
] I 

w AO-AS 

w AO-AS 

w AO-AS 

w AO-AS _. ± 

BLOCK DIAGRAM 

000-003 
1/01 1/01 
1/02 -0- 1/02 eAS 

1/03 -0- 1103 
RAS 

1/04 _..,_ 1/04 AO-AS w O/E~ 
O~A!_07 1/01 1101 v 

eAS 1/02 1/02 
RAS 1/03 1103 

1104 -" 1104 AO-AS w 0/E~ 
OJt! 

O;~ 4in 
eAS v 

Oout Oout AO-AS w RAS 

1/01 009::-~2 
v 1/01 

eAS 1102 1102 
RAS 1/03 _,... 1/03 

1/04 -o 1104 AO-AS w O/E~ 
001~,RQtS I 

1/01 1101 -~ 

eAS 1/02 -0 1/02 
RAS 1/03 _..,_ 1/03 

1/04 -" 1/04 AO-AS w O/E~ 
09.J.7 ..J. ..J. 

O;p -qO;n eAS ~· 

Oout Oout AO-AS w RAS 

1/01 
001~021 

-~ 1/01 
eAS 1/02 -0 1/02 
RAS 1/03 1/03 

1/04 -" 1/04 AO-AS w O/E~ 
0022-0025 

1/01 1/01 
1/02 -" 1/02 eAS 

1/03 -0 1/03 RAS 

1/04 -0- 1104 AO-AS w O/E~ 
0026 I I 

O;~ l_{O;n eAS v 

Oout Oout AO-AS w RAS 

1101 
002~.,Q.030 11101 

1/0 -0 1102 eAS 

110 -o 1103. RAS 

Ill\ -0 1104 AO-AS w O/E~ 
0031-0034 

1/01 t----0- 1/01 
eAS 1/02 1----0- 1/02 

1/03 1----0- 1/03 RAS 

1/04 t----0- 1/04 AO-AS w O/E~ 
0~5 

O;~ l_{O;n eAS v 

Oout Oout AO-AS w RAS 

1 J 

Vee--------------------------~ uo-u23 
0.22 µF (Min.) 

Vss-------~------------------~ UO-U23 

PRESENCE DETECT PIN OUT 

Pin Name 70ns sons 100ns 

PD1 NC NC NC 
PD2 Vss Vss Vss 
PD3 Vss NC Vss 
PD4 NC Vss Vss 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1to+7 v 
Voltage Relative to V SS Vin· Vout -1to+7 v 

(For Any Pin Except Vee) 

Data Output Current per DO Pin lout 50 mA 

Power Dissipation Po 7.4 w 
Operating Temperature Range TA Oto+ 70 oc 

..... --- - - ----- - - .. - -l uturdge Tetr1petature Range Tstg ::i5 to+ i;cS 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs V1L -1.0 - 0.8 v 1 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min Max Unit Notes 

V CC Power Supply Current lcc1 mA 2 
MCM36512-70, tRc = 130 ns - 984 

. MCM36512-80, tRc = 150 ns - 864 
MCM36512-10, tRc = 180 ns 744 

Vee Power Supply Current (Standby) (RAS= CAS = V1H) 1cc2 - 48 mA 

Vee Power Supply Current During RAS only Refresh Cycles lcc3 mA 2 
MCM36512-70, tRC = 130 ns - 984 
MCM36512-80, tRc = 150 ns - 864 
MCM36512-10, tRc = 180 ns - 744 

Vee Power Supply Current During Fast Page Mode Cycle lcc4 mA 2 
MCM36512-70, tRc = 40 ns - 744 
MCM36512-80, tRC = 45 ns - 624 
MCM36512-10, tRc = 55 ns - 504 

Vee Power Supply Current (Standby) (RAS= CAS =Vee -0.2 V) Ices - 24 mA 

Vee Power Supply Current During CAS Before RAS Refresh Cycle icc6 mA 2 
MCM36512-70, tRc = 130 ns - 984 
MCM36512-80, tRc = 150 ns - 864 
MCM36512-10, tRc = 180 ns - 744 

Input Leakage Current (Vss $Vin$ Vccl l1kg(I) -240 240 µA 

Output Leakage Current (CAS at Logic 1, Vss $ V0 ut $Vee) l1kg(O) -20 20 µA 

Output High Voltage OoH = - 5 mA) VoH 2.4 - v 
Output Low Voltage (IOL = 4.2 mA) Vol - 0.4 v 

NOTES: 
1. All voltages referenced to V SS· 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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CAPACITANCE (I= 1.0 MHz, TA= 25°e, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max 

Input Capacitance (AO-AS) C11 - 161 

Input Capacitance (W) C12 178 

Input Capacitance (RASO-RAS3) C13 - 52 

Input Capacitance (CASO-CAS3) C14 - 52 

1/0 Capacitance (DOO-DQ7, DQ9-D016, DQ18-D025, DQ27-DQ34) cD01 - 29 

1/0 Capacitance (DOB, DQ17, DQ26, D035) cD02 - 39 

NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 Lit I Li V. 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = 0 to 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM36512-70 MCM36512-80 MCM36512-10 

Parameter Standard Alternate Min Max Min Max Min Max 

Random Read or Write Cycle Time IRELREL !RC 130 - 150 - 180 -

Page Mode Cycle Time ICELCEL tpc 40 - 45 - 55 -

Access Time from RAS IRELQV IRAC - 70 - 80 - 100 

Access Time from CAS ICELQV tcAC - 20 - 20 - 25 

Access Time from Column Address IAVQV IAA - 35 - 40 - 50 

Access Time from Precharge CAS ICEHQV tcPA - 35 - 40 - 50 

CAS to Output in Low-Z ICELQX tcLZ 0 - 0 - 0 -

Output Bulfer and Turn-Off Delay tcEHQZ to FF 0 20 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 3 50 

RAS Precharge Time IREHREL tRP 50 - 60 - 70 -

RAS Pulse Width IRELREH IRAS 70 10,000 80 10,000 100 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH IRASP 70 100,000 80 100,000 100 100,000 

RAS Hold Time ICE LR EH IRSH 20 - 25 - 25 -

GAS Hold Time IRELCEH tcsH 70 - 80 - 100 -
GAS Pulse Width tcELCEH ICAS 20 10,000 20 10,000 25 10,000 

RAS to GAS Delay Time tRELCEL tRCD 20 50 20 60 25 75 

RAS to Column Address Delay Time IRELAV IRAD 15 35 15 40 20 50 

NOTES: 

Unit Notes 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

pF 1 

Unit Notes 

ns 5 

ns 

ns 6,7 

ns 6, 8 

ns 6, 9 

ns 6 

ns 6 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 12 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µsis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1H) in a monotonic manner. 
4. AC measurements tr = 5.0 ns. 
5. The specifications fortRc (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C .,: TA.,: 70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (-200 µA,+ 4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

VQL = 0.8 V. 
7. Assumes that tRCD-;: IRCD (max). 
8. Assumes that tRcD;, IRCD (max). 
9. Assumes that IRAD;, IRAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the tRCD (max) limit ensures thatlRAC (max) can be met. IRCD (max) is specified as a reference point only; if IRCD is greater 

than the specified tRCD (max) limit, then access time is controlled exclusively to tcAC· 
12. Operation within thelRAD (max) limit ensures thattRAC (max) can be met. IRAD (max) is specified as a reference point only; if IRAD is greater 

than the specified IRAD (max), then access time is controlled exclusively by tAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM36512·70 MCM36512-80 MCM36512·10 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

CAS to RAS Precharge Time tcEHREL tcRP 5 - 5 - 10 - ns 

CAS Precharge Time (Page Mode tcEHCEL tcp 10 - 10 - 10 - ns 
Cyle Only) 

Row Address Setup Time tAVREL tASR 0 - 0 - 0 - ns 

Row Address Hold Time tRELAX tRAH 10 - 10 - 15 - ns 

Column Address Setup Time IAVCEL tASC 0 - 0 - 0 - ns 

Column Address Hold Time tcELAX tcAH 15 - 15 - 20 - ns 

Column Address Hold Time I RELAX tAR 55 - 60 - 75 - ns 
Referenced to RAS 

Column Address to RAS Lead Time IAVREH IRAL 35 - 40 - 50 - ns 

Read Command Setup Time IWHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tcEHWX IRCH 0 - 0 - 0 - ns 13 
Referenced to CAS 

Read Command Hold Time IREHWX IRRH 0 - 0 - 0 - ns 13 
Referenced to RAS 

Write Command Hold Time tcELWH twcH 15 - 15 - 20 - ns 
Referenced to CAS 

Write Command Hold Time tRELWH twcR 55 - 60 - 75 - ns 
Referenced to RAS 

Write Command Pulse Width twLWH twp 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH IRWL 20 - 20 - 25 - ns 

Write Command to GAS Lead Time IWLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tDvCEL tDs 0 - 0 - 0 - ns 14, 15 

Data in Hold Time ICELDX IDH 15 - 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to tRELDX IDHR 55 - 60 - 75 - ns 
RAS 

F.lefresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

CAS Setup Time for CAS Before IRELCEL tcsR 10 - 10 - 10 - ns 
RAS Refresh 

CAS Hold Time for GAS Before RAS tRELCEH ICHR 30 - 30 - 30 - ns 
Refresh 

CAS Precharge to CAS Active Time IREHCEL tRPC 0 - 0 - 0 - ns 

CAS Precharge Time for CAS ICEHCEL tcPT 40 - 40 - 50 - ns 
Before RAS Counter Test 

CAS Precharge Time ICEHCEL tcPN to - 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
t 4. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twcs "twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs "twcs (min), the cycle 

is an early write cycle and the data out pin will remain open circuit (high impedance) throughoutthe entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 

17. To avoid bus contention and potential damage to the module, RASO and RAS! may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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_ V1H-
RAS 

V1L-

- V1H-
GAS 

V1L -

V1H -
ADDRESSES 

V1L-

_ V1H-
w 

V1L -

DQO-DQ35 VoH -
(DATA OUT) Vol_ 

V1H­
ADDRESSES 

READ CYCLE 

IRC 
IRAS 

L~tAA 1CLZ 
to FF 

tRAC 

HIGH-Z VALID DATA 

EARLY WRITE CYCLE 

DQO-DQ35 VIH - ...-.r>r"..,.....,.....,.;.,,..,...,,,_.;;..;..._ 1..-'--.....;..__;;.;.;__...J )c,~'7t<"7'\7t''7t""."1',.,.,..-"7M...-..-..,.-.,.....,,.-, 

(DATA IN) VIL_ "-"'-"-""-''-".x.;IL-l<ut..ll...ll "-------'! '\<W.L.lL..l..c....i..U.L.ll.-'1£..),j~.lQ~~~O 
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FAST PAGE MODE READ CYCLE 

.. 
ADDRESSES 

W V1H- ....,....,....,....,....,.~.,....,.-1r-t---+--~-n.--+----lh"°"--+---+--.i-.......,.~ 

VIL - "--"-"-""'-'"-"-"-""--" 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

_ V1H - ----++------+-. 
GAS 

ADDRESSES 

w V1H -

VIL -

DQO-DQ35 V1H -

(DATA IN) 
V1L -
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RAS ONLY REFRESH CYCLE 
(Wand AB are Don't Care) 

--------1RC----------. 
- V1H - ___ _,,,..,,__ ____ IRAS-----__, lr-----.i 

RAS 

- V1H - ---<~-++----------------------
GAS 

V1H -
AO-A7 

(gft:~i~~ ~:~ = -----------HIGH·Z------------

_ V1H­
RAS 

- V1H­
CAS 

to FF 

CAS BEFORE RAS REFRESH CYCLE 
(Wand AO to AB are Don't Care) 

---------1RC------.i 

1CHR-

DQO-DQ35 VQH - -----,i 11---------HIGH-Z-----------(DATA OUT) VQL ____ _,, 
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HIDDEN REFRESH CYCLE (READ) 

~-----IRC----....i ----IRAS---.., 

ADDRESSES 

- V1H----.t 
RAS 

ADDRESSES 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

DQO-DQ35 V1H - ----1--~ ------,i ,.....,...7'<""7.....,...,...,....,.....,.-,.....,,,...,....,....,.....,...,...,,.....,.,..,,...,. 
(DATA IN) VIL _ ---+--~ "-------'! "'->L-"'-'L.JL-"-'"-"-"-"-"'-"-...._.'-"--"-'"-"....._,. 
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°CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

14--------lRAS>--------1~ 

_V1H----..,, 
RAS 

_ V1H­
CAS 

READ CYCLE 

DQ0-0035 VQH -

tcsR 

(DATAOUT) Vol_-----

WRITE CYCLE 

i---IRSH----1~ 

1CHR tcpr tcAs-

- VJH - ....,....,.....,....,....,.....,....,....,....,....,....,....,....,.-.. 
w 

DQ0-0035 VJH - ~""'~""'~""'~""'~:7\Jr-----11. ,....,.....,r-r-.,......,-,,-:r-r....,....,......,...., 
(DATA IN) VJL _ L.Jl...lt,..;IL.ll:..lt,..;IL.ll:..lt,..;IL.ll:..lt,..;IL.ll:-lflL------X"-..¥..l'-"-¥.,ljUL..>L.lt..lC,..;IL.ll:~ 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec­
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi­
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by two clocks (active neg­
ative) called the row address strobe (RAS) and the column ad­
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262, 144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called IRCD· which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi­
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, other variations in addressing the 
module: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen­
tiate it !rom a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. The 
CAS clock must also make a transition from V1H to the V1L level 
at the specified IRCD timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a mannerthat the 
access time of the device is independent of the address multi­
plex window. The only stipulation is thatthe CAS clock must be 
active before or at the tRc~ximum specification for an ac­
cess (data valid) from the RAS clock edge to be guaranteed 
(tRACl· If the tRQQ..!llaximum condition is not met, the access 
(tcAcl from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter­
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (!RAH) specification has 
been met and defines the IRCD minimum specification. The 
time difference between tRCD minimum and tRCD maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAS) period for the RAS clock and the mini­
mum (tcAS) period for the CAS clock. The RAS clock must 

stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de­
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V1H level from the time the CAS 
clock makes its active transition (tRcS) to the time when it tran­
sitions into the inactive (tRcH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the write 
(W) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcwL) and the row 
strobe to write lead time (IRWL)· These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at Vil level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera­
tions at all 512 column locations on a selected row. Page ac­
cess (tcAC) is typically half the regular RAS clock access 
(!RAC) on the Motorola 1 M dynamic RAM. Page mode opera­
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tcAS), 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per­
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Therefore, to retain the cor­
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen­
tially cycling through the 512 row address locations every 8 mil­
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR)-This activates the internal refresh counter 
which generates the row address to be refre.shed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 

DQO-DQ35 - HIGH·Z 

test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 512 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read "1 "s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 

VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 36512 

Motorola Memory Prefix_T T 
Part Number-----------~ 

x xx 

T L Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 

L__ Package (S = SIMM, SG =Gold Pad SIMM) 

Full Part Numbers-MCM36512S70 
MCM36512S80 
MCM36512S10 

MCM36512SG70 
MCM36512SG80 
MCM36512SG10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M x 8 Bit Dynamic Random 
Access Memory Module 

The MCM81000L and MCM81000S are SM, dynamic random access memory 
(ORAM) modules organized as 1,048,576 x 8 bits. The modules are 30-lead single­
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist­
ing of eight MCM511000A DRAMs housed in a 20/26 J-lead small outline pack­
age (SOJ) and mounted on a substrate along with a 0.22 p.F (min) decoupling 
capacitor mounted under each DRAM. The MCM511000A is a 1.0p. CMOS high 
speed, dynamic random access memory organized as 1,048,576 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
e RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM81000=8 ms (Maxi 
MCM8L1000=64 ms (Maxi 

• Consists of Eight 1M DRAMs and Eight 0.22 p.F (Mini Decoupling Capacitors 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM81000-70=70 ns (Maxi 
MCM81000-80=80 ns (Maxi 
MCM81000-10=100 ns (Max) 

• Low Active Power Dissipation: 
MCM81000-70=3.6 W (Maxi 
MCM81000-80=3.1 W (Maxi 
MCM81000-10=2.7 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels=88 mW (Max) 
CMOS Levels (MCM810001=45 mW (Max) 

(MCM8L1000)=9 mW (Max) 
• CAS Control for Eight Common 1/0 Lines 
• Available in Edge Connector (MCM81000S) or Pin Connector (MCM81000L) 

MCM81000S OR MCM8L1000S (SIMMI 

MCM81000 
MCM8L1000 

S PACKAGE 
SIMM MODULE 

CASE 839 

30-PIN 
SINGLE IN-LINE PACKAGE 

ITOP VIEW, MCM81000S/Bl1000SI 

..---/ 0 
Vee 11 

Bff I! I I !Ei 
Al 15 

001 18 
A2 17 @I 
A3 18 I 

Vss 19 I 
002 110 
A4 111 
A5 112 

003 113 
AS 114 
A7 115 

I 
I 
I 
I 
I 
I 
I 004 118 

AB 117 
A9 118 
NC 119 

Dils 120 

I 
I 
I 
I w 121 

~in 
NC 124 

007 125 
NC 126 

11== 
I 
I 
I 
I 
I 
I 

m 121 
NC 128 
NC 129 

Vee 130 
I 
I 

I 
I 

0 

PIN NAMES 

AG-A9 • • • • • • • • • • • • • • • Add1'8118 Inputs 
DOO-DQ7 ••..•.•..•• Data Input/Output 
CA! . . . . . . . . . . . Column Add1'8118 Strobe 
RA§ ••..•.•.•..•• Row Add1'8118 Strobe 
W. . . . . . . . . . . . . . . . . Read/Write Input 
Vee ................ Power(+6V) 
Vss .................... Ground 
NC • • . • . • . . . • . . . . . • . No Connection 

This document contains information on a new product. Specifications and Information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

000----l---~~---1~0~-o~w 
~AO-A9 

rl ~iiAS 
r-+- ~CA! 

r++- r--iw 

001-1---

+­
H-

002-1 __ ~ 

+­
H-

003-1 __ ~ 

AO-A9 

004 _J ____ --tO 

dAO-A9 

rl ~iiAS 
r-H r---1 CAS 

.-+-H r--iw 

005 _l __ +-1 
r---10 

~AD-A9 
H r---1 RAS 

~CA§ 

006 _l_-+-+-4 ~o oW 
~AD-A9 

H HRAS 
~ r--ICAS 

H-H r--iw 

007 _l __ +-1 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1 to +7 v 
Voltage Relative to Vss for Any Pin Except Vee Vin· Vout -1 to +7 v 

Data Out Current per DQ Pin lout 50 mA 

Power Dissipation Po 4.8 w 
Operating Temperature Range TA Oto+70 oc 

Storage Temperature Range Tsjg_ -55to+125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs V1L -1.0 - 0.8 v 1 

DC CHARACTERISTICS 

Characteristic Symbol Min Max Unit Notes 

Vee Power Supply Current 1cc1 mA 2 
MCM81000-70, tRc = 130 ns - 640 
MCM81000-80, tRC = 150 ns - 560 
MCM81000-10, tRc=180 ns - 480 

Vee Power Supply Current (Standby) (RAS= CAS = V1HI 1cc2 - 16 mA 

V CC Power Supply Current During RAS only Refresh Cycles ICC3 mA 2 
MCM81000-70, tRC = 130 ns - 640 
MCM81000-80, tRC = 150 ns - 560 
MCM81000-10, tRC = 180 ns - 480 

V CC Power Supply Current During Fast Page Mode Cycle 1cc4 mA 2 
MCM81000-70, tpc=40 ns - 480 
MCM81000-80, tpc = 45 ns - 400 
MCM81000-10, tpc = 55 ns - 320 

Vee Power Supply Current (Standby! (RAS=~=Vcc-0.2 VI MCM81000 1cc5 - 8 mA 
MCM8L1000 - 1.6 

Vee Power Supply Current During CAS Before RAS Refresh Cycle ices mA 2 
MCM81000-70, tRc = 130 ns - 640 
MCM81000-80, tRc = 150 ns - 560 
MCM81000-10, tRC = 180 ns - 480 

Input Leakage Current (VsssVinsVccl 11iw11 -80 80 p.A 

Output Leakage Current(~ at Logic 1, VsssV0 ut:SVccl l1!!l!lOI -20 20 p.A 

Output High Voltage lloH = - 5 mA) VoH 2.4 - v 
Output Low Voltage llOL = 4.2 mAI VOL - 0.4 v 

CAPACITANCE (f=1.0 MHz, TA =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Max Unit Notes 

Input capacitance AO-A9, W, CAS, RAS Cin 50 pF 3 

Input/Output Capacitance DQO-DQ7 Cito 15 pF 3 

NOTES: 
1. All voltages referenced to Vss· 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =lat/ av. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 v ± 10%, TA= o to 10°e, Unless Otherwise Notedl 

READ AND WRITE CYCLES (See Notes 1. 2. 3, and 41 

Symbol MCM81000-70 MCM81000-80 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IRELREL IRC 130 - 150 -
Page Mode Cycle Time ICELCEL tpc 40 - 45 -
Access Time from llAS IRELQV IRAC - 70 - 80 

Access Time from GAS ICELQV tCAc - 20 - 20 

Access Time from Column Address IAVQV tAA - 35 - 40 

Access Time from Precharge GAS ICEHQV !CPA - 35 - 40 

CAS to Output in Low-Z ICELQX ICLZ 0 - 0 -

Output Buffer and Turn-Off Delay tcEHQZ to FF 0 20 0 20 

Transition Time (Rise and Fall) IT IT 3 50 3 50 

RAS Precharge Time IREHREL IRP 50 - 60 -
RAS Pulse Width IRELREH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Fast Page Model IRELREH !RASP 70 100,000 80 100,000 

RAS Hold Time ICELREH IRSH 20 - 20 -
CAS Hold Time IRELCEH ICSH 70 - 80 -

CA5 Pulse Width ICELCEH ICAS 20 10,000 20 10,000 

RAS to GAS Delay Time IRELCEL IRCD 20 50 20 60 

RAS to Column Address Delay Time IRELAV IRAD 15 35 15 40 

CAS to llAS Precharge Time ICEHREL ICRP 5 - 5 -
CAS Precharge Time (Page Mode Cycle Only) ICEHCEL tcp 10 - 10 -

Row Address Setup Time tAVREL IASR 0 - 0 -
Row Address Hold Time !RELAX IRAH 10 - 10 -
Column Address Setup Time tAVCEL tASC 0 - 0 -
Column Address Hold Time ICE LAX ICAH 15 - 15 -
Column Address Hold Time Referenced to RAS !RELAX IAR 55 - 60 -
Column Address to RAS Lead Time IAVREH IRAL 35 - 40 -

NOTES: 

MCM81000-10 
Unit Notes 

Min Max 

180 - ns 5 

55 - ns 

- 100 ns 6, 7 

- 25 ns 6, 8 

- 50 ns 6, 9 

- 50 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

5 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ.sis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting tha transition rate specification, all input signals must 

transition between V1H and V1L (or between V1L and V1HI in a monotonic manner. 
4. AC measurements IT= 5.0 ns. 
5. The specifications for IRC (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL ( -200 µA, + 4 mA) loads and 100 pF with the data output trip points set at 

VoH =2.0 v and VoL =0.8 v. 
7. Assumes that tRCD:StRCD (maxi. 
8. Assumes that IRCD"'IRCD (max). 
9. Assumes that IRAD"'IRAD (max). 

10. toFF (maxi defines the time at which the output achieves the open circuit condition and is not reterenced to output voltage levels. 
11. Operation within the tRcD (max) limit ensures that tRAC (max) can be met. tRcD (max) is specified as a reference point only; if IRCD is 

greater than the specified tRCD (maxi limit, then access time is controlled exclusively by tCAC· 
12. Operation within the !RAD (max) limit ensures that !RAC (max) can be met. !RAD (max) is specified as a reference point only; if !RAD is 

greater than the specified !RAD (maxi, then access time is controlled exclusively by IAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM81000-70 MCM81000-80 MC81000-10 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Command Setup Time twHCEL IRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to GAS tcEHWX IRCH 0 - 0 - 0 - ns 13 

Read Command Hold Time Referenced to RAS tREHWX tRRH 0 - 0 - 0 - ns 13 

Write Command Hold Time Referenced to GAS tCELWH twCH 15 - 15 - 20 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 55 - 60 - 75 - ns 

Write Command Pulse Width twLWH twp 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH IRWL 20 - 20 - 25 - ns 

Write Command to GAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tDVCEL 'Ds 0 - 0 - 0 - ns 14, 15 

Data in Hold Time ICELDX IDH 15 - 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS tRELDX IDHR 55 - 60 - 75 - ns 

Refresh Period MCM81000 IRVRV tRFSH - 8 - 8 - 8 ms 
MCM8L1000 - 84 - 84 - 84 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

GAS Setup Time for GAS Before RAS Refresh IRELCEL tcsR 10 - 10 - 10 - ns 

GAS Hold Time for GAS Before RAS Refresh tRELCEH ICHR 30 - 30 - 30 - ns 

GAS Precharge to GAS Active Time IREHCEL tRPC 0 - 0 - 0 - ns 

GAS Precharge Time for GAS Before RAS ICEHCEL tcPT 40 - 40 - 50 - ns 
Counter Test 

CAS Precharge Time ICEHCEL ICPN 10 - 10 - 15 - ns 

NOTES: 
13. Either tRRH or IRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twcs"=twcs (mini!. 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twCS"=twCS (mini, 

the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 

READ CYCLE 

VALID DATA 
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EARLY WRITE CYCLE 

ADDRESSES 

V1H - .-.-.-...-+-..,.....,......,......,.........,. i.--1----+-

W 

V1H-
RAS 

V1L -

CAS 
V1L -

ADDRESSES 

VDH -
DOO 007 IOATA OUTI 

Vol -

VALIDDATA= --~ 
FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H-
AOORESSES 

V1L -

V1H -

'ii 
V1L -

V1H-~~~~'-"-- ..r------,,L 
000-007 IOATA INI 

V1L _....._......_....._.....__.._..'.....¥ ...,.., ____ _,r 

V1H-
RAS 

CAS 
V1L -

V1H-
AO TO AB 

V1L -

VoH-
000-007 IOATA OUTI 

VQL -

RAS ONLY REFRESH CYCLE 
IW and A9 are Don't Care) 

HIGH Z -----------------

MOTOROLA MEMORY DATA 

3-57 

.. 



MCM81000• MCMSL 1000 

ADDRESSES 

VoH -

CAS BEFORE RAS REFRESH CYCLE 
(Wand AO to A9 are Don't Care) 

ICHR 

l>-·-----------HIGH z-------------

HIDDEN REFRESH CYCLE (READ) 

i.----1RAS----+t 

----tCHR----l""i 

000-007 (DATA OUTI ----------+-<! VALID DATA 
VOL -

MOTOROLA MEMORY DATA 
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HIDDEN REFRESH CYCLE (WRITE) 

~----'RAS---.., 
V1H-

RAS 
Vil -

ICPN .. 
V1H-

m 

ADDRESSES 

V1l -

V1H-

w 
Vil -

V1H-

000-007 IOATA IN) 
V1l -

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H-

RAS 
V1l -

m V1H-

Vil -

ADDRESSES 

READ CYCLE 

VoH-
000-D07 !DATA OUTI 

Vol -

V1H-
'Ii 

V1l -

WRITE CYCLE 

Vol -

V1l _,_.._.'--''-"'--''-"'--"'-"-"'--"-"_..-"l':...+---+-----"l"-'.......,.....,.._. _ _.._.. __ ~~-

t::os 
VALID DATAJ(XXXXXXXXXXX> 

V1H-~ 
DOO-D07 (DATA IN) 

V1t - ...... .._..._........,.._.._. _ _,,, _ _,,, _ _,, 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 byte locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD.'' which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however. two other variations in 
addressing the 1 M RAM module, one is called the RAS only 
refresh cycle {described later) where a 9-bit row address field 
is presented on the input pins and latched by the RAS clock. 
The most significant bit on Row Address A9 is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access all 1024 bytes within a se­
lected row. (See PAGE-MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. 
The CAS clock must also make a transition from V1H to the 
V1L level at the specified IRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the IRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (IRACI. If the IRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (!RAHi 
specification has been met and defines the IRCD minimum 
specification. The time difference between IRCD minimum and 
IRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAS) period for the RAS clock and the 

minimum (!CASI period for the CAS clock. The RAS clock 
must stay inactive for the minimum (!RPI time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (\N) input must be held at the V1H level from the time 
the CAS clock makes its active transition (tRCSI to the time 
when it transitions into the inactive (tRCHI mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
1W1 clock must go active IV1L level) at or before the CAS clock 
goes active at a minimum twCS time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time ltcwLI and 
the row strobe to write lead time (tRWLI· These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started IW clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at all 1024 column locations on a selected row. Page access 
(!CACI is typically half the regular RAS clock access (!RAC) 
on the Motorola 1M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 10-
bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpcl. The CAS cycle time (tpcl consists of the CAS clock 
active time (!CASI, and CAS clock precharge time (tcpl and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 
cycling through the 512 row address locations every 8 milli­
seconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes (2048) associated with the particular row(s) 
decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsRl. This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 

MEMORY CYCLE 

D00-007 - HIGH Z --t----

counter test is performed with read and write operations. Dur­
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh counter test. 
write cycle. Repeat this operation 512 times. 

4. Read ''1''s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 

REFRESH CYCLE 

VALID OATA·OUT 

Rgure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

x xx 
Motorola Memory Prefix----T_M_,CM ,_ j "-""' 
Part Number . 

1 T Speed (70=70 ns, 80=80 ns, 10= 100 ns) 

Package (L=SIP, S=SIMM) 

Full Part Numbers-MCM81000L70 
MCM81000L80 
MCM81000L10 

MCMBL 1000L70 
MCM8L1000L80 
MCM8L1000L10 

MCM81000S70 
MCM81000S80 
MCM81000S10 

MCMBL 1000S70 
MCMBL 1000580 
MCM8L1000S10 

NOTE: Contact your Motorola representative for further information on the SIP package. 

MOTOROLA MEMORY DATA 

3-61 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. Advance Information 
4M x 8 Bit Dynamic Random 
Access Memory Module 

The MCM84000S is a 32M, dynamic random access memory {DRAM) 
module organized as 4, 194,304 x 8 bits. The module is a 30-lead 
single-in-line memory module {SIMM) consisting of eight MCM514100 
DRAMs housed in 20/26 J-lead small outline packages {SOJ) mounted 
on a substrate along with a 0.22 microfarad {min) decoupling capacitor 
mounted under each DRAM. The MCM514100 is a CMOS high speed, 
dynamic random access memory organized as 4, 194,304 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
• RAS Only Refresh 
• CAS Before RAS Refresh 
• Hidden Refresh 
• 1 024 Cycle Refresh: 

MCM84000 = 16 ms 
MCM8L4000 = 128 ms 

• Consists of Eight 4M x 1 DRAMs and Eight 0.22 µF {Min) Decoupling 
Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time {tRAc): 

MCM84000S-80 = 80 ns {Max) 
MCM84000S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM84000S-80 and MCM8L4000S-80 = 4.4 W {Max) 
MCM84000S-10 and MCM8L4000S-10 = 3.75 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels = 88 mW {Max) 
CMOS Levels {MCM84000) = 45 mW {Max) 

{MCM8L4000) = 18 mW {Max) 
• CAS Control for Eight Common 1/0 Lines 

MCM84000 
MCM8L4000 

$PACKAGE 
SIMM MODULE 

CASE839B 

Vee (1) 
C7iS (2) 
000 (3) 

AO 
!~l A1 

001 (6 
A2 (7) 
A3 !~! Vss 

002 irn A4 
AS irn 003 
AS (14) 
A7 (15) 

004 !1~ AS 
A9 (18) 

A10 (19) 

O~ !~~! 
Vss 122! 
006 23 

NC !24! 
007 25 

NC (26) 
RAS (27) 

NC 12si 
VNC 29 
cc (30) 

0 

DD 
DD 
DD 
DD 
0 

PIN NAMES 

AO-A10 .................... Address Inputs 
DQ0-007 . . . . . . . . . . . . . . . Data Input/Output 
CAS ............... Column Address Strobe 
RAS .................. Row Address Strobe 
W .. .. .. .. .. .. .. .. .. .. . .. Read/Write Input 
Vee ........................ Power (+5 V) 
Vss .............................. Ground 
NC ........................ No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

AO-A10 ---.---.----.------.----.-----------.---.----.---' 
RAS---+--+--e-----+---+-----------+--+--' 
CAS---+--e------+---+-----------+-~ 

WRITE--.... ------+---+----------~ 

AO-A10 

RAS 

CAS 

Q 

Vcc---------e---+----------------' Vss-----------e-------------------' 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1 to+7 v 
Voltage Relative to Vss for Any Pin Except Vee Vin• Vout -1 to+7 v 
Data Out Current per DQ Pin lout 50 mA 

Power Dissipation Po 4.8 w 
Operating Temperature Range TA Oto +70 oc 
Storage Temperature Range Tstg -55to+125 oc 

NOTE: Permanent device damage may occur ti ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 1cc1 
MCM84000-80, tRc = 150 ns -
MCM84000-10, tRc = 180 ns -

Vee Power Supply Current (Standby) (RAS= GAS= V1H) 1cc2 -
Vee Power Supply Current During RAS Only Refresh Cycles lcc3 

MCM84000-80, tRc = 150 ns -
MCM84000-10, tRc = 180 ns -

Vee Power Supply Current During Fast Page Mode Cycle lcc4 
MCM84000-80, tpc = 45 ns -
MCM84000-1 O, tpc = 55 ns -

Vee Power Supply Current (Standby) (RAS= GAS= Vee -0.2 V) MCM84000 Ices -
MCM8L4000 -

Vee Power Supply Current During CAS Before RAS Refresh Cycle Ices 
MCM84000-80, tRc = 150 ns -
MCM84000-10, tRc = 180 ns -

Input Leakage Current (Vss :S: Vin:::: Vee) llkg(I) -80 

Output Leakage Current (CAS at Logic 1, Vss:::: Vin:::: Vee) l1kg(O) -20 

Output High Voltage (IOH = -5 mA) VoH 2.4 

Output Low Voltage (loL = 4.2 mA) VoL -

CAPACITANCE (f = 1.0 MHz, TA= 25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A10, W, GAS, RAS Cin 

Input/Output Capacitance DOO-D07 C110 
NOTES: 

1. All voltages referenced to Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
800 
680 

16 mA 

mA 2 
800 
680 

mA 2 
480 
400 

8 mA 
3.2 

mA 2 
800 
680 

80 µA 

20 µA 

- v 
0.4 v 

Max Unit Notes 

50 pF 3 

15 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured. with a Boonton Meter or effective capacitance calculated from the equation: C = ldt/dV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA= o to 70°C, Unless Otherwise· Noted 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM84000-80 

Parameter Standard Alternate Min Max 

Random Read or Write Cycle Time IRELREL IRC 150 -
Page Mode Cycle Time tcELCEL tpc 50 -
Access Time from RAS IRELQV IRAC - 80 

Access Time from GAS tcELQV tcAC - 20 

Access Time from Column Address IAVQV IAA - 40 

Access Time from Precharge GAS tcEHQV ICPA - 45 

GAS to Output in Low-Z tcELQX tcLZ 0 -
Output Buffer and Turn-Off Delay ICEHQZ to FF 0 20 

Transition Time (Rise and Fall) ty ty 3 50 

RAS Precharge Time IREHREL IRP 60 -
RAS Pulse Width IRELREH IRAS 80 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH IRASP 80 200,000 

RAS Hold Time ICELREH tRSH 20 -
GAS Hold Time IFIELCEH tcsH 80 -
GAS Pulse Width ICELCEH tcAS 20 10,000 

RAS to CAS Delay Time IRELCEL tRCD 20 60 

RAS to Column Address Delay Time IRE LAV IRAD 15 40 

GAS to RAS Precharge Time tcEHREL tcRP 5 -
GAS Precharge Time (Page Mode Cycle Only) ICEHCEL tcp 10 -
Row Address Setup Time IAVREL IASR 0 -
Row Address Hold Time IRELAX IRAH 10 -
Column Address Setup Time IAVCEL IASC 0 -
Column Address Hold Time tcELAX tcAH 15 -
Column Address Hold Time Referenced to RAS IRE LAX IAR 60 -
Column Address to RAS Lead Time IAVREH IRAL 40 -

NOTES: 

MCM84000-10 

Min Max Unit Notes 

180 - ns 5 

60 - ns 

- 100 ns 6, 7 

- 25 ns 6, 8 

- 50 ns 6, 9 

- 55 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 200,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

10 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

2. An initial pause of 200 µs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V1H and V1L (or between V1L and V1Hl in a monotonic manner. 

4. AC measurements IT = 5.0 ns. 
5. The specifications fort Re (min) and IRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C :5 TA :5 70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (-200 µA, +4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

Vol= 0.8 V. 

7. Assumes that IRCD :5 IRCD (max). 
8. Assumes that IRCD;;:: IRCD (max). 
9. Assumes that IRAD ;;:: IRAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11. Operation within the IRCD (max) limit ensures thattRAC (max) can be met. IRCD (max) is specified as a reference point only; if IRCD is greater 
than the specified IRCD (max) limit. then access time is controlled exclusively by tcAC· 

12. Operation within thetRAD (max) limit ensures thattRAC (max) can be met. IRAD (max) is specified as a reference point only; if IRAD is greater 
than the specified IRAD (max), then access time is controlled exclusively by tAA. 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM84000-80 MCM84000·10 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Command Setup Time twHCEL tRCS 0 - 0 - ns 

Read Command Hold Time Referenced to CAS tcEHWX -IRCH 0 - 0 - ns 13 

Read Command Hold Time Referenced to RAS tREHWX tRRH 0 - 0 - ns 13 

Write Command Hold Time Referenced to CAS tcELWH twcH 15 - 20 - ns 

Write Command Hold Time Reference to RAS tRELWH twCR 60 - 75 - ns 

Write Command Pulse Width twLWH twp 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL . 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 25 - ns 

Data in Setup Time tDvCEL tDs 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS tRELDX tDHR 60 - 75 - ns 

Refresh Period MCM84000 tRVRV tRFSH - 16 - 16 ms 
MCM8L4000 ~ 128 - 128 

Write Command Setup Time twLCEL twcs 0 - 0 - ns 15, 16 

GAS Setup Time for CAS Before RAS Refresh tRELCEL tcSR 5 - 10 - ns 

GAS Hold Time for CAS Before RAS Refresh tRELCEH tcHR 15 - 20 - ns 

CAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS Counter Test tcEHCEL tcPT 40 - 50 - ns 

GAS Precharge Time tcEHCEL tcPN 10 - 10 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are reference to CAS leading edge in random write cycles. 

15. Early write only (twcs ~ twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs ~twcs (min), the 

cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 

V IH - ,....,.-,.1.--""""""""°--.,. 
ADDRESSES 

VIL -

EARLY WRITE CYCLE 

- V1H - ---- ;.------IRAS:------- lr-_;.;;---J 
RAS 

ADDRESSES 

DQO-DQ7 ViH - ..-.n.-.,.....,....,..:..,,-,,....,.,..,....,.-,. lr-'----'-.......:-'--.J ll~.,.....,.......,n.-.,,....,,.....,.-..-.,.....,....,...,.-,....,...., 

(DATA IN) V1L - L..lOUL.lLlWL..ll.-'IL.llUL3L>I "------" "'-'L.lL.l~UL.lL.llL.llUL.lLlL.l.l.~loL.l.'-l 
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FAST PAGE MODE READ CYCLE 

- V1H - ---------CAS 

ADDRESSES 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

- V1H - ---------CAS 

ADDRESSES 

DQO-DQ7 V1H - ....,....,....,,.....,...,....,,.....,....,. ir------.i 

(DATA IN) VIL_ L.ll....lL..lL.l<'-l£..lL.lUl~----..11-~ll'll.~>l.Q.....lf'IWl'1'-~>l.Q..-'O"-lo'-l£..lL.lL.ll...l£..l, 
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VJL -

RAS ONLY REFRESH CYCLE 
{Wand A10 are Don't Care) 

- VJH - ---lr--++-----------------.t----..---
GAS 

Ar>-A8 
VJH -

VJL -

DOC>--007 VoH - HIGH-Z 
(DATAOUT) VOL_ ------------ -------------

_ V1H­
RAS 

- VJH­
CAS 

V1L -

CAS BEFORE RAS REFRESH CYCLE 
{Wand AO to A10 are Don't Care) 

1CHA-

DOC>-007 VoH - ___ ___,,,11--------- HIGH-Z -----------
(DATA OUT) VoL _ ----

MOTOROLA MEMORY DATA 
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HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

ADDRESSES 

000-007 V1H - ---+---.... Ir------< ./1r7'70'tit'7'1'7'\7'1Mt'7'1'7'\7'1t"X7'1'\"7 

(DATA IN) VIL - ---.i---J "-------'! \OUL..><..JUL.x.l<-lL.x.J<-lL.x.JUL.x.JUL.x.J~ 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

- V1H----'"" 
RAS 

V1L -

_ V1H­
CAS 

---------IRAS-------~ 

r----IRSH---~ 

tcAs-

ADDRESSES 
V1H - ...,._,...,....,.,..,,...,.....,.....,,...,....,,....,....,....,....,......,. lr-""""'""'""=--,i 1r1<nr.,..-,<'*Th,...,.-.,......""""7 

VIL - LJl.~ILlol~~{.J,l)LliL)J.'.::L.~OI !'--..;.:;:.>"-"""'--" ""-"-'"-"-"-lL->'-"-""-'"-"--"-'._. 

READ CYCLE 

DOO-D07 VoH -
(DATA OUT) Vol _ -----

_ V1H - ....,....,....,,.....,..,,...,.....,.....,.._,...,....,.,...,.-.,.....,n---t+-------tt--t---n-.r1 
w 

WRITE CYCLE 

_ V1H - ......,.....,....,.....,.,.........,....,~..,.....,.....,.....,.....,.....,. 

w 

DOO-D07 V1H - \7'i'J\.7'\71/\7\7\7\:7\,'\71-:7'\:7'\7\T--------i~J\Ai'\71J\.7'\71/\7G'\717\7 
(DATA IN) VIL _ L.ll...lt....._..r...lL.~t..JL.lL.llL.ll..lt..:IWo'1L-------'r'IL..lL.llL.ll..lt....._,.'-lL.lL.lLll.~ 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired for the internal substrate generator pump to establish 
the correct bias voltage. This must be followed by a minimum 
of eight active cycles of the row address strobe (clock) to ini­
tialize all dynamic nodes within the RAM. During an extended 
inactive state (greater than 16 milliseconds with device pow­
ered up), a wake up sequence of eight active cycles is neces­
sary to assure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multi­
plexed at the beginning of a memory cycle by two clocks, row 
address strobe (RAS) and column address strobe (GAS), into 
two separate 11-bit address fields. A total of twenty two ad­
dress bits, eleven rows and eleven columns, will decode one 
of the 4, 194,304 byte locations in the device. RAS active tran­
sition is followed by CAS active transition (active= VIL• IRCD 
minimum) for all read or write cycles. The delay between RAS 
and GAS active transitions, referred to as the multiplex win­
dow, gives a system designer flexibility in setting up the exter­
nal addresses into the RAM. 

The external GAS signal is ignored until an internal RAS 
signal is available. This "gate" feature on the external GAS 
clock enables the internal GAS line as soon as the row ad­
dress hold time (tRAHl specification is met (and defines IRCD 
minimum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad­
dresses and in generating the GAS clock. 

There are three other variations in addressing the 4M 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with two different cycles: "normal" 
random read cycle and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis­
cussed in a separate section. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with the RAS and GAS active transitions latch­
ing the desired bit location. The write (W) input level must be 
high (V1H), IRCS (minimum) before the GAS active transition, 
to enable read mode. 

Both the RAS and GAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac­
cess time of the device is independent of the address multi­
plex window. However, CAS must be active before or at IRCD 
maximum to guarantee valid data out (Q) at IRAC (access 
time from RAS active transition). If the IRCD maximum is ex­
ceeded, read access time is determined by the CAS clock ac­
tive transition (tcAcl· 

The RAS and GAS clocks must remain active for a mini­
mum time of IRAS and tcAS respectively, to complete the 
read cycle. W must remain high throughout the cycle, and for 
time IRRH or IRCH after RAS or CAS inactive transition, re­
spectively, to maintain the data at that bit location. Once RAS 

transitions to inactive, it must remain inactive for a minimum 
time of IRP to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched; as long as the 
GAS clock is active. When the CAS clock transitions to inac­
tive, the output will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed 
here, while the page mode write operation is covered in anoth­
er section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 

(VJLl· Minimum active time IRAS and tcAS· and precharge 
time IRP apply to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before GAS active transition. Data in 
(D) is referenced to GAS in an early write cycle. RAS and GAS 

clocks must stay activefortRWL and tcWL· respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early 
write cycle because W active transition precedes or coincides 
with GAS active transition, keeping data-out buffers disabled. 

PAGE-MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read access time in page mode (ICAC) is typically half the 
regular RAS clock access time, IRAC· Page mode operation 
consists of keeping RAS active while toggling GAS between 
VJH and VJL· The row is latched by RAS active transition, while 
each CAS active transition allows selection of a new-column 
location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing require­
ments for the first cycle are met, GAS transitions to inactive for 
minimum of tcp. while RAS remains low (V1Ll· The second 
GAS active transition while RAS is low initiates the first page 
mode cycle (tpc or IPRWcl· Either a read or write operation 
can be performed in a page mode cycle, subject to the same 
conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page 
mode cycles and performed in any order. The maximum num­
ber of consecutive page mode cycles is limited by IRASP· 
Page mode operation is ended when RAS transitions to inac­
tive, coincident with or following CAS inactive transition. 

REFRESH CYCLES 

The dymanic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Each byte must be periodi­
cally refreshed (recharged) to maintain the correct byte state. 
Bytes in the MCM84000 require refresh every 16 millisec­
onds, while refresh time for the MCM8L4000 is 128 millisec­
onds. 

This is accomplished by cycling through the 1024 row 
addresses in sequence within the specified refresh time. All 
the bytes on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
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A.normal read, write, or read-write operation to the RAM will re­

fresh all the bytes ( 4096) associated with the particular row de­
coded. Three other methods of refresh, RAS-only refresh, CAS 
before RAS refresh, and hidden refresh are available on this de­
vice for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CAS remains high (V1H) 
throughout the cycle. An external counter is employed to ensure all 
rows are refreshed within the specified limit 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bring CAS active before 
RAS. This clock order activates an internal refresh counter that 
generates the row address to be refreshed. External address lines 
are ignored during the automatic refresh cycle. The output buffer 
remains at the same state it was in during the previous cycle (hid­
den refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding GAS active the end of a read or 

DQO-DQ7 - HIGH-Z 

write cycle, while RAS cycles inactive for IRP and back to active, 
starts the hidden refresh. This is essentially the execution of a CAS 
before RAS refresh from a cycle in progress (see Figure 1 ). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested with a 
CAS before RAS refresh counter test. This test is performed 
with a read-write operation. During the test, the internal refresh 

counter generates the row address, while the external address 
supplies the ~olumn address. The entire array is refreshed after 
1024 cycles, as indicated by the check data written in each row. 
See CAS before RAS refresh counter test cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write "1" into the cell by per­
forming CAS before RAS refresh counter test, write cycle. 
Repeat this operation 1024 times. 

4. Read "1 "s (normal read mode), which were written at step 3. 
5. Repeat steps 1 to 4 using complement data. 

GAS BEFORE RAS 
REFRESH CYCLE 

VALID DATA-OUT 

GAS BEFORE RAS 
REFRESH CYCLE 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 84000 or 8L4000 

Motorola Memory Prefix_J I 
Part Number-----------~ 

x xx 

T I ,,.., , ........ ,, . ,., .. , 
'---------- Package (L = SIP, S =SIMM) 

Full Part Numbers - MCM84000L80 MCM84000S80 
MCM84000L 10 MCM84000S10 

MCM8L4000L80 MCM8L4000S80 
MCM8L4000L 1 O MCM8L4000S10 

NOTE: Contact your Motorola Representative for further information on the SIP package. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K x 8 Bit Dynamic Random 
Access Memory Module 

The MCM84256 is a 2M, dynamic random access memory (DRAM) module 
organized as 262, 144 x 8 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of two MCM514256A DRAMs housed in 2J:J/2fj 
J-lead small outline packages ( SOJ) and mounted on a substrate along with a 
0.22 ,,F (min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM514256A is a 1.0,, CMOS high speed, dynamic random access memory 
organized as 262, 144 four-bit words and fabricated with CMOS silicon-gate pro­
cess technology. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• TIL-Compatible Inputs and Outputs 
e RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM84256=8 ms (Max) 
MCM8L4256=64 ms (Max) 

• Consists of Two 256K x 4 DRAMs and Two 0.22 ,,F (Min) Decoupling 
Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM84256-70=70 ns (Max) 
MCM84256-80=80 ns (Max) 
MCM84256-10= 100 ns (Max) 

• Low Active Power Dissipation: 
MCM84256-70=0.9 W (Max) 
MCM84256-80=0.8 W (Max) 
MCM84256-10=0.7 W (Max) 

• Low Standby Power Dissipation: 
TIL Levels=22 mW (Max) 
CMOS Levels (MCM84256) = 11 mW (Max) 

(MCM8L4256) =2.2 mW (Maxi 
• CAS Control for Eight Common 1/0 Lines 
• Available in Edge Connector 

MCM84256 
MCM8L4256 

S PACKAGE 
SIMM MODULE 

CASE839A 

30-PIN 
SINGLE IN-LINE PACKAGE 

(TOP VIEW, MCM84256S/8L4256Sl 

Vee 111 
CAS 121 
DOD 131 

AD 141 
Al 151 

DQ1 161 
A2 t7l 
A3 181 

Vss 191 
DQ2 1101 

A4 (111 
A5 1121 

D03 (131 
A6 1141 
A7 (151 

DQ4 1161 
AB 1171 
NC 1181 
NC 1191 

DQ5 12DI 
w 1211 

Vss 1221 
DQ6 (231 

NC (241 
DQ7 (251 

NC (261 
RAS (27) 

NC (281 
NC (291 

Vee t3DI 

0 
D 

D 
D 

D 
0 

PIN NAMES 

AO-AS ............... Address Inputs 
000-007 .•......... Data Input/Output 
CAS . . . . . . . . . . . Column Address Strobe 
RAS ............. Row Address Strobe 
W ................. Read/Write Input 
Vee ................ Power(+5VI 
Vss .................... Ground 
NC . . . . . . . . . . . . . . . . . No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

0114-007 

iW 
CAS 

w 
AO-AB 

Vee 
Vss 

ABSOLUTE MAXIMUM RATINGS (See Note! 

Rating Symbol 

Power Supply Voltage Vee 

Voltage Relative to Vss for Any Pin Except Vee Vin• Vout 
Data Out Current per DQ Pin lout 
Power Dissipation Po 

Operating Temperature Range TA 

Storage Temperature Range Tl!!&.. 

Value 

-1 to +7 

-1 to +7 

50 

2 
Oto +70 

-55 to + 125 

AD-AB 

iW 
en 

OQ4-0Q7 

AO-AB 

m 
en 

Unit 

v 
v 

mA 

w 
•c 
•c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extanded 
periods of tima could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, AH Inputs V1H 2.4 -
Logic Low Voltage, AH Inputs V1L -1.0 -· 

DC CHARACTERISTICS 

Characteristic Symbol Min 

V CC Power Supply Current 1cc1 
MCM84251HO, tRC = 130 ns -
MCM84256-80, tRC = 150 ns -
MCM84256-10, tRC = 180 ns -

Vee Power Supply Current (Standby) (RAS=CAS=V1Hl •cC2 -
V CC Power Supply Current During RAS only Refresh Cycles lcC3 

MCM84256-70, IRC = 130 ns -
MCM84256-80, tRc= 150 ns -
MCM84256-10, tRc=180 ns -

V CC Power Supply Current During Fast P- Mode Cycle icC4 
MCM84256-70, tpc=40 ns -
MCMB4256-80, tpc=45 ns -
MCM84256-10, tpc = 55 ns -

Vee Power Supply Current (Standby) (RAS=CAS=Vcc-0.2 Vl MCM84256 icc5 -
MCMBL42!i6 -

V cc Power Supply Current During CAS Befora RAS Refresh Cycle Ice& 
MCM84256-70, tRC = 130 ns -
MCMB4256-80, tRc=150 ns -
MCM84256-10, tRC = 180 ns -

Input Leakage Current <VsssVinsVcc> 111\olll -20 

Output Leakage Current (CAS at Logic 1, VsssVou1sVcc> llkg(Ol -10 

Output High Voltage UoH = - 5 mAl VoH 2.4 

Output Low Voltage UoL = 4.2 mAl VOL -

CAPACITANCE (f = 1.0 MHz, TA =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-AB, w, 'CAS, RAS Cin 
Input/Output Capacitance DQO-DQ7 C110 

NOTES: 
1. All voltages referenced to Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
160 
140 
120 

4 mA 
mA 2 

160 
140 
120 

mA 2 
120 
100 
80 

2 mA 
400 p.A 

mA 2 
160 
140 
120 

20 p.A 

10 p.A 

- v 
0.4 v 

Max Unit Notes 

20 pF 3 

15 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is .._.red at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=l4t/4V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
<Vee= 5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES !See Notes 1, 2, 3, and 4) 

Parameter 
Symbol MCM84256-70 MCM84256-80 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IRELREL tRC 130 - 150 -

Page Mode Cycle Time ICELCEL tpc 40 - 45 -

Access Time from RAS tRELQV IRAC - 70 - 80 

Access Time from CAS tCELQV tcAC - 20 - 20 
i----- . 

35 40 Access Time from Column Address IAVQV tAA - -

Access Time from Precharge CAS tcEHQV !CPA - 35 - 40 

CAS to Output in Low-Z tcELQX ICLZ 0 - 0 -
Output Buffer and T~rn-Off Delay tcEHQZ to FF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time IREHREL IRP 50 - 60 -
RAS Pulse Width tRELREH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH IRASP 70 100,000 80 100,000 

RAS Hold Time ICELREH IRSH 20 - 20 -
CAS Hold Time IRELCEH tcsH 70 - 80 -

CAS Pulse Width ICE LC EH ICAS 20 10,000 20 10,000 

RAS to CAS Delay Time IRELCEL IRCD 20 50 20 60 

RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 

CAS to RAS Precharge Time tcEHREL ICAP 5 - 5 -

CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 10 10 -
Row Address Setup Time tAVREL tASR 0 - 0 -

Row Address Hold Time !RELAX IRAH 10 - 10 -
Column Address Setup Time IAVCEL IASC 0 - 0 -

Column Address Hold Time ICE LAX ICAH 15 - 15 -
Column Address Hold Time Referenced to RAS IRE LAX IAR 55 - 60 -

Column Address to RAS Lead Time IAVREH tRAL 35 - 40 -

NOTES: 

MCM84256-10 
Unit Notes 

Min Max 

180 - ns 5 

55 - ns 

- 100 ns 6, 7 

- 25 ns 6, B 

- 50 ns 6, 9 

- 50 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

10 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 

transition between V1H and Vil (or between V1L and V1Hl in a monotonic manner. 
4. AC measurements tr= 5.0 ns. 
5. The specifications for tRC (min) and tRWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTAs70°CJ is assured. 
6. Measured with a current load equivalent to 2 TTL (-200 µA, +4 mAJ loads and 100 pF with the data output trip points set at 

VoH =2.0 V and VOL =0.8 V. 
7. Assumes that IRCD"'tRCD (max). 
8. Assumes that lRCD<!:IRCD (max). 
9. Assumes that IRAD<!:lRAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRcD is 

greater than the specified tRCO (max) limit, then access time is controlled exclusively by tCAC· 
12. Operation within the tRAO (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 

greater than the specified tRAO (max), then access time is controlled exclusively by tAA· 
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READ AND WRITE CYCLES !Continued) 

Symbol MCM8421i6-70 MCM8421i6-80 MC8421i6-10 
Parameter Unit Not as 

Stendard Alternate Min Max Min Max Min Max 

Read Command Setup Time twHCEL IRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 - 0 - 0 - ns 13 

Read· Command Hold Time Referenced to RAS IREHWX IRRH 0 - 0 - 0 - ns 13 

Write Command Hold Time Referenced to CAS tceLWH twCH 15 - 15 - 20 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 55 - 60 - 75 - ns 

Write Command Pulse Width twLWH twP 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH IRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tDVCEL tDs 0 - 0 - 0 - ns 14, 15 

Data in Hold Time tceLOX toH 15 - 15 - 20 - ns 14, 15 

Date in Hold Time Referenced to RAS IRELOX IOHR 55 - 60 - 75 - ns 

Refresh Period MCM84256 IRVRV IRFSH - 8 - 8 - 8 ms 
MCM8L4256 - 64 - 64 - 64 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

CAS Setup Time for CAS Before RAS Refresh IRELCEL tcsR 10 - 10 - 10 - ns 

CAS Hold Time for CAS Before RAS Refresh IRELCEH ICHR 30 - 30 - 30 - ns 

CAS Precharge to CAS Active Time IREHCEL IRPC 0 - 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS tcEHCEL tcPT 40 - 40 - 50 - ns 
Counter Test 

CAS Precharge Time tcEHCEL ICPN 10 - 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only <twcs"'twCS (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twCS"'twCS lminl, 

the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indetenninate. 

READ CYCLE 

V1tt-
RAS 

V1L -

V1H-
m 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
w 

V1L -

IRAC 
Vott-

DOO-D07 !DATA OUTI HIGH Z VALID DATA 
VoL -
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EARLY WRITE CYCLE 

-----------IRAS---------

l+----1RCD----------IRSH 

ADDRESSES 

V1H - ,-,.-.,.-..,.......,;-..,.....,.......,......,..""" i.--1-----+-

W 

V1H-
RAS 

V1L -

V1H-
GAS 

V1L -

V1H -
AOORESSES 

V1t -

VoH -
000-007 IOATA OUTI 

Vol -

FAST PAGE MODE READ CYCLE 

MOTOROLA MEMORY DATA 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

14----------- IRASP-----------..t 

ADDRESSES 

VJH _..,....,......,.......,......,.......,.-,. _,i,,..-,.-----::oi-
D00-007 !DATA INJ 

VJL --.-.~.-,.--• -,._ ___ ......:r 

V1H-
RAS 

CAS 
VJL -

V1H-
AD TO AB 

VJL-

VoH-
DOD-007 !DATA DUTJ 

Vol -

RAS ONLY REFRESH CYCLE 
(W and AB are Don't Cara) 

--------------- HIGH Z ----------------

MOTOROLA MEMORY DATA 
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CAS 

CAS BEFORE RAS REFRESH CYCLE 
!W and AO to AB are Don't Care) 

'CSR --+->-t~ 
1CPN ICHR --1 

V1l - '------------"! 
'OFF 

V;H-~ jl 
000-007 IOATA OUTI VoH -----------HIGH z -------------

Vol-· 

V1H-
RAS 

V1t -

V1H -

CAS 
Vil -

ADDRESSES 

VoH -
000-007 !DATA OUT! 

Vol -

HIDDEN REFRESH CYCLE (READ) 

-----'RAS---_., 
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HIDDEN REFRESH CYCLE (WRITE) 

------lRAS----1~ 

V1H-

RAS 
V1L -

V1H-
CAS 

V1L -

V1H-
ADDRESSES 

V1L -

V1H-
w 

V1L -

V1H-

DDO-DQ7 (DATA INI 
V1t -

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H----.....,il.. .... 1-----------lRAS----------.t 

V1H-
CAS 

V1L -

V1H-
ADDRESSES 

V1t -

READ CYCLE 

VDH-
DOD-007 (DATA OUTI 

Vat -

V1H-
w 

V1t -

WRITE CYCLE 

Vol -

V1t-'--'.._.'-''-"--"'-"-" ........ ..-_.__.__.._....,.-+--+-+------. ..... _.. ...... _._._.... __ ~~--~.-

r-:os •oH --j 
V1H-wvwwvvww 

OQD-007 (DATA IN) Vit - JVVVYVYYVYYYV\: VALID OATA)<XXXXXXXXXXX> 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe {clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device {greater than 4 milliseconds 
with device powered up), the wake up sequence {8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks {active negative) 
called the row address strobe {RAS) and the column address 
strobe {CAS). A total of eighteen address bits will decode one 
of the 262, 144 byte locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRCD," which is the row to column 
strobe delay. This time interval is also referred to as the mul­
tiplex window which gives flexibility to a system designer to 
set up the external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, other variations in addressing 
the module: the refresh modes {RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows thll user to column access the 512 bits 
within a selected row. The refresh mode and page mode op­
erations are described in more detail in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. 
The CAS clock must also make a transition from V1H to the 
V1L level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access {data valid) from the RAS clock edge to be 
guaranteed {tRACl. If the tRCD maximum condition is not 
met, the access {tCAcl from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time {tRAHl 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum {tRAS) period for the RAS clock and the 
minimum {tCASl period for the CAS clock. The RAS clock 
must stay inactive for the minimum {tRPl time. The former is 

for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the V1H level from the time 
the CAS clock makes its active transition {tRCS) to the time 
when it transitions into the inactive {tRCHl mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
{W) clock must go active {VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time {tcwLl and 
the row strobe to write lead time {tRWLI. These define the 
minimum time that RAS and 00 clocks need to be active 
after the write operation has started {W clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at all 512 column locations on a selected row. Page access 
{tCAcl is typically half the regular RAS clock access {tRACl 
on the Motorola 1M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 9-bit 
column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
ltpcl. The CAS cycle time {tpcl consists of the CAS clock 
active time {tCAsl, and CAS clock precharge time {tcpl and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 
cycling through the 512 row address locations every 8 milli­
seconds {i.e., at least one row every .15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes associated with the particular row(s) decoded. 

RAS-Only Refr~h 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the ~ clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsRl. This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 

DnD-DQ7 - HIGH Z -+----< 

counter test is performed with read and write operations. Dur­
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh .counter test, 
write cycle. Repeat this operation 512 times. 

4. Read ''1''s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 

REFRESH CYCLE 

VALID DATA·DUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix----T__.cM -r-
Part Number . 

Full Part Numbers- MCM84256S70 
MCM84256S80 
MCM84256S10 

x xx 1 T Speed (70=70 ns, 80=80 ns, 10=100 ns) 

Package (S =SIMM) 

MCM8L4256S70 
MCM8L4256S80 
MCM8L4256S10 
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• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M x 9 Bit Dynamic Random 
Access Memory Module 

The MCM91000L and MCM91000S are 9M, dynamic random access memory 
(DRAM) modules organized as 1,048,576 x 9 bits. The modules are 30-lead single­
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist­
ing of nine MCM511000A DRAMs housed in a 20/26 J-lead small outline pack­
age (SOJ) and mounted on a substrate along with a 0.22 l'F (min) decoupling 
capacitor mounted under each DRAM. The MCM511000A is a 1.01' CMOS high 
speed, dynamic random access memory organized as 1,048,576 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 
e Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Outputs 
e RAS Only Refresh 
e CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle Refresh: 

MCM91000=8 ms (Max) 
MCM9L1000=64 ms (Max) 

• Consists of Nine 1 M DRAMs and Nine 0.22 l'F (Min) Decoupling Capacitors 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAcl: 

MCM91000-70=70 ns (Max) 
MCM91000-80=80 ns (Max) 
MCM91000-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM91000-70=4.0 W (Max) 
MCM91000-80=3.5 W (Max) 
MCM91000-10=3.0 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels=99 mW (Max) 
CMOS Levels (MCM91000)=50 mW (Max) 

(MCM9L1000) = 10 mW (Max) 
• CAS Control for Eight Common I I 0 Lines 
• CAS Control for Separate 1/0 Pair 
• Available in Edge Connector (MCM91000S) or Pin Connector (MCM91000L) 
• Available in Gold Pad Edge Connector (MCM91000SG) 

MCM91000S OR MCM9L1000S (SIMM) 

MCM91000 
MCM9L1000 

S PACKAGE 
SIMM MODULE 

CASE 839 

30-PIN 
SINGLE IN-LINE PACKAGE 

(TOP VIEW, MCM91000S/9L1000S) 

~ 
CA8 
DOD 

AO 
Al 

DOT 
A2 
A3 

Vgg 
D02 

A4 
A5 

003 
A6 
A7 

D04 
AB 
A9 
NC 

D05 
w 

Vss 
D06 

NC 
D07 

OB 
RAS 

CASB 
DB 

Vee 

0 

0 

PIN NAMES 

AO-A9 . . . . . . . . . . . . . . . Address Inputs 
DOO-D07 ........... Data Input/Output 
DB .................... Data Input 
08 . . . . . . . . . . . . . . . . . . . Data Output 
CAS ........... Column Address Strobe 
RAS ............. Row Address Strobe 
W ................. Read/Write Input 
CASS . . . . . . . . . . . Column Address Strobe 
Vee ................ Power(+5V) 
Vss .................... Ground 
NC ...•............. No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

ooo~l---~~~_;-o--n~J 
~ AO-A9 

.-I ~HAI 
r+-1 t-- CA! 

rt-t-1 t--W 

001 _19--+-t-+-t 

OQ2 _l __ -t-1 

OQ3 ___.l._.-+-+-1 

AO-A9 

+­
t-+-

8H 
"7- 0 

~AO-A9 
t--m 

t--m 

004 _l ____ ---10 

~AO-A9 
r-1 f-'-i m 

r+-1 ~&AS 

rt-H ~w 

OQS _le-+-+-+-1 

006 _1 __ -t-1 
1-:--10 
L.l\j AD-A9 

+- ~m 
H- ~m 

H-+- ~w 

HH 
---.--r-...----i.----r--------.-.--r-1 

08 ---1--+-~ f-:- 0 QI-- Q8 

RAS---+-------+--------1-.. 1-:j AO-AB 

m m 
nsa m 
Wlll'f£ w 

vcc-------+----------'H H 
Vu----------------------~ 
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ABSOLUTE MAXIMUM RATINGS !See Notel 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1 to +7 v 
Voltage Relative to Vss for Any Pin Except Vee V;n, Vout -1 to + 7 v 
Data Out Current per DO Pin lout 50 mA 

Power Dissipation Po 5.4 w 
Operating Temperature Range TA 0 to + 70 oc 

Storage Temperature Range T s.!ll._ -55 to + 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higherthan recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Logic High Voltage, All Inputs V1H 2.4 - 6.5 v 1 

Logic Low Voltage, All Inputs V1L -1.0 - 0.8 v 1 

DC CHARACTERISTICS 

Characteristic Symbol Min Max Unit Notes 

Vee Power Supply Current 1cc1 mA 2 

MCM91000-70, tRC = 130 ns - 720 
MCM91()()().8(), tRc= 150 ns - 630 
MCM91000-10, tRC = 180 ns - 540 

Vee Power Supply Current (Standby) !RAS=CAS=V1Hl 1cc2 - 18 mA 

Vee Power Supply Current During RAS only Refresh Cycles 1cc3 mA 2 

MCM91000-70, tRc= 130 ns - 720 
MCM91000-80, tRC = 150 ns - 630 
MCM91000-10, tRC = 180 ns - 540 

Vee Power Supply Current During Fast Page Mode Cycle lcC4 mA 2 
MCM91000-70, tpc =40 ns - 540 
MCM91000-80, tpc =46 ns - 450 
MCM91000-10, tpc = 56 ns - 360 

Vee Power Supply Current !Standby) !RAS=CAS=Vcc-0.2 VJ MCM91000 Ices - 9 mA 
MCM9L1000 - 1.8 

Vee Power Supply Current During CAS Before RAS Refresh Cycle ices mA 2 
MCM91000-70, tRC = 130 ns - 720 
MCM91000-80, tRC = 150 ns - 630 
MCM91000-10, tRc=180 ns - 540 

Input Leakage Current (Vss"Vin"Vccl l11<gjl) -90 90 p.A 

Output Leakage Current !CAS at Logic 1, Vss:5Vout:5Vccl llkg(Ol -20 20 µA 

Output High Voltage lloH = -5 mA) VoH 2.4 - v 
Output Low Voltage !loL =4.2 mAJ VoL - 0.4 v 

CAPACITANCE If= 1.0 MHz, TA =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Max Unit Notes 

Input Capacitance A0-A9, W, CAS, RAS Cin 60 pF 3 

D8,CAS8 7 pF 3 

Input/Output Capacitance DQ0-007 C110 15 pF 3 

Output Capacitance (CAS = V1H to Disable Output) 08 Gout 10 pF 3 

NOTES: 
1. All voltages referenced to V SS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =I.At/ AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM91000-70 MCM91000-80 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IRELREL IRC 130 - 150 -

Page Mode Cycle Time tcELCEL tpc 40 - 45 -

Access Time from RAS lRELOV lRAC - 70 - 80 

Access Time from Ct\§ tcELOV tcAC - 20 - 20 

Access Time from Column Address IAVOV IAA - 35 - 40 

Access Time from Precharge GAS 1CEHOV tcPA - 35 - 40 

CAS to Output in Low-Z tcELQX tcLZ 0 - 0 -
Output Buffer and Turn-Off Delay tcEHOZ to FF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time lREHREL IRP 50 - 60 -

RAS Pulse Width IRE LR EH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Fast Page Mode) IRELREH !RASP 70 100,000 80 100,000 

RAS Hold Time ICELREH IRSH 20 - 25 -
CAS Hold Time IRELCEH tcsH 70 - 80 -
CAS Pulse Width tcELCEH tcAS 20 10,000 20 10,000 

RAS to GAS Delay Time IRELCEL IRCD 20 50 20 60 

RAS to Column Address Delay Time lRELAV IRAD 15 35 15 40 

CAS to RAS Precharge Time lCEHREL tcRP 5 - 5 -
CAS Precharge Time (Page Mode Cycle Only) tcEHCEL tcp 10 - 10 -
Row Address Setup Time lAVREL IASR 0 - 0 -
Row Address Hold Time IRELAX IRAH 10 - 10 -
Column Address Setup Time IAVCEL IASC 0 - 0 -
Column Address Hold Time tCELAX ICAH 15 - 15 -

Column Address Hold Time Referenced to RAS IRELAX IAR 55 - 60 -
Column Address to RAS Lead Time IAVREH IRAL 35 - 40 -

NOTES: 

MCM91000-10 
Unit Notes 

Min Max 

180 - ns 5 

55 - ns 

- 100 ns 6, 7 

- 25 ns 6,8 

- 50 ns 6,9 

- 50 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

5 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µ,sis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specmcation, all input signals must 

transition between V1H and V1L (or between Vil and V1HI in a monotonic manner. 
4. AC measurements tr= 5.0 ns. 
5. The specifications for 1RC (min) and 1RWC (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (0°CsTA:S70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL ( -200 µA, +4 mA) loads and 100 pF with the data output trip points set at 

VoH=2.0 v and VoL =0.8 v. 
7. Assumes that tRCD"'tRCD (max). 
8. Assumes that tRCD 2'tRCD (maxi. 
9. Assumes that tRAD2'1RAD (max). 

10. tQff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
11. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if IRCD is 

greater than the specified tRCD (maxi limit, then access time is controlled exclusively by tcAC· 
12. Operation within the IRAD (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only; if tRAD is 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM91000-70 MCM91000-80 MC91000-10 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Command Setup Time twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to ~ tCEHWX tRCH 0 - 0 - 0 - ns 13 

Read Command Hold Time Referenced to RAS tREHWX tRRH 0 - 0 - 0 - ns 13 

Write Command Hold Time Referenced to ~ tcELWH twCH 15 - 15 - 20 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 55 - 60 - 75 - ns 

Write Command Pulse Width twLWH twp 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tDVCEL tDs 0 - 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period MCM91000 tRVRV tRfSH - 8 - 8 - 8 ms 
MCM9L1000 - 64 - 64 - 64 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

CAS Setup Time for <:AS Before RAS Refresh tRELCEL tcSR 10 - 10 - 10 - ns 

CAS Hold Time for CAS Before RAS Refresh tRELCEH tcHR 30 - 30 - 30 - ns 

CAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS tCEHCEL tCPT 40 - 40 - 50 - ns 
Counter Test 

~ Precharge Time tcEHCEL tcPN 10 - 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only <twcs"=twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; tt twcs"=twcs (min), 

the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 

READ CYCLE 

V1H-
RAS 

V1l -

VIH-
CAS 

V1L -

ADDRESSES 

V1l -

V1H-
w 

Vil -

VoH-
tRAC 

DOO-D07 (DATA OUT) HIGH Z VALID DATA 
Vol -

MOTOROLA MEMORY DATA 
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EARLY WRITE CYCLE 

ADDRESSES 

V1H - ,....,.......,.-.,.....-.1-....-.....-..,......,......,.. 1-4--+---+-
'ii 

V1H-
RAS 

V1L -

CAS 
V1L -

ADDRESSES 

VDH -
D00-007 !DATA OUTJ 

VoL -

•oo~ 
VALID DATA 

FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITEJ 

ADDRESSES 

V1H-----...--.-.. _..,....-----::"-. 
DOO-D07 (DATA IN) 

Vil_...._...._...._..._...._..._,, ,._ ___ _.Ir 

V1H-
RAS 

CAS 
Vil -

V1H -
AO TO AB 

V)l -

VoH-
DOO-D07 (DATA OUT) 

Vol -

RAS ONLY REFRESH CYCLE 
(\iii and A9 are Don't Carel 

--------------- HIGH Z ----------------

MOTOROLA MEMORY DATA 
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Vott--------.L 

CAS BEFORE RAS REFRESH CYCLE 
IW and AO to A9 are Don't Carel 

DOD-D07 (DATA DUTJ l>------------HIGH z-------------Vm _______ ..., 

VfH-

RAS 
V1L -

Vitt-

CAS 
V1L -

ADDRESSES 

VDH­
DOD-D07 !DATA DUTJ 

HIDDEN REFRESH CYCLE (READ) 

-----tRAS------

MOTOROLA MEMORY DATA 
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HIDDEN REFRESH CYCLE (WRITE) 

------IRAS--____,~ 

V1H-
RAS 

V\l -

V1H-
m 

V\l -

V1H-
ADDRESSES 

V\l -

V\H -
w 

v,l -

V1H-

DOD-D07 \DATA \NI 
Vil -

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H-
CAS 

V1l -

V1H-
ADDRESSES 

Vil -

READ CYCLE 

VoH-
D00-007 !DATA OUT) 

Vol -

V1H-
w 

Vil -

WRITE CYCLE 

Vol -

V\l-'~....._.,__,._.,__,...._.._.._._.._.._..__....-"!"'-+~--t-t-~~~-",__.._._.._.._........,._... ____ ...._ ..... __ 

t-~DS 

VALID DATA J<XXXXXXXXXXX> 
MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to .the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 byte locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD.'' which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however. two other variations in 
addressing the 1M RAM module, one is called the RAS only 
refresh cycle (described later) where a 9-bit row address field 
is presented on the input pins and latched by the RAS clock. 
The most significant bit on Row Address A9 is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access all 1024 bytes within a se­
lected row. (See PAGE-MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V1H to the V1L level. 
The CAS clock must also make a transition from V1H to the 
V1L level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tRCD maximum condition is not 
met, the access (tCAcl from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the· CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAHl 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRASl period for the RAS clock and the 
minimum (tCAS) period for the CAS clock. The RAS clock 

must stay inactive for the minimum (tRPl time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write tW> input must be held at the V1H level from the time 
the CAS clock makes its active transition (tRcs> to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
tW> clock must go active tv1L level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcwLl and 
the row strobe to write lead time (tRWLl· These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started tW clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at all 1024 column locations on a selected row. Page access 
(tCAc> is typically half the regular RAS clock access (!RAC) 
on the Motorola 1 M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 1 O­
bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpcl. The CAS cycle time (tpcl consists of the CAS clock 
active time (tCAs>. and CAS clock precharge time (tcp) and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 
cycling through the 512 row address locations every 8 milli­
seconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes (2048) associated with. the particular row(sl 
decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V1H level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 
high and after a specified precharge period (tRpl, executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 

MEMORY CYCLE 

counter test is performed with read and write operations. Dur­
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read 'T's (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 

REFRESH CYCLE 

000-007 - HIGH Z +---< VALID DATA·OUT 

Figura 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

x xx 

Motorola Me·m-_o_rv_P_ret_i_x _____ T_c_M __ 
9

_

1

_

000_r-
Part Number - . 

T L_ Speed (70=70 ns, 80=80 ns, 10=100 ns) 

L_Package (L=SIP, S=SIMM, 

Full Part Numbers-MCM91000L70 
MCM91000LBO 
MCM91000L10 

MCM9L1000L70 
MCM9L 1000LBO 
MCM9L1000L10 

MCM91000S70 
MCM91000S80 
MCM91000S10 

MCM9L 1000S70 
MCM9L 1000S80 
MCM9L1000S10 

SG =Gold Pad SIMM) 

MCM91000SG70 
MCM91000SG80 
MCM91000SG10 

MCM9L 1000SG70 
MCM9L 1000SG80 
MCM9L 1000SG10 

NOTE: Contact your Motorola representative for further information on the SIP and Gold Pad SIMM packages. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
4M x 9 Bit Dynamic Random 
Access Memory Module 

The MCM94000S is a 36M, dynamic random aocess memory (DRAM) 
module organized as 4, 194,304 x 9 bits. The module is a 30-lead 
single-in-line memory module (SIMM) consisting of nine MCM514100 
DRAMs housed in 20/26 J-lead small outline packages (SOJ) mounted 
on a substrate along with a 0.22 microfarad (min) decoupling capacitor 
mounted under each DRAM. The MCM514100 is a CMOS high speed, 
dynamic random aocess memory organized as 4, 194,304 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common 1/0 Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 
MCM94000 = 16 ms 
MCM9L4000 = 128 ms 

• Consists of Nine 4M x 1 DRAMs and Nine 0.22 µF (Min) Decoupling 

Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc): 
MCM94000S-80 = 80 ns (Max) 
MCM94000S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM94000S-80 and MCM9L4000S-80 = 4.95 W (Max) 
MCM94000S-10 and MCM9L4000S-10 = 4.21 W (Max) 

• Low Standby Power Dissipation: 
TIL Levels = 99 mW (Max) 
CMOS Levels (MCM94000) = 50 mW (Max) 

(MCM9L4000) = 20 mW (Max) 

• CAS Control for Eight Common 1/0 Lines 

• CAS Control for Separate 1/0 Pair 

MCM94000 
MCM9L4000 

SPACKAGE 
SIMM MODULE 

CASE839B 

Vee (1) 
CAS (2) 
DQO (3) 

~~ l~! 
DQ1 (6l 

A2 (7) 

v"ts l~! 
D~~ mi 
D~ !1~! 

A6 (14l 
A7 (15) 

D~ 11~! 
A9 (18) 

~ !(~~l) 
Vss 22 
DQ6 23 

NC !24) 
007 25) 
_Q§_ (26) 

~ (f2278)! CAoo 
DB 29 

Vee i30) 

PIN NAMES 

AO-A 1 0 .. .. .. .. .. .. .. .. .. .. Address Inputs 
DQO-DQ7 ................ Data Input/Output 
DB . . . . . . . . . . . . . . .. . . . . .. . . . .. . . Data Input 
9§_ ........................... Data Output 
CAS . . . . . . . . . . . . . . . Column Address Strobe 
RAS .. .. .. . .. .. .. .. .. . Row Address Strobe 
W . . . . . . . . . . . .. . . . . . . .. . . Read/Write Input 
CASS .............. Column Address Strobe 
Vee ......................... Power (+5 V) 
Vss .............................. Ground 
NC .. .. .. . .. .. .. .. .. .. .. .. . No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

AO-A10 __ ..._.__,__, .__~.___._ ________ _,__._...___, 

liAS--,_.,.,_..,__ __ -+--+----------<>--<f--41 

CAS"--+-.._----+---1---------+-' 
CASB--+------+---l---------1-------1~ 

WRITE--.------+---l----------..._-----1 

Vcc-------..... --1--------------..J 
v~--------------------------~ 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1to+7 v 
Voltage Relative to V ss for Any Pin Except V cc Vin· Vout -1to+7 v 
Data Out Current per DO Pin lout 50 mA 

Power Dissipation Po 5.4 w 
Operating Temperature Range TA Oto+ 70 oc 
Storage Temperature Range Tstg -55to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA= o to 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min TYP 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs V1H 2.4 -
Logic Low Voltage, All Inputs V1L -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

V cc Power Supply Current lcc1 
MCM94000-80, IRC = 150 ns -
MCM94000-10, tRc = 180 ns -

Vee Power Supply Current (Standby) (RAS= CAS = V1Hl 1cc2 -
Vee Power Supply Current During RAS only Reiresh Cycles lcc3 

MCM94000·80, tRC = 150 ns -
MCM94000-10, tRc = 180 ns -

Vee Power Supply Current During Fast Page Mode Cycle ICC4 
MCM94000-80, tpc = 45 ns -
MCM94000·10, tpc = 55 ns -

Vee Power Supply Current (Standby) (RAS= CAS =Vee - 0.2 V) MCM94000 Ices -
MCM9L4000 -

Vee Power Supply Current During CAS Before RAS Refresh Cycle ices 
MCM94000·80, 'Re = 150 ns -
MCM94000·10, IRC = 180 ns -

Input Leakage Current (Vss :'>Vin$ Vccl l1kg(I) -90 

Output Leakage Current (CAS at Logic 1, Vss :'>Vin:'> Vccl l1kg(O) -20 

Output High Voltage (loH = -5 mA) VoH 2.4 

Output Low Voltage (loL = 4.2 mA) Vol -

CAPACITANCE (f = 1.0 MHz, TA= 25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO-A10, W, CAS, RAS Cin 

DB, CASS 

lnpuVOutput Capacitance DOO-D07 C110 

Output Capacitance (CAS = V1H to Disable Output) 08 Cout 
NOTES: 

1. All voltages referenced to Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
900 
765 

18 mA 

mA 2 
900 
765 

mA 2 
540 
450 

9 mA 
3.6 

mA 2 
900 
765 

90 µA 

20 µA 

- v 
0.4 v 

Max Unit Notes 

60 pF 3 

7 pF 3 

15 pF 3 

10 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IL\VL\V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to ?0°e, Unless Otherwise Noted 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM94000-80 

Parameter Standard Alternate Min Max 

Random Read or Write Cycle Time tRELREL lRC 150 -
Page Mode Cycle Time lCELCEL tpc 50 -

Access Time from RAS lRELQV lRAC - 80 
--

Access Time from GAS tcELQV tcAC - 20 

Access Time from Column Address lAVQV lAA - 40 

Access Time from Precharge GAS tcEHQV tcPA - 45 

GAS to Output in Low-Z lCELQX tcu 0 -
Output Buffer and Turn-Off Delay lCEHOZ to FF 0 20 

Transition Time (Rise and Fall) IT IT 3 50 

RAS Precharge Time tREHREL lRP 60 -
RAS Pulse Width IRELREH IRAS 80 10,000 

RAS Pulse Width (Fast Page Mode) lRELREH lRASP 80 200,000 

RAS Hold Time 1CELREH lRSH 20 -

GAS Hold Time tRELCEH tcsH 80 -

GAS Pulse Width tcELCEH tcAS 20 10,000 

RAS to GAS Delay Time tRELCEL tRCD 20 60 

RAS to Column Address Delay Time lRELAV tRAD 15 40 

GAS to RAS Precharge Time tcEHREL tcRP 5 -

GAS Precharge Time (Page Mode Cycle Only) tcEHCEL tcp 10 -

Row Address Setup Time lAVREL lASR 0 -
Row Address Hold Time tRELAX lRAH 10 -
Column Address Setup Time tAVCEL tASC 0 -
Column Address Hold Time tcELAX tcAH 15 -

Column Address Hold Time Referenced to RAS tRELAX tAR 60 -
Column Address to RAS Lead Time tAVREH tRAL 40 -

NOTES: 

MCM94000-10 

Min Max Unit Notes 

180 - ns 5 

60 - ns 

- 100 ns 6, 7 

- 25 ns 6, 8 

- 50 ns 6, 9 

- 55 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 200,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

10 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

2. An initial pause of 200 µs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V1H and V1L (or between V1L and V1H) in a monotonic manner. 

4. AC measurements tT = 5.0 ns. 
5. The specifications for lRC (min) and lRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C s TA s 70°C) is assured. 
6. Measured with a current load equivalent to 2 TIL (-200 µA, +4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

VoL = 0.8 V. 
7. Assumes that lRCD s lRCD (max). 
8. Assumes that tRCD ~ lRCD (max). 
9. Assumes that lRAD ~ lRAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11. Operation within thetRCD (max) limit ensures that lRAC (max) can be met. lRCD (max) is specified as a reference point only; if tRcD is greater 
than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC· 

12. Operation with in the tRAD (max) limit ensures thattRAC (max) can be met. tRAD (max) is specified as a reference point only; if lRAD is greater 
than the specified tRAD (max), then access time is controlled by tAA· 
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READ AND WRITE CYCLES (Continued) 

Symbol MCM94000-80 MCM94000· 10 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Command Setup Time twHCEL tRCS 0 - 0 - ns 

Read Command Hold lime Referenced to CAS tcEHWX tRCH 0 - 0 - ns 13 

Read Command Hold lime Reference to RAS tREHWX tRRH 0 - 0 - ns 13 

Write Command Hold lime Referenced to CAS tcELWH twcH 15 - 20 - ns 

Write Command Hold lime Reference to RAS tRELWH twcR 60 - 75 - ns 

Write Command Pulse Width twLWH twp 15 - 20 - ns 

Write Command to RAS Lead lime twLREH tRWL 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 25 - ns 

Data in Setup lime tDvcEL tDs 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 20 - ns 14, 15 

Data in Hold lime Referenced to RAS tRELDX tDHR 60 - 75 - ns 

Refresh Period MCM94000 tRVRV tRFSH - 16 - 16 ms 
MCM9L4000 - 128 - 128 

Write Command Setup Time twLCEL twcs 0 - 0 - ns 15, 16 

CAS Setup lime for CAS Before RAS Refresh tRELCEL tcsR 5 - 20 - ns 

CAS Hold lime for CAS Before RAS Refresh tRELCEH tcHR 15 - 20 - ns 

CAS Precharge to CAS Active lime tREHCEL tRPC 0 - 0 - ns 

CAS Precharge Time for CAS Before RAS Counter Test tcEHCEL tcPT 40 - 50 - ns 

CAS Precharge Time tcEHCEL tcpN 10 - 10 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 

14. These parameters are reference to CAS leading edge in random write cycles. 

15. Early write only (twcs 2: twcs (min)). 

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs 2: twcs (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 
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ADDRESSES 

DQ0-007 VoH -
(DATA OUT) Vol_ ----- HIGH·Z 

ADDRESSES 

_ V1H­
W 

READ CYCLE 

to FF 

VALID DATA 

EARLY WRITE CYCLE 

D00-007 ViH - ....,,.,....,....,,...,,,:.,.-..,....,,,...,.,..,....,.. lr-'---'--...:.;.'--.1 Jr-,,....,....,..""'7T"..,....,,..........,....,....,...,....,...,....,.....,,....., 
(DATA IN) VIL - L::i:...lL:;/...l.l:l£;ll~.lL.ll.Jl..YlL-----{\lell.~.L:!i..Ll.l..~~~~C:J.'::.1.:.~0. 
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FAST PAGE MODE READ CYCLE 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H -
ADDRESSES 

DOO-DQ7 V1H - .....,.....,...,......r.r..,.....,....,.. r-----,i 
(DATA IN) VIL _ l.JJ.~IQ.Ul,l£..l£:l/l-----.Jl·"-lil'~....!.!ll.!.!!....J'~'1L-....!.!ll.!.!!....J'\UUL.ll.lQl.lU 
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RAS ONLY REFRESH CYCLE 
(Wand A10 are Don't Care) 

- V1H - ----.i f<------IRAS-----__,- 1r------.1 

RAS 

AO-A9 

DQO-DQ7 VoH - ------------HIGH-Z------------­
(DATA OUT) Vol_ 

_ V1H­
RAS 

_ V1H­
CAS 

CAS BEFORE RAS REFRESH CYCLE 
(AO to A10 are Don't Care) 

i.-----IRAS----~ 
~-----.1 lr------.1 

ICHR-

to FF 

DQO-DQ7 VoH - -----.11>---------HIGH-Z ----------­
(DATA OUT) Vol_ ---~ 
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ADDRESSES 

_ V1H-
RAS 

V1L-

_ V1H-
CAS 

V1L -

ADDRESSES 
V1L -

_ V1H-
w 

VIL-

000-007 V1H -

(DATA IN) 
V1L -

HIDDEN REFRESH CYCLE (READ) 

i-.-----IRC----..-< 14---IRAS.---~ 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

1DHR 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ V1H- -----,, 
RAS 

_ V1H­
CAS 

tcsR 

14---------IRAS----------

----1RSH ----1~ 

tcAs-

ADDRESSES 
V1H - ~....,....,....,......,....,....,.....,~....,...~~~ Ir--':""'"'"""",---,! 1r..,..-,..-,....,.-'";r-,...,r.,.-..,,-,,.....,.'7C"7 

VIL - L..Jl...ll...>l....lL..Jl...ll...lWL.ll...lL..lWUL~ I'---+""""="---" "-"-..._.LlL-"-"-"'-"--"-'"--"-"-' 

READ CYCLE 

DQO-DQ7 VoH -
(DATAOUT) Vol_-----

WRITE CYCLE 

_ V IH - .....,.-,.-.,.....,......,,,....,....,....,.....,.....,.....,.....,....,..-,. 
w 

DQO-DQ7 V1H - """A"'lll"'?l..,....A"'lll"'?l..,..-,....,....,...,...l!-------cit.~it""'ll:-A;r,ll"'?l..,....A"'lll"'?l"7 

(DATA IN) VIL _ '--"''-"--"-''-"-"'-lL...>t....J£->L..lL>LlL.Y 1<-------'""· "-'IL..ll'-'<-.lL..lL..Jl...ll...>L..lL..Jl....>L..J. 

MOTOROLA MEMORY DATA 

3-105 



MCM94000• MCM9L4000 

·DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is 
required for the internal substrate generator to establish the 
correct bias voltage. This must be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
all dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with device powered up), a 
wake up sequence of eight active cycles is necessary to assure 
proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sepa­
rate 11-bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, will decode one of the 
4, 194,304 byte locations in the device. RAS active transition is 
followed by CAS active transition (active~ VIL· IRCD minimum) 
for all read or write cycles. The delay between RAS and CAS 
active transition, referred to as the multiplex window, gives a 
system designer flexibility in setting up the external addresses 
into the RAM. 

The external CAS signal is ignored until an internal RAS sig­
nal is available. This "gate" feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (IRAH) specification is met (and defines IRCD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and in 
generating the CAS clock. 

There are three other variations in addressing the 4M RAM: 
RAS only refresh cycle, CAS before RAS refresh cycle, and 
page mode. All three are discussed in separate sections that 
follow. 

READ CYCLE 

The DRAM may be read with two different cycles: "normal" 
random read cycle, and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis­
cussed in a separate section. 

The normal read cycle begins as described in ADDRESS­
ING THE RAM, with the RAS and CAS active transitions latch­
ing the desired bit location. The write (VV) input level must be 
high (V1H), IRCS (minimum) before the CAS active transition, to 
enable read mode. 

Bath the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in­
ternal clocks are linked in such a manner that the read access 
lime of the device is independent of the address multiplex win­
dow. However, CAS must be active before or at IRCD maximum 
to guarantee valid data out (Q) at IRAC (access time from RAS 
active transition). If the IRCD maximum is exceeded, read ac­
cess time is determined by the CAS clock active transition 

(ICAC). 
The RAS and CAS clocks must remain active for a minimum 

time of IRAS and ICAS respectively, to complete the read cycle. 
W must remain high throughout the cycle, and for time IRRH or 
IRCH alter RAS or CAS inactive transition, respectively, to 
maintain the data at that bit location. Once RAS transitions to 

inactive, it must remain inactive for a minimum time of IRP to 
precharge the internal device circuitry for the next active cycle. 
Q is valid, but not latched, as long as the CAS clock is active. 
When the CAS clock transitions to inactive, the output will 
switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed here, 
while the page mode write operation is covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 

(V1Ll· Minimum active time IRAS and tcAS· and precharge time 
IRP apply to write mode, as in the read mode. 

An early write cycle is characterized by W active transition at 
minimum time twcs before CAS active transition. Data in (D) is 
referenced to CAS in an early write cycle. RAS and CAS clocks 
must stay active for IRWL and tcwL• respectively, alter the start 
of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. 

PAGE-MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read access time in page mode (ICAC) is typically half the reg­
ular RAS clock access time, IRAC· Page mode operation con­
sists of keeping RAS active while toggling CAS between V1H 
and VIL· The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new-column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (V1L). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc or IPRWC)· Either a read or write 
operation can be performed in a page mode cycle, subjectto the 
same conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page mode 
cycles and performed in any order. The maximum number of 

consecutive page mode cycles is limited by IRASP· Page mode 
operation is ended when RAS transitions to inactive, coincident 
with or following CAS inactive transition. 

REFRESH CYCLES 
The dymanic RAM design is based on capacitor charge stor­

age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each byte must be periodically re­
freshed (recharged) to maintain the correct byte state. Bytes in 
the MCM94000 require refresh every 16 milliseconds, while re­
fresh time for the MCM9L4000 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row 
addresses in sequence within the specified refresh time. All the 
bytes on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM94000, and 124.8 microseconds for 
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the MCM9L4000. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on the 
MCM94000 and 128 milliseconds on the MCM9L4000. 

A normal read, write, or read-write operation to the RAM will 
refresh all the by1es ( 4096) associated with the particular row 
decoded. Three other methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch­
ing the row address to be refreshed, while CAS remains high 
(V1H) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter­
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur­
ing the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main­
taining valid data at the output pin. Holding CAS active the end 

DQ()-DQ7 - HIGH-Z 

of a read or write cycle, while RAS cycles inactive for tRP and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in progress 
(see Figure 1 ). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per­
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re­
freshed after 1024 cycles, as indicated by the check data writ­
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write "1" into the cell by per­
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read "1 "s (normal read mode), which were written at step 3. 
5. Repeat steps 1 to 4 using complement data. 

GAS BEFORE RAS 
REFRESH CYCLE 

VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 94000 or 9L4000 x xx 

Motorola Memory Prefix_T I 
Part Number------------' 

I T -"'"~""'· ""'"'"'' 
'---------- Package (L =SIP, S= SIMM, 

Full Part Numbers - MC{"'194000LBO 
MCM94000L 10 

MCM94000S80 MCM94000SG80 
MCM94000S10 MCM94000SG10 

SG=Gold Pad SIMM) 

MCM9L4000L80 MCM9L4000SBO MCM9L4000SG80 
MCM9L4000L10 MCMPL4000S10 MCM9L4000SG10 
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TECHNICAL DATA 

Product Preview 
256K x 9 Bit Dynamic Random 
Access Memory Module 

The MCM94256S is a 2.25M bit, dynamic random access memory (DRAM) 
module organized as 262, 144 x 9 bits. The module is a 30-lead single-in-line 
memory module (SIMM) consisting of two MCM514256A DRAMs housed in 
20/26 J-lead small outline packages (SOJ) and one CMOS 256K x 1 DRAM 
housed in an 18-lead PLCC package, mounted on a substrate along with a 
0.22 µF (min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM514256A is a 1.0µ CMOS high speed, dynamic random access memory 
organized as 262, 144 four-bit words and fabricated with CMOS silicon-gate 
process technology. 

• Three-State Data Output 

• Early-Write Common 1/0 Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 
MCM94256 = 8 ms (Max) 

• Consists of Two 256K x 4 DRAMs, One 256K x 1 DRAM, and 
Three 0.22 µF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (IRAc): 
MCM94256S-70 = 70 ns (Max) 
MCM94256S-80 = 80 ns (Max) 

MCM94256S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 
MCM94256S-70 = 1.32 W (Max) 
MCM94256S-80 = 1.16 W (Max) 
MCM94256S-10 = 1.05 W (Max) 

• Low Standby Power Dissipation: 
TTL Levels = 33 mW (Max) 
CMOS Levels= 16.5 mW (Max) 

• CAS Control for Eight Common 1/0 Lines 

• CAS Control for Separate 1/0 Pair 

MCM94256 

SPACKAGE 
SIMM MODULE 

CASE839A 

AO-AB 

30-PIN 
SINGLE JN-LINE PACKAGE 

(TOP VIEW, MCM94256) 

Vee 11) 
GAS (2) 
DOD (3) 

~~ iii 
DQ1 (6) 

A2 (7) 

v~~ l~l 
D~~ im 
D~~ ll§l 

A6 (14) 
A7 (15) 

D~~ !1~l 
NC (18) 
NC (19) 

D~ rn~l 
Vss 122) 
DQ6 (23) 

NC (24) 
DQ7 (25) 
~ (26) 
RAS (27) 

CASS (28) 
DB (29) 

Vee (30) 

PIN NAMES 

DQO-DQ7 ...... . 
... Address Inputs 
Data Input/Output 

. .. Data Input DB. 
QB ..... . 
CAS .. 
CASB. 
RAS 
w 
Vee·· 
Vss 
NC 

. . . . . Data Output 
. Column Address Strobe 

. .... Column Address Strobe 
. Row Address Strobe 

Read/Write Input 
... Power (+5 V) 

...... Ground 
. No Connection 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

CAS 

004-007 

ABSOLUTE MAXIMUM RATINGS (See Note) 
,---

Rating 

Power Supply Voltage 

Voltage Relative to V SS for Any Pin Except V cc 
Data Out Current per DQ Pin 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

AO-AB 

RAS 

CAS CAS 

w 
AO-AB 

RAS 
QB 
DB 

CASB 

Vee~~~~~~~~~-' 

Vss~~~~~~~~~~~~~ 

Symbol Value Unit 

Vee -1 to +7 v 
Vin• Vout -1 to +7 v 

lout 50 mA 

Po 2.6 w 
TA Oto +70 oc 

Tstg -55to+125 oc 
NOTE: permanent device damage may occur tf ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability_ 
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MCM94256 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 

Vss 0 0 

Logic High Voltage, All Inputs VJH 2.4 -
Logic Low Voltage, All Inputs VJL -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

Vee Power Supply Current 'cc1 
MCM94256-70, !RC= 130 ns -
MCM94256-80, tRc = 150 ns -
MCM94256-10, !RC= 180 ns -

Vee Power Supply Current (Standby) (RAS= CAS = V1H) lcc2 -
Vee Power Supply Current During RAS only Refresh Cycle 1cc3 

MCM94256-70, !RC= 130 ns -
MCM94256-80, !RC= 150 ns -
MCM94256-10, !RC= 180 ns -

V cc Power Supply Current During Fast Page Mode Cycle lcc4 
MCM94256-70, tpc = 40 ns -
MCM94256-80, tpc = 45 ns -
MCM94256-10, tpc = 55 ns -

Vee Power Supply Current (Standby) (RAS= CAS =Vee - 0.2 V) Ices -
Vee Power Supply Current During CAS Before RAS Refresh Cycle Ices 

MCM94256-70, tRC = 130 ns -
MCM94256-80, tRc = 150 ns -
MCM94256-10, tRc = 180 ns -

Input Leakage Current (Vss $Vin$ Vee) llkg(I) -30 

Output Leakage Current (CAS at Logic 1, Vss $Vin$ Vee) IJkg(O) -10 

Output High Voltage (loH = -5 mA) VoH 2.4 

Output Low Voltage (loL = 4.2 mA) Vol -

CAPACITANCE (f = 1.0 MHz, TA= 25°C, Vee = 5 V, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AO--A8, W, CAS, RAS Cin 

D8, CASS 

Input/Output Capacitance DOO-DO? C110 

Output Capacitance 08 Cout 
NOTES: 

1. All voltages referenced to Vss· 

Max Unit Notes 

5.5 v 1 

0 

6.5 v 1 

0.8 v 1 

Max Unit Notes 

mA 2 
240 
210 
190 

6 mA 

mA 2 
240 
210 
190 

mA 2 
180 
150 
130 

3 mA 

mA 2 
240 
210 
190 

30 µA 

10 µA 

- v 
0.4 v 

Max Unit Notes 

20 pF 3 
t---1 

7 

15 pF 3 

10 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lti.titi.V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to 70°e, Unless Otherwise Noted 

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 

Symbol MCM94256-70 MCM94256-80 

Parameter Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time IRELREL IRC 130 - 150 -

Page Mode Cycle Time ICELCEL tpc 40 - 45 -

Access Time from RAS lRELQV IRAC - 70 - 80 

AC;cess Time from GAS lCELQV tcAC - 20 - 20 

Access Time from Column Address lAVQV lAA - 35 - 40 

Access Time from Precharge CAS lCEHQV tcPA - 35 - 40 

CAS to Output in Low-Z tcELQX 1CLZ 0 - 0 -
Output Buffer and Turn-Off Delay 1CEHQZ to FF 0 20 0 20 

Transition Time (Rise and Fall) tr tr 3 50 3 50 

RAS Precharge Time 1REHREL IRP 50 - 60 -
RAS Pulse Width 1RELREH IRAS 70 10,000 80 10,000 

RAS Pulse Width (Fast Page Mode) 1RELREH !RASP 70 100,000 80 100,000 

RAS Hold Time tcELREH lRSH 20 - 20 -

CAS Hold Time IRELCEH tcsH 70 - 80 -
CAS Pulse Width tcELCEH 1CAS 20 10,000 20 10,000 

RAS to CAS Delay Time IRELCEL 1RCD 20 50 20 60 

RAS to Column Address Delay Time 1RELAV lRAD 15 35 15 40 

CAS to RAS Precharge Time tcEHREL tcRP 5 - 5 -
CAS Precharge Time lCEHCEL tcp 10 - 10 -

(Page Mode Cycle Only) 

Row Address Setup Time 1AVREL lASR 0 - 0 -

Row Address Hold Time !RELAX IRAH 10 - 10 -
Column Address Setup Time 1AVCEL lASC 0 - 0 -
Column Address Hold Time ICE LAX tcAH 15 - 15 -

Column Address Hold Time Referenced !RELAX IAR 55 - 60 -
to RAS 

Column Address to RAS Lead Time 1AVREH 1RAL 36 - 40 -

NOTES: 

MCM94256-10 

Min Max Unit Notes 

180 - ns 5 

55 - ns 

- 100 ns 6, 7 

- 25 ns 6, 8 

- 50 ns 6, 9 

- 50 ns 6 

0 - ns 6 

0 20 ns 10 

3 50 ns 

70 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 11 

20 50 ns 12 

10 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

(continued) 

1. V1H min and V1L max are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 
2. An initial pause of 200 µsis required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V1H and V1L (or between V1L and V1H) in a monotonic manner. 

4. AC measurements tr= 5.0 ns. 
5. The specifications for1RC (min) and 1RWC (min) are used only to indicate cycle time at which proper operation over the full temperature range 

(0°C s TA s 70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (-200 µA, +4 mA) loads and 100 pF with the data output trip points set at VoH = 2.0 V and 

Vol= 0.8 V. 

7. Assumes that IRCD s tRCD (max). 
8. Assumes that 1RCD ~ 1RCD (max). 
9. Assumes that 1RAD ~ 1RAD (max). 

10. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the 1RCD (max) limit ensures that 1RAC (max) can be met. 1RCD (max) is specified as a reference point only; if 1RCD is greater 
than the specified IRCD (max) limit, then access time is controlled exclusively by tcAC· 

12. Operation within the !RAD (max) limit ensures that I RAC (max) can be met. !RAD (max) is specified as a reference point only; if !RAD is greater 
than the specified !RAD (max), then access time is controlled by IAA-
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READ AND WRITE CYCLES (Continued) 

Symbol MCM94256-70 MCM94256-80 MCM94256-10 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Read Command Setup Time twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold Time Referenced tcEHWX tRCH 0 - 0 - 0 - ns 13 
toCAS 

Read Command Hold Time Referenced tREHWX tRRH 0 -,--- 0 - 0 - ns 13 
to RAS 

Write Command Hold Time Referenced 
to GAS 

lCELWH twcH 15 - 15 - 20 - ns 

Write Command Hold Time Reference tRELWH twcR 55 - 60 - 75 - ns 
to RAS 

Write Command Pulse Width twLWH twp 15 - 15 - 20 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time twLCEH tcwL 20 - 20 - 25 - ns 

Data in Setup Time tovCEL tDs 0 - 0 - 0 - ns 14, 15 

Data in Hold Time tcELDX tDH 15 - 15 - 20 - ns 14, 15 

Data in Hold Time Referenced to RAS tRELDX tDHR 55 - 60 - 75 - ns 

Refresh Period tRVRV tRFSH - 4 - 4 - 4 ms 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 15, 16 

CAS Setup Time for GAS Before RAS tRELCEL tcsR 10 - 10 - 10 - ns 
Refresh 

CAS Hold Time for GAS Before RAS tRELCEH tcHR 30 - 30 - 30 - ns 
Refresh 

GAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns 

GAS Precharge Time for GAS Before tcEHCEL tcpT 40 - 40 - 50 - ns 
RAS Counter Test 

GAS Precharge Time tcEHCEL tcpN 10 - 10 - 15 - ns 

NOTES: 
13. Either tRRH or tRCH must be satisfied for a read cycle. 

14. These parameters are reference to CAS leading edge in random write cycles. 

15. Early write only (twcs? twcs (min)). 

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs? twcs (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 
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V1H -
ADDRESSES 

ADDRESSES 

READ CYCLE 

10FF 

VALID DATA 

EARLY WRITE CYCLE 

DQO-DQ7 ViH - "\7'7'1"~7<:'7'r'J<"~7'"7r:-7.....,. lr-'---'---....:.C:-.J )<--:,.-,..,..--,..-..,....,.,.....,....,...~~~~~~ 

(DATA IN) Vil_ L:>i.~~£.:!J/.~>DI.~~ lL....----.JI \l~~~~~>Dl.~~t..::.J.X~Ll. 

MOTOROLA MEMORY DATA 

3-113 



MCM94256 

FAST PAGE MODE READ CYCLE 

V1H­
ADDRESSES 

V1L - L.lL..ll'lL!:ll=~~Jf'li..ll'~~~S>i!2.Jf't.Jl"J..Olo=:.2.ll'-'r'll-Jl~~~~'IL..lol~lL.l.UL.lt...l. 

V1H­
ADDRESSES 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

DQ0-007 V1H - .....,.....,...,...,....,.....,,...,,.,. ir------.i 

(DATA IN) VIL_ LY..lt.ll.Y..ll,JLY.Y r--------'1 
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RAS ONLY REFRESH CYCLE 
(Wand AB are Don't Care) 

- VJH - ---~1 ,..._ _____ IRAS-------<-,... ___ ____, 

RAS 

D00-007 VoH - ------------HIGH-Z -----------­
(DATA OUT) VOL_ 

_ V1H­
RAS 

_ V1H­
CAS 

IOFF 

CAS BEFORE RAS REFRESH CYCLE 
(Wand AO to AB are Don't Care) 

------IRAS-----11~ 

ICHR-

000-007 VoH - -----.1 
1>---------HIGH-Z-----------

(DATA OUT) VOL _ ---~ 
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_ V1H­
RAS 

ADDRESSES 

_ V1H-----J 
RAS 

ADDRESSES 

HIDDEN REFRESH CYCLE (READ) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

DQO-DQ7 V1H - ---+---.. lr------.1 1''7'1:"7t"'1'<""l.....,....,.....,......,..,....,....,.....,.,...,.....,,....,.....,.....,....,,..... 
(DATA IN) VIL - ----1---...1 "------J "LIL..>L.lL...l'-ll..lLlLJjUL~IL.llLIL.lL...llL.llLIL.lL.l 

MOTOROLA MEMORY DATA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ V1H - ----,, 
RAS 

_ VJH­
CAS 

----------IRAS,--------. 

-----!ASH ----11~ 

tcPT-- tcAs-

ADDRESSES 
V IH - ;x"'l'r."71:"7'7'7'r-lt"7'l~:"7'1t""l"nl< Ir--';<;::;;;;-;;;---.! "1~"7r.n,r*"'r-lt"7'7~7 

V1L - L..l<.-"-'"-"-"-"-"UL..lL...l"-"-"'-"-"LII' l'---f'f""""'"'--" "-"-"-"UL.-¥-->YL-"-'"-"-"'->L.> 

READ CYCLE 

DOO-D07 VoH -
(DATA OUT) Vol _ 

WRITE CYCLE 

-----

- V1H - ~~~~~~~~~~ 
w 

DOO-D07 V1H - \7'\7"1'71~"1\Jrn7\i~7\.'f\7'.•r-----~ ~~~~~~~~~ 

(DATA IN) VJL _ DJ.~~UL~Dil.'.Y.:.IL.liUL~ft __ ..::........::........::......_:1: "-"'-"--"-'"-"-"'-"'-"'-"'--"-'~ 

MOTOROLA MEMORY DATA 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re­
quired for the internal substrate generator pump to establish 
the correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initial­
ize the various dynamic nodes internal to the device. During 
an extended inactive state of the device (greater than 4 milli­
seconds with device powered up), the wake up sequence (8 
active cycles) will be necessary to assure proper device oper­
ation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi­
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by two clocks (active 
negative) called the row address strobe (RAS) and the column 
address strobe (CAS). A total of eighteen address bits will de­
code one of the 262, 144 byte locations in the device. The col­
umn address strobe follows the row address strobe by a spe­

cified minimum and maximum time called "tRCD·" which is 
the row to column strobe delay. This time interval is also re­
ferred to as the multiplex window which gives flexibility to a 

system designer to set up the external addresses into the 
RAM. These conditions have to be met for normal read or 

write cycles. This initial portion of the cycle accomplishes the 
normal addressing of the device. There are, however, other 
variations in addressing the module: the refresh modes (RAS 
only refresh, CAS before RAS refresh, hidden refresh), and 
another mode called page mode, which allows the user to col­
umn access the 512 bits within a selected row. The refresh 

mode and page mode operations are described in more detail 
in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses val­
id and the RAS clock transitioning from V1H to the V1L level. 
The GAS clock must also make a transition from V IH to the VIL 
level at the specified tRCD timing limits when the column ad­
dresses are latched. Both the RAS and GAS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the ad­

dress multiplex window. The only stipulation is that the CAS 
clock must be active before or at the tRGD maximum specifi­
cation for an access (data valid) from the RAS clock edge to 

be guaranteed (tRAC)- If the tRCD maximum condition is not 
met, the access (tcAC) from the GAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal to 

become active as soon as the row address hold time (tRAHl 

specification has been met and defines the tRCD minimum 
specification. The time difference between tRcD minimum 
and tRCD maximum can be used to absorb skew delays in 

switching the address bus from row to column addresses and 
in generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (IRAS) period for the RAS clock and the mini­

mum (tcAs) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRP) time. The former is for the 
competion of the cycle in progress, and the latter is for the de­
vice internal circuitry to be precharged for the next active 
cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V1H level from the time the CAS 

clock makes its active transition (IRCS) to the time when it 
transitions into the inactive (tRcH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the write 
(W) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twGS time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the GAS clock edge. 
There are two important parameters with respect to the write 

cycle: the column strobe to write lead time (tGwLl and the row 

strobe to write lead time (tRwLl· These define the minimum 
time that RAS and GAS clocks need to be active alter the write 

operation has started (W clock at V1L level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera­
tions at all 512 column locations on a selected row. Page ac­
cess (IGAG) is typically half the regular RAS clock access 
(IRAG) on the Motorola 1 M dynamic RAM. Page mode opera­
tion consists of holding the RAS clock active while cycling the 
GAS clock to access the column locations determined by the 
9-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and GAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been pre­
viously described, followed by the shorter GAS cycles (tpc). 

The GAS cycle time (tpc) consists of the GAS clock active 
time (tGAS), and CAS clock precharge time (tcp) and two 
transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 

storage for each bit in the array. This charge will tend to de­
grade with time and temperature. Therefore, to retain the cor­
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen­
tially cycling through the 512 row address locations every 8 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the bytes associated with the particular row(s) decoded. 

MOTOROLA MEMORY DATA 

3-118 



MCM94256 

RAS-Only Refresh 

In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V1H level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS 
has been low (by tcsRl· This activates the internal refresh 
counter which generates the row address to be refreshed. Ex­
ternally applied addresses are ignored during the automatic 
refresh cycle. If the output buffer was off before the automatic 
refresh cycle, the output will stay in the high impedance state. 
If the output was enabled by CAS in the previous cycle, the 
data out will be maintained during the automatic refresh cycle 
as long as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at V1L and taking RAS 

DQO-DQ7 - HIGH-Z 

high and after a specified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh counter of this device can be tested 

with a CAS before RAS refresh counter test. This refresh 
counter test is performed with read and write operations. Dur­
ing this test, the internal refresh counter generates the row ad­
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS be­
fore RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol­
lows: 

1. Write "O"s into all memory cells (normal write mode). 
2. Select a column address, and read "O" out of the cell by 

performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write "1" into the cell by per­
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read "1 "s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 

VALID DATA-OUT 

Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 

Motorola Memory Prefix_T T t t , .. ., "'",, "'· 00" .. ~. ,. " ,.. "'' 

Part Number-----------J I._ _________ Package (S =SIMM) 

Full Part Number- MCM94256S70 
MCM94256S80 
MCM94256S10 
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DUAL PORT VIDEO RAMs 
Motorola Address Operating 

Organ I- Part Access Time Currant Pin Package 
Densltt zatlon Number J!ls Ma& J_mA Mal!}_ Count Ql?Jlons 

1M 256Kx4 MCM524258A 100/120 140/150 28 28 ~p S0.1!l_ 
128Kx8 MCM528128A 100/120 140/150 40 40 ~IP filP scfil[ 

MOTOROLA MEMORY DATA 

4-2 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
256K x 4 CMOS Multiport Video 
RAM Page Mode 

The MCM524258A is a CMOS multiport video RAM. It is organized as a 262, 144 by 
4-bit word dynamic random access memory (RAM) port with a 512 by 4-bit word static, 
serial access, memory (SAM) port. The MCM524258A is flexible, offering: random read 
and write to the RAM port, high-speed read and write to the SAM port, and bidirectional 
transfer oi data between the RAM and SAM. The RAM and SAM ports can be accessed 
independently, except during data transfer operations between the RAM and SAM. Special 
features of the MCM524258A include Page Mode, Flash Write, Block Write, and Write per 
Bit on the RAM port, and Split Register Data Transfer on the SAM port. The MCM524258A 
is fabricated with a 1.0 µ CMOS silicon gate process, which provides fast access times, 
low power dissipation, and wide operating margins. 
• Organization: • SAM Port: 

RAM Port 256K x 4 Bits 
SAM Port 512 x 4 Bits 

• RAM Port: 
Page Mode, Block Write, Flash Write, 

Write Per Bit 
512 Cycle, 8 Millisecond Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
Three-State Data Outputs 
TTL Compatible Inputs and Outputs 
Fast Access Time (tRAc): 

MCM524258A-10 = 100 ns (Max) 
MCM524258A-12 = 120 ns (Max) 

Low Active Power Dissipation 
(Max, SAM Standby): 

MCM524258A-10 = 110 mA 
MCM524258A-12 = 1 00 mA 

Low Standby Power Dissipation 
(Max, SAM Standby): 

MCM524258A-1 O = 10 mA 
MCM524258A-12 = 10 mA 

PIN NAMES 

AO-AS ... Address Inputs 
RAS ..... Row Address Strobe 
CAS . . . . Column Address Strobe 
TRG ...... Data Transfer/Output Enable 
WB/W ....... Write Per Bit/Write Enable 
DSF Special Function Control 
DQO-DQ3 . RAM Write Mask/ 

RAM Input-Output 
SC . . . . . . Serial Clock 
SE . . . . . . . Serial RAM Enable 
SDQO-SDQ3 ..... SAM Input-Output 
QSF ..... Output Split Register 
Vee . . . .... Power(+ 5 V) 
Vss . . . . . . . . . . . . . . . . . . Ground 
NC .................... No Connect 

All power supply and ground pins must be 
connected for proper operation of the device. 

Split Register Data Transfer 
Static Register, No Refresh Required 
512 Tap Locations 
Fast Access Time (tscA): 

MCM524258A-10 = 25 ns (Max) 
MCM524258A-12 = 35 ns (Max) 

Low Serial Cycle Time (tscc): 
MCM524258A-10 = 30 ns (Min) 
MCM524258A-12 = 40 ns (Min) 

• RAM - SAM Bidirectional Transfer: 
Read and Write 
Real Time Read 
Split Read/Write 

400MILSOJ 

SC t e 
SOOO 

soot 

TAG 

000 

001 

WBIW 

NC 

RAS 

AB tO 

2B 

26 

25 

24 

23 

22 

2t 

20 

t9 

tB 

t7 

t6 

t5 

Vss 

S003 

S002 

SE 
003 

002 

OSF 

CAS 

OSF 

AO 

At 

A2 

A3 

A7 

MCM524258A 

~ 
J PACKAGE 
400 MIL SOJ 

CASE 810 

ZPACKAGE 
PLASTIC 

ZIG-ZAG IN-LINE 
CASETBD 

PIN ASSIGNMENTS 

400 MILZIP 

I 
DSF =t= 

b 002 
D03 ='= 

=4= SE 
S002 =5= 

=6= 8003 

Vss :::!: 
=8:: SC 

SOOO :::!b 
JQ,, soot 

TRG db 
:4~ 000 

OOt d~ 
d!: WB/W 

NC d§: ,Jg. RAS 

AB db 
dll: A6 

A5 Jg, 
Jg. A4 

Vee A ,gg,, A7 
A3 J~ 

J~ A2 

At J~ Jg. AO 
OSF Jb 

i J§: CAS 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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.. 
DQ0-003 

ffi 
§ 
"' z 

"' 3 
8 

BLOCK DIAGRAM 

WRITE-PER 
BIT 

512X512X4 
CELL 

ARRAY 

SDQO-SDQ3 

REFRESH 
COUNTER 

MOTOROLA MEMORY DATA 

4-4 

QSF 

Vee Vss 

SUBSTRATE BIAS 
GENERATOR 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
128K x 8 CMOS Multiport Video 
RAM Page Mode 

The MCM528128A is a CMOS multiport video RAM. It is organized as a 131,072 by 
8-bit word dynamic random access memory (RAM) port with a 256 by 8-bit word static, 
serial access, memory (SAM) port. The MCM528128A is flexible, offering: random read 
and write to the RAM port, high-speed read and write to the SAM port, and bidirectional 
transfer of data between the RAM and SAM. The RAM and SAM ports can be accessed 
independently, except during data transfer operations between the RAM and SAM. Special 
features of the MCM528128A include Page Mode, Flash Write, Block Write, and Write per 
Bit on the RAM port, and Split Register Data Transfer on the SAM port. The MCM528128A 
is fabricated with a 1.0 µCMOS silicon gate process, which provides fast access times, 
low power dissipation, and wide operating margins. 
• Organization: 

RAM Port 128K x 8 Bits 
SAM Port 256 x 8 Bits 

• RAM Port: 
Page Mode, Block Write, Flash Write, Write Per Bit 
512 Cycle, 8 Millisecond Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
Three-State Data Outputs 
TTL Compatible Inputs and Outputs 
Fast Access Time (tRAC): 

MCM528128A-10 = 100 ns (Max) 
MCM528128A-12 = 120 ns (Max) 

Low Active Power Dissipation (Max, SAM Standby): 
MCM528128A-10 = 110 mA 
MCM521288A-12 = 100 mA 

Low Standby Power Dissipation (Max, SAM Standby): 
MCM528128A-10 = 10 mA 
MCM528128A-12 = 10 mA 

• SAM Port: 
Split Register Data Transfer 
Static Register, No Refresh Required 
256 Tap Locations 
Fast Access Time (tscA): 

MCM528128A-10 = 25 ns (Max) 
MCM528128A-12 = 35 ns (Max) 

Low Serial Cycle Time (tscc): 
MCM528128A-10 = 30 ns (Min) 
MCM521288A-12 = 40 ns (Min) 

• RAM - SAM Bidirectional Transfer: 
Read and Write 
Real Time Read 
Split Read/Write 

PIN NAMES 

AO-AB .. Address Inputs 
RAS . . . ..... Row Address Strobe 
GAS . Column Address Strobe 
TRG . . Data Transfer/Output Enable 
WB/W Write Per BiVWrite Enable 
DSF . . ..... Special Function Control 
DQ0-007 . RAM Write Mask/ 

RAM Input-Output 
SC ....... Serial Clock 
SE . . . Serial RAM Enable 
SDQO-SDQ? . . SAM Input-Output 
QSF ............. Output Split Register 
Vcc1. Vcc2. . .... Power(+5V) 
Vss1, Vss2. . .......... Ground 
NC . . . No Connect 

All power supply and ground pins must be 
connected for proper operation of the device. 

MCM528128A 

SC 

SDOO 

SD01 

SD02 

SD03 

TRG 

000 

001 

002 

003 

Vcc1 

WBiw 
NC 

RAS 

NC 

AS 

A6 

AS 

A4 

Vcc2 

PPACKAGE 
600 MIL PLASTIC 

CASETBD 

JPACKAGE 
400 MIL SOJ 
CASETBD 

PIN ASSIGNMENT 

40 

39 

38 

37 

36 

3S 

34 

33 

32 

31 

30 

29 

28 

27 

26 

2S 

24 

23 

22 

21 

Vss1 

SD07 

SD06 

SOOS 

SD04 

SE 

007 

006 

DOS 

004 

Vss2 

DSF 

NC 

CAS 

OSF 

AO 

At 

A2 

A3 

A7 

This document contains Information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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DQO-DQ7 

ffi 
§ 
D 
z 

~ 
'-' 

WRITE-PER 
BIT 

512 x 256 x 8 
CELL 

ARRAY 

BLOCK DIAGRAM 
SDQO-SDQ7 

REFRESH 
COUNTER 
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PSEUDO STATIC RAMs {HCMOS unless otherwise note<!}_ 
Motorola Address Operating 

Organl· Part Access Time Current Pin 
Densi.!Y_ zation Number .J!ls Ma!l_ J_mA Ma& Count Pack~'!.9_ 

1M 128Kx8 MCM518128 100 60 32 liEJ..OIP~Si:J.SOG 
Pseudo MCM518129 100 60 32 Iill:soo 
SAAM MCM51L8128 80/100 70160 32 liEJ..OIP J.El..&LSFlSOG 

MCM51L8129 80/100 70160 32 Iill:soo 
MCM51LV8128 80/100 70160 32 liEJ..olP J.El..&LSl')SOG 
MCM51LV8129 80/100 70160 32 filsoo 
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TECHNICAL DATA 

128K x 8 Bit CMOS Pseudo Static 
Random Access Memory 

The MCM518128 is a 1,048,576 bit low-power pseudo-static random access memory or­
ganized as 131,072 words of 8 bits, fabricated using 1.0 ,.m silicon-gate advanced CMOS 
process technology. The MCM518128 family products utilize one-transistor dynamic stor­
age cells and direct static addresses to achieve high density and fast access time. The 
advanced CMOS circuit design reduces power consumption and provides greater reliabil­
ity. The data retention mode allows for very low power with battery backup in lap-top 
applications. 

The refresh input (fl allows two types of refresh application-auto refresh and self 
refresh. The MCM518128 is pin compatible with the 128K x 8 SRAM JEDEC pinout and 
offers a low cost altemative to 1 M SRAMs and a simpler design for DRAM memory 
applications. 

The MCM518128 is available in a 600 mil, 32 pin plastic dual-in-line package and in 
a narrow 32 lead plastic small outline package. 

Single 5 V Supply ± 10% 
128K x 8 Bit Memory Organization 
Low Power Dissipation-386 mW (Maximum Activel 
TIL Compatible Inputs and Outputs 
Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51 LV81281 
Low Standby Current 200 ,.A (Maximuml with MCM51L8128 and MCM51LV8128 
Auto Refresh Power Down Function 
512 Refresh Cycles/8 ms 
Auto Refresh is Executed by lntemal Counter 
Self Refresh is Executed by Internal Timer 
Pin Compatible with 1M SRAM JEDEC Pinout 
Three State Outputs 
Fast Access Times: MCM51L8128-80/MCM51LV8128-80=80 ns (Maxi 

MCM518128-10/MCM51 L8128-10/MCM51 LV8128-10 = 100 ns (Maxi 

El 

E2 

Vee Vss 

t t 

MEMORY ARRAY 
(512 x 25Bx Bl 

REFRESH 
TIMER 
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MCM518128 
MCM51L8128 

MCM51 LV8128 

P PACKAGE 
600 MIL PLASTIC DIP 

CASE 860 

,,FPACKAGE 
330MILSOG 

CASE 1164 

PIN ASSIGNMENT 

1. 32 Vee 
AlB 31 A15 

A14 30 E2 

A12 29 w 
A7 2B A13 

AB 27 AB 

A5 2B A9 

A4 25 A11 

A3 24 ii 
A2 10 23 A10 

Al 11 22 El 
AD 12 21 007 

DOD 13 20 DOB 

001 14 19 005 

002 15 18 004 

Vss 18 17 003 

PIN NAMES 

AO-A16 ......•.••. Address Input 
Vii .............. Write Enable 
'£i, E2 ............. Chip Enable 
(l' .. .. .. . .. .. .. Output Enable 
F. . . . . . . . . . . . . . . Refresh Input 
DQO-DQ7 ....... Data Input/Output 
Vee ............. Power Supply 

vss- · · · · · · · · · · · · · · · Ground 



MCM518128• MCM51 L8128• MCM51 LV8128 

TRUTH TABLE 

H E2 'G w 'f Mode Supply Current 

L H L H H/L Read* lcCA 

L H x L H/L Write* lcCA 

L H H* H* H/L CE Only Refresh ICCA 

H x x x -'IJU'- Auto Refresh ICCF3 

x L x x -'IJU'- Auto Refresh iccF3 

H x x x L Self Refresh lccF** 

x L x x L Self Refresh lccF** 

H x x x H Standby lse*** 

x L x x H Standby lse*** 

1/0 Pin 

Dout 

Din 

HighZ 

High Z 

High Z 

High Z 

High Z 

High Z 

HighZ 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad­
vised thet normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

L=V1L H=V1H X=don't cere -'IJU'- =Toggle H/L=V1H or V1L. but must not toggle 
*The Read and Write operations effectively perform a CE Only Refresh of the row being addressed. 

** icCF1 or ICCF2 depending on input voltage levels (sea DC Characteristics>. 
***lse1 or ls82 depending on input voltage levels (sea DC Characteristics). 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

Po-r Supply Voltage Vee -1.0 to 7.0 

Voltage to Any Pin with Respect to Vss Vin• Vout -1.0 to 7.0 

P~r Dissipation Po 600 

Soldering Temperature• Time Tsolder 26().10 

Operating Temperature TA Oto+70 

Storage Temperature ~ -55to +150 

Short Circuit Output Current lout 50 

Unit 

v 
v 

mW 

°C·s 

•c 

•c 

mA 

NOTE: 
Permanent device damage may occur If AB­
SOLUTE MAXIMUM RATINGS are ex­
ceeded. Functional operetion shouid be 
restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than rec­
ommended voltages for extended periods 
of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Pera meter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.4 - 6.6 v 
Input Low Voltage V1L -1.0 - 0.8 v 

NOTE: All voltages are referenced to GND. 

DC CHARACTERISTICS 

Peram-r Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin=O to Vee> ll!!lll!l -10.0 - 10.0 ,.A 

Output Leakage Current (El =V1H or E2=V1L• G=V1H or iiii=VIL• 
Vout=OtoVcc> 

llkg(O) -10.0 - 10.0 ,.A 

Operating Current IEi =V1L and E2=V1H. Address tRc=130 ns lcCA* - 50 70 mA 
Cycling, tRC = tRC min) tRc=160 ns - 40 60 

Standby Current <'Ei = V1H or E2 =VIL• F = V1H> MCM518128 1se1 - - 2 mA 
MCM61 LB128/MCM61 LVB128 - - 1 

Standby Current <Ei;;,:Vcc-0.2 V or E2:s0.2 V, MCM518128 ls52** - - 1 mA 
F;;,:Vcc-0.2V) MCM51 LB128/MCM51LVB128 - 100 200 ,.A 

Self Refresh Current <Ei =V1H or E2=V1L. ~=V1L> MCM518128 ICCF1 - - 2 mA 
(Average Current) MCM61LB128/MCM61LVB128 - - 1 

Self Refresh Current (Ei;;,:Vcc-0.2 V or E2:s0.2 V, MCM518128 iccF2** - - 1 mA 
F :s0.2 V) (Average Current) MCM61LB128/MCM51 LVB128 - 100 200 ,.A 

Auto Refresh Current (Average Current) (~ Toggling, tFc = tFC min) iccF3 - - 2 mA 

Output Low Voltage lloL = 4.2 mA) Vol - - 0.4 v 
Output High Voltage lloH = - 5.0 mA) VoH 2.4 - - v 
*lcCA depends on cycle rate and output loading. Specified values are obtained with the output open. 

**In the standby and self refresh modes with Ei;;,:Vcc-0.2 V, these limits are guaranteed when E2;;,:Vcc-0.2 V or E2:s0.2 V. Conversely, 
if the device is disebled with E2:s0.2 V, these limits are guaranteed when Il;;,:Vcc-0.2 V or H :s0.2 V. 

MOTOROLA MEMORY DATA 
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CAPACITANCE (f = 1 MHz, TA =25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min 

Input Capacitance 

Output Capacitance 

AO-A16 Cin 

TI, E2, G, W, F 

000-007 Cout 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

-

-
-

Max Unit 

5 pF 

7 

7 pF 

Input Pulse Levels ..................... 0.6 V, 2.6 V 
Input Rise/Fall Time ......................... 5 ns 

Output Timing Measurement Reference Levels ....• 0.8 and 2.2 V 
Output Load . . . . . . . . . . . . . . . . . . 2 TTL Loads and 100 pF 

Input Timing Measurement Reference Levels ...... 0.8 and 2.4 V 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 µ.s with high TI or low E2 is required after power-up, before proper device operation is achieved.) 

MCM51LB128-80 MCM618128-10 
Symbol MCM51LV8128-80 MCM61LB128-10 

Parameter MCM61LV8128-10 Unit Notea 

Standard Alternate Min Max Min Max 

Random Read, Write Cycle Time lEVEV(R) lRC 130 - 160 - ns 1 

Read Modify Write Cycle Time lEVEV(RW) lRMW 195 - 235 - ns 1 

Chip Enable Pulse Width lELEH ICE 80 10,000 100 10,000 ns 1, 2 

Chip Enable Precharge Time lEHEL tp 40 - 50 - ns 1 

Chip Enable Access Time lELOV tcEA - 80 - 100 ns 1 

Output Enable Access Time lGLOV to EA - 35 - 40 ns 

Chip Enable to Output in Low-Z lELOX tcLZ 30 - 30 - ns 1 

Output Enable to Output in Low-Z lGLOX toLZ 0 - 0 - ns 

Output Active from End of Write twHOX twLZ 0 - 0 - ns 

Chip Disable to Output in High-Z lEHOZ tcHZ 0 25 0 30 ns 1, 3 

G Disable to Output in H igh-Z lGHOZ lOHZ 0 25 0 30 ns 3 

Write Enable to Output in High-Z twLOZ twHZ 0 25 0 30 ns 3 

G Output Disable Set-Up Time lGHEL taos 0 - 0 - ns 1 

G Output Disable Hold Time lEHGL tooH 10 - 10 - ns 1 

Read Command Set-Up Time twHEL lRCS 0 - 0 - ns 1 

Read Command Hold Time lEHWL lRCH 0 - 0 - ns 1 

Write Pulse Width twLWH twp 60 - 70 - ns 

Write Command Hold Time lELWH twCH 60 10,000 70 10,000 ns 1 

Write Command to CE Lead Time twLEH tcwL 60 10,000 70 10,000 ns 

NOTES: (Continued I 
1. Chip is Enabled only when TI is set low and E2 is set high. 

IT~ E 
E2~ 

The start of a memory cycle is determined by the latter of TI going low or E2 going high (E going low), and the end of the memory cycle 
is determined by the eariier of TI going high or E2 going low (E going high). The PSRAM is a synchronous RAM, and therefore a memory 
access cycle will always be started at the falling edge of E. The PSRAM will go into the standby mode when E is held high. 

2. The timings, tcE (min) and ICE (max), must be kept for proper device operation as follows. 

3. lCHZ· toHZ• twHZ define the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

MOTOROLA MEMORY DATA 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 ps with high ET or low E2 is required after power-up, before propar device operation is achieved.) 

MCM&1U128-80 
MCM&18128-10 

Symbol MCM&1U128-10 
Parameter MCM&1LV8128-80 

MCM&1LV8128-10 Unit Notee 

Standard Alternate Min Mex Min Max 

Data Set-Up Time from W tovwH tosw 30 - 36 - na 4 

Data Set-Up Time from CE tovEH tosc 30 - 36 - na 1, 4 

Data Hold Time from W twHDX IOHW 0 - 0 - na 4 

Data Hold Time from CE IEHDX IOHC 0 - 0 - na 1, 4 

Address Set-Up Time IAVEL IASC 0 - 0 - na 1, 5 

Address Hold Time IELAX IAHC 20 - 25 - ns 5 

Auto Refresh Cycle Time lfVFV IFC 130 - 160 - ns 
F Delay Time from CE IEHFL IRFD 40 - 50 - ns 1 

F Pulse Width (Auto Refresh) IFLFH IFAP 30 8,000 30 8,000 ns 6 

F Pracharge Time IFHFL IFP 30 - 30 - ns 6 

F Command Hold Time IELFL IRHC 15 - 16 - na 1 

F Pulse Width (Self Refresh) IFLFH IFAS 8,000 - 8,000 - na 6 

CE Delay Time from F (Self Refresh) IFHEL IFRS 160 - 190 - ns 1, 6 

Refresh Period (512 Cycle AO to AB) IRF IREF - 8 - 8 ms 

E2 Low Set-Up Time IE2LE1L tcES 5 - 5 - ns 1, 7 

E2 Low Hold Time IE1HE2H ICEH 5 - 5 - ns 1, 7 

Transition Time (Rise and Fall) IT IT 3 50 3 50 ns 

NOTES: 
4. In write cycle, the input data is latched at the earlier of W or ET rising edge and E2 falling edge. Therefore the Input data must be valid 

during set-up time (tosw or tosc> and hold time (toHW or toHc>. 
5. All address inputs are latched at the falling edge of ET and the rising edge of E2. Therefore all the address inputs must be valid during IASC 

and IAHC· 
6. Two refresh operations-auto refresh and self refresh ara defined by the F pulse width under the condition of ET= V1H or E2=V1L: 

Auto refresh: F pulse width :S IFAP (max). 
Self refresh: F pulse width ;;.tFAS (min). 

The timing parameter (IFRSI must be kept for proper device operation in the following conditions: 
a. After self refresh. 
b. In case F = VtL after power-up. 

7. When switching disable controls, the timings ICES and ICEH must be kspt for proper device operation as follows: 

E2 E2 
YtL -

ICES 

MOTOROLA MEMORY DATA 
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DATA RETENTION CHARACTERISTICS <TA=0-70°Cl IMCM51LV8128 Only) 

Symbol Parameter Min Typ Max Unit 

VoR Data Ratantion Supply Voltage 3.0 - 5.5 v 
ICCF2 Self Refresh Current VDR=3.0V - 40 100 ,,A 

!Average Current) VDR=5.5V - 100 200 

tree Recovery Time 5 - - ms 

*The falling slope of Vee must be more than 50 ms in order to operate the device safely. 120 ms/V) 

Vee --------* ... 
Vee 4;D: ---------

DATA RETENTION MODE 
IFRS 

0 ns MIN IREC 

s0.2 v 

:.:vcc-0.2 v 

ff V1H ------
V1L ------' 

E2:.:Vcc-0.2 v OR E2s0.2 v 
OR 

V1H -----...... 

E2 s0.2 v 
ff:.:Vcc-0.2 v OR ff so.2 v 

NOTES: 
1. G, W, AO-A16= Don't Care. 
2. lcCF1 is applied in F=V1L max, El =V1H min, E2=V1L max. 
3. Data Retantion is a special case of the Seti Refresh mode. All modes other than the Self Refresh mode require Auto Refresh or CE Only 

Refresh with 512 cycles/8 ms. 
4. Enter the Self Refresh mode before dropping Vee below 4.5 V for Data Retention mode. 

The Motorola MCM51 LV8128 paeudo static RAM has data 
ratantion capability at a V CC level as low as thrae volts. This 
is particular1y usaful with battery backup applications. While 
in the data ratention mode the pseudo static RAM will draw 
no mora than 100 microamps of currant at 3 V Vee in the 
temperatura range from 0°C to 70°C. The data ratention mode 
of the pseudo static RAM is basically a self rafresh mode whera 
each row in the memory array is automatically rafreshed at 

periodic intervals by on-chip refresh control circuitry. The 
pseudo static RAM will enter self rafrash mode eight micro­
seconds after the rafresh pin makes a transition from high to 
low while the device is in standby mode. Under these con­
ditions the device .will remain in self rafresh mode until either 
brought out of standby mode or until the rafresh pin is clocked 
high. 

MOTOROLA MEMORY DATA 

5-7 



MCM518128•MCM51 LB128•MCM51 LV8128 

READ CYCLE 

ET 

E2 

AO-A16 

ii 

w 

000-007 

F 

V1H-
V1L-

V1H-
V1L-

V1H-
V1L-

VoH-
Vol-

V1H-
V1L-

'CEA 

tfRS tRFO 

tfp 

NOTE: The device can be operated with clocking "El" (or E2) pin only provided that "E2" (or El) is connected to V1H (or V1Ll, ·•el. 

A read cycle is initiated by E and G going low during the 
same cycle while the W signal is held high. Valid data will be 
output after a delay of tcEA from the falling edge of E and a 
delay of toEA from the falling edge of G. The data will remain 
valid on the outputs for the time toHZ from the rising edge 

of G and tCHZ from the rising edge of E. All address inputs 
are latched at the falling edge of E, therefore, all the address 
inputs must be valid during address setup and address hold 
times tASC and tAHC· 

MOTOROLA MEMORY DATA 
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ff 
V1H-
V1L-

E2 

AO-A16 

ii V1H-
V1L-

w V1H-
V1L-

000-007 
V1H-
VIL-

V1H-
V1L-

~] 

WRITE CYCLE 1 
IG Fixed High) 

i.--------tRC---------11--t 
--------tCE-------11..i 

ftRHC 

!4-tFP+f 

tooH 

NOTE: The device can be operated with clocking "El" (or E2) pin only provided that "E2" (or Ell is connected to V1H (or V1Ll level. 

A write cycle is initiated when both E and W go low during 
the same cycle. The write operation is terminated with the 
input data being latched at the rising edge of either E or W, 

whichever occurs first. Therefore, the input data must be valid 
during data setup and data hold times toswttosc and 
toHwltOHC· 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 
(G Clock) 

IT 
V1H-
V1L-

E2 
V1H-
V1L-

AO-A16 
V1H-
VIL-

ii V1H-
V1L-

twCH 

w V1H-
V1L-

IDHC 

00-07 
V1H-
VIL- DATA IN 

tcLZ 

1..-twLZ 

VoH-
00-07 Vol-

If RS 

V1H-
VIL-

NOTE: The device can be operated with clocking "E'i" (or E2) pin only provided that "E2" (or E'il is connected to V1H (or V1Ll level. 

MOTOROLA MEMORY DATA 
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E2 V1H­
V1L-

------~ 

WRITE CYCLE 3 
(G Fixed Low) 

14----------ICE---------

AD-A16 ::: iZ)1---'-AD'--DRE::--CJoo<xxxxxxxxxxxxxxhxxxxxxx 

6 vviH- •ncs 14------•cwL-------<1~ 
IL----+--'l-._------'1--------------~------~ 

DD-07 ViH- ---------------<I V1L-
ICLZ •osw 

twHZ 
ICHZ 

VoH-
00-07 VoL---------<I 

..._ ................................ 
If RS IRfD 

V1H­
V1L- _..._,._ ____ ......,...._ _______________ ~.._ __ ..._ ___ ~ 

NOTE: The device can be operated with clocking "Ei"" (or E2) pin only provided that "E2" (or Ei") is connected to V1H (or V1Ll level. 

MOTOROLA MEMORY DATA 
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IT 
V1H-

V1L-

E2 
V1H-

V1L-

AO-A16 
V1H-

V1L-

ii V1H-

V1L-

w V1H-

V1L-

D0-07 
V1H-

V1L-

VoH-
00-07 Vol-

V1H­
V1L-

READ MODIFY WRITE CYCLE 

14--------IRMW--------I .. 

~-.-.-+--------+------------------

NOTE: The device can be operated with clocking "El" (or E2) pin only provided that "E2" (or El) is connected to V1H (or V1Ll level. 

MOTOROLA MEMORY DATA 
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CHIP ENABLE ONLY REFRESH 
(A9-A16=Don't Carel 

ET V1H-
V1L-

V1H-
E2 V1L-

AO-AB 
V1H-
V1L-

ii 
V1H-
V1L-

i 
V1H-
V1L-

000-007 
VoH-

OPEN VOL-

tRHC 

tFRS tfp 

F 
V1H-
V1L-

NOTE: The device can be operated with clocking "El" (or E21 pin only provided that "E2" (or Eil 
is connected to V1H (or V1LI level. 

The chip enable only refreeh is similar to the RAS-only ra­
frash of a DRAM. This type of refrash is accomplished by 

performing a memory cycle at aach of the 512 rows (defined 
by AO-AS) within the specified ref rash period. 

MOTOROLA MEMORY DATA 
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AUTO REFRESH 
IG, W, AO-A16=Don't Care) 

IT V1H-
V1L-

E2 
YIH -
V1L-

OR 

IT 
V1H-
V1L-

E2 
Vm -
VIL-

V1H-· 
V1L-

000-007 VoH -
Vol-

NOTE: During an auto refresh, an internal row address counter is incremented at the falling edge 
of F, and a new row is refreshed. This diagram shows F toggling twice, thus refreshing 
2 rows. 

The auto refresh is similar to the CAS-before-RAS refresh 
of a DRAM. When the F signal is clocked while Eis high, the 
internal refresh counter and on-chip refresh circuitry are en­
abled and an internal refresh operation takes place. Each time 
the F signal is clocked (as specified and with E high), a 

subsequent row is refreshed and the internal refresh address 
counter is automatically incremented in preparation for the 
next auto refresh cycle. Note that the auto refresh F pulse 
width (tfAP) must be more than 30 ns and less than 8 ,.s for 
this type of refresh operation to properly take place. 

MOTOROLA MEMORY DATA 
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SELF REFRESH 
(~. W, AO-A16=Don't Carel 

NOTE: In the self refresh mode, after F has been held low for tFAS· an internal timer will refresh 
a new row approximately every 150 ,,s. Due to the long period of this method of refresh, 
it is recommended that self refresh only be used for extremely long standby periods, such 
as a battery backup operation. 

The self refresh is similar to the auto refresh and is rec­
ommended for use during the periods when the PSRAM is in 
the standby mode for an extended amount of time. For this 
type of refresh the F signal is held low for as long as the device 
is deselected. When the self refresh F pulse width (tFASl 
exceeds 8 p.11, a timer activates an internal refresh operation 

at consecutive internal refresh addl'MS counter locations. Note 
that upon completion of the self refresh cycle the timing pa­
rameter tfRS (chip enable delay time from F self refresh) must 
be followed for proper device operation during the following 
cycle. 

ORDERING INFORMATION 
!Order by Full Part Number) 

::0~::::m_orv_P_ref-ix ___ M_c_I M __ s,_s-121_o_r_s_1_L8~r •• ""''"' 
xx xx T T Speed (80=00 ns, 10= 100 ns) 

Package (P=600 mil Plastic DIP, 
SF=330 mil SOGI (With L= Low Power Version, 

with LV =Low Power with 
Data Retention Version) 

Full Part Numbers-MCM518128P10 
MCM51 L8128P80 
MCM51 L8128P10 
MCM51 LV8128P80 
MCM51 LV8128P10 

MCM518128SF10 
MCM51 L8128SF80 
MCM51 L8128SF10 
MCM51 LV8128SF80 
MCM51 LV8128SF10 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

128K x 8 Bit CMOS Pseudo Static 
Random Access Memory 

The MCM518129 is a 1,048,576 bit low-power pseudo-static random access memory or­
ganized as 131,072 words of 8 bits, fabricated using 1.0 ,.m silicon-gate advanced CMOS 
process technology. The MCM518129 family products utilize one-transistor dynamic stor­
age cells and direct static addresses to achieve high density and fast access time. The 
advanced CMOS circuit design reduces power consumption and provides greater reliabil­
ity. The data retention mode allows for very low power with battery backup in lap-top 
applications. 

The refresh input (Fl allows two types of refresh application-auto refresh and self 
refresh. The MCM518129 is pin compatible with the 128K x 8 SRAM JEDEC pinout and 
offers a low cost alternative to 1 M SRAMs and a simpler design for DRAM memory 
applications. 

The MCM518129 is available in a wide 32 lead plastic small outline package. 

Single 5 V Supply ± 10% 
128K x 8 Bit Memory Organization 
Low Power Dissipation-385 mW (Maximum Active) 
TIL Compatible Inputs and Outputs 
Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51 LV8129) 
Chip Select Standby Mode 
Low Standby Current 200 ,.A (Maximum) with MCM51L8129 and MCM51LV8129 
Auto Refresh Power Down Function 
512 Refresh Cycles/8 ms 
Auto Refresh is Executed by Internal Counter 
Self Refresh is Executed by Internal Timer 
Pin Compatible with 1M SRAM JEDEC Pinout 
Three State Outputs 
Fast Access Times: MCM51L8129-80/MCM51LV8129-80=80 ns (Max) 

MCM518129-10/MCM51 L8129-10/MCM51LV8129-10=100 ns (Maxi 

Vee Yss 

t t 
COLUMN 
ADDRESS 

BUFFER 181 

COLUMN 
DECODER 

SENSE AMP. 
110 GATE 

• • •256x8• • • 

MEMORY ARRAY 
1512 x 266x 8) 

REFRESH 
TIMER 

MOTOROLA MEMORY DATA 
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MCM518129 
MCM51L8129 

MCM51LV8129 

F PACKAGE 
450 MILSOG 

CASE 866 

PIN ASSIGNMENT 

1. 32 Vee 
A16 31 A15 

A14 30 s 
A12 29 w 

A7 28 A13 

AS 27 AB 

A5 26 A9 

A4 25 All 

A3 24 ii 
A2 10 23 A10 

Al 11 22 E 
AO 12 21 0117 

000 13 20 006 

001 14 19 OG5 

002 15 18 004 

Vss 16 17 003 

PIN NAMES 

AO-A16 ........... Address Input 
W . . . . . . . . . . . . . . Write Enable 
E. . . . . . . . . . . . . . . . Chip Enable 
S ................ Chip Select 
G . . . . . . . . . . . . . Output Enable 
i" ............... Refresh Input 
DQ0-007 ....... Data Input/Output 
V CC . . . . . . . . . . . . . Power Supply 
Vss ................ Ground 
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TRUTH TABLE 

E 
Sat E G w F Mode 1/0 Pin 

Going Low 

L H L H H/L Read* Dout 

L H x L H/L Write* Din 

L H H* H* H/L CE Only Refresh High Z 

H x x x -'lJU'- Auto Refresh High Z 

H x x x L Self Refresh High Z 

L L x x H/L Chip Select Standby High Z 

H x x x H Standby High Z 

L=V1L H=V1H X=don't care -'l!U'-=Toggle 
H/L=V1H or VIL· but must not toggle. 
*The Read and Write operations effectively perform a CE Only Refresh of the row 

being addressed. 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -1.0 to 7.0 v 
Voltage to Any Pin with Respect to V SS Vin· Vaut -1.0 to 7.0 v 
Power Dissipation Po 600 mW 

Soldering Temperature•Time Tsolder 261).10 °C·s 

Operating Temperature TA Oto+70 oc 

Storage Temperature T"!li.. -56to+150 oc 

Short Circuit Output Current lout 50 mA 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

NOTE: 
Permanent device damage may occur if AB­
SOLUTE MAXIMUM RATINGS are ex­
ceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than rec­
ommended voltages for extended periods 
of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0V±10%, TA=O to 70°C, Unless Otherwise Noted} 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage Vitt 2.4 - 6.5 v 
Input Low Voltage V1L -1.0 - 0.8 v 

NOTE: All voltages are referenced to GND. 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin=O to Vccl l1!51lll) -10.0 - 10.0 µA 

Output Leakage Current (E=V1tt. G=V1H or W=V1L• Vout=O to Vccl 11~01 -10.0 - 10.0 µA 

Operating Current (E =VIL• Address Cycling, tRC = tRC min) tRc=130 ns iccA* - 50 70 mA 
tRc= 160 ns - 40 60 

Standby Current (E=V1tt. F=V1ttl MCM518129 ls01 - - 2 mA 
MCM51 L8129/MCM51 LV8129 - - 1 

Standby Current (E;,:Vcc-0.2 V, F;,:Vcc-0.2 VI MCM518129 ls02** - - 1 mA 
MCM51 L8129/MCM51 LV8129 - 100 200 µA 

Self Refresh Current (E=V1H· F=V1U MCM518129 ICCF1 - - 2 mA 
(Average Current) MCM51L8129/MCM51LV8129 - - 1 

Self Refresh Current (E;,:Vcc-0.2 V, Fs0.2 VI MCM518129 1ccF2** - - 1 mA 
(Average Current) MCM51 L8129/MCM51 LV8129 - 100 200 ~A 

Auto Refresh Current (Average Current) (F Toggling, tFC = tFC min) lccF3 - - 2 mA 

Output Low Voltage !loL = 4.2 mAI VoL - - 0.4 v 
Output High Voltage !loH = - 5.0 mA) Vott 2.4 - - v 
*lcCA depends on cycle rate and output loading. Specified values are obtained with the output open. 

**In the Standby mode with E;,:Vcc-0.2 v, these limits are guaranteed when f;,:Vcc-0.2 V. In the Se~ Refresh mode with E<!:Vcc-0.2 V, 
these limits are guaranteed when Fs0.2 V. In the Chip Select Standby mode, these limits are guaranteed when Es0.2 V, Ss0.2 V (when E 
goes low), and f;,:Vcc-0.2 V or Fs0.2 V. 

MOTOROLA MEMORY DATA 
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MCM518129• MCM51 L8129•MCM51 LV8129 

CAPACITANCE If= I MHz, TA =25°C, Vee= 5 V, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance 

Output Capacitance 

AO-A16 Cin 

e, s, G", W, 'F 
DQO-DQ7 Cout 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Noted) 

- 5 pF 

- 7 

- 7 pF 

Input Pulse Levels . . . . . . . • • . . • . . . . . . . . . 0.6 V, 2.6 V 
Input Rise/Fall Tlme ..•.•.......•••.•.•...... 5 ns 
Input Tlming Measurement Reference Levels • . . . . . 0.8 and 2.4 V 

Output Tlming Messurement Reference Levels .•..• 0.8 and 2.2 V 
Output Load. . . . . . . . . • . • . . . . . . 2 TTL Loads and 100 pF 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 ps with high~ Is required after power-up, before proper device operetion is achieved.) 

MCM611..8129-80 
MCM&18129-10 

Symbol MCM&11..8129-10 
Parameter MCM&1LV8129-80 

MCM&1LV8129-10 

Standard Alternate Min Max Min Max 

Random Read, Write Cycle Tlme tEVEV_lR) tRC 130 - 160 -
Read Modify Write Cycle Tlme tEVEV(RW) tRMW 196 - 235 -
Chip Enable Pulse Width tELEH tcE 80 10,000 100 10,000 

Chip Enable Precharge Time tEHEL tp 40 - 50 -
Chip Enable ACC881 Tlme tELOV tcEA - 80 - 100 

Output Enable ACC881 Tlme tGLQV to EA - 35 - 40 

Chip Enable to Output in Low-Z lELOX tcLZ 30 - 30 -
Output Enable to Output in Low-Z tGLOX tOLZ 0 - 0 -
Output Active from End of Write twHOX twLZ 0 - 0 -
Chip Dlsable to Output in High-Z tEHOZ tcHz 0 25 0 30 

G" Disable to Output in High-Z lGHOZ to Hz 0 25 0 30 

Write Enable to Output In High-Z twLOZ twHZ 0 26 0 30 

G" Output Disable Set-Up Tlms lGHEL toDs 0 - 0 -
G" 0Utput Disable Hold Tlme tEHGL to DH 10 - 10 -
Read Command Set-Up Tlms twHEL tRcs 0 - 0 -
Read Command Hold Time tEHWL tRCH 0 - 0 -
Chip Select Set-Up Tlme tSHEL tcss 0 - 0 -
Chip Select Hold Tlme tELSL tcsH 20 - 25 -
Write Pulse Width twLWH twP 60 - 70 -
Write Command Hold Tlme tELWH twCH 60 10,000 70 10,000 

Write Commend to CE Lead Tlme twLEH tcwL 60 10,000 70 10,000 

NOTES: 
1. The timings, tcE (min) and tcE (max), must be kept for proper device operation as follows: 

;-----_tcE-=h 

' :- ""~'""1 
S V1H=~ \ 

VIL _J '-·----------------

Unit Not• 

ns 1 

ns 1 

na 1 

ns 1 

ns 1 

ns 
na 1 

ns 

na 

na 2 

ns 2 

ns 2 

ns 1 

ns 1 

ns 1 

ns 1 

ns 1 

ns 1 

ns 
ns 1 

ns 

(Continued) 

The start of a memory cycle is detennined by E going low while S is high, and the end of the memory cycle is detennined by E going high. 
The PSRAM will go into the standby mode when E is held high. 

2. tcHZ• toHZ· twHZ define the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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MCM518129•MCM51L8129•MCM51LV8129 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 µ.S with high Eis required after power·up, before proper device operation is achieved.) 

MCM51L.8129-80 
MCM518129-10 

Symbol MCM51L.8129-10 
Parameter MCM51LV8129-80 

MCM51LV8129-10 Unit Notes 

Standard Alternate Min Max Min Mex 

Data Set-Up Time from W tDvwH tDsw 30 - 35 - ns 3 

Data Set-Up Time from CE tDvEH tDsc 30 - 35 - ns 3 

Data Hold Time from W twHDX tDHW 0 - 0 - ns 3 

Data Hold Time from CE tEHDX tDHC 0 - 0 - ns 3 

Address Set-Up Time tAVEL tASC 0 - 0 - ns 4 

Address Hold Time tELAX tAHC 20 - 25 - ns 4 

Auto Refresh Cycle Time tFVFV IFC 130 - 160 - ns 

F Delay Time from CE tEHFL tRFD 40 - 50 - ns 1 

F Pulse Width (Auto Refresh) tFLFH tFAP 30 8,000 30 8,000 ns 5 

F Precharge Time tFHFL tFP 30 - 30 - ns 5 

F Command Hold Time tELFL tRHC 15 - 15 - ns 1 

F Pulse Width (Self Refresh) tFLFH tFAS 8,000 - 8,000 - ns 5 

CE Delay Time from F (Self Refresh) tFHEL tFRS 160 - 190 - ns 1, 5 

Refresh Period (512 Cycle AO to AB) tRF tREF - B - B ms 

Transition Time (Rise and Fall) IT IT 3 50 3 50 ns 

NOTES: 
3. In write cycle, the input data is latched at the earlier of W or E rising edge. Therefore the input data must be valid during set-up time ltDSW 

or tDscl and hold time (tDHW or tDHCl· 
4. All address inputs are latched at the falling edge of E. Therefore all the address inputs must be valid during tASC and tAHC· 
5. Two refresh operations-auto refresh and self refresh are defined by the F pulse width under the condition of E=V1H: 

Auto refresh: F pulse width :stFAP (max). 
Self refresh: F pulse width;;,,tFAS (min). 

The timing parameter (tfRS) must be kept for proper device operation in the following conditions: 
a. After self refresh. 
b. In case F = V1L after power-up. 

MOTOROLA MEMORY DATA 
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MCM518129• MCM51 L8129• MCM51 LV8129 

DATA RETENTION CHARACTERISTICS ITA=0-70°C) (MCM51LV8129 Only) 

Symbol Parameter Min 

VDR Data Retention Supply Voltage 3.0 

ICCF2 Self Refresh Current VDR=3.0V -
(Average Current) VDR=5.5V -

tree Recovery Time 5 

*The falling slope of Vee must be more than 50 ms in order to operate the device safely. (20 ms/V) 

NOTES: 

Vee ---------. 
4.5V ---------

Vee VDR 

V1H ------
V1L ------.1 

DATA RETENTION MODE 

0 ns MIN tREe 

:s0.2 v 

;,,Vee-0.2 v 

*The _!!lll!!!Jl slope of V CC must be more than 50 ms in order to operate the device safely. (20 ms/V) 
1. S, G, W, AO-A16=Don't Care. 
2. lcCFl is applied in F=V1L max, E=V1H min. 

Typ Max Unit 

- 5.5 v 
40 100 p.A 

100 200 

- - ms 

tfRS 

3. Data Retention is a special case of the Self Refresh mode. All modes other than the Self Refresh mode require Auto Refresh or CE Only 
Refresh w~h 512 cycles/8 ms. 

4. Enter the Self Refresh mode before dropping Vee below 4.5 V for Data Retention mode. 

The Motorola MeM51LV8129 pseudo static RAM has data 
retention capability at a Vee level as low as three volts. This 
is particularly useful with battery backup applications. While 
in the data retention mode the pseudo static RAM will draw 
no more than 100 microamps of current at 3 V Vee in the 
temperature range from o0 e to 70°e. The data retention mode 
of the pseudo static RAM is basically a self refresh mode where 
each row in the memory array is automatically refreshed at 

periodic intervals by on-chip refresh control circuitry. The 
pseudo static RAM will enter self refresh mode eight micro­
seconds after the refresh pin makes a transition from high to 
low while the device is in standby mode. Under these con­
ditions the device will remain in self refresh mode until either 
brought out of standby mode or until the refresh pin is clocked 
high. 
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MCM518129• MCM51 L8129• MCM51 LV8129 

READ CYCLE 

,__ _ __,_.._ Ip 
,__ ________ 1CE --------- r----.1 

E V1H-

VIL -

1css 
s V1H-

Vil- IASC~ I IAHCJ~ I 
AO-A16 ~::= OOOCxC ADDRESS MXXMXXXXXXXXXXXXXX 

11 
G V1H-

V1L - -------:--:----Ir-+------------+--------,,.-------
W V1H-

V1L - ___ _, 
+.----1oHZ -+---1~ 

D00-007 VoH - -----------1>-------~1 DATA OUT 
Vol-

iol.Z-
14-----1-- IRFD 

lfp 

F V1H-

V1L ----....&.-t-----+-'>------------------J----"'---

A read cycle is initiated by E and G going low during the 
same cycle while the W signal is held high. Valid data will be 
output after a delay of tcEA from the falling edge of E and a 
delay of tQEA from the falling edge of G. The data will remain 
valid on the outputs for the time tQHZ from the rising edge 

of G and tCHZ from the rising edge of E. All address inputs 
are latched at the falling edge of E, therefore, all the address 
inputs must be valid during address setup and address hold 
times tASC and tAHC· 

MOTOROLA MEMORY DATA 

5-21 



MCM618129• MCM61 L.8129•MCM61LV8129 

000-007 VIH - ------i-t----------<I 
VIL - --------1---t---'I ___ ,__1RHC 

F V1H-

V1L - ----'-+-----+_._-----------------''-------
-'FP-

A write cycle is initiated when both E and W go low during 
the same cycle. The write operation is terminated with the 
input data being latched at the rising edge of either E or W, 

whichever occurs first. Therefore, the input data must be valid 
during data setup and data hold times toswttosc and 
toHwltoHC· 
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MCM518129•MCM51LB129•MCM51LV8129 

AO-A16 ~IH= 
IL 

G V1H­

v,L-

WRITE CYCLE 2 
(~Clock) 

14------- 1RC 

00-07 V1H- ----+-+---------<! 
V1L-

1cLZ-----1~ 

•osc-----•I I 
1DHW _, 

- V1H­
F 

VIL - -.&...+------'!-"----------------------

MOTOROLA MEMORY DATA 
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MCM518129• MCM51 L8129• MCM51 LV8129 

s V1H-

VIL -

V1H-
AO-A16 

VIL -

G 
V1H-

VIL-

w V1H-

VIL -

D0-07 
V1H-

VIL -

v -
00-07 OH 

VOL-

- V1H-

F Vil -

1RCS 

1cLZ 

1FRS 

WRITE CYCLE 3 
(G Fixed Low) 
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MCM518129• MCM51 L8129• MCM51 LV8129 

READ MODIFY WRITE CYCLE 

W V1H­

V1L - ----' 

00-07 VIH - -----1-+--+.-+------+---+---<I 
VIL -

00-07 VoH - -----t-T--T--1 
VoL- 1RHC 

- V1H-

1WHZ 
1wLZ·----

F VIL - ___ ..._ ___ +-'~---------------~---..._ __ 

MOTOROLA MEMORY DATA 
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MCM518129• MCM51 L8129• MCM51 LV8129 

CHIP ENABLE ONLY REFRESH 

E V1H-

VIL -

s V1H-

AO-AB ADDRESS xxxxxxxxxxxxxxx 
1 ODS 1 OOH -+-----1'"1 

G V1H-

VIL -

1RCS 

w V1H-

VIL -

000-007 VoH-
VOL-

OPEN 

- V1H-

F VIL - ----"-+-----i ........ ------------------"----~--

NOTE: A9-A 16 =Don't Care. 

The chip enable only refresh is similar to the RAS-only re­
fresh of a DRAM. This type of refresh is accomplished by 

performing a memory cycle at each of the 512 rows (defined 
by AO-ABI within the specified refresh period. 
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MCM518129• MCM51 L8129• MCM51 LV8129 

AUTO REFRESH 
!G, W, AO-A16= Don't Carel 

IT V1H-
V1L-

E2 
V1H-
VIL-

OR 

IT 
V1H-
V1L -

E2 
V1H-
Vil -

V1H-
Vil-

000-007 VoH -
Vol-

NOTE: During an auto refresh, an internal row address counter is incremented at the falling edge 
of F, and a new row is refreshed. This diagram shows F toggling twice, thus refreshing 
2 rows. 

The auto refresh is similar to the CAS-before-RAS refresh 
of a DRAM. When the F signal is clocked while Eis high, the 
internal refresh counter and on-chip refresh circuitry are en­
abled and an internal refresh operation takes place. Each time 
the F signal is clocked (as specified and with E high), a 

subsequent row is refreshed and the internal refresh address 
counter is automatically incremented in preparation for the 
next auto refresh cycle. Note that the auto refresh F pulse 
width (tfAP) must be more than 30 ns and less than 8 µ.s for 
this type of refresh operation to properly take place. 
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MCM518129• MCM51 L8129• MCM51 LV8129 

SELF REFRESH 
IG, W, AO-A16=Don't Carel 

----------OPEN-----------

NOTE: In the self refresh mode, after F has been held low for IFAS· an internal timer will refresh 
a new row approximately every 150 µs. Due to the long period of this method of refresh, 
it is recommended that self refresh only be used for extremely long standby periods, such 
as a battery backup operation. 

The self refresh is similar to the auto refresh and is rec­
ommended for use during the period when the PSRAM is in 
the standby mode for extended periods of time. For this type 
of refresh the F signal is held low for as long as the device is 
deselected. When the self refresh F pulse width (tFAS) exceeds 

8 µs, a timer activates an internal refresh operation at con­
secutive internal refresh address counter locations. Note that 
upon completion of the self refresh cycle the timing parameter 
tFRS (chip enable delay time from F self refresh) must be 
followed for proper device operation during the following 
cycle. 

CHIP SELECT STANDBY MODE 

000-007 Vo.,.-------------- OPEN-------------
VoL-

NOTE: G, W, AO-A16=Don't Care. 
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MCM518129• MCM51 L8129• MCM51 LV8129 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 518129 or 51 L8129 or 51 LV8129 

Motorola Memory Prefix _I I 
Part Number ----------------' 

xx xx T T Speed (80=80 ns, 10= 100 ns) 

Package (F=450 mil SOG) 
(With L = Low Power Version, 
with LV = Low Power with 
Data Retention Version) 

Full Part Numbers-MCM518129F10 
MCM51 L8129F80 
MCM51 L8129F10 
MCM51 LV8129FBO 
MCM51 LV8129F10 
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GENERAL STATIC RAMsJ_HCMOS unless otherwise noted}_ 
Motorola AddraH Operating 

Organ I- Part Access Time Currant Pin 
Dansl!l'_ zatlon Number J_ns Ma& J_mA Ma& Count Packl!lllng_ 

16K 2Kx8 MCM2018AN 35145155 135 24 300 mll~DIP 
256K 32Kx6 MCM60256A 85/100/120 70 28 l!ei_DIP ,JflSC G 

MCM60L256A 70/85/1001120 70 28 llWIPjf)SOG 
MCM60L256A-C 100 70 28 l!elDIP .JE.LSOG 
MCM60L256A-V 100 70 28 liEl.:DIPjf)SOG 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Fast 16K Bit Static RAM 
The MCM2018A is a 16,384 bit static random access memory organized as 2048 

words by 8 bits, fabricated using Motorola's high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the 
ease-of-use features of fully static operation (no external clocks or timing strobes 
required) with the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys­
tems, this high speed static RAM is intended for applications that demand superior 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi­
cant system-level power savings. 

The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the indus­
try standard JEDEC approved pinout. 

• Single +5 V Operation, ± 10% 
• Fully Static: No Clock or Timing Strobe Required 
• Fast Access Time: MCM2018A-35=35 ns (Maximum) 

MCM2018A-45=45 ns (Maximum) 
• Power Supply Current: 135 mA Maximum (Active) 

• Three-State Output 

A4 

A5 

AB 

A7 

AB 23 

A9 22 

AlO 19 

DOO 

DOl 10 

DOZ 11 

003 
13 

004 
14 

005 15 

DOB 
lB 

007 17 

i' lB 

G 20 

w 21 

20 mA Maximum (Standby) 

BLOCK DIAGRAM 

• 
• 
• 

• • 

MEMORY MATRIX 
12Bx12B 

COLUMN 1/0 

COLUMN DECODER 

AO Al A2 A3 

PIN 24 =Vee 
PIN 12=Vss 

• • 
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MCM2018A 

--~ 
. . . N PACKAGE 

PLASTIC 
CASE n4 

PIN ASSIGNMENT 

A7 1 • 24 Vee 

AB 23 AB 

A5 22 A9 

A4 21 w 
A3 2D G 
A2 19 AlO 

Al lB i' 
AO 17 007 

DOO lB DOB 

DOl 10 15 005 

002 11 14 004 

Vss 12 13 003 

PIN NAMES 

AO-A 10 ..•.•.•.....•... Address Input 
DOO-DQ7 ........... Data Input/Output 
W. . . . . . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . . . . . Output Enable 
E . . .. ............. Chip Enable 
Vee ............. +5 V Power Supply 
Vss .................... Ground 



MCM2018A 

MODE SELECTION 

Mode e G w Vee Current DQ 

Standby H x x isa High Z 

Read L L H Ice Q 

Write Cycle L x L ice D 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 
Voltage on Any Pin With Respect to Vss Vin• Vout -0.5 to + 7.0 v 
DC Output Current . lout ±20 mA 

Power Dissipation Po 1.1 Watt 

Temperature Under Bias Tbias -!Oto +80 •c 

Operating Temperature Range TA Oto+70 •c 

Storage Temperature Range Tstg -65 to + 150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Vss 0 0 0 v 

Input Voltage V1H 2.0 3.0 6.0 v 
V1L -0.5* 0 0.8 v 

*The device will withstand undershoots to the -2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (Vcc=5.5 V, Vin=GND to Vccl l1kg(I) -1.0 1.0 µA 

Output Leakage Current (E=V1H or G=V1H. V11o=GND to Vccl l1kg(O) -1.0 1.0 µA 

Operating Power Supply Current (E=V1L. 11/Q=O mA) ice - 135 mA 

Standby Power Supply Current (E = V1HI Isa - 20 mA 

Output Low Voltage UoL = 8.0 mA) VOL - 0.4 v 
Output High Voltage UoH = -4.0 mA) VoH 2.4 - v 

CAPACITANCE If= 1.0 MHz, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E and DQ Cin 3 5 pF 
e 5 7 

1/0 Capacitance DQ C110 5 7 pF 
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MCM2018A 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5V ±10%, TA=Oto +70°C, Unless Otherwise Noted) 

Input Pulse Levels ...................... 0 and 3.0 V 
Input Rise and Fall Times . . . . . . . . . ...... 5 ns 

Input and Output Timing Measurement Reference Levels. . . 1.5 V 
Output Load. . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE (See Note 1) 

Symbol MCMZ018A-35 MCMZ01BA-45 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Address Valid to Address Valid (Read Cycle Time) lAVAV !RC 35 - 45 - ns 

Address Valid to Output Valid (Address Access Time) tAVQV tAC - 35 - 45 ns 

Chip Enable Low to Chip Enable High (Read Cycle Time) tELEH !RC 35 - 45 - ns 

Chip Enable Low to Output Valid (Chip Enable Access Time) tELOV !ACS - 35 - 45 ns 

Output Enable Low to Output Valid (Output Enable Access Time) tGLQV toE - 20 - 20 ns 

Chip Enable Low to Output Invalid (Chip Enable to Output Active) lELQX tcLZ 5 - 5 - ns 2 

Chip Enable High to Output High Z (Chip Disable to Output tEHOZ tcHz 0 20 0 20 ns 2 
Disable) 

Output Enable Low to Output Invalid !Output Enable to Output tGLQX toLZ 0 - 0 - ns 2 
Active) 

Output Enable High to Output High Z (Output Disable to Output lGHQZ to Hz 0 20 0 20 ns 2 
Disable) 

Address Invalid to Output Invalid (Output Hold Time) lAXQX !OH 5 - 5 - ns 

Chip Enable Low to Power Up tELICCH tpu 0 - 0 - ns 

Chip Enable High to Power Down lEHICCL tpD - 20 - 20 ns 

NOTES: 
1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition 

between V1L and V1H (or between VJH and V1Ll in a monotonic manner. 
2. Transition is measured ± 200 mV from the steady state output voltage with the output loading specified in Figure 1. 
3. In read cycle 2, all addresses are valid prior to or coincident with chip enable ('E) transition low. 

A (AOORESSI 

G (OUTPUT ENABLE) 

0 IOATA OUT) 

E (CHIP ENABLE! 

0 (DATA OUT) 

READ CYCLE 1 (W=V1H. E=V1Ll 

i.------- lAVAv--------~ 

IGLOV 

1GLUX---~ 

OUTPUT DATA VALID 

READ CYCLE 2 (W = VIH· G = V1L; See Note 3 Above) 

i.--------IELEH ----------.! 

-IELQV 

OUTPUT DATA VALID 

IEUCCH -+'4--,.. 

--- - - --+·,.----------------------.1 
Vee SUPPLY Ice 

CURRENT 

155 

MOTOROLA MEMORY DATA 

6-5 



MCM2018A 

WRITE CYCLE !See Notes 1 and 21 

Symbol MCMZ018A-35 MCMZ018A-45 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Address Valid to Address Valid (Write Cycle Time) tAVAV twc 35 - 45 - ns 

Chip Enable Low to Write High (Chip Enable to End of Write! tELWH tEw 30 - 40 - ns 

Address Valid to Chip Enable Low (Address Setup to Chip Enable! tAVEL tAS 0 - 0 - ns 

Address Valid to Write Low (Address Setup to Write) tA,VWL tAS 0 - 0 - ns 

Address Valid to Write High tAvwH tAW 30 - 40 - ns 3 

Write Low to Write High (Write Pulse Width) IWLWH twp 30 - 35 - ns 

Write High to Address Don't Care (Address Hold After End of Write) twHAX twR 0 - 0 - ns 4 

Write High to Output Don't Care (Output Active After End of Write) twHax twLZ 0 - 0 - ns 5 

Write Low to Output High Z (Write Enable to Output Disable) twLOZ twHZ 0 20 0 20 ns 5 

Data Valid to Write High (Data Setup to End of Write) tDvwH tDs 15 - 20 - ns 3 

Write High to Data Don't Care (Data Hold After End of Write) IWHDX tDH 0 - 0 - ns 3, 5 

Output Enable High to Output High Z tGHQZ to Hz 0 20 0 20 ns 

NOTES: 
1. Write enable (ii\i) must be high during all address transitions. 
2. If the chip enable (E') low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 

state. 
3. Both chip enable (El and write enable !WI must be active (low) to write data into the memory. Either signal can terminate the write cycle 

by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write. 
4. twHAX is measured from the earlier of, chip enable (El or write enable (ii\i) going high to the end of write cycle. 
5. Output enable (GI can be either low or high during a write cycle. If chip enable (El and G are both low during this period then the data 

input/output (DQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 

WRITE CYCLE 1 (W Controlled) 

A IADORESSI 

E {CHIP ENABLE! 

Vi !WRITE ENABLE) 

G {OUTPUT ENABLE) 

IWHOX 

HIGH IMPEDANCE 
U !DATA OUTI 

D {DATA IN) 

----------------......,F-tD_vw_H~~~~·~~~t twHDX 
------------------ ~ATA IN VALID -* 

MOTOROLA MEMORY DATA 

6-6 



MCM2018A 

A IAOORESSI 

E !CHIP ENABLE) 

W !WRITE ENABLE) 

G !OUTPUT ENABLE) 

0 IDATA OUT) 

0 IDATA IN) 

WRITE CYCLE 2 (E Controlled) 

i.-----------IAVAV--------------<~ 

5 v 

n--------e 
255 

HIGH IMPEDANCE 

4BO 

30 pf 
{INCLUDING 
SCOPE AND JIG) 

Figure 1. Output Load 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix-------j--'CM T r~_x_x ______ Speed (35 = 35 ns, 46=46 ns) 

Part Number - - Package (N=300-mil Plastic) 

Full Part Numbers-MCM2018AN35 
MCM2018AN46 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
32K x 8 Bit CMOS Static Random 
Access Memory 

The MCM60256A is a 262, 144 bit low-power static random access memory organized as 
32, 768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the minimum cycle time is 85 ns. For long cycle times ( > 100 ns), the automatic 
power down (APO) circuitry will temporarily shut down various power consuming circuits, 
thereby reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When Eis a logic high, the part is placed in low 
power standby mode. The maximum standby current for MCM60l256A is 2 pA 
(TA =25°C). Chip enable also controls the data retention mode. Another control 
feature, output enable (G) allows access to the memory contents as fast as 45 ns 
(MCM60256A-85). Thus the MCM60256A is suitable for use in various microprocessor 
application systems where high speed, low power, and battery backup are required. 

The MCM60256A is offered in a 600 mil, 28 pin plastic dual-in-line package as well as 
the 330 mil, 28 pin plastic small outline gullwing package. 

• Single 5 V Supply, ± 10% 
• 32K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Dissipation-27.5 mW/MHz (Typical Active) 
• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 
• Battery Backup Capability (MCM60L256A) 
• Data Retention Supply Voltage=2.0 V to 5.5 V 
• All Inputs and Outputs Are TTL Compatible 
• Three State Outputs 
• Fast Access Times: MCM60256A-85 and MCM60L256A-85=85 ns (Max) 

MCM60256A-10 and MCM60L256A-10=100 ns (Max) 
MCM60256A-12 and MCM60L256A-12=120 ns (Max) 

w 
6 ----a_.__, 

MEMORY ARRAY 
(512 ROWS AND 
512 COLUMNS) 

BLOCK DIAGRAM 

-vcc 
-vss 

MCM60256A 
MCM60L256A 

PPACKAGE 
PLASTIC 
CASE710 

~ .... .,,,., 
SOG 

CASE7&1H 

PIN ASSIGNMENT 

A14 1. 28 Vee 
A12 21 w 

A7 26 A13 

A6 4 25 AB 

A5 24 A9 

A4 23 A11 

A3 22 ii 
A2 21 A10 

Al 20 E 
AO 10 19 007 

000 11 18 006 

001 12 17 005 

002 13 16 004 

Vss 14 15 003 

PIN NAMES 

AO-A14 ......•..•.. Address 
W . . . . . . . . . . . . Write Enable 
E. . . . . . . • . . . . . . Chip Enable 
G . . . . . . . . . . . Output Enable 
000-007 . . . . . Data Input/ Output 
Vee ....... +5 V Power Supply 
Vss .............. Ground 

This document contains information on a new product. Specifications and information herein are subject to charfge without notice. 

MOTOROLA MEMORY DATA 
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MCM60256A•MCM60L256A 

TRUTH TABLE 

E iJ w Mode Supply Current 1/0 Pin 

H x x Not Selected iss High Z 

L H H Output Disabled ice High Z 

L L H Read ice Dout 

L x L Write ice Din 

X =don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.3 to +7.0 v 

Voltage to Any Pin with Respect to Vss Vin• Vout -0.5 to Vcc+0.5 v 

Power Dissipation (TA= 25°C> PDIP Po 1.0 w 
SOG 0.6 

Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.!ll -55 to + 150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range} Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vcc+0.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (min}= -0.3 V de; V1L (min}= -3.0 V ac (pulse width s50 ns} 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin =0 to Vccl l1k.!!ll} - <0.01 ±1.0 p.A 

Output Leakage Current (E=V1H or "l;=V1H or W=V1L• V0 ut=O to Vccl 11~01 - <0.01 ±1.0 p.A 

Operating Current (Read Cycle! ICCA1 mA 

(E=VIL· W=V1H. Other lnput=V1HIVIL· lout=O mAI 
MCM60L256A: tAVAV = 1 µs - 10 15 

MCM60256A, MCM60L256A-85: tAVAv=85 ns - - 70 
MCM60256A, MCM60L256A-10: tAvAv= 100 ns - - 70 
MCM60256A, MCM60L256A-12: tAvAv=120 ns - - 70 

IE=0.2 v. W=Vcc-0.2 v, Other lnput=Vcc-0.2 V/0.2 v. ICCA2 
lout=O mAl MCM60L256A: tAVAV = 1 p.S - 5 8 

MCM60256A, MCM60L256A-85: tAVAV = 85 ns - - 60 
MCM60256A, MCM60L256A-10: tAVAV = 100 ns - - 60 
MCM60256A, MCM60L256A-12: tAVAV = 120 ns - - 60 

Standby Current (°!: = V1H> 1ss1 - - 3.0 mA 

Standby Current <Eo.Vcc-0.2 V, Vcc=2.0 to 5.5 VJ MCM60256A lss2 - 2 100 p.A 
MCM60L256A - - 30 

MCM60L256A ITA =25°Cl - - 2 

Output Low Voltage <loL = 4.0 mAI VoL - - 0.4 v 

Output High Voltage <loH = -1.0 mA} VoH 2.4 - - v 

Typical values are referenced to TA =25°C and Vcc=5.0 V 

CAPACITANCE If= 1 MHz, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance (Vin= 0 VI All Inputs Except DO Cin - 10 pF 

1/0 Capacitance IV110 = 0 VI DO CIJO - 10 pF 

MOTOROLA MEMORY DATA 
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Ill 

MCM60256A•MCM60l.256A 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Noted! 

Input Pulse Levels . . . . • . . . . . . . . • • • . . . . • 0.6 V, 2.4 V 
Input Risa/ Fall Time . • . . . . . . • • . . . . . . . . . . . . . . . 5 ns 
Input Timing Measurement Reference Levels . . . . . . • . . . 1.5 V 

Output Timing Measurement Reference Levels ..... 0.8 and 2.2 V 
Output Load . . . . . . . . . . • . . . . . . . . . • . . . . See Figure 1 

READ CYCLE (See Note 11 

MCM60256A-86 MCM60256A-10 MCM60256A-12 

Parameter Symbol 
Alt MCM601..266A-86 MCM601..266A-10 MCM601..266A-12 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 85 - 100 - 120 - ns -
Address Access Time tAVQV tAA - 85 - 100 - 120 ns -
E Access Tlme tELQV tAC - 85 - 100 - 120 ns -
Cl Access Time tGLQV toe - 45 - 50 - 60 ns -
Output Hold from Address Change tAXQX tOH 10 - 10 - 10 - ns -
Chip Enable to Output Low-Z tELax tCLZ 10 - 10 - 10 - ns 2, 3 

Output Enable to Output Low-Z tGLQX tOLZ 5 - 5 - 5 - ns 2, 3 

Chip Enable to Output High-Z tEHQZ tCHZ 0 30 0 35 0 40 ns 2, 3 

Output Enabls to Output High-Z tGHQZ tOHZ 0 30 0 35 0 40 ns 2, 3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered In a high or low impedance state when the output has made a 100 mV transition from the 

previous steady state voltage. 
3. Thess parameters are periodically sampled and not 100% tested. 

READ CYCLE 

AIADDRESSJ- •------ --
ir----------tAVAV -----------It 

- 1AVOV ------- 1AXOX 

E !CHIP ENABLEI 

•---- teLav----..i 

ii !OUTPUT ENABLEI 

HIGH·Z 0 !DATA OUT) --------+---t-----1 
.-IGLQX_. 

1£LOX-

*Includes jig capacitance. -=-

5.0 v 
RL = 930 

1N9148 
OR EQUIV. 

Figure 1. AC Test Load 

MOTOROLA MEMORY DATA 
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MCM60256A• MCM60l256A 

WRITE CYCLE 1 AND 2 !See Note 1) 

MCM602!i6A-86 MCM602!i6A-10 MCM602!i6A-12 

Parameter Symbol 
Alt MCM60121i6A-86 MCM60121i6A-10 MCM60121i6A-12 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 85 - 100 - 120 - ns -

Address Setup Time tAvwLitAVEL tAS 0 - 0 - 0 - ns -
Address Valid to End of Write tAVWHitAVEH tAW 75 - 80 - 85 - ns -
Write Pulse Width twLWH twP 60 - 60 - 70 - ns 2 

Data Valid to End of Write tovwHitovEH tow 35 - 35 - 40 - ns -
Data Hold Time twHoxitEHDX toH 0 - 0 - 0 - ns -

Write Low to Output in High-Z twLOZ twHZ 0 25 0 25 0 30 ns 3,4 

Write High to Output Low-Z twHOX twLZ 10 - 10 - 10 - ns 3,4 

Write Recovery Time twHAxitEHAX twR 5 - 0 - 0 - ns 5 

Chip Enable to End of Write tELWHitELEH tcw 65 - 80 - 85 - ns -
NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 
2. A write occurs during the overlap ltwpl of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 

state. 
3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 

the previous steady state voltage. 
4. These parameters are periodically sampled and not 100% tested. 
5. twR is measured from the earlier of E or W going high to the end of write cycle. 

WRITE CYCLE 1 (W CONTROLLED) 

14--------- IAVAV----------il--t 

A !ADDRESS) 

E (CHIP ENABLE) 

W !WRITE ENABLEI 

D IDATA INI 

MOTOROLA MEMORY DATA 
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MCM60256A•MCM60L256A 

WRITE CYCLE 2 (E Controlled) 

!4------------tAVAv.----------------1-t 

A !ADDRESS)· 

E !CHIP ENABLE) 

W !WRITE ENABLE) 

HIGH IMPEDANCE HIGH IMPEDANCE 
0 (DATA OUT) ---------------------------r---------

D !DATA INI 

DATA RETENTION CHARACTERISTICS IT A= o to + 70°CJ 

Parameter Symbol Min Typ Max Unit 

Vee for Data Retention IE;;,;Vcc-0.2 VI VDR 2.0 - 5.5 v 

Data Retention Current IE;,, V cc - 0.2 VI MCM60256A : Vcc=3.0 v ice DR - - 50 µA 
Vcc=5.5 v - - 100 

MCM60l256A: Vcc=3.0 v - - 10** 
vcc=5.5 v - - 30 

Chip Disable to Data Retention Time tcDR 0 - - ns 

Operation Reco'l'ery Time tree tAVAV* - - ns 

*tAVAV =Read Cycle Time 
**This characteristic is guaranteed to meet 3 µA max at TA= 0 to + 40°C. 

DATA RETENTION MODE 

t+--- DATA RETENTION MODE ------1~ 

Vee 4.5 v 
VDR2!:2.0 V 

4.5 v 

t 1CDR tree :::L 
E CONTROL ;--z-z--z~f.i...-v-1H-,~------E_.,,_vD_R_-_o_.2_v ______ ,rV-1ff"T11'-... \-.,,\---.\,....-... \.....,.\ 

NOTE: If the V1H of Eis 2.4 Vin operation, 1591 current flows during the period that the Vee voltage is decreasing from 4.5 V to 2.4 V. 

MOTOROLA MEMORY DATA 
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MCM60256A•MCM60L256A 

1.5~-~-~~-~-~--~-~--~-~ 

! 1.4 

~ 1.31--+--+--+---l--+-......----1--i::::7h,.,C::.+---j 

g 1.2 l--+--11--+--+1-_.......,_,,*"'"'--+--+----1 
~ v I 

!:::; 1.11--+--l~-+,,,..q--+---+--+----1 

§! ~ 
~1.0~ 
i 0.9 

1 0.8 

0.7'---'---''---'-----'--...__ ....... __ .._ _ _, 
4 4.5 5.5 6 6.5 7.5 

Vee. SUPPL y VOLTAGE IVOL TS) 

Figure 1. Input High Voltage versus Supply Voltage 

1.6 
s 
ti:! 
::::; 1.4 c 
:I! 
"" .. 
g 1.2 ... 
~ 
"" 1.0 :::i -1 ... 
"' 1!!! 
tc 0.8 
"" It .. .. 0.6 ... 
~ 

0.4 
-60 -40 -20 20 

1.5 

I ::: 
1.2 

~ 1.1 

~ 1.0 

~ D.9 

,;, 0.8 ,. 
0.7 

4 

TA=25°C 

~ 

i--I--
~ 

I2J 
2J 

4.5 5.5 6.5 7.5 
Vee. SUPPLY VOLTAGE !VOLTS) 

Figure 2. Input Low Voltage versus Supply Voltage 

40 60 80 100 120 
TA· AMBIENT TEMPERATURE (°C) 

I 
I 
! 
j 

Figure 3. Operating Current versus Ambient 
Temperature 

-

o~-~-......... -~_ ....... _ _, __ ..__...__....._ _ _, 
-60 -40 -20 20 40 60 80 100 120 

TA, AMBIENT TEMPERATURE (°C) 

Figure 4. ISB1 Standby Current versus Ambient 
Temperature 

100 

..d 

0.01 
-60 -40 -20 

z 

IZ 
z 

z 

20 40 60 80 100 120 140 
TA· AMBIENT TEMPERATURE (°C) 

Figure 5. ISB2 Standby Current versus Ambient 
Temperature 
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MCM60256A•MCM60L256A 

1.6 r----.-.,----,--,-,---,---,--,r----.-.----,--, 1.6r---.--.--,.---,--.----,--.--.---,---.--,.--. 

=.,; 1.4 
- 1.21--+-+---t--+-t---t-+--r--+-+--f--j 

i!!. 

11.4 
:: 1.2>----+--+---<r--+--+---t--t--t--+--+--t---< 
i!!. 
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'" o.61--+--1----1L-+-+--ct....,"f---l--+-+---t--1 

~ 0.41--+--+--ib.-1"~0--+-v_-+--_,---r-+---+--t---1 

.... 1.0!--+-+--+-+--+--t---t--t---1--t--f-:;;..J 
~ v 
~ o.a1-+-t-+--l-+---t-+--+1--: _,,..;J..--'9--t---1 

~ o.61--+-+-+--l-+--=>-"l'J-.--::...._+r-+--+-+--I 
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I, FREQUENCY (MHz) I, FREQUENCY IMHzl 

Figure 6. Low Power Operating Current versus 
Frequency (Read) 

Figure 7. Operating Current versus Frequency (Write) 
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Figure 8. Low Power 1592 Standby Current versus 
Supply Voltage 

1.8 ,--.,----,----,---,---r---.---.,----,---, 

1.61--+---+---+---t--l--+--+---+---I 

1.4r--+---+---+--+---t--r--+---+---1 

-
~ 1.21--+---+--+--+--l--+--+---=-*"'.......-=--I 

~ ~ 
gj 1.0f--1f---t--+----::~-"F--+--l--l--I 
:!! _1 ~ 
~ i-- I 

> 0.8 

J 
. 0.8t---+---+---+---+---t--t---+---+-----< 

~ 
0.7 

4.5 4.75 5.25 

Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 9. Access Time versus Supply Voltage 
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Figure 10. Access Time versus Ambient Temperature 
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MCM60256A•MCM60L256A 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Me1110fY--P-r-ef-ix ____ T_c_M __ 
60256 __ A~r~ x 

Part Number -

xx xx 

(With L =Low Power Version) 

Shipping Method (R2=Tape & Reel, 
Blank= Railsl 

Speed (85=85 ns, 10=100 ns, 
12=120 ns) 

'------Package (P=Plastic DIP, F=SOGI 

Full Part Numbers-MCM60256AP85 
MCM60256AP10 
MCM60256AP12 

MCM60l256AP85 
MCM60l256AP10 
MCM60l256AP12 

MCM60256AF85 
MCM60256AF10 
MCM60256AF12 

MCM60l256AF86 
MCM60L256AF10 
MCM60L256AF12 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
32K x 8 Bit CMOS Static Random 
Access Memory 

The MCM60l.256A-70 is a 262, 144 bit low-power static random access mamory orga­
nized as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, whlle CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 rnA/MHz (typ) and the minimum cycle tima is 70 ns. For long cycle times I> 100 ns), 
the automatic power down (APO) circuitry wm temporarily shut down various power 
consuming circuits, thereby reducing the activa power consumption. 

Chip enable (El controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When Eis a logic high, the part is placed in 
low power standby mode. The maximum standby current for MCM60L258A·70 is 2 ,.A 
IT A=25°C). Chip enable also controls the data retention mode. Another control fea. 
turs, output enable (GI allows acCBBB to the mamory contents as fast as 40 ns 
(MCM60l258A-70). Thus the MCM60l.256A-70 is suitable for uas in various micropro­
cessor application systems where high speed, low power, and battery backup are 
required. 

The MCM60l.256A-70 is offered in a 600 mil, 28 pin plastic dual-in-line package 
(POIP) as well as the 330 mil, 28 pin plastic small outline gullwing package (SOG). 

• Single 5 V Supply, ± 10% 
• 32K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Oissipation-27.5 mW/MHz (Typical Active) 
• Output Enable and Chip Enable Inputs for Mora System Design Flexibility and Low 

Power Standby Mode 
• Battery Backup Capability 
e Data Retention Supply Voltege=2.0 V to 5.5 V 
e All Inputs and Outputs Ara TTL Compatible 
• Three State Outputs 
• Fast Access Times: 70 ns (Maxi 

w 
ii----a..­

MEMORY ARRAY 
1512 ROWS AND 
512 COLUMNS! 

BLOCK DIAGRAM 

-vcc 
-vss 

I MCM60L2&6A-70 I 

PPACKAGE 
PLASTIC 
CASE710 ,, __ 

SOG 
CASE7&1H 

PIN ASSIGNMENT 

Al4 I• 28 Yee 
A12 27 \V 

A7 28 Al3 

25 AB 

AS 24 A9 

A4 23 All 

A3 22 if 
A2 21 AIO 

Al 20 E 
AO 10 19 007 

000 II 18 008 

001 12 17 005 

002 13 18 004 

Vss 14 15 003 

PIN NAMES 

AO-A 14 •••.•.•.•.•••.. Add,_ 
W . . . . . . . . . . . . . . . Write Enable 
'IL . . . . . . . . . . . . . . . . Chip Enable 
~ .. .. .. .. .. .. .. Output Enable 
DQO.DQ7 •.••••.• Data Input/Output 
Vee . . . . . . . . . . + 5 v Power Supply 
V55 ••••.•..•.••••.•. Ground 

Thla document containo information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60l256A-70 

TRUTH TABLE 

E G w Mode Supply Current 1/0 Pin 

H x x Not Selected lss High Z 

L H H Output Disabled ice High Z 

L L H Read ice Dout 

L x L Write ice Din 

X=don't care 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.3 to + 7.0 v 

Voltage to Any Pin with Respect to Vss Vin• Vout -0.5 to Vcc+0.5 v 

Power Dissipation IT A= 25°Cl PDIP Po 1.0 w 
SOG 0.6 

Operating Temperature TA Oto +70 •c 

Storage Temperature T S!ll_ -55to+150 •c 

NOTE: Permanent device damage may occur ff ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0V ±10%, TA=0to70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage !Operating Voltage Rangel Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vcc+o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (min)= -0.3 V de; V1L !min)= -3.0 V ac (pulse width :s;50 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current !All Inputs, Vin=O to Vccl 11~1) - <0.01 ±1.0 p.A 

Output Leakage Current (E=V1H or G=V1H or W=V1L• Vout=O to Vccl l1!5!1lOl - <0.01 ± 1.0 p.A 

Operating Current !Read Cycle) 1ccA1 mA 
(E=V1L. W=V1H. Other lnput=V1HIVIL· 10 ut=O mA) 

MCM60L256A-70: tAvAv=1 µ.s - 10 15 
MCM60L256A-70: tAVAv=70 ns - - 70 

IE=0.2 v, W=Vcc-0.2 v. Other lnput=Vcc-0.2 V/0.2 v. iccA2 
lout=O mA) MCM60L256A-70: tAVAv=1 µ.s - 5 8 

MCM60L256A-70: tAvAv=70 ns - - 60 

Standby Current IE= V1Hl lss1 - - 3.0 mA 

Standby Current IE;,,Vcc-0.2 v. Vcc=2.0 to 5.5 Vl MCM60L256A-70 1ss2 - - 30 p.A 
MCM60L256A-70 ITA=25°C) - - 2 

Output Low Voltage lloL = 4.0 mA) Vol - - 0.4 v 

Output High Voltage lloH = - 1.0 mA) VoH 2.4 - - v 

Typical values are referenced to TA =25°C and Vcc=5.0 V 

CAPACITANCE If= 1 MHz, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance (Vin= 0 Vl All Inputs Except DQ Cin - 10 pF 

1/0 Capacitance IV110 = 0 V) DQ C1/0 - 10 pF 

MOTOROLA MEMORY DATA 
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MCM60L256A-70 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 v ±10%, TA=O to 70"C, Unless Otherwise Noted) 

Input Pulse Levels . • • . • • . • . • • . • . • . . • . . . 0.6 V, 2.4 V 
Input Rise/Fall Tima .•..•.•..•.•.••.••.••••• : 5 118 

Input Timing Measurement Reference Levels • • • • • • • • • • 1.5 V 

Output Timing Measurement Reference Levels .•... 0.8 and 2.2 V 
Output Load. . . . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE (See Note 11 

Alt MCMllOl.2lilA·111 
Parameter Symbol 

Symbol 
Unit N-

Min Mex 

Read Cycle Tima tAVAV tRC 70 - 118 -
Address Access TH118 tAVQV tAA - 70 118 -
EAccessTime tELQV tAC - 70 ns -
G AcceesTima IGLQV toe - 40 118 -
Output Hold from Address Change tAXQX toH 10 - 118 -
Chip Enable to Output Low-Z tELQX tCLZ 10 - 118 2, 3 
Output Enable to Output Low-Z IGLOX toLZ 5 - 118 2, 3 

Chip Enable to Output High-Z teHOZ ICHZ 0 25 118 2, 3 

Output Enable to Output High·Z IGHOZ IOHZ 0 25 ns 2,3 

NOTES: 
1. W is high et all times for read cycles. 
2. All high·Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 

previous steady state voltage. 
3. Tha88 parameters ara pariodically sampled and not 100% tasted. 

READ CYCLE 

i----------IAVAV -----------1~ 

AIADDRESSl---- -

.. ------ tAvov------1--i IAXOX 

E ICHIP ENABlEI 

G (OUTPUT ENABLE) 

HIGH·Z 
Q !DATA OUTJ --------+---+----<! 

5.0 v 

100 pf* 

*Includes jig cepacitance. .,,. 

Rt =930 

1N914B 
OR EOUtV. 

Figure 1. AC Test Load 

MOTOROLA MEMORY DATA 
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MCM60L256A-70 

WRITE CYCLE 1 AND 2 (See Note 11 

Alt MCM601.256A-70 
Parameter Symbol 

Symbol 
Unit Notes 

Min Max 

Write Cycle Time tAVAV twc 70 - ns -

Address Setup Time tAVWLitAVEL tAS 0 - ns -
Address Valid to End of Write tAVWHitAVEH tAW 60 - ns -
Write Pulse Width twLWH twp 50 - ns 2 

Data Valid to End of Write tovwHltovEH tow 25 - ns -

Data Hold Time twHoxltEHDX toH 0 - ns -
Write Low to Output in High-Z twLQZ twHZ 0 25 ns 3,4 

Write High to Output Low-Z twHOX twLZ 5 - ns 3,4 

Write Recovery Time twHAXitEHAX twR 0 - ns 5 

Chip Enable to End of Write tELWHitELEH tcw 50 - ns -
NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 
2. A write occurs during the overlap (twp) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 

state. 
3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 

the previous steady state voltage. 
4. These parameters are periodically sampled and not 100% tested. 
5. twR is measured from the earlier of E or W going high to the end of write cycle. 

WRITE CYCLE 1 (W CONTROLLED) 

----------- IAVAV-----------.1 

A !ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 IE CONTROLLED) 

14------------IAVAV~------------

A fADDRESSJ 

E {CHIP ENABLE] 

W {WRITE ENABLE) 

0 {llATA INJ 

DATA RETENTION CHARACTERISTICS ITA=Oto +70°CJ 

Parameter Symbol Min Typ Max Unit 

Vee for Data Retention fE;ioVcc-D.2 VJ VoR 2.0 - 5.6 v 

Data Retention Current IE;,: V cc -0.2 VJ MCM60l256A-70: Vcc=3.0 v lccoR - - 10** ,.A 
vcc=s.sv - - 30 

Chip Disable to Data Retention Time tcoR 0 - - ns 

Operation Recovery Time tree tAVAV* - - ns 

*tAVAV = Read Cycle Time 
**This characteristic is guaranteed to meat 3 ,.A max at TA =Oto +40°C. 

DATA RETENTION MODE 

14---- DATA RETENTION MODE--~ 

Vee 4.5 v v0R;i.2.ov 4.5 v 

t'CDR tracj_ 
E CONTROL ;-... z--z--z-...f_v_1H-, ... ______ E_;i._vo_R_-_o_.2_v ______ , ... V-1H-i-... s ..... \-\--... \---\ 

NOTE: If the V1H of E is 2.4 V in operation, lse1 currant flows during the period that the Vee voltage is decreasing from 4.5 V to 2.4 V. 

MOTOROLA MEMORY DATA 
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Figure 1. Input Hig" Voltege versus Supply Voltege 
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Figure 2. Input Low Voltage versus Supply Voltage 
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Figure 6. lse2 Stendby Current versus Ambient 
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MCM60l.256A-70 

MCM 

Motorola Memory Prefix T 
Part Number 

(With L =Low Power Version) 

ORDERING INFORMATION 
!Order by Full Part Number) 

T 
x xx xx L=Shipping Method (R2=Tape & Reel, 

Blank= Rails) 

Speed (70 = 70 nsl 

'----------Package (P=Plastic DIP, F=SOG) 

Full Part Numbers-MCM60l.256AP70 MCM60l.256AF70 MCM60l.256AF70R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Advance Information 
32K x 8 Bit CMOS Static Random 
Access Memory 
Industrial Temperature Range: -40 to 85°C 

The MCM60256A-C is a 262, 144 bit low-power static random access memory organized 
as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the cycle time is 100 ns. For long cycle times ( > 100 ns), the automatic power 
down (APO) circuitry will temporarily shut down various power consuming circuits, 
thereby reducing the active power consumption. 

Chip enable (EJ controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 µ.A (TA =25°CJ. Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60256A-C is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60256A-C is offered in a 28 pin, 600 mil plastic dual-in-line package and a 
330 mil gull-wing SO package. 

• Single 5 V Supply, ± 10% 
• 32K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Dissipation-27.5 mW/MHz (Typical Active) 
• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 
• Battery Backup Capability (Maximum Standby Current=2 µA @ 25°CJ 
• Data Retention Supply Voltage=2.0 V to 5.5 V 
• All Inputs and Outputs Are TTL Compatible 
• Three State Outputs 
• Fast Access nme: MCM60256A-C10 and MCM60L256A-C10=100 ns (Max) 

BLOCK DIAGRAM 

MEMORY ARRAY 
(512 ROWS AND 
512 COLUMNS! 

..--Vee 
-vss 

MCM60256A-C 
MCM60L256A-C 

'1B#FPACKAGE 
1 SOG 

CASE 751H 

PIN ASSIGNMENT 

A14 1 • 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AO 10 

000 11 

001 12 

002 13 

Vgg 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PIN NAMES 

Vee 

A13 

AS 

A9 

A11 

ii 
A10 

E 
007 

006 

005 

004 

003 

AO-A 14 ..•.......••.. Address 
W . . . . . . . . . . . . . . Write Enable 
E. . . . . . . . . . . . . . . . Chip Enable 
G . . . . . . . . . . . . . Output Enable 
D00-007 ....... Data Input/Output 
V cc . . . . . . . . . + 5 V Power Supply 
V55 ................ Ground 

This document contains information on a new product. Specifications and information herein are subject to chartge without notice. 

MOTOROLA MEMORY DATA 
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TRUTH TABLE 

E G w Mode Supply Current 110 Pin 

H x x Not Selected lss High Z 

L H H Output Disabled ice High Z 

L L H Read Ice Dout 

L x L Write ice Din 

X =don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.3 to + 7.0 v 

Voltage to Any Pin with Respect to Vss Vjn, Vout -0.5 to Vee+ 0.5 v 

Power Dissipation (TA= 25°C) PDIP Po 1.0 w 
SOG 0.6 

Operating Temperature TA -40to +86 •c 

Storage Temperature TS!!L -55 to +150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extanded periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric f18lds; however. it is ad· 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum ratad voltages to this high· 
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
lVcc=5.0 V ± 10%, TA= -40 to 85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 6.5 v 

Input High Voltage V1H 2.2 - vcc+o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (mini= -0.3 V de; V1L (mini= -3.0 V ac (pulse width s50 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to V eel 11~11 - <0.01 ±1.0 µA 

Output Leakage Current (E=V1H or'(;=V1H or W=V1L• Vout=O to Vccl 11~01 - <0.01 ±1.0 µA 

Operating Current (Read Cycle) ICCA1 mA 
(E=V1L• W=V1H. Other lnput=V1HIVIL• 10 ut=O mA) tAvav=1,,.. - 10 15 

tAvav=100 ns - - 70 

IE=0.2 v, W=Vcc-0.2 v, Other lnput=Vcc-0.2 v10.2 v, lcCA2 
lout=O mAI tAvav=1,,.. - 5 8 

tAvav=100 ns - - 60 

Standby Current IE=V1HI lss1 - - 3.0 mA 

Standby Current l'E;;,,Vcc-0.2 v, Vcc=2.0 to 5.5 VI lss2 - 2 100 µA 
ITA=25°CI - - 2 

Output Low Voltage llOL =4.0 mA) Vol - - 0.4 v 

Output High Voltage lloH = -1.0 mAI VoH 2.4 - - v 

Typical values are referenced to TA =25°C and Vcc=5.0 v 

CAPACITANCE (f = 1 MHz, TA= 25°C, Periodically Sampled Rather Than 100% Testadl 

Characterlatlc Symbol Min Max Unit 

Input Capacitance (Vin= 0 VI All Inputs Except DQ C1n - 10 pF 

1/0 Capacitance IV11o=O VI DQ C110 - 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ± 10%, TA= -40 to 85°C, Unless Otherwise Noted) 

Input Pulae Levels • • . • • • • • • • . • • • • • • • . . • 0.6 V, 2.4 V 
Input Rile/Fall Time • • . • . • . • . • . • . • . • . . • . • . • . • 6 ns 

Output Timing Meesurement Reference Levels ...•. 0.8 and 2.2 V 
Output Load. . . . . . • . . . . • . . . • . . • . . . . • . See Figure 1 

Input Timing Measurement Reference Levels • . • • . . . . . . 1.6 V 

READ CYCLE (See Note 11 

Parameter Symbol 
Alt 

Min Max Unit Notaa 
Symbol 

Read Cycle Time tAVAV tRC 100 - ns -
Address Accees Time tAVQV tAA - 100 ns -
E Access Time tELOV tAC - 100 ns -
~ Access Time IGLOV toE - 60 ns -
Output Hold from Address Change tAJ(QX toH 10 - ns -
Chip Enable to Output Low-Z tELOX tcLZ 10 - ns 2, 3 

Output Enable to Output Low-Z tGLOX toLZ 5 - ns 2, 3 

Chip Enable to Output Hlgh-Z IEHOZ tcHZ 0 36 ns 2, 3 

Output Enable to Output High-Z tGHOZ to HZ 0 36 ns 2,3 

NOTES: 
1. W Is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance atata when the output has made a 100 mV transition from the 

previous steady atata voltage. 
3. Tt.ee parameters are periodically sampled and not 100% tested. 

READ CYCLE 

J;l-----------IAVAV -----------'li--
A~ODRESS)--------i----------1-AV-0-V::::::::::::------------------~~-~-X-OX----------

E (CHIP ENABLEI 

1---- IELOv-----
G !OUTPUT ENABLEI 

HIGH·Z 
Q (DATA DUTJ ---------1---------1 

-+-- IGLOX __. 
-IELQX-

100 pf* 

*Includes jig capacitance. ":"' 

5.0 v 
Rt =930 

1N914B OR EQUIV. 

Figura 1. AC Test Load 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 AND 2 !See Note 11 

Parameter Symbol 
Alt 

Min Max Unit No tea 
Symbol 

Write Cycle Time tAVAV twc 100 - ns -

Address Setup Time tAVWLitAVEL tAS 0 - ns -
Address Valid to End of Write tAVWHitAVEH tAW 80 - ns -
Write Pulse Width twLWH twP 60 - ns 2 

Data Valid to End of Write tovwHitovEH tow 35 - ns -
Data Hold Time twHoxitEHDX toH 0 - ns -
Write Low to Output in High-Z twLOZ twHZ 0 25 ns 3, 4 

Write High to Output Low-Z twHQX twLZ 10 - ns 3, 4 

Write Recovery Time twHAXitEHAX twR 0 - ns 5 

Chip Enable to End of Write tELWHitELEH tcw 80 - ns -

NOTES: 
1. Outputs are in high impedance state if G is high during Write Cycle. 
2. A write occurs during the overlap ltwpl of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 

state. 
3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 

the previous steady state voltage. 
4. These parameters are periodically sampled and not 100% tested. 
5. twR is measured from the earlier of E or W going high to the end of write cycle. 

WRITE CYCLE 1 (W CONTROLLED) 

A !ADDRESS! 

E !CHIP ENABLE) 

W (WRITE ENABLE! 

D !DATA INI DATA VALID 

HIGH·Z 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled) 

l+------------tAVAV-------------

A !ADDRESS} · 

tEHAX 

E !CHIP ENABLE} 

W !WRITE ENABLE} 

HIGH IMPEDANCE 
0 !DATA OUTJ _ .......... """""-"""""---------------------+---------HIGH IMPEDANCE 

.. 0 !DATA INJ 

DATA RETENTION CHARACTERISTICS IT A= -40 to 85°CJ 

Parameter Symbol Min Typ Max Unit 

Vee for Data Retention IE~Vcc-0.2 VJ VDR 2.0 - 5.5 v 

Data Retention Current IE~Vcc-0.2 VJ Vcc=a.ov iccDR - - 50 µA 
Vcc=5.5 v - - 100 

Chip Disable to Data Retention Time tcDR 0 - - ns 

Operation Recovery Time tree tAVAV* - - ns 

*tAVAV = Read Cycle Time 

DATA RETENTION MODE 

~--- DATA RETENTION MOOE 

Vee 4.5 v 
VoR~2.0V 

4.5 v 

t 1COR trac j_ 
E CONTROL ;-.... z ........ -z...,...z....,...f-v-1H .... ," ______ e_~_v_DR_-_o_.2_v _____ --J,,.-V1H....,.;ir-... \--.\-\..-... \-....\ 

NOTE: If the V1H of Eis 2.4 Vin operation, lss1 current flows during the period that the Vee voltage is decreasing from 4.5 V to 2.4 V. 

MOTOROLA MEMORY DATA 
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TA=25°e g 1.4 t---+----t---+--+---i---+---t---\ 

~ L ill 1.31----1--+---+---+---+-.-/1-+v-,,...c+--1 
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~ ~ 
~ 0.9 
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> 
o.1~-~--~-~--~-~--~--~--
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Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 1. Input High Voltage versus Supply Voltage 
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Figure 2. Input Low Voltage versus Supply Voltage 
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Figure 3. Operating Current versus Ambient 
Temperature 
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Figure 4. ISB1 Standby Current versus Ambient 
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Figure 5. ISB2 Standby Current versus Ambient 
Temperature 
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MCM60256A-C• MCM60L256A-C 

ORDERING INFORMATION 
(Order by Full Part Number! 

MCM 60268A X x xx xx 

Motorola Memory Prefix _T T 
Part Number ----------' 

1 T T -; .......... ,.,_T.,.. """· __ ,..., 
Speed (10 = 100 ns) 

Operating Temperature Range 
(C =Industrial Range, -40 to 85°C) 

'---------Package (P=Plastic DIP, F=Gull-Wing 50) 

Full Part Number-MCM60256APC10 
MCM60256AFC10 
MCM60256AFC10R2 

MCM60L256APC10 
MCM60L256AFC10 
MCM60L256AFC10R2 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Advance Information 
32K x 8 Bit CMOS Static Random 
Access Memory 
Extended Temperature Range: -40 to 105°C 

The MCM60L256A-V is a 262, 144 bit low-power static random access memory orga­
nized as 32, 768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 mA/MHz (typ) and the cycle time is 100 ns. For long cycle times ( > 100 ns), the auto­
matic power down (APO) circuitry will temporarily shut down various power consuming 
circuits, thereby reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 µA IT A= 25°CI. Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60L256A-V is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60L256A-V is offered in a 28 pin, 600 mil plastic dual-in-line package and a 
330 mil gull-wing SO package. 

• Single 5 V Supply, ± 10% 
• 32K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Dissipation-27.5 mW/MHz (Typical Active) 
• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 
• Battery Backup Capability (Maximum Standby Current=2 µA@ 25°CI 
• Data Retention Supply Voltage= 2.0 V to 5.5 V 
• All Inputs and Outputs Are TTL Compatible 
• Three State Outputs 
• Fast Access Time: MCM60L256A-V10 = 100 ns (Maxi 

BLOCK DIAGRAM 

MEMORY ARRAY 
(512 ROWS ANO 
512 COLUMNS! 

-vcc 
-vss 

I MCM60L256A-V I 

-~·---· 1 SOG 
CASE 7&1H 

PIN ASSIGNMENT 

A14 1. 28 Vee 
A12 27 w 

A7 26 A13 

AB 25 AB 

AS 24 AS 

A4 23 All 

A3 22 6 
AZ 21 AID 

Al 20 E 
AD 10 19 DQ7 

000 11 18 DOB 

001 12 17 005 

002 13 lB 004 

Vss 14 15 003 

PIN NAMES 

AO-A14 .............. Address 
W . . . . . . . . . . . . . . Write Enable 
E. . . . . . . . . . . . . . . . Chip Enable 
G .. .. . .. . .. .. . Output Enable 
D00-007 ....... Data Input/Output 
V CC . . . . . . . . . + 5 V Power Supply 
V55 ................ Ground 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60l256A-V 

TRUTH TABLE 

E lJ w Mode Supply Cunent 110 Pin 

H x x Not Selected lse HighZ 

L H H Output Disabled ice HighZ 

L L H Read ice Dout 

L x L Write Ice Din 

X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.3 to +7.0 v 
Voltage to Arrv Pin with Respect to Vss Vin• Vout -o.5 to Vcc+o.5 v 

Power Dissipation IT A= 25°Cl PDIP Po 1.0 w 
SOG 0.6 

Operating Temperature TA -40 to +105 •c 

Storage Temperature !!!a -55 to +160 •c 

NOTE: Permanent device damage may occur H ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is acl­
vtaed that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impadance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ±10%, TA= -40 to 105°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 6.6 v 

Input High Voltage V1H 2.2 - Vcc+o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L lminl= -0.3 V de; V1L lminl= -3.0 V ac (pulse width :S60 nsl 

DC CHARACTERISTICS 

Param-r Symbol Min Typ Max T Unit 

Input Leakage Current (All Inputs, Vin = 0 to V eel lll\lll.!L - <0.01 ±1.0 pA 

Output Leakage Current IE=V1H or "l;=V1H or W=V1L• Vout=O to Vccl 111\Jl!Ol - <0.01 ±1.0 pA 

Operating Current (Read Cycle) ICCA1 mA 
IE=VIL• W=VIH• Other lnput=V1HIVIL• lout=O mAl tAvov=1 ,,s - 10 15 

tAVOV = 100 ns - - 70 

(E=0.2 v, W=Vcc-0.2 V, Other lnput=Vcc-0.2 V/0.2 V, lcCA2 
10 ut=OmAl tAvov=1"" - 5 8 

tAVOV = 100 ns - - 60 

Standby Current IE= V1Hl 1se1 - - 3.0 mA 

Standby Current lh:Vcc-0.2 v, Vcc=2.0 to 5.5 Vl ISB2 - 2 100 pA 
ITA=25°Cl - - 2 

Output Low Voltage lloL = 4.0 mA) Vol - - 0.4 v 

Output High Voltage lloH = -1.0 mAl VoH 2.4 - - v 

Typical values are referenced to TA=25°C and Vcc=5.0 V 

CAPACITANCE If= 1 MHz, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance IV;n = 0 Vl All Inputs Except DO Cin - 10 pF 

110 Capacitance IV110 =0 Vl DO C110 - 10 pF 

MOTOROLA MEMORY DATA 



MCM60L256A-V 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ± 10%, TA= -40 to 105°C, Unless Otherwise Noted) 

Input Pulse Levels . . . . • . . . . . • . • . . . . . . • . 0.6 V, 2.4 V 
Input Rise/Fall Time ...•.•••••....•••.....•.• 5 ns 
Input Timing Measurement Reference Levels . . . . . . . • . . 1.5 V 

Output Timing Measurement Reference levels . • • . . 0.8 and 2.2 V 
Output Load. . . . . . . . • . . . . . . . . • . . . . . . • See Figure 1 

READ CYCLE (See Note 1) 

Parameter Symbol 
Alt 

Min Max Unit Notas 
Symbol 

Read Cycle Time IAVAV tRC 100 - ns -
Address Access Time IAVQV tAA - 100 ns -
E Access Time tELQV IAC - 100 ns -
~ Access Time IGLQV toe - 50 ns -
Output Hold from Address Change tAXQX tOH 10 - ns -
Chip Enable to Output Low-Z tELQX tcLZ 10 - ns 2, 3 

Output Enable to Output Low-Z IGLQX toLZ 5 - ns 2, 3 

Chip Enable to Output High-Z tEHQZ tCHZ 0 35 ns 2, 3 

Output Enable to Output High-Z tGHQZ toHZ 0 35 ns 2, 3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 

previous steady state voltage. 
3. Thess parameters are periodically sampled and not 100% tested. 

READ CYCLE 

~
1------------tAVAV ------------It 

AIADDRESS)---- -

- IAVOV ------o.., IAXOX 

E (CHIP ENABLEI 

,.,. ____ tnnv------~ 

G (OUTPUT ENABLE) 

HIGH·Z 
Q (DATA OUTI --------1---+----"'(I 

1GLQX--> 

-tflOX-

100 pf* 

*Includes jig capac~ance. .,,. 

5.0 v 

1N914B 
DR EQUIV. 

Figure 1. AC Test Load 
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MCM60l256A-V 

WRITE CYCLE 1 AND 2 (See Note 1) 
-· 

Parameter Symbol 
Alt 

Min Max Unit Notes 
Symbol 

Write Cycle Time tAVAV twc 100 - ns -

Address Setup Time tAVWLitAVEL tAS 0 - ns -
Address Valid to End of Write tAVWHitAVEH tAW 80 - ns -
Write Pulse Width twLWH twP 60 - ns 2 

Data Valid to End of Write tovwHitovEH tow 35 - ns -
Data Hold Time twHoxitEHDX toH 0 - ns -
Write Low to Output in High-Z twLOZ twHZ 0 30 ns 3,4 

Write High to Output Low-Z twHOX twLZ 10 - ns 3, 4 

Write Recovery Time twHAXitEHAX twR 0 - ns 5 

Chip Enable to End of Write tELWHitELEH tcw 80 - ns -
NOTES: 

1. Outputs are in high impedance state if~ is high during Write Cycle. 
2. A write occurs during the ove~ap (twp) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 

state. 
3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 

the previous steady state voltage. 
4. These parameters are periodically sampled and not 100% tested. 
5. twR is measured from the earlier of E or W going high to the end of write cycle. 

WRITE CYCLE 1 IW CONTROLLED! 

14----------tAvAv-----------

A IADDRESSI 

~----------tAvwH~------... 1-.-... 1--

--..--..-+-~...,.""""' ,.------IELWH -------+! ,....,.... ..... ...,..-,.-.-...,..-..-..--
E !CHIP ENABLE) 

'ii !WRITE ENABLE! 

D !DATA INI 

MOTOROLA MEMORY DATA 
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MCM60l.256A-V 

WRITE CYCLE 2 IE Controlled) 

------------IAVAV~-----------...i 

A (ADDRESS) 

E (CH.IP ENABlEJ 

W IWRITE ENABLE! 

HIGH IMPEDANCE HIGH IMPEDANCE 

D IDATA INJ 

DATA RETENTION CHARACTERISTICS IT A= -40 to 106°Cl 

Parameter Symbol Min Typ Max Unit 

Vee for Data Retention (E<oVcc-0.2 Vl VDR 2.0 - 5.5 v 

Data Retention Current (E <o V cc -0.2 Vl vcc=3.ov iccDR - - 50 pA 
vcc=s.sv - - 100 

Chip Disable to Data Retention Time tcDR 0 - - ns 

Operation Recoverv Time tree tAVAV* - - ns 

*tAVAV =Read Cycle Time 

DATA RETENTION MODE 

---- DATA RETENTION MODE ----i.-~~~~~~~-

Yee 4.5 y 
VDR<o2.0 V 

4.5 y 

, ...,. Z/7lf.~ ..... ____ r.._vDR_-_o_.2 v ____ ; .. 1\'\\ \ \ 
NOTE: If the V1H of Eis 2.4 Vin operation, lse1 current flows during the period that the Vee voltage is decreasing from 4.5 V to 2.4 V. 
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MCM60l256A-V 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 60l.256A X x xx xx 

Motorola Memory Prefix _J T 1 
Part Number---~ 

T T Shipping Method (R2=Tape & Reel, Blank= Rails) 

Speed (10=100 ns) 

Operating Temperature Range 
(V =Extended Range, --40 to 105°Cl 

'--------Package (P=Plastic DIP, F=Gull-Wing SOI 

Full Part Number-MCM60L256APV10 
MCM60L256AFV10 
MCM60L256AFV10R2 
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FAST STATIC RAMsJ?O ns or Faste".}_ 
Motorola Address/ Operating 

Organl- Part Pin Packaging Cycle Time Current Tech· 
Densl!l'.J zatlon Number Count IJ!'ackl!.ll_e Width In mll& J_ns Ma& J_mA ma& nol'?.!n'_ 

16K 2Kx8 MCM2018A 24 300 PDIP 45/55 135 NM)S 

4Kx4 MCM6268 20 300 PDIP 20/25/35/45/55 110/11 0/11 0/80/80 HCM:S 
MCM6269 20 300 PDIP 20/25/35 110 HCM:S 
MCM6270 24/22 300 SOJ/PDIP 20/25/35 110 HCM:S 

64K 8Kx8 MCM6264 28 3001400 SOJ/300 PDIP 35/45/55 100/90/80 HCM:S 
MCM62640 28 300/400 SOJ/300 PDIP 20/25 115/110 HCM:S 
MCM6264 28 300 PDIP/SOJ 15 140 HCM:S 
MCM6264C 28 300/400 SOJ/300 PDIP 35/45/55 100/90/80 HCM:S 
MCM62640-C 28 300/400 SOJ/300 PDIP 25/30 1151110 HCt.Ol 
MCM6264C 28 300 PDIP/SOJ 20 140 HCt;03 

8Kx9 MCM6265 28 300 SOJ/PDIP 15/20/25 140/130/1 20 HCt;03 

16Kx4 MCM6288 22 300 PDIP 12/15/20/25/35 150/1401120/120/110 HCt;03 

MCM6290 24 300 SOJ/PDIP 12/15/20/25/35 150/140/120/120/110 HCM:S 
64Kx1 MCM6287 24/22 300 SOJ/PDIP 12/15/20/25/35 150/140/130/120/110 HCt;03 

256K 32Kx8 MCM6206 28 400 SOJ/600 P DIP 30/35/45 130/125/115 HCM:S 
MCM6206 28 300 SOJ/POIP 17/20/25/35 155/150/140/135 HCM:S 
MCM6206C 28 300 SOJ/PDIP 25/35/45 140/135/130 HCM:S 
MCM6706 28 300 SOJ 10/12/15 180/1701160 BiCMOS 

32Kx9 MCM6205 32 300 SOJ/POIP 17/20/25/35 155/150/140/135 HCM:S 
MCM6205C 32 300 SOJ/PDIP 25/35/45 140/135/130 HCM:S 

64Kx4 MCM6208 24 300 SOJ/PDIP 15/20/25/35 155/145/135/125 HCt;03 

MCM6708 24 300 SOJ 10/12/15 180/1 70/1 60 BiCMOS 
MCM6209 28 300 SOJ/PDIP 15/20/25/35 155/145/135/125 HCt;03 

MCM6709 28 300 SOJ 10/12/15 180/1 70/1 60 BiCMOS 
256Kx1 MCM6207 24 300 SOJ/PDIP 15/20/25 150/140/130 HCt;03 

1M 128Kx8 MCM6226 32 400 SOJ/PDIP 25/30 150/140 HCt;03 

256Kx4 MCM6228 28 400 SOJ/POIP 25/30 145/135 HCt;03 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SK x 8 Bit Fast Static Random 
Access Memory 

The MCM6164/MCM61L64 is a 65,536 bit static random access memory organized as 
8192 words of 8 bits, fabricated using Motorola's second-generation high-performance sili­
con-gate CMOS (HCMOS Ill) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and provides 
greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164/MCM61L64 is available in a 600 mil, 28 pin ceramic dual-in-line package, 
with JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• SK x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Fast Access Time - 45, 55 ns (Maximum) 
• Low Power Dissipation - 495, 440 mW (Maximum, Ac 
• Low Power/Data Retention Version (MCM61 
• Fully TTL Compatible 
• Three State Data Outputs 
• Also Available in lndust · 

A5 

AB 

A7 -Vee 
AB -Vss 

A9 

AlO 

All 

A12 

000 

007 

IT 
E2 

w 
jj 
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MCM6164 
MCM61L64 

~ 
CERAMIC 
CASE 733 

PIN ASSIGNMENT 

NC 1. 2B Vee 
A12 27 w 

A7 26 E2 

AB 25 AB 

A9 

23 All 

A3 7 22 6 

A2 B· 21 AlO 

Al 20 IT 
AO 10 19 007 

DOD 11 006 

001 12 17 005 

002 13 004 

14 003 

PIN NAMES 

AO-A 12 .•..•....... Address 
W . . . . . . . . . . . . Write Enable 
ET, E2 ........... Chip Enable 
G .. . . .. .. .. . Output Enable 
DQ0-007 ..... Data Input/Output 
Vee ....... + 5 v Power Supply 
Vss .............. Ground 
NC. . . . . . . . . . . No Connection 



MCM6164• MCM61 L64 

TRUTH TABLE 

TI" E2 G w Mode 

H x x x Not Selected 

x L x x Not Selected 

L H H H Output Disabled 

L H L H Read 

L H x L Write 

X=don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to +7.0 v 

Voltage Relative to Vss for Any Vin• Vout -o.5 to vcc+o.s v 
Pin Except Vee 

Output Current (per 1101 lout ±20 mA 

Power Dissipation (TA= 25°CI Po 1.0 w 
Temperature Under Bias Tbias -10to +85 •c 

Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.!11.. -66 to +150 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

Supply Current 110 Pin 

Isa High Z 

Isa HighZ 

ice HighZ 

Ice Dout 

ice Din 

This device contains circuitry to protect the 
inputs against damage due to high ststic 
voltages or elactric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated wltages to this high, 
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 v ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vcc+o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (mini= -0.3 V de, V1L (mini= -3.0 V (pulse width s20 nsl 

DC CHARACTERISTICS 

Cheracterlatlc Symbol Min Typ Max Unit 

Input Leakage Cunent (All Inputs, Vin =0 to Vccl !l!!e!.!l.. - <0.01 ±1.0 ,.A 

Output Leakage Current (TI° =V1H· E2=V1L· or il=V1H• Vout=O to Vccl l1!!1tlQ!. - <0.01 ±1.0 ,.A 

Power Supply Current tAvAv=45 ns Ice - 50 90 mA 

(TI°=VIL• E2=V1H, lout=OI tAvAv=55 ns - 40 80 

Standby Curren! (E;° =V1H or E2=V1LI lse1 - 1.3 3.0 mA 

Standby Current (E'f :.:Vcc-0.2 V or E2s0.2 VI MCM6184 ISB2 - - 1.0 mA 
MCM61L84 - 5 50 ,.A 

Output Low Voltage UoL = 8.0 mA) VoL - 0.15 0.4 v 

Output High Voltage UoH = - 4.0 mAl VOH 2.4 3.0 - v 

Typical values are referenced to TA=25°C and Vcc=5.0 V 

CAPACITANCE (1=1.0 MHz, TA=25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except DO Cin 6 pF 

lnputlOutput Capacitance DO C110 8 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vee = 5 V ± 10%, TA =0 to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ......................• 0 to 3.0 V 

Output Timing Measurement Reference Level . . . 0.8 V and 2.0 V 
Output Load . . . . . . . . . . . . . . . . • . . . . . . . . . . . Rgure 1 

Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

MCM6164-45 MCM6164-&6 

Characteristic Symbol 
Alt MCM611.64-45 MCM61L64-55 Unit Notes 

Symbol 
Min Max Min Max 

Read Cycle Time tAVAV tRC 45 - 56 - ns -
Address Cycle Time tAVQV tAA - 45 - 55 ns -
El Access Time tE1LQV tAC1 - 45 - 55 ns -
E2 Access Time tE2HQV tAcz - 45 - 55 ns -
G Access Time tGLQV toE - 20 - 25 ns -
Output Hold from Address Change tA)(QX toH 5 - 5 - ns -
Chip Enable to Output Low-Z tE1 LQX, tE2HQX tcLZ 5 - 5 - ns 2, 3 

Output Enable to Output Low-Z tGLQX tOLZ 0 - 0 - ns 2, 3 

Chip Enable to Output High-Z tE1 HQZ, tE2LQZ tcHz 0 20 0 20 ns 2, 3 

Output Enable to Output High-Z tGHQZ tOHZ 0 20 0 20 ns 2, 3 

NOTES: 
1. Vii is high at all times for raad cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. Periodically sampled rather than 100% tested. 

IT, EZ (CHIP ENABLE) 

ii (OUTPUT ENABLE} 

0 !DATA OUT} ___ Hl_GH_·Z-----1--+-----(J 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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+5V 

30 pf 
6NCLUDING 
SCOPE AND JIG) 

Figure 1. Test Load 
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WRITE CYCLE 1 !W CONTROLLEDI (See Note 11 

MCM81844 MCM6184-!i& 

Characteristic Symbol 
Alt MCM61l.64-46 MCM611..84-66 Unit Notes 

Symbol 
Min Max Min Max 

Write Cycle Tima tAVAV twc 46 - 56 - ns -
Address Setup nma tAVWL tAS 0 - 0 - ns -
Address Valid to End of Write tAVWH tAW 40 - 50 - ns -
Write Pulee Width twlWH twp 25 - 30 - ns 2 

Data Valid to End of Write tovwH tow 20 - 25 - ns -
Data Hold nma twHox toH 0 - 0 - ns 3 

Write Low to Output in High-Z twLOZ twHZ 0 20 0 20 ns 4, 5 

Write High to Output Low-Z twHQX tow 5 - 5 - ns 4, 5 

Write Recovery nma twHAX twR 0 - 0 - ns -
NOTES: 

1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high El, high W 
or low E2. 

2. If W goes low coincident with or prior to E1 low or E2 high than the outputs will remain in a high impedance state. 
3. During this tima the output pins may be in ·the output state. Signals of opposite phase to the outputs must not be applied at this tima. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from Iha 

previous steedy state voltage. 
6. Periodically sampled rather than 100% tested. 

14---------IAVAV----------

A IADDRESSI 

E ICHIP ENABLEI 

Yi IWRITE ENABLEI 

D (DATA INI DATA VALID 

HIGH·Z 

3.4 
3.2 .ll 

1--+-+--+--+--+---+<f-+--+++--+-Vcc= 5.0 v -'HH 
TA=25°C ' 

Ci 3.0 ~ 
:ii 2.8 

TYPICAL 
~ 2.6 
"' 2.4 ~ 

.l .l 

CHARACTERISTICS 
~ 2.2 

2.0 
l!>' 1.8 
~ 1.6 
l!>' 1.4 
2§ 1.2 

~ 1.0 IZ 
0.8 

0.6 
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 

ADDRESS INPUT LEVELS IV! 

Figure 2. Access Time Versus Address Input Levels 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (ENABLE CONTROLLED) !See Notes 1 and 21 

MCM6164-45 MCM6164-55 

Characteristic Symbol 
Alt MCM61L&4-45 MCM61L64-55 Unit Notes 

Symbol 
Min Max Min Max 

Write Cycle Time tAVAV twc 45 - 55 - ns -
Address Setup Time tAVE1L tAS 0 - 0 - ns -

Address Valid to End of Write tAVElH tAW 40 - 50 - ns -
Chip Enable to End of Write tE1LE1H tcw 40 - 50 - ns 3 

Data Valid to End of Write tovE1H tow 20 - 25 - ns -
Data Hold Time 1E1HDX IDH 0 - 0 - ns 4 

Write Recovery Time tElHAX twR 0 - 0 - ns -
NOTES: 

1. A write cycle starts at the latest transition of a low TI, low W or high E2. A write cycle ends at the earliest transition of a high TI, high W 
or low E2. 

2. Ef and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

IAVAV 

A !ADDRESS) .. 
E !CHIP ENABLE) 

IE1HAX 

D (DATA IN) DATA VALID 

tovE1H 

ll IDATA OUT) 
HIGH·Z 

LOW Vee DATA RETENTION CHARACTERISTICS ITA=Oto +70°CI (MCM61L640nly) 

Characteristic Symbol Min Typ Max Unit 

V cc for Data Retention VoR 2.0 1.0 7.0 v 
!TI ;,:Vcc-0.2 V or E2s0.2 V, Vin"=Vcc-0.2 V or Vin:S0.2 VI 

Data Retention Current ICCDR - 10 30 µ.A 
!Vcc=3.0 V, TI;,:2.8 V or E2s0.2 V, Vin"=2.8 V or Vi0 s0.2 VI 

Chip Disable to Data Retention Time (see waveform below) tcoR 0 - - ns 

Operation Recovery Time (see waveform below) tree tAvAv* - - ns 

*tAVAV =Read Cycle Time 

DATA RETENTION MODE 

4.5 v 4.5 v 
VoR"=2.0 V Vee 

tcoR tree 

IT CONTROL 
rr,,,voR-0.2 v 

E2 CONTROL E2 s0.2 V 

MOTOROLA MEMORY DATA 
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TYPICAL CHARACTERISTICS 
(Continued) 

1.B 

1.7 

1.6 

"' .s 1.5 .... 
~ 1.4 !'-..... cc 

vee=5.5 v 

::> 

"' ;;; 1.3 
!/} 

1.2 

1.1 

1.0 
0 20 40 60 BO 

TA, AMBIENT TEMPERATURE (0 ei 

Figure 3. Standby Current Versus Temperature 

vee=5.5 v 

20 

1B 

16 

14 
1 ffi 12 

t 
JZ 

~ 10 

N 

~ 

0 
0 20 

~ 
IZ 

2 
.i..------

40 60 

TA. AMBIENT TEMPERATURE 1°e1 

Figure 5. Standby Current Versus Temperature 

BO 

1.04~-~-~--c---~-~-~--~----, 

1.03 l---+---+----lc---+---+---t--+----1 

§ 
~ i.o2[S vee=5.5 v 

! 1.01 ~ 

~1.00 '!--,~ 
~ 0.99 ----i---t-_ 
~ 0.981---+---+--1--+---+----l--+--==i 

0.971--+---+----l--+---+---t--t----1 

0.96L---'--~-~--~-~-~--~~ 

0 20 40 60 BO 

TA. AMBIENT TEMPERATURE 1°e1 

Figure 7. Supply Current Versus Temperature 

2.50 

2.25 

c 2.00 
~ 
::; 1.75 ... 
ill 1.50 

TA=25°e 
0 
g 
ffi 1.25 i------.---.---r----.--d-r"".L'.'.:J _ _,____, _ _, 
~ 1.00 r--;---...,..--;v--:::~-;--...,..--;----j 

':. 0.75 r--;---...,..1-::: ---~-r--;--...,..--;----j 
13 0.50 l----b-"'tr----t--t--+--+---1----l 

0.25 l""'---+-----1'---+---+--+--+--l---I 

4.5 5.0 5.5 6.0 

Vee. SUPPLY VOLTAGE (VI 

Figure 4. Standby Current Versus Supply Voltage 

1.20 

1.15 

g 1.10 
:i! 
ill 1.05 

TA=25°e 

0 g 
.... 1.00 
~ 
cc 0.95 B ~ 
~ 
!!] 0.90 

0.B5 

O.BO 
4.0 4.5 5.0 5.5 6.0 

Vee. SUPPLY VOLTAGE IVI 

Figure 6. Standby Current Versus Supply Voltage 

1.4 

1.3 

~ 1.2 
:i! 
:;; 1.1 cc 
0 g 
.... 
15 

1.0 

~ 0.9 B 
"" O.B ti 

0.7 

0.6 ..___....__~-~--~-~-~--~~ 
4.0 4.5 5.0 5.5 6.0 

Vee. SUPPLY VOLTAGE IV) 

Figure 8. Supply Current Versus Supply Voltage 

MOTOROLA MEMORY DATA 
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TYPICAL CHARACTERISTICS 
(Continued) 

1.3~~~~-~~-~-------~ 

11.~ .Y 
~ vcc=s.o v / 
"1 1.0 TA~25°C V 
~ 0.9 .Y 
- 0.8 1--+--+--+-+--+--+--+-l->"""'+--+--+---l-~ 

;: 0.7 ~ 

!!)l~.Iffi~ll ~I I I 1~1111 
0 4 8 12 16 20 24 28 

1 /IAVAV· FREQUENCY !MHz) 

Figure 9. Supply Current Versus Frequency 

1.4----~--------~--~ 

~ 1.3 
:::l 
c( 1.2 1---+---+---+------1-----1---+---+---< 

~ vcc ~ 4.5 v --l----1 
~ 1.1 f--+---+--+--+---i--==--+-'=-+----1 
i:; ~ 
~1.0~ 
~ 0.9 l---+---+---+---t---l---t---+----1 

~ 0.8 

~ 0.7 >--+---+----+------1-----1--+---+---< 

0.6 .__ _ _.___ _ __._ _ _._ _ _.. _ __, __ ...._ _ _._____, 

0 20 40 60 80 

TA. AMBIENT TEMPERATURE (°C} 

Figure 11. Access Time Versus Temperature 

1.25 --~-~------------

1.201---+---+---+----+-----1---+---< 

1.15 l--+--+-+--+--+---11--6~ 
s: vcc=4.5 v ~ 
~ 1.10 1--+---t--+--+--+--:7""~-+---l 
~ ~ 
!§ 1.05 f---+--+-+--l.-""''-+---lf---+---1 
;; J.---1 9 1.00 f---+--+ ..... "'+---+---+---"f---+---1 
S' ............ I--'" 

o.95v 

0.90 l---+---+---+------1-----1--+---+---< 

0.85 ~-~-~-~-~-~--,___-~~ 
0 20 40 60 80 

TA. AMBIENT TEMPERATURE 1°c1 

Figure 13. Access Time Versus Temperature 

1.3 ~-----------------

1.2 1---+---+---+---t---l--+--+----l 

~ 1.1 1---+---+---+------1-----1--+----'----J 

~ ... ~-"--+----1--+----<- vcc = 5.o v -+---+---' 
!§ 1.0 """"' TA=25°C 

;: 0.9 ~ 
~ r-..... 
BO.B ~ 
E 01 f--1---l----<f---""'i .................. ~-+t----i.--i.--1 

0.6 f--l---l----<f----<--+-=t-=--+1----I 

0.5 '----'---..J......--'---'----'---'----'-----' 
40 55 70 85 100 

IAVAV· CYCLE TIME Ins) 

Figure 10. Supply Current Versus Cycle Time 

1.25~~-~-------~----~~ 

~ 1.20 "'<; 

~ 1.15 ~ 
~ 1.10 ~ 

i:; " ~ 1.05 f':.----

l!o' I ""-rs;:i ~ 1.00 

~ 095 
~· ~ 
§i: 0.90 ~-+---1---+--+---J---':i-....-+----l 

~ 0.85 L__J__..L. _ _j_ _ _L _ __J. __ L__J_.=::::,j 

4.0 4.5 5.0 5.5 

Vee. SUPPLY VOLTAGE (VI 

Figure 12. Access Time Versus Supply Voltage 

1.30 

1.25 

1.20 

§ 1.15 

:'l 1.10 < 

~ 1.05 
~ 

i:; 1.00 

~ 
""I 

~ TA=25°C 

~ 
~ 

Si 0.95 
ts;: 

--.;;..:.::_ 
0.90 

0.85 

0.80 
4.0 4.5 

~ 

5.0 5.5 

Vee. SUPPLY VOLTAGE (V} 

Figure 14. Access Time Versus Supply Voltage 
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ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Mem--o-ry-P-re-f-ix _______ T_C_M __ 
61-64~0'r 61

L

64 

Part Number . 

c xx 

T L__Speed (45=45 ns, 55=55 ns) 

!___Package (C= Ceramic DIP) 
(with L= Low Power Version) 

Full Part Numbers- MCM6164C46 MCM6164C55 MCM61 L64C45 MCM61 L64C55 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
SK x 8 Bit Fast Static Random 
Access Memory 
Industrial Temperature Range: - 40 to 85°C 

The MCM6164C is a 65,536 bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS Ill) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. With its operating temperature range of - 40°C to + 85°C and hermetic pack­
age, the MCM6164C is ideally suited for harsh industrial type environments. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip e 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164C is available in a 600 mil, 28 pin ceramic dual-in-line pac 
JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• SK x 8 Organization 
• Fully Static- No Clock or Timing Strobes 
• Fast Access Time~55 or 70 ns (M 
• Low Power Dissipation-
• Fully TTL Compatible 
• Three State Data Out 
• Also Available in Com 

AS 

A6 

A7 

AB 

A9 

AlO 

All 

A12 

007 

IT 
E2 

w 
ii 

MEMORY ARRAY 
(256 ROWS 

256 COLUMNS) 

110 CIRCUITS 

AO Al A2 A3 A4 

-Vee 
--Vss 

MCM6164C 

~ 6 

1 

C PACKAGE 
CERAMIC 
CASE 733 

PIN ASSIGNMENT 

NC 1. 28 Vee 
A12 27 w 

A7 26 E2 

AB 4 25 AB 

A5 24 A9 

A4 23 All 

A3 22 ii 
A2 21 AlO 

Al 20 IT 

AO 10 19 007 

000 11 18 006 

001 12 17 005 

002 13 16 004 

Vss 14 15 003 

PIN NAMES 

AO-A 12 ............ Address 
W . . . . . . . . . . . . Write Enable 
El, E2 ........... Chip Enable 
G .. .. .. .. .. . Output Enable 
OQO-DQ7 ..... Data Input/Output 
Vee ....... + 5 V Power Supply 
Vss .............. Ground 
NC ........... No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 
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MCM6164C 

TRUTH TABLE 

E1 E2 G w Mode 

H x x x Not Selected 

x L x x Not Selected 

L H H H Output Disabled 

L H L H Read 

L H x L Write 

X =don't care 

ABSOLUTE MAXIMUM RATINGS (See Note! 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to+7.0 v 

Voltage Relative to Vss for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°CI Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA -40 to +85 oc 

Storage Temperature Tstg -65 to + 150 oc 

NOTE: F"ermanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

Supply Current 1/0 Pin 

iss High Z 

iss High Z 

ice High Z 

ice Dout 

ice Din 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(\fee =5.0 V ± 10%, TA= -40 to 85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - vcc+o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (mini= -0.3 V de, V1L (mini= -3.0 V (pulse width ,,;20 nsl 

DC CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin =0 to Vccl l11sg(ll - <0.01 ±2.0 ,,A 

Output Leakage Current (E1 =V1H. E2=V1L• or G=V1H· Vout=O to Vccl ltlsg(O) - <0.01 ±2.0 ,,A 

Power Supply Current tAvAv=55 ns ice - 40 80 mA 
!TI =VIL• E2=V1H. lout=Ol tAvAv=70 ns - 35 70 

Standby Current (E1 =V1H or E2=V1LI 1ss1 - 1.3 3.0 mA 

Standby Current (E1 ;,:Vcc-0.2 V or E2s0.2 VI ISB2 - 0.005 1.0 mA 

Output Low Voltage UoL = 8.0 mAI VQL - 0.15 0.4 v 

Output High Voltage UoH = -4.0 mAI VoH 2.4 3.0 - v 

Typical values are referenced to TA= 25°C and Vee= 5.0 V 

CAPACITANCE (f = 1.0 MHz, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except DQ Cjn 6 pF 

Input/Output Capacitance DQ C1/0 8 pF 

MOTOROLA MEMORY DATA 
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MCM6164C 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5V ±10%, TA= -40to +85°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V 
Input Pulse Levels . . . . . . . . . . . . .0 to 3.0 V 
Input Rise/Fall Time . . . ....... 5 ns 

+5V 

480 

Output Timing Measurement Reference Level . . . 0.8 V and 2.0 V 
Output Load. . . . . . . . . . . . . . . . . . Figure 1 

110 _ ___,,._ ____ __. 

READ CYCLE (See Note 1l 

255 
30 pf 
!INCLUDING 
SCOPE AND JIGI 

Figure 1. Test Load 

MCM6164CC55 MCM6164CC70 Alt 
Parameter Symbol 

Symbol 
Notes 

Min Max Min Max 

Read Cycle Time tAVAV tRC 55 - 70 - -
Address Cycle Time tAVQV tAA - 55 - 70 -

El Access Time tE1LQV tAC1 - 55 - 70 -
E2 Access Time tE2HQV tAC2 - 55 - 70 -

G Access Time tGLQV toE - 25 - 30 -

Output Hold from Address Change tAXQX toH 5 - 5 - -

Chip Enable to Output Low-Z tE1 LQ)(, tE2HQX tcLZ 5 - 5 - 2, 3 

Output Enable to Output Low-Z tGLQX toLZ 0 - 0 - 2, 3 

Chip Enable to Output High-Z IE1 HQZ, tE2LQZ tCHZ 0 20 0 20 2, 3 

Output Enable to Output H igh-Z tGHQZ to HZ 0 20 0 20 2, 3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. Periodically sampled rather than 100% tested. 

~1------------tAVAV -------------1t 
AIAOORESSI- ----- --

IAVOV _____ __,_ IAXOX 

IT, E2 ICHIP ENABLE) 

- tElLOV· IE2Hav---.i 

ii !OUTPUT ENABLE) 

a !DATA OUT) ___ Hl_GH_-z ___ -1--+----""1 

MOTOROLA MEMORY DATA 
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MCM6164C 

WRITE CYCLE 1 (\iii CONTROLLED) tSee Note 1) 

Alt MCM6164CC56 MCM6164CC70 
Parameter Symbol 

Symbol 
Notes 

Min Max Min Max 

Write Cycle Time IAVAV twc 56 - 70 - -
Address Setup Time tAVWL tAS 0 - 0 - -
Address Valid to End of Write tAVWH tAW 50 - 60 - -
Write Pulse Width twLWH twP 30 - 40 - 2 

Data Valid to End of Write tovwH tow 25 - 30 - -
Data Hold Time twHDX toH 0 - 0 - 3 

Write Low to Output in High-Z twLOZ twHZ 0 20 0 20 4, 5 

Write High to Output Low-Z twHOX tow 5 - 5 - 4, 5 

Write Recovery Time twHAX twR 0 - 0 - -
NOTES: 

1. A write cycle starts at the latest transition of a low Ef, low W or high E2. A write cycle ends at the earliest transition of a high Ei, high W 
or low E2. 

2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. Periodically sampled rather than 100% tested. 

t"'I---------- IAVAV------------

A (ADDRESS) 

E (CHIP ENABLE) 

~----- twtwH-----.. , 

W (WRITE ENABLE) 

D (DATA IN) 

TIMING PARAMETER ABBREVIATIONS 

t x x x x 
signal name from which interval is defined__J I ' I 

transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H =transition to high 
L =transition to low 
V =transition to valid 
X =transition to invalid or don't care 
Z =transition to off (high impedance) 

DATA VALID 

HIGH·Z 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MCM6164C 

WRITE CYCLE 2 {ENABLE CONTROLLED) (See Notes 1 and 21 

Alt MCM8184CC&& MCM8184CC10 
Parameter Symbol 

Symbol 
Notes 

Min Max Min Max 

Write Cycle Time tAVAV twc 55 - 70 - -
Address Setup Time tAVE1L tAS 0 - 0 - -
Address Valid to End of Write tAVE1H IAW 50 - 60 - -
Chip Enable to End of Write tE1LE1H tcw 50 - 60 - 3 

Data Valid to End of Write tovE1H tow 25 - 30 - -
Data Hold Time tE1HDX toH 0 - 0 - 4 

Write Recovery Time tE1HAX twR 0 - 0 -
NOTES: 

1. A write cycle starts at the latest transition of a low ri, low W or high E2. A write cycle ends at the earliest transition of a high ri, high W 
or low E2. 

2. ri and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to ri low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

IAVAV 

A (ADDRESS) .. 
E (CHIP ENABLE) 

D (DATA IN) DATA VALID 

tDVE1H 

ll (DATA OUT) 
HIGH·Z 

MOTOROLA MEMORY DATA 
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MCM6164C 

TYPICAL CHARACTERISTICS 
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MCM6164C 

TYPICAL CHARACTERISTICS 
(Continued) 
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MCM6164C 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6164 C C 56 

T l_ Speed Indicator 

L_Package 

Operating Temperature Range 

'-------Part Number 

'----------Motorola Memory Prefix 

Full Part Number-MCM6164CC56 or MCM6164CC70 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
32K x 9 Bit Fast Static Random 
Access Memory 

The MCM6206 is a 294,912 bit static random access memory organized as 32,768 words 
of 9 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui­
try reduces power consumption and provides for greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. This feature provides significant system-level 
power savings. The part will remain in standby mode until both pins are asserted true 
again. Another control feature, output enable (G), allows access to the memory contents 
as fast as 12.5 ns (MCM6205-30). 

The MCM6206 is packaged in a 300 mil, 32 pin plastic dual-in-line package or a 32 lead, 
300 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• Fast Access lime-30, 35, and 45 ns (Maximum) 
• Chip Controls: Chip Enable (El, E2) for Reduced-Power Standby Mode 

Output Enable (G) for Fast Access to Data 
• Three State Outputs 
• Fully ITL Compatible 
• High Board Density SOJ Package Available 

Ef 
E2 

w 

A3 

A4 

AB 

A7 

A9 

AlO 

All 

ii ----<1-./ 

BLOCK DIAGRAM 

MEMORY ARRAY 
2S6 ROWSx 

12B x 9 COLUMNS 

Al A2 AS AB A12 A13 A14 

.-vcc 
-+Vss 

This document contains infonnation on a new product. Specifications and informaOOn herein are subject to change vvithout notice. 

MOTOROLA MEMORY DATA 
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'-1 300 Mil PLASTIC 
CASE 863 

32~J PACKAGE ~r~MILSOJ 
1 CASE IJ51 

PIN ASSIGNMENT 

NC 1. 32 Vee 
NC 31 A14 

AB 30 E2 

A7 29 iii 

AB 2B A13 

AS 27 A9 

A4 26 A10 

A3 2S All 

A2 ii 
Al 10 A12 

AO 11 22 Ef 
DOD 12 DQ8 

DQl 13 007 

DQ2 14 006 

DQ3 lS DQS 

Vss 16 DQ4 

PIN NAMES 

AO-A14 ..•••.•.•••..• Address 
W . . . . . . . . . . . . . . . Write Enable 
TI, E2 ............. Chip Enable 
G . . . . . . . . . . . . . . Output Enable 
000-008 ....... Data Input/Output 

Vee-········ + 5 V Power Supply 
V55 ................. Ground 
NC ............ No Connection 



MCM6205 

TRUTH TABLE 

E1 E2 G w Mode Supply Current 1/0 Pin Cycle 

H x x x Not Selected ISB1· ISB2 High-Z -
x L x x Not Selected ISB1· 1502 High-Z -
L H H H Output Disabled ice High-Z -
L H L H Read ice Dout Read Cycle 

L H x L Write ice Din Write Cycle 

X=don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 

Voltage Relative to Vss for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to +85 oc 

Operating Temperature TA Oto +70 oc 

Storage Temperature-Plastic TS!!!. -55to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This CMOS memory circuit has been de­
signed to meet the de and ac specifications 
shown in the tables, after thermal equilib­
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transversa air flow of at least 500 
linear feet per minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vee+ o.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.3 V de; V1L (min)= -2.0 V ac (pulse width s 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current !All Inputs, Vin=O to Vccl lllsg!ll - ± 1.0 µA 

Output Leakage Current (E=V1H• or G=VJH• Vout=O to 5.5 V) llls!!!Ol - ±1.0 µA 

Power Supply Current ltAvAv=30 nsl lccA - 150 mA 
IE=V1L• 10 ut=O, Vcc=Max) (tAVAV = 35 nsl - 140 

(tAVAV = 45 ns) - 135 

Standby Current (E=V1Hl (TTL Levels) 1s01 - 40 mA 

Standby Current IE ;,: Vcc-0.2 Vl (CMOS Levels) 1502 - 20 mA 

Output Low Voltage lloL = 8.0 mAI Vol - 0.4 v 

Output High Voltage lloH = -4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, TA =25°C, periodically sampled and not 100% tested.) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except W Cin 6 pF 
w 8 

1/0 Capacitance CIJO 8 pF 

MOTOROLA MEMORY DATA 
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MCM6205 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5 V ± 10%, TA=O to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level • . • • • • . • • . 1.5 V 
Input Pulse Levels •.........•............ 0 to 3.0 V 
Input Rise/ Fall Time . . . . . . • . . . • . • . . . . . . . • . • . . 5 ns 

Output Timing Measurement Reference Level . • • • • • • . . 1.5 V 
Output Load .•••••.••• See Figure 1A Unless Otherwise Noted 

READ CYCLE (Sea Notes 1 and 21 

Symbol MCMll205-30 MCM821J6.3& MCM621J6.46 
Parameter Units Notee 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 30 - 35 - 45 - ns 3 

Address Access Time tAVQV tAA - 30 - 35 - 45 ns 

Chip Enable Access Time tELOV tAC - 30 - 35 - 46 ns 4 

Chip Enable Low to High tELEH tcw 30 - 35 - 46 - ns 

Output Hold from Address Change tAJ(QX toH 5 - 5 - 5 - ns 

Output Enable Access Time IGLOV toE - 12.5 - 15 - 20 ns 

Output Enable Low to Output Active IGLOX toLZ 0 - 0 - 0 - ns 5,6,7 

Output Enable High to Output High-Z tGHOZ tOHZ 0 17 0 17 0 17 ns 5,6,7 

Chip Enable Low to Output Active tELOX tcLZ 5 - 5 - 5 - ns 5,6,7 

Chip Enable High to Output High-Z tELaz tCHZ 0 20 0 20 0 20 ns 5,6,7 

Power Up Time tELICCH tpu 0 - 0 - 0 - ns 

Power Down Time tEHICCL tpo - 30 - 35 - 46 ns 

NOTES: 1. W is high for read cycle. 
2. ET and E2 are represented by E in this date shaet. E2 Is of opposite polarity to ET. 
3. All read cycle timing Is referenced from the last valid address to the first transitioning address. 
4. Addresses valid prior to or coincident with E going low. 
5. At any given voltage and temperature, tEHOZ max<tELOX min, and tGHOZ max<tELOX min, both for a given device and from 

device to device. 
6. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. 
7. This parameter-is sampled and not 100% tested. 
8. Device is continuously selected (EsV1L and GsV1Ll· 

READ CYCLE 1 (See Note 8 Above) 

A IADDRESSI ~,...,__ ___ ---~----~----~----~----_-_'_A~-A_V ___________ k= 
~ IAXQX -----i.i 

0 !DATA OUT) 

A IADDRESSI 

E (CHIP ENABLE) 

G IDUTPUT ENABLE) 

a IDATA OUTJ 

Vee ice 
SUPPLY CURRENT 

iss 

~~~'7"1'""'7"1'""'""'1 

PREVIOUS DATA VALID 

IAVOV ------~ 

READ CYCLE 2 (See Notes 2 and 4 Above) 

IAVAV 

DATA VALID 

-----+-- IAVOV 

----~~~---f 

MOTOROLA MEMORY DATA 
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MCM6205 

WRITE CYCLE 1 IW Controlled) (See Notes 1, 2, and 31 

Symbol MCM&zl6.30 MCM8206-3& MCM621J&.4& 
Parameter Units Not88 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 36 - 45 - 118 4 

Addl'8S8 Setup Time tAVWL tAS 0 - 0 - 0 - 118 

Add1'8S8 Valid to End of Write tAVWH tAW 25 - 25 - 30 - 118 

Write Pulse Width IWLWH twp 25 - 25 - 30 - 118 5 

Data Valid to End of Write toVWH tow 15 - 15 - 20 - 118 

Data Hold Time IWHDX toH 0 - 0 - 0 - ns 

Write Low to Output High-Z IWLOZ twz 0 20 0 20 0 20 ns 6,7,8 

Write High to Output Active IWHOX tow 5 - 5 - 5 - 118 6,7,8 

Write Recovery Time IWHAX IWR 0 - 0 - 0 - ns 

NOTES: 1. A write cycle occurs during the overlap of E low and W low. A write cycle ends at the earliest transition of E high or W high. 
2. ET and E2 are represented by E in this date sheet. E2 is of opposite polarity to ET. 
3. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
4. All timings are referenced from the last valid add1'8S8 to the fi1111 transitioning address. 
5. If G;,,, V1H. the output will remain in a high impedance state. 
6. At any given voltage and temperature, twLOZ max<twHQX min, both for a given davice and from device to device. 
7. Transition is measured ±500 mV from steady-<rtate voltage with load in Figure 18. 
8. These parameters are periodically sampled and not 100% tested. 

A IADDRESSI 

1AVWH 
________ ,.__.....,,._ IWHAX 

E (CHIP EllABW 

W !WRITE ENABLE! 

D !DATA INI 

OUTPUT 

Zo=50 n 

Figure 1A 

IWLWH 

iovwH 

AC TEST LOADS 

255 n 
RL=1BB 0 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 IE Controlled) (See Notes 1, 2, and 31 

Symbol MCM82116-30 MCM8206-36 MCM8211&-4& 
Parameter Units Notee 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 35 - 46 - ns 

Address Setup Time tAVEL tAS 0 - 0 - 0 - ns 
Address Valid to End of Write tAVEH tAW 25 - 26 - 35 - ns 
Chip Eneble to End of Write tELEH tcw 20 - 26 - 35 - ne 4,5 

Data Valid to End of Write tovEH tow 15 - 15 - 20 - ns 

Date Hold Tims tEHDX tOH 0 - 0 - 0 - ns 

Write Recovery Tims tEHAX twR 0 - 0 - 0 - ns 
NOTES: 1. A write cycle occurs during the overlap of E low and W low. A write cycle ends at the earliest transition of E high or W high. 

2. E1 and E2 ars rsprssented by E in this data sheet. E2 is of opposite polarity to E1. 
3. If~ goes low coincident with or after W goes low, the output will remain in a high impedance state. 
4. If E goes low coincident with or after W goes low, the output will rsmain in a high impedance state. 
5. If E goes high coincident with or befors W goes high, the output will remain in a high impedance state. 

A IADDRESSI 

Ei (CHIP ENABLE) 

D !DATA IN) 

TIMING PARAMETER ABBREVIATIONS 

t xx xx 

----·-·- 1111 transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H =transition to high 
L =transition to low 
V =transition to valid 
X =transition to invalid or don't care 
Z=transitlon to off (high impedance) 

tAVAV -----------~ 

lfLEH lfHAX 

TIMING LIMITS 

The table of timing valuee shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, addrMS 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, respon-from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MCM6206 

ORDERING INFORMATION 
!Order by Full Part Number) 

MCM 6205 XX XX XX 
Motorola Memory Prefix ::J T .T T -c___.. Shipping Method (R2 =Tape and Reel, Blank= Rails) 

Part Number-----------~ _ - Speed (30=30 ns, 35=35 ns, 46=45 nsl 

~------Package(NP=300mil Plastic DIP, NJ=300mil SOJI 

Full Part Numbers-MCM6205NP30 MCM6205NJ30 
MCM6205NP35 MCM6205NJ35 
MCM6205NP45 MCM6205NJ45 

MOTOROLA MEMORY DATA 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

32K x 9 Bit Fast Static RAM 

MEMORY MATRIX 
256 ROWS x 

12B x 9 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

Vee 

Vss 

A1 A2 AS AB A12 A13 A14 

PIN NAMES 

AO-A 14 . . . . . . . . . . . . . . . Address Input 
DOO-DOB . . . . . . . . . . Data Input/Output 
W . . . . . . . . . . . . . . . . . . . . . Write Enable 
G .................... Output Enable 

MCM6205 TRUTH TABLE (X ~don't care) 

E1 E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

E1, E2 . . . . .. . .. . .. .. .. . Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
Vee ............. +5 V Power Supply 
Vss ....................... Ground 

Vee Current Output Cycle 

1ss1. 1se2 High-Z -
1ss1. 1ss2 High-Z -

ice A High-Z -
ICCA Dout Read Cycle 

ice A High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6205-17, -20, -25 
See QulckRAM, Page 7-122 

MCM6205C-12, -15 
See QulckRAM II, Page 7-142 

.~ ~:::~~KAGE 

NC 

NC 

A6 

A5 

A4 

A3 

A1 

AO 

DOO 

D01 

D02 

D03 

Vss 

300 MIL PLASTIC 
CASE853 

NJ PACKAGE 
300MILSOJ 

CASE857 

PIN ASSIGNMENT 

1• 32 Vee 

2 31 A14 

30 E2 

29 w 
5 2B A13 

6 27 A9 

7 26 A10 

B 25 A11 

24 G 
10 23 A12 

11 22 Ef 
12 21 DOB 

13 20 D07 

14 19 DOS 

15 18 D05 

16 17 D04 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
32Kx8 Bit Fast Static Random 
Access Memory 

The MCM6206 is a 262, 144 bit static random access memory organized as 32,768 words 
of 8 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui­
try reduces power consumption and provides for greater reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. In less than a cycle time after E goes high, the 
part automatically reduces its power requirements and remains in this low-power standby 
mode as long as E remains high. This feature provides significant system-level power 
savings. Another control feature, output enable (G) allows access to the memory contents 
as fast as 12.5 ns (MCM6206-30). 

The MCM6206 is packaged in a 300 or 600 mil, 28 pin plastic dual-in-line package or a 
28 lead 300 or 400 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• Fully Static-No Clock or Timing Strobes Necessary 
• Fast Access Time-30, 35, or 45 ns (Maximum) 
• Low Power Dissipation 
• Two Chip Controls; E for Automatic Power Down 

G for Fast Access to Data 
• Three State Outputs 
• Fully TTL Compatible 

A2 

A3 

A4 

A5 

AB 

AB 

A9 

All 

BLOCK DIAGRAM 

ROW 
V<>---1 DECODER 

MEMORY ARRAY 
1512 ROWS 

512 COLUMNS) 

AO Al A7 AlO A12 A14 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 
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MCM6206 

300 MIL PLASTIC 
CASE 7108 

·~°"' 800 MIL PLASTIC 
CASE 710 

J PACKAGE 
400 MILSOJ 

CASE810 

NJ PACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

A14 1 • 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 10 

DUO 11 

DQl 12 

DQ2 13 

Vss 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PIN NAMES 

vee 
w 
A13 

AB 

A9 

All 

ii 
A10 

OQ7 

DQ6 

DQ5 

DQ4 

DQ3 

AO-A 14 • . • • • • . • . • Address 
W. . . . . . . . . . Write Enable 
E ........... Chip Enable 
G . . . . . . . . . Output Enable 
DQO-DQ7 .. Data Input/Output 
Vee .... +5 v Power Supply 
Vss ........... Ground 



MCM6206 

TRUTH TABLE 

E G w Mode 
Supply 

1/0 Pin 
Current 

H x x Not Selected lss High Z 

L H H Output Disabled ice High Z 

L L H Read Ice Dout 

L x L Write ice Din 

X-Don't Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to Vss for Any Vjn, Vout -0.5 to Vcc+0.5 v 
Pin Except Vee 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation IT A= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -!Oto +85 oc 

Operating Temperature TA Oto+70 oc 

Storage Temperature-Plastic T S!Q_ -55 to + 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage IOparating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vee+ o.3 v 

Input Low Voltage V1L -0.3* - 0.8 v 

*V1L (min)= -0.3 V de; V1L (min)= -3.0 V ac (pulse width s 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max 1Jnlt 

Input Leakage Current (All Inputs, Vin=O to Vccl l1!!Jl!IJ - ±1.0 p.A 

Output Leakage Current IE=V1H. or °G=VIH· V0 ut=O to 5.5 V) ll!gj!Ol - ±1.0 p.A 

Power Supply Current ltAvAv=30 ns) ice - 140 mA 
IE=V1L• 10 ut=0) ltAvAv=35 nsl - 135 

ltAvAv=45 ns) - 130 

Standby Current (E=V1Hl ITTL Levels) ISB1 - 40 mA 

Standby Current IE"' Vcc-0.2 Vl (CMOS Levels) lsB2 - 20 mA 

Output Low Voltage lloL =8.0 mA) Vol - 0.4 v 

Output High Voltage lloH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, TA= 25°C, periodically sampled and not 100% tested ) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except W C;n 6 pF 
w 8 

1/0 Capacitance C110 8 pF 

MOTOROLA MEMORY DATA 
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MCM6206 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

Input Pulse Levels .....•.•.........•...•. 0 to 3.0 V 
Input Rise/Fall Time ..........•.•............ 5 ns 
Input Timing Measurement Reference Levels . . . • . • . . . . 1.5 V 

Output Timing Measurement Reference Levels . . . . . . • . . 1.5 V 
Output Load . . . . . . . . • . . . . . • . • . • . . . . . . See Figure 1 

READ CYCLE 1&.2 (See Note 1) 

Alt MCMll208-30 MCM620ll-36 MCM6208-46 
Parameter Symbol 

Symbol 
Unit Notee 

Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 30 - 35 - 46 - ns -
Address Access Time tAVQV tAA - 30 - 35 - 46 ns -
E Access Time tELQV tAC - 30 - 35 - 46 ns -
~ Access Time tGLQV toE - 12.5 - 15 - 20 ns -
Enable Low to Enable High tELEH tcw 30 - 35 - 46 - ns -
Output Hold from Address Change tA)(QX toH 5 - 5 - 5 - ns 2 

Chip Enable to Output Low-Z tELQX tcLZ 5 - 5 - 5 - ns 2, 3 

Output Enable to Output Low-Z tGLQX toLZ 0 - 0 - 0 - ns 2, 3 

Chip Enable to Output High-Z tEHQZ tcHZ 0 20 0 20 0 20 ns 2, 3 

Output Enable to Output High-Z tGHQZ to HZ 0 17 0 17 0 17 ns 2, 3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 

READ CYCLE 2 

*>------------ 1AVAV t 
A (ADDRESS) 

----~ ------1-AV_Q_V::::::::::::.:.-1---------~ -tA_X_Q_X_...,.. __ _ 
----------------tmH ---+-----------,.---------

E !CHIP ENABLE) 

G !OUTPUT ENABLE) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 & 2 (See Note 1l 

Alt MCM6208-30 MCM8Z06-3& 
Parameter Symbol 

Symbol Min Max Min 

Write Cycle Time tAVAV twc 30 - 35 

Address Setup to Write Low tAVWL tAS 0 - 0 
Address Setup to Enable Low tAVEL 

Address Valid to Write High tAVWH tAW 25 - 26 
Address Valid to Enable High tAVEH 

Data Valid to Write High tovwH tow 15 - 15 
Data Valid to Enable High tOVEH 

Data Hold From Write High twHDX toH 0 - 0 
Data Hold From Enable High tEHDX 

Write Recovery Time twHAX twR 0 - 0 
Enable Recovery Time tEHAX 

Chip Enable to End of Write tELWH tcw 20 - 26 
Enable Low to Enable High tELEH 

Write Pulse Width twLWH twP 25 - 25 

Write Low to Output High-Z twLOZ twHZ 0 20 0 

Write High to Output Low-Z twHax twLZ 5 - 5 

NOTES: 
1. A write cycle atarts at the latest transition of a low E or low W. A write cycle ends at 

the earliest transition of a high E or high W. 
2. W must be high during all address transitions whenever E is low. 
3. If G is enabled, allow an additional 15 ns twLWH to avoid bus contention. 
4. All high-Z and low-Z parameters are considared in a high or low impedance state when 

the output has made a 500 mV transition from the previous steady state voltage. 
5. These parameters are periodically sampled and not 100% tested. 

WRITE CYCLE 1 (W Controlled) 

Max 

-
-

-

-

-

-

-

-
20 

-

MCM6208-46 
Unit Notes 

Min Max 

45 - ns -
0 - ns 2 

35 - ns -

20 - ns -

0 - ns -

0 - ns 2 

35 - ns 1 

30 - ns 3 

0 20 ns 4, 5 

5 - ns 4, 5 

1.73 v 

1/0 f 165 

-i30pF 
{INCLUDING J SCOPE ANO JIGI 

Figure 1. Test Load 

---------- IAVAV ----------ti ... 

A IADDRESSI 

E !CHIP ENABLEI 

W (WRITE ENABLEI 

0 !DATA INI 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 IE Controlled) 

~---------- IAVAV------------+t 

A !ADDRESS) 

E !CHIP ENABLE) 

Yi !WRITE ENABLE) 

HIGH IMPEDANCE HIGH IMPEDANCE 
Q !DATA QUT) ------------------------+----------

D !DATA IN) 

ORDERING INFORMATION 
(Order by Full Part Number) 

IDVEH---..i~--~IEHDX 

DATA VALID 

Motorola Memory Prefix ____ T_.CM T 
Part Number -

x xx xx T T Shipping Method (R2=Tape & Reel, Blank= Rails) 

Speed (30=30 ns, 35=35 ns, 45=45 ns) 

Package(P=600mil Plastic DIP, NP=300mil Plastic DIP, 

Full Part Numbers­
MCM6206P30 
MCM6206P35 
MCM6206P45 

MCM6206NP30 
MCM6206NP35 
MCM6206NP45 

J=400 mil SOJ, NJ=300 mil SOJI 

MCM6206J30 
MCM6206J35 
MCM6206J45 

MCM6206J30R2 
MCM6206J35R2 
MCM6206J45R2 

MOTOROLA MEMORY DATA 
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MCM6206NJ30 
MCM6206NJ35 
MCM6206NJ45 

MCM6206NJ30R2 
MCM6206NJ35R2 
MCM6206NJ45R2 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

32K x 8 Bit Fast Static RAM 

A3 

A4 

ROW 
A7--1~--1DECODER 

A8--1~--1 

A9--1~--1 

MEMORY MATRIX 
256 ROWSx 

128 x 8 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

Vee 

Vss 

A1 A2 A5 A10 A12 A13 A14 

PIN NAMES 

AO-A 14 . . . . . . . . . . . . . . . Address Input 
DOO-D07 . . . . . . . Data lnpuVOutput 
W ..................... Write Enable 
G .................... Output Enable 

MCM6206 TRUTH TABLE (X =don't care) 

E . . . . . . . . . . . . . . . . . . . . . Chip Enable 
V cc . . . . . . . . . . . . . +5 V Power Supply 
Vss ....................... Ground 

E G w Mode Vee Current Output Cycle 

H x x Not Selected ls91. ls02 High-Z -
L H H Output Disabled ice A High-Z -
L L H Read iccA Dout Read Cycle 

L x L Write ice A High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6206-17, -20, -25 
See QulckRAM, Page 7-122 

MCM6206C-12, ·15 
See QulckRAM II, Page 7-142 

A14 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

DOO 

D01 

D02 

Vss 

NP PACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJ PACKAGE 
300 MILSOJ 
CASE810B 

PIN ASSIGNMENT 

1• 28 Vee 

2 27 w 
3 26 A13 

4 25 AB 

5 24 A9 

6 23 A11 

7 22 G 
8 21 A10 

9 20 E 
10 19 D07 

11 18 D06 

12 17 D05 

13 16 D04 

14 15 D03 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Advance Information 
32K x 8 Bit Static RAM 
Industrial Temperature Range: -40 to 85°C 

The MCM6206C is a 262, 144 bit static random access memory organized as 
32, 768 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides 
significant system-level power savings. Another control feature, output enable (G) 
allows access to the memory contents as fast as 12 ns (MCM6206C-2bJ. 

The MCM6206C is available in a 300 mil, 28 lead plastic dual-in-line package 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 
• Single 5 V ± 10% Power Supply 

• Fast Access Time: 25, 30, 35, 45, 55 ns 

• Chip Controls: 
Chip Enable (E) for Reduced-Power Standby Mode 
Output Enable (G) for Fast Access to Data 

• Three-State Outputs 

• Fully TTL Compatible 

• Power Operation: 150 mA Maximum, Active AC (MCM6206C-25) 

• High Board Density SOJ Package Available 

DOD 

001 

006 

007 

w 
G 

BLOCK DIAGRAM 

INPUT 
DATA 

CONTROL 

MEMORY MATRIX 
256 ROWS X 128 
X 8 COLUMNS 

AO A2 A5 A10 A12 A13 A14 

MCM6206C 

NP PACKAGE 
300 MIL PLASTIC 

CASE710B 

NJ PACKAGE 
300 MILSOJ 
CASE810B 

PIN ASSIGNMENT 

A14 1 • 

A12 

A7 

AB 

A5 

A4 

A3 

A2 

A1 

AO 10 

DQO 11 

DQ1 12 

D02 13 

Vss 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PIN NAMES 

Vee 
w 
A13 

AS 

A9 

A11 

G 
A10 

E 

D07 

DQ6 

DOS 

DQ4 

DQ3 

AO-A 14 ............... Address lnpuls 
W . . . . .. Wrile Enable 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
E . . . . . . . . . . . . . Chip Enable 
DQ0-007 . . . Data lnpuVOutput 
V CC . . . . + 5 V Power Supply 
Vss ..... Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 

7-32 



MCM6206C 

TRUTH TABLE 

E G w Mode Vee Current Output Cycle 

H x x Not Selected l1sB1· 1sB2 High-Z -
L H H Read Ice A High-Z -

L L H Read ice A Dout Read Cycle 

L x L Write ice A Din Write Cycle 

X =Don t Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to V ~~ Vin• Vout - o.5 to Vee+ o.5 v 

(For Any Pin Excep CC) 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA= 25"C) Po 1.5 w 
Temperature Under Bias Tbias -50to+95 oc 

Operating Temperature TA -40to+85 "C 

Storage Temperature - Plastic Tgg_ -55to+ 125 "C 
NOTE: Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedance circuits. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V CC = 5.0 V ± 10%, TA = - 40 to + 85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = o V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vee+ o.3 v 
Input Low Voltage Vil -0.5' - 0.8 v 
V1L (mm)= - 2.0 V ac (pulse width,; 20 ns); V1L (min)= -0.5 V de) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - ± 1 µA 

Output Leakage Current (E =VIL· V0 ut = 0 to Vccl l1kg(O) - ± 1 µA 

AC Supply Current (lout= o mA, Vee = Max) tAVAV = 25 ns ice A - 150 mA 

tAVAV = 30 ns - 150 

tAVAV = 35 ns - 150 

tAVAV = 45 ns - 140 

tAVAV = 55 ns - 140 

TIL Standby Current (E = VIH• No Restrictions on Other Inputs) lsB1 - 40 mA 

CMOS Standby Current (E;, Vee - 0.2 V, No Restrictions on Other Inputs) lsB2 - 20 mA 

Output Low Voltage (IOL = + 8.0 mA) Vol - 0.4 v 
Output High Voltage (ioH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25"C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance (All Inputs Except Wand DQ) Gin 6 pF 

w 8 

lnpul/Output Capacitance C110 8 pF 

MOTOROLA MEMORY DATA 
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MCM6206C 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= - 40 to+ 85°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . O to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . 1.5 V 
Output Load ...... See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time .............................. 5 ns 

READ CYCLE TIMING (See Note 1) 

Symbol MCM6206C-25 MCM6206C-30 MCM6206C-35 MCM6206C-45 MCM6206C-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Min Max Unit Notes 

Read Cycle tAVAV tRc 25 - 30 - 35 - 45 - 55 - ns 2 
Time 

Address tAVQV tAA - 25 - 30 - 35 - 45 - 55 ns 
Access Time 

Enable Access tELQV tACS - 25 - 30 - 35 - 45 - 55 ns 
Time 

Output Enable tGLQV toE - 12 - 12.5 - 15 - 20 - 25 ns 
Access Time 

Output Hold tAXQX toH 4 - 4 - 4 - 4 - 4 - ns 
from Address 
Change 

Enable Low to tELQX tcLZ 4 - 4 - 4 - 4 - 4 - ns 3. 4, 5 
Output Active 

Output Enable tGLQX toLZ 0 - 0 - 0 - 0 - 0 - ns 3, 4. 5 
to Output 
Active 

Enable High to tEHQZ tcHZ 0 10 0 10 0 10 0 10 0 10 ns 3, 4, 5 
Output High-Z 

Output Enable tGHQZ to Hz 0 10 0 10 0 10 0 10 0 10 ns 3, 4, 5 
High to Output 
High-Z 

Power Up tELICCH tpu 0 - 0 - 0 - 0 - 0 - ns 
Time 

Power Down tEHICCL tpo - 25 - 30 - 35 - 45 - 55 ns 
Time 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max is less than tELOX min, and tGHQZ max is less than tGHQX min, both for a given device and 

from device to device. 
4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 

MOTOROLA MEMORY DATA 
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MCM6206C 

READ CYCLE 1 (See Note) 

A (ADDRESS) 
~----'!'----------------------''''-----

NOTE: Device is continuously selected (E =VIL· G = V1L1 

READ CYCLE 2 (See Note) 

A(ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

0 (DATA OUT) DATA VALID 

lcc---t~1~H __ _ 

V CC SUPPLY CURRENT 
lss---------'I 

NOTE: Addresses valid prior to or coincident with E going low, 

AC TEST LOADS 

RL = 50 Q 

OUTPUT~ a-..-----
-:::=- Z0 = 50 Q -:::=- 1 

255 

-=-

+5V 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 1A Figure 18 

MOTOROLA MEMORY DATA 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter, Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 



MCM6206C 

WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6206C-25 MCM6206C-30 MCM6206C-35 MCM6206C-45 MCM6206C-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle tAVAV twc 25 - 30 - 35 - 45 - 55 - ns 2 
Time 

Address Setup tAVWL tAs 0 - 0 - 0 - 0 - 0 - ns 
Time 

Address Valid tAVWH tAw 20 - 25 - 25 - 35 - 45 - ns 
to End of Write 

Write Pulse twLWH twp 20 - 20 - 25 - 30 - 35 - ns 
Width 

Data Valid to tovwH tow 10 - 15 - 15 - 20 - 25 - ns 
End of Write 

Data Hold twHDX toH 0 - 0 - 0 - 0 - 0 - ns 
Time 

Write Low to 1WLQZ twz 0 10 0 10 0 10 0 10 0 10 ns 3, 4, 5 
Data High-Z 

Write High to twHQX tow 4 - 4 - 4 - 4 - 4 - ns 3, 4, 5 
Output Active 

Ill 
Write tWHAX twR 0 - 0 - 0 - 0 - 0 - ns 
Recovery 
Time 

NOTES: 
t. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured+ 500 mV from steady-state voltage with load of Figure 1 B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQZ max is less than twHQX min both for a given device and from device to device. 

WRITE CYCLE 1 

A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Note 1) 

Symbol MCM6206C-25 MCM6206C-30 MCM6206C-35 MCM6206C-45 MCM6206C-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle tAVAV twc 25 - 30 - 35 - 45 - 55 - ns 2 
Time 

Address Setup tAVEL tAS 0 - 0 - 0 - 0 - 0 - ns 
Time 

Address Valid tAVEH tAw 20 - 25 - 25 - 35 - 45 - ns 
to End of Write 

Enable to End tELEH tcw 15 - 20 - 25 - 35 - 40 - ns 3, 4 
of Write 

Enable to End tELWH tcw 15 - 20 - 25 - 35 - 40 - ns 
of Write 

Write Pulse twLEH twp 20 - 20 - 25 - 30 - 35 - ns 
Width 

Data Valid to tovEH tow 10 - 10 - 15 - 20 - 25 - ns 
End of Write 

Data Hold tEHOX toH 0 - 0 - 0 - 0 - 0 - ns 
Time 

Write tEHAX twR 0 - 0 - 0 - 0 - 0 - ns 
Recovery 
Time 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

WRITE CYCLE 2 

A (ADDRESS) 

E (CHIP ENABLE) 

~tDvEH 
D (DATA IN) ,....,X..,....X,.....X"""X""'"X...,,X....,....,X...-X,.....X"""X""'"X...,,X.....,....,X.,....,X..-X,......,XE-DA-TA-VA-UD~ 

Q(DATAOUT) ____________ H_l_GH_-_z _____________ _ 

MOTOROLA MEMORY DATA 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6206 xx c xx xx 

........ =,,~."~ Tj 
Part Number 

Package (NP= Plastic DIP, NJ= Plastic SOJ) 

Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Speed (25 = 25 ns, 30 = 30 ns, 35 = 35 ns, 
45 = 45 ns, 55 = 55 ns) 

Operating Temperature Range 

Full Part Numbers - MCM6206NPC25 
MCM6206NPC30 
MCM6206NPC35 
MCM6206NPC45 
MCM6206NPC55 

MCM6206NJC25 
MCM6206NJC30 
MCM6206NJC35 
MCM6206NJC45 
MCM6206NJC55 

MCM6206NJC25R2 
MCM6206NJC30R2 
MCM6206NJC35R2 
MCM6206NJC45R2 
MCM6206NJC55R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

256K x 1 Bit Fast Static RAM 

A1 

A2 

A3 

A4 
ROW 

A6 DECODER 

A14 

A15 

A16 

MEMORY MATRIX 
256 ROWS x 

1024 x 1 COLUMNS 

COLUMN 1/0 

-vcc 

-vss 

COLUMN DECODER 

AO A5 A? AS A9 A10 A11 A12 A13 A17 

PIN NAMES 

Q 

AO-A 17 . . . . . . . . . . . . . . . Address Input 
E . . . . . . . . . . . . . . Chip Enable 

Q 

Vee 
Vss .. 

Data Output 
. +5 V Power Supply 

w .... 
D .. 

Write Enable 
. Data Input 

MCM6207 TRUTH TABLE (X =don't care) 

E w Mode Vee Current 

H x Not Selected 1ss1. 1ss2 
L H Read lccA 
L L Write ICCA 

... Ground 

Output Cycle 

High-Z -
Dout Read Cycle 

High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6207-15, -20, -25 
See QuickRAM, Page 7-122 

MCM6207C-10, -12 
See QulckRAM II, Page 7·142 

- \ 

' 

2 

PPACKAGE 
300 MIL PLASTIC 

CASE 724A 

""'AC<AG< 300 MIL SOJ 
.:ASE 810A 

PIN ASSIGNMENT 

AO 1• 24 Vee 

A1 2 23 A17 

A2 3 22 A16 

A3 4 21 A15 

A4 5 20 A14 

19 A13 

18 A12 

17 A11 

16 A10 

Q 10 15 A9 

w 11 14 D 

Vss 12 13 E 

.. 



MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

Ill 

64K x 4 Bit Static RAMs 
The MCM62al and MCM6209 are 262, 144 bit static random access memories organized 

as 66,536 words of 4 bits, fabricated using Motorola's high-perfonnance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while· 
CMOS circuitry reduces power consumption for greater reliabRity. 

The MCM6209 has both chip enable (E) and output enable (Gl inputs, allowing greater 
system flexibUity. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 
• Fast Access lime (Maximum): MCM6209 

lxx=lll or 09) Addr- Chip Enable Output Enable 
MCM62xx-35 35 ns 35 ns 15 ns 
MCM6'2xx-46 45 ns 45 ns 17 ns 

• Equal Address and Chip Enable Access lime 
• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems (MCM6209) 
• Fully TTL Compatible-Three-State Data Output 

A6 

A2 

A3 

A4 

Al2 

Al3 

Al4 

Al 

000 

001 

002 

003 

w 
tMCM6209 ONLY! ii 

BLOCK DIAGRAM 

ROW 
DECODER 

INPUT 
DATA 

CONTROL 

MEMORY MATRIX 
256 ROWS x 

1024 COLUMNS 

-Vee 
-Vss 

A5 Al5 All AO AB A7 AlO AS 

PIN NAMES 

AO-A 15 . . . . . . Address Input E . . . . . . . . . . Chip Enable 
000-003. . Data Input/Output NC . . . . . . . No Connection 
W .......... Write Enable Vee· ... +5 v Power Supply 
G IMCM6200l .• Output Enable V55 ............ Ground 

MOTOROLA MEMORY DATA 
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MCM6208-35, -45 
MCM6209-35, -45 

MC~ 
24 

1 P PACKAGE 

"~ 
1 

300 MIL PLASTIC 
CASE724A 

J PACKAGE 
300 MILSOJ 
CASE810A 

M~ 

},~N\VJ!~:~· 3~-1 

J PACKAGE 
300 MILSOJ 
CASE810B 

300 MIL PLASTIC 
CASE710B 

PIN ASSIGNMENT 
MCM6208 

AD 

A2 

A3 

A6 

A7 

1. Vee 
A15 

A14 

21 A13 

A12 

All 

A10 

DOD 

001 

10 002 

11 003 

12 w 

MCM6209 

Vee 
A15 

A14 

A13 

Al2 

A11 

22 A10 

21 NC 

20 NC 

DOD 

18 001 

17 0112 

16 003 

15 w 



MCM6208-35• MCM6209-35 

MCM6208 TRUTH TABLE 

E w Mode Vee Current Output Cycle 

H x Not Selected ISBl, ISB2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write lccA High-Z Write Cycle 

MCM6209 TRUTH TABLE 

E G w Mode Vee Current 1/0 Pin Cycle 

H x x Not Selected lsB High-Z -
L H H Read iccA High-Z 
L L H Read lcCA Dout Read Cycle 
L x L Write lccA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 
Voltage Relative to Vss for Any Vin· Vout -0.5 to Vee +0.5 v 
Pin Except V cc 

Output Current (per 1/01 lout ±20 mA 

Power Dissipation IT A =25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to +85 oc 

Operating Temperature TA Oto +70 oc 

Storage Temperature T'!!l!_ -55to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This CMOS memory circuit has been de­
signed to meet the de and ac specjfications 
shown in the tables, after thermal equilib­
rium has been estabtished. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
Ncc=5.0v±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Mex Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+o.a v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.5 V de; V1L (min)= -2.0 V ac (pulse width :S20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Mex Unit 

Input Leakage Current (All Inputs, Vin =0 to Vccl l11!9l!l_ - - ±1.0 p.A 

Output Leakage Current IE=V1H· Vout=O to Vccl 111!9!01 - - ±1.0 p.A 

AC Supply Current llout = 0 mA) IAVAV = 'J5 ns le CA - - 130 mA 

tAVAv=45 ns - - 130 

AC Standby Current (E = V1H. No Restrictions on Other Inputs) lse1 - - 'J5 mA 

CMOS Standby Current (E;o:Vcc-0.2 V, No Restrictions on Other Inputs) lsB2 - - 10 mA 

Output Low Voltage lloL =8.0 mAl VOL - - 0.4 v 
Output High Voltage lloH = -4.0 mA) VoH 2.4 - - v 

CAPACITANCE If= 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Mex Unit 

Input Capacitance C;n 4 6 pF 

1/0 Capacitance. C110 5 7 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 v ± 10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level • . . • • • • • . • 1.5 V 
Input Pulse Levels • • . • . • • . • • . • . . . • . . • . . • . 0 to 3.0 V 
Input Rise/Fall Time .......•................. 5 ns 

Output Timing Measurement Reference Level . . • . . • • . . 1.5 V 
Output Load ............ Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 1) 

Symbol 
MCM1121J8.36 MCM8208-46 

Parameter MCMll209-3& MCM8208-46 Unlta Notaa 

Standard Alternate Min Max Min Max 

Raad Cycle Time tAVAV tRC 35 - 46 - ns 2 

Address Access Time tAvav tAA - 35 - 46 ns 

Enable Access Time tELOV tACS - 35 - 46 ns 3 

Output Hold from Addreas Change tA)(Q)( toH 4 - 4 - ns 

Output Enable Access Time MCM621l9 lGLOV toe - 15 - 17 ns 

Output Enable Low to Output Active MCM621l9 lGLOX tu 0 - 0 - ns 4,5,6 

Output Enable High to Output High-Z MCM621l9 tGHOZ tHz 0 10 0 10 ns 4,5,6 

Enable Low to Output Active tELOX tu 4 - 4 - ns 4,5,6 

Enable High to Output High-Z tEHOZ tHz 0 10 0 10 ns 4,5,6 

Power Up Time teuccH tpu 0 - 0 - ns 

Power Down Time teHICCL tpo - 35 - 46 ns 

NOTES: 1. W is high for read cycle. 
2. All read cycle timing is referenced from the lest valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any glvan voltage and temperature, tEHOZ mex is less than tELOX min, and tGHOZ max is less than IGLOX min, both for a 

given device and from device to device. 
5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously aelected (E=V1Ll and ~=V1L (MCM621l9 only). 

Q !DATA OUT) 

A IADDRESSI 

E !CHIP ENABLE) 

ii (OUTPUT ENABLE) 
IMCM6209 ONLY) 

Q !DATA OUT) 

Vee ice 
SUPPLY CURRENT 

READ CYCLE 1 (See Note 7 Above) 

PREVIOUS DATA VALID 

READ CYCLE 2 (See Note 3 Above) 

lAVAV 

----+------..,._. ___ lELOV __ __,., 

-----t-- lAVQV ___ --t~~c~----F 
ise----------

MOTOROLA MEMORY DATA 
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DATA VALID 

DATA VALID 

1EHICCL"l 
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WRITE CYCLE 2 (E Controlled, S.ee Notes 1 and 51 

Symbol 
MCM6208-36 MCM6208-46 

Parameter MCM&:lOll-36 MCM6209-46 Units Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 35 - 45 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 20 - 20 - ns 

Enable to End of Write tELEH tcw 15 - 15 - ns 3,4 

Enable to End of Write tELWH tcw 15 - 15 - ns 3,4 

Write Pulse Width twLEH twP 20 - 20 - ns 

Data Valid to End of Write tovEH tow 10 - 10 - ns 

Data Hold Time tEHDX toH 0 - 0 - ns 

Wrtt'e Recovery Time tEHAX twR 0 - 0 - ns 
-NOTES: 1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 
5. MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state . 

1AVAV -------------i 

A (ADDRESS) 

1AVEH ------------

E (CHIP ENABLE} 
14-----1AVEL-----+t ----..,1-EL_E_H ___ _ 

1ELWH ---~14----r- IEHAX 

W !WRITE ENABLE} 

D !DATA INI 

TIMING PARAMETER ABBREVIATIONS 

t xx xx 

'''"'' .... ·~ ..,;o, '""''• ,, ''''""" I 111 transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H =transition to high 
L =transition to low 
V =transition to valid 
X =transition to invalid or don't care 
Z =transition to off (high impedance) 

HIGH·Z 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 fW Controlled, See Notes 1 and 6) 

Symbol 
MCM621J8.36 MCM620fl..46 

Parameter MCM6209-36 MCM6209-46 Unita Notas 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 35 - 46 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 20 - ns 

Write Pulse Width twLWH twP 20 - 20 - ns 

Data Valid to End of Write tovwH tow 10 - 10 - ns 

Data Hold Time twHDX toH 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 10 0 10 ns 3.4,5 

Write High to Output Active twHOX tow 4 - 4 - ns 3,4,5 

Write Recovery Time twHAX twR 0 - 0 - ns 
-NOTES: 1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is ssmpled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than twHOX min both for a given device and from device to device. 
6. MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

A IADDRESSI 

E !CHIP ENABLEI 

W !WRITE ENABLEI 

D !DATA INI 

255 

Figure 1A 

IAVAV 

IAVWH ----------..+- IWHAX 

1WLWH 

DATA VALID 

HIGH-Z 

AC TEST LOADS 

+5V 

460 

Q --+-------

30 pf 

!INCLUDING 
SCOPE AND JIGI 

255 

MOTOROLA MEMORY DATA 
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Figure 18 

+5V 

460 

5 pf 

!INCLUDING 
SCOPE ANO JIG) 
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MCM 
Motorola Memory Prefix =i--

ORDERING INFORMATION 
(Order by Full Part Number) 

62)()( x xx xx T 1 T 1:: Sh;"'"'""""'""'oTooo••'"'"'· '"'*o"'~I 
Part Number ----------~ Speed (35 = 35 ns, 45 = 45 ns) 

Package (P=300 mil Plastic DIP, J=300 mil SOJ) 

Full Part Numbers-MCM6208P35 MCM6208J35 
MCM6208P45 MCM6208J45 

MCM6209P35 MCM6209J35 
MCM6209P45 MCM6209J45 

MOTOROLA MEMORY DATA 

7-45 
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MCM6208J45R2 

MCM6209J35R2 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

64K x 4 Bit Fast Static RAMs 

DOO 

001 

002 

MEMORY MATRIX 
2S6ROWSx 

2S6 x 4 COLUMNS 

-vcc 

-vss 

AO AS A7 AB A9 A10 A11 A1S 

E 

w 
MCM6209 G 

ONLY 

PIN NAMES 

AO-A1S . . . . . . . . . . . . . . . Address Input E ..................... Chip Enable 
D00-003 . . . . . . . . . . Da1a lnpuVOutput NC .................. No Connection 
W ..................... Write Enable Vee . . . . . . . . . . . . . +S V Power Supply 
G (MCM6209) .......... Output Enable Vss · ········· ·····. ······· Ground 

MCM6208 TRUTH TABLE (X = don't care) 

E w Mode Vee Current Output Cycle 

H x Not Selected lse1. 1se2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ice A High-Z Write Cycle 

MCM6209 TRUTH TABLE J_X = don't car~ 

E G w Mode Vee Current Output Cycle 

H x x Not Selected ISB1· lse2 High-Z -
L H H Output Disabled ICCA High-Z -
L L H Read ICCA Dout Read Cycle 

L x L Write ICCA High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6208-15, ·20, ·25 
MCM6209·15, ·20, -25 

See QulckRAM, Page 7·122 

MCM6208C-10, ·12 
MCM6209C-10, ·12 

See QulckRAM II, Page 7·142 

CASE 7108 

MCM6209 
NC 1• 

AO 2 

A1 3 

A2 4 

A3 s 
A4 6 

AS 7 

AB 10 

A9 11 

E 12 

G 13 

Vss 14 

MCM6208 
AO 1• 

A1 2 

A6 7 

A7 8 

AB 9 

A9 10 

E 11 

Vss 12 

2B 

27 

26 

2S 

24 

23 

22 

21 

20 

19 

1B 

17 

16 

1S 

24 

23 

22 

21 

20 

19 

1B 

17 

16 

1S 

14 

13 

28.,,. 
1 
J PACKAGE 
300MILSOJ 
CASEl108 

Vee 

A1S 

A14 

A13 

A12 

A11 

A10 

NC 

NC 

DQO 

001 

002 

003 

w 

Vee 

A1S 

A14 

A13 

A12 

A11 

A10 

DOO 

001 

002 

003 

w 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
128K x 8 Bit Static Random 
Access Memory 

The MCM6226 is a 1,048,576 bit static random-access memory organized as 
131,072 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM6226 is equipped with both chip enable (E) and output enable (G) 
inputs, allowing for greater system flexibility. Either input, when high, will force the 
outputs to high impedance. 

The MCM6226 is available in a 400 mil, 32 lead plastic dual-in-line package or 
a 400 mil, 32 lead plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 25, 30 ns 

• Equal Address and Chip Enable Access Time 

• Three-State Outputs 

• Fully TIL Compatible 

• Power Operation: 160 mA Maximum, Active AC (MCM6226-25) 

• High Board Density SOJ Package Available 

BLOCK DIAGRAM 

A 

A 

A 

A MEMORY MATRIX 
512 ROWS X 

A 2048 COLUMNS 

A 

A 

A 

DQO 

DQ3 

MCM6226 

NC 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

DQO 

DQ1 

002 

Vss 

WJ PACKAGE 
400 MILSOJ 
CASETBD 

DIP PACKAGE 
TBD 

PIN ASSIGNMENT 

1• 

11 

12 

13 

14 

15 

16 

PIN NAMES 

Vee 
A 

E 

w 
A 

A 

A 

A 

G 

A 

E 
007 

006 

DOS 

004 

003 

AO-A 16 ............... Address Inputs 
W ....................... Write Enable 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
E, E . . . . . . . . . . . . . . . . Chip Enable 
DQ0-007 . . . . . . . . Data lnpuVOutput 
V cc . . . . . . . . . . + 5 V Power Supply 
Vss ................. Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 
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MCM6226 

TRUTH TABLE 

E,E G w Mode Vee Current Output Cycle 

H x x Not Selected l1sB1· 1sB2 High-Z -

L H H Read Ice A High-Z -
L L H Read ice A Daul Read Cycle 

L x L Write ice A Din Write Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to 7.0 v 

Voltage Relative to V ~~ Vin• Vaut - o.5 to Vee+ o.5 v 
(For Any Pin Excep CC) 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 25"C) Po 1.1 w 
Temperature Under Bias Tbias -10to+85 "C 

Operating Temperature TA o to+ 70 "C 

Storage Temperature - Plastic Tula_ -55to+ 125 "C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
ave.id application of any voltage 
higher than maximum rated voltages 
to these high impedance circuits. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = o V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+o.3 v 

Input Low Voltage V1L -0.5" - 0.8 v 

·v1L (min) = - 2.0 Vac (pulse width,; 20 ns); V1L (min) = - 0.5 Vdc) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - ±1 µA 

Output Leakage Current (E =VIL· V0 ut =Oto Vee) 11~(0) - ±1 µA 

AC Supply Current (10 ut = O mA, Vee= Max) MCM6226-25: tAVAV = 25 ns ice A - 160 mA 

MCM6226-30: tAVAV = 30 ns - 150 

TTL Standby Current (E = V1H. No Restrictions on Other Inputs) lsB1 40 50 mA 

CMOS Standby Current (E 2 Vcc-0.2 V, No Restrictions on Other Inputs) lsB2 20 30 mA 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 v 

Output High Voltage (loH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (I = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance (All Inputs Except E, E, and DO) Gin 6 pF 

E,E 7 

lnpuVOutput Capacitance DO C110 7 pF 

MOTOROLA MEMORY DATA 
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MCM6226 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA= Oto+ ?0°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3.0 V 

Output Timing Measurement Reference Level ....... 1 .5 V 
Output Load ...... See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time .............................. 5 ns 

READ CYCLE TIMING (See Note 1) 

Symbol MCM6226-25 MCM6226-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle Time IAVAV IRC - 25 - 30 ns 2 

Address Access Time IAVQV IAA - 25 - 30 ns 

Enable Access Time IELQV IACS - 25 - 30 ns 

Output Enable Access Time IGLQV toE - 12 - 15 ns 

Output Hold from Address Change IAXQX toH 5 - 5 - ns 

Enable Low to Output Active IELQX 1CLz 4 - 4 - ns 3, 4, 5 

Output Enable to Output Active IGLQX IOLZ 0 - 0 - ns 3, 4, 5 

Enable High to Output High-Z IEHQZ ICHZ 0 10 0 12 ns 3, 4, 5 

Output Enable High to Output High-Z tGHQZ IOHZ 0 10 0 12 ns 3, 4, 5 

Power Up Time IELICCH tpu 0 - 0 - ns 

Power Down Time IEHICCL tpD - 25 - 30 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, IEHQZ max is less than IELQX min, and IGHQZ max is less than IGHQX min, both for a given device and 

from device to device. 
4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (E =VIL· G = V1Ll· 
7. Addresses valid prior to or coincident with E going low. 

AC TEST LOADS 
+SV 

480 RL= son 

OUTPUT~ a-.-----
_ Z0 =5Dn _ 
- -

Figure 1A 

255 

Figure 1B 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

MOTOROLA MEMORY DATA 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 

II 



MCM6226 

READ CYCLE 1 (See Note) 

A(ADDRESS) 
~---~1~---------------------~ 

Q(DATAOUT) DATA VALID 

NOTE: Device is continuously selected (E =VIL· G = v1L). 

READ CYCLE 2 (See Note) 

·------------~ 1AvAv~----------. 

• A(ADDRESS) 

E (CHIP ENABLE) 

1EHQZ 

G (OUTPUT ENABLE) 

1GHQZ 

DATA VALID 
----~~+-- 1AVav-r=~~~,~~~~~~~--t~...11 - 1- tELICCH 1EHICCL _..l 

Vee SUPPLY CURR~~f- - - - - - - - -
1sB-----------· 

NOTE: Addresses valid prior to or coincident with E going low. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6226-25 MCM6226-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time lAVAV twc 25 - 30 - ns 2 

Address Setup Time lAVWL !AS 0 - 0 - ns 

Address Valid to End of Write lAVWH !AW 20 - 25 - ns 

Write Pulse Width twLWH twp 20 - 25 - ns 

Data Valid to End of Write tovwH tow 10 - 15 - ns 

Data Hold Time twHDX toH 0 - 0 - ns 

Write Low to Data High-Z twLQZ twz 0 10 0 12 ns 3, 4, 5 

Wirte High to Output Active twHQX tow 4 - 4 - ns 3, 4, 5 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than twHQX min both for a given device and from device to device . .. 

WRITE CYCLE 1 

A(ADDRESS) 

E (CHIP ENABLE) 

iii (WRITE ENABLE) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Note 1) 

Symbol MCM6226-25 MCM62226-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 25 - 30 - ns 2 

Address Setup Time tAVEL tAs 0 - 0 - ns 

Address Valid to End of Write tAVEH tAw 20 - 25 - ns 

Enable to End of Write tELEH tcw 20 - 25 - ns 3, 4 

Enable to End of Write tELWH tcw 20 - 25 - ns 

Write Pulse Width twLEH twp 20 - 25 - ns 

Data Valid to End of Write tovEH tow 10 - 12 - ns 

Data Hold Time tEHDX toH 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

WRITE CYCLE 2 

A(ADDRESS) 

E (CHIP ENABLE) 

--------IAVEL~--------- ----++-1 EHAX 

W (WRITE ENABLE) 

D (DATA IN) 

Q(DATAOUT) _______________ H_IG_H_-z _________________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

"°"""'"'m°"'"'" ~ T Jxx 
Part Number 

Package (WP = 400 mil Plastic DIP, WJ = 400 mil SOJ) 

c xx xx 
Shipping Method (R2 =Tape & Reel, Blank= Ra 

Speed (25 = 25 ns, 30 = 30 ns) 

Operating Temperature Range 

Full Part Numbers - MCM6226WPC25 
MCM6226WPC30 

MCM6226WJC25 MCM6226WJC25R2 
MCM6226WJC30 MCM6226WJC30R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
256K x 4 Bit Static Random 
Access Memory 

The MCM6228 is a 1,048,576 bit static random-access memory organized as 
262, 144 words of 4 bits, fabricated using high-performance silicon-gate CMOS 
technology, Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM6228 is equipped with both chip enable (E) and output enable (G) 
inputs, allowing for greater system flexibility. Either input, when high, will force the 
outputs to high impedance. 

The MCM6228 is available in a 400 mil, 28 lead plastic dual-in-line package or 
a 400 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time: 25, 30 ns 

• Equal Address and Chip Enable Access Time 

• Three-State Outputs 

• Fully TTL Compatible 

• Power Operation: 160 mA Maximum, Active AC (MCM6228-25) 

• High Board Density SOJ Package Available 

BLOCK DIAGRAM 

A 

A 

A 

A MEMORY MATRIX 
5t2 ROWS X 

A 2048 COLUMNS 

A 

A 

A 

000 

003 

MCM6228 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

E 

G 
Vss 

WJ PACKAGE 
400 MIL SOJ 

CASE 810 

DIP PACKAGE 
TBD 

PIN ASSIGNMENT 

t• 28 

27 

26 

25 

24 

23 

22 

2t 

20 

t9 

t8 

t7 

t6 

t5 

PIN NAMES 

Vee 
A 

A 

A 

A 

A 

A 

A 

NC 

003 

002 

OOt 

000 

w 

AO-A 17 .. Address Inputs 
W ....................... Write Enable 
G . . . . . . . . . . . . . . . Output Enable 
E . . .. . . . .. . .. . . Chip Enable 
DQ0-003 . . Data lnpuVOutput 
V cc + 5 V Power Supply 
Vss .. .. .. .. .. .. .. . Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 
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MCM6228 

TRUTH TABLE 

E G w Mode Vee Current Output Cycle 

H x x Not Selected l1sB1· 1sB2 High-Z -

L H H Read lccA High-Z -

L L H Read lccA Dout Read Cycle 

L x L Write Ice A Din Write Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V55 = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 

Voltage Relative to VS~ Vin• Vout - o.5 to Vee+ o.5 v 
(For Any Pin Except CC) 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 25°C) Po 1.1 w 
Temperature Under Bias Tbias -10to+85 'C 

Operating Temperature TA Oto+ 70 'C 

Storage Temperature - Plastic "!:m -55 to+ 125 'C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0V±10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = o V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vee+ o.3 v 

Input Low Voltage V1L -OS - 0.8 v 

·v1L (min)= -2.0 Vac (pulse width,; 20 ns); V1L (min)= - 0.5 Vdc) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = O to V cc) l1kg(I) - ±1 µA 

Output Leakage Current (E =VIL· V0 ut = o to Vee) l1kg(O) - ± 1 µA 

AC Supply Current (lout= O mA, Vee= Max) MCM6228-25: tAVAV = 25 ns ice A - 160 mA 

MCM6228-30: tAVAV = 30 ns - 150 

TIL Standby Current (E = VIH· No Restrictions on Other Inputs) ISB1 40 50 mA 

CMOS Standby Current (E;,, Vee -0.2 V, No Restrictions on Other Inputs) 1ss2 20 30 mA 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 v 

Output High Voltage (IOH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25'C, Periodically Samp1ed Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance (All Inputs Except E and DO) Cin 6 pF 

E 7 

Input/Output Capacitance DO C110 7 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . 1 .5 V 
Output Load ...... See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time .............................. 5 ns 

READ CYCLE TIMING (See Note 1) 

Symbol MCM6228-25 MCM6228-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle Time tAVAV . tRc - 25 - 30 ns 2 

Address Access Time tAVQV tAA - 25 - 30 ns 

Enable Access Time tELOV tACS - 25 - 30 ns 

Output Enable Access Time tGLQV toE - 12 - 15 ns 

Output Hold from Address Change tAXQX toH 5 - 5 - ns 

Enable Low to Output Active IELOX tcLZ 4 - 4 - ns 3, 4, 5 

Output Enable to Output Active tGLQX toLZ 0 - 0 - ns 3, 4, 5 

Enable High to Output High-Z IEHQZ tcHZ 0 10 0 12 ns 3, 4, 5 

Output Enable High to Output High-Z tGHOZ to HZ 0 10 0 12 ns 3, 4, 5 

Power Up Time tEUCCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 25 - 30 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max is less than tELQX min, and IGHQZ max is less than IGHQX min, both for a given device and 

from device to device. 
4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (E =VIL· G = V1L). 
7. Addresses valid prior to or coincident with E going low. 

AC TEST LOADS 

RL =son 

OUTPUT~ 
_ Zo=SOQ _ - -

Figure 1A 

+SV 

480 

Figure 18 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

MOTOROLA MEMORY DATA 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 



MCM6228 

READ CYCLE 1 (See Note) 

A(ADDRESS) 
--~-JI,.__-----------------------'"~---~ 

Q (DATA OUT) PREVIOUS DATA VALID DATA VALID 
-----+--------111"-l<-M;..JL.lL.3 

1------ 1Avav-----~ 

NOTE: Device is continuously selected (E =VIL• G = v1Ll· 

READ CYCLE 2 (See Note) 

A(ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

DATA VALID 

1EHICCL--l 

NOTE: Addresses valid prior to or coincident with E going low. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6228·25 MCM6228-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 25 - 30 - ns 2 

Address Setup Time tAVWL tAs 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 25 - ns 

Write Pulse Width twLWH twp 20 - 25 - ns 

Data Valid to End of Write tovwH tow 10 - 15 - ns 

Data Hold Time twHDX toH 0 - 0 - ns 

Write Low to Data High-Z twLQZ twz 0 10 0 12 ns 3, 4, 5 

Wirte High to Output Active twHQX tow 4 - 4 - ns 3, 4, 5 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQZ max is less than twHQX min both for a given device and from device to device. 

WRITE CYCLE 1 

A(ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

0 (DATA IN) DATA VALID 

HIGH-Z 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Note 1) 

Symbol MCM6228-25 MCM62228-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 25 - 30 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 20 - 25 - ns 

Enable to End of Write tELEH tcw 20 - 25 - ns 3,4 

Enable to End of Write tELWH tcw 20 - 25 - ns 

Write Pulse Width twLEH twp 20 - 25 - ns 

Data Valid to End of Write tovEH tow 10 - 12 - ns 

Data Hold Time tEHDX toH 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1 . A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

WRITE CYCLE 2 

A(ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

Q(DATAOUT) ______________ H_IG_H·_Z _______________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6228 xx c xx xx 

-~··---I r T 
Part Number------- -

Package (WP = 400 mil Plastic DIP 
WJ = 400 mil SOJ) 

Shipping Method (R2 =Tape & Reel, Blank= Rall1 

Speed (25 = 25 ns, 30 = 30 ns) 

Operating Temperature Range 

Full Part Numbers - MCM6228WPC25 
MCM6228WPC30 

MCM6228WJC25 MCM6228WJC25R2 
MCM6228WJC30 MCM6228WJC30R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

BK x 8 Bit Fast Static RAM 

A2 

A3 

A4 

A5 
ROW 

A7 DECODER 

AB 

A9 

A11 

E1 
E2 

MEMORY MATRIX 
256ROWSx 

32 x B COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

AO A1 A6 A10 A12 

Vee 

Vss 

PIN NAMES 

AO-A 12 . . . . . . . . . . . . . . . Address Input 
DOO-D07 . . . . . . . . . . Data lnpul/Output 
W .. .. .. .. .. .. .. .. .. .. . Write Enable 
G .................... Output Enable 

MCM6264 TRUTH TABLE (X - don't care) -
E1 E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

E1, E2 ................. Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
Vee ............. +5 v Power Supply 
Vss ....................... Ground 

Vee Current Output Cycle 

1ss1. 1ss2 High-Z 

1ss1. 1ss2 High-Z -

ice A High-Z -
iccA Dout Read Cycle 

iccA High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6264-15, -20 
See QulckRAM, Page 7-122 

MCM6264C-10, -12 
See QulckRAM II, Page 7·142 

-~ 

NC 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

DOO 

D01 

D02 

Vss 

PPACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJ PACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

1• 28 Vee 

2 w 
3 E2 

4 AB 

5 A9 

6 A11 

7 G 

B A10 

9 E1 
10 D07 

11 D06 

12 DQ5 

13 DQ4 

14 D03 

• 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

SK x 8 Bit Fast Static RAM 
Industrial Temperature Range: -40 to 85°C 

The MCM6264C is a 64,536 bit static random access memory organized as 
8, 192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

Chip enables (E1 and E2) control the power-down feature. They are not clocks 
but rather chip controls that affect power consumption. In less than a cycle time 
after ET goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E1 remains 
high and (E2 remains low). This feature provides significant system-level power 
savings. Another control feature, output enable (G) allows access to the memory 
contents as fast as 10 ns (MCM6264C-20). 

The MCM6264C is available in a 300 mil, 28 lead plastic dual-in-line package 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 
• Single 5 V ± 10% Power Supply 

• Fast Access Time: 20, 25 ns 

• Chip Controls: 
Chip Enables (E1 and E2) for Reduced-Power Standby Mode 
Output Enable (G) for Fast Access to Data 

• Three-State Outputs 

• Fully TTL Compatible 

• Power Operation: 140 mA Maximum, Active AC (MCM6264C-20) 

• High Board Density SOJ Package Available 

A2 

A3 

A4 

AS 

A7 

AB 

A9 

A11 

000 

001 

006 

007 

BLOCK DIAGRAM 

AO A1 A6 A10 A12 

E1-~~~~~~~ll=R 
E2 

w 
G--'-'._./ 

MOTOROLA MEMORY DATA 
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MCM6264C 

28 
P PACKAGE 

300 MIL PLASTIC 
CASE710B 

28, 
NJ PACKAGE 
300 MILSOJ 
CASE 8108 

PIN ASSIGNMENT 

NC 1• 2B Vee 
A12 27 w 

A7 26 E2 

A6 2S AB 

AS 24 A9 

A4 23 A11 

A3 22 G 

A2 21 A10 

A1 20 Ef 

AO 10 19 007 

000 11 1B 006 

001 12 17 oos 
002 13 16 004 

Vss 14 1S 003 

PIN NAMES 

AO-A12 ... Address Inputs 
W . . .. Write Enable 
G . . . Output Enable 
ET, E2 ... Chip Enable 
DQO-DQ7 . Data I npuVOutput 
V cc .. + 5 V Power Supply 
Vss . . . . . . . . . . . . . . . . . . Ground 
NC . .. . .. .. .. ....... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 



MCM6264C 

TRUTH TABLE 

E1 E2 G w Mode· Vee Current Output Cycle 

H x x x Not Selected l1sB1· lsB2 High-Z -

x L x x Not Selected l1sB1· lsB2 High-Z -
L H H H Read ice A High-Z -
L H L H Read iccA Daul Read Cycle 

L H x L Write Ice A Din Write Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 

Voltage Relative to V~i Vin· Vout - o.s to Vee+ o.5 v 
(For Any Pin Excep eel 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 25°C) Po 1.0 w 
Temperature Under Bias Tbias -50 to+ 95 oc 

Operating Temperature TA -40 to+ 85 oc 

Storage Temperature - Plastic Ts!9_ - 55 to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high impedance circuit 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = - 40 to + 85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vee+ o.3 v 
Input Low Voltage Vil -OS - 0.8 v 

·v1L (min)= - 2.0 V ac (pulse width,; 20 ns); V1L (min)= -0.5 V de) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - ± 1 µA 

Output Leakage Current (E1 =VIL• E2 = VIH· V0 ut = 0 to Vee) l1kg(O) - ±1 µA 

AC Supply Current (lout= O mA, Vee= Max) tAVAV = 20 ns iecA - 140 mA 

tAVAV = 25 ns - 130 

TTL Standby Current (E1 = VIH· E2 =VIL· No Restrictions on Other Inputs) tAVAV = 20 ns lsB1 - 40 mA 

tAVAV = 25 ns - 35 

CMOS Standby Current (E1 ~Vee - 0.2 V, E2,; 0.2 V, No Restrictions on Other Inputs) lss2 - 20 mA 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 v 
Output High Voltage (loH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance (All Inputs Except DO) Gin 6 pF 

Input/Output Capacitance Cua 7 pF 

MOTOROlA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= - 40 to+ 85°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1 .5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . Oto 3.0 V 

Output Timing Measurement Reference Level . . . . . . . 1.5 V 
Output Load ...... See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time .............................. 5 ns 

READ CYCLE TIMING (See Notes 1 and 6) 

Symbol MCM6264C·20 MCM6264C·25 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle Time IAVAV 'RC 20 - 25 - ns 2 

Address Access Time IAVQV IAA - 20 - 25 ns 

Enable Access Time IELQV IACS - 20 - 25 ns 

Output Enable Access Time IGLQV IOE - 10 - 12 ns 

Output Hold from Address Change IAXQX toH 4 - 4 - ns 

Enable Low to Output Active IELQX ICLZ 4 - 4 - ns 3, 4, 5 

Output Enable to Output Active IGLQX toLZ 0 - 0 - ns 3, 4, 5 

Enable High to Output High-Z IEHQZ ICHZ 0 8 0 10 ns 3, 4, 5 

Output Enable High to Output High-Z tGHQZ IOHZ 0 8 0 10 ns 3, 4, 5 

Power Up Time IEUCCH tpu 0 - 0 - ns 

Power Down Time tEHICCL 'PD - 20 - 25 ns 

NOTES: 
1. Wis high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, IEHQZ max is less than tELQX min, and tGHQZ max is less than tGHQX min, both for a given device and 

from device to device. 
4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. E1 and E2 are both represented by E in this data sheet. E2 is opposite polarity to El. 

READ CYCLE 1 (See Notes) 

A{ADDRESS) 

Q{DATAOUT) DATA VALID 
~~~~-+~~~~~~---·•~->L..>L..>.<..~ 

NOTES: 
1. Device is continuously selected (El= V1L • .§? = VfH· G = V1Ll· 
2. Addresses valid prior to or coincident with E1 going low (and E2 going high). 

MOTOROLA MEMORY DATA 
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READ CYCLE 2 (See Notes) 

A(ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q(DATAOUT) DATA VALID 

lcc--~E!:!,?~--­
Vcc SUPPLY CURRENT 

lsB---------'1 

NOTES: 
1. Addresses valid prior to or coincident with E1 going low (and E2 going high). 
2. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to Ef. 

AC TEST LOADS 

RL=500 

OUTPUT~ 
-== Zo=500 -== ~ 

Figure 1A 

+SV 

-=-
Figure 1B 

SpF 
(INCLUDING 
SCOPE AND JIG) 

MOTOROLA MEMORY DATA 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 



MCM6264C 

WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 

Symbol MCM6264C-20 MCM6264C-25 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time IAVAV twc 20 - 25 - ns 2 

Address Setup Time IAVWL IAS 0 - 0 - ns 

Address Valid to End of Write IAVWH 'AW 15 - 20 - ns 

Write Pulse Width IWLWH twp 15 - 20 - ns 

Data Valid to End of Write tovwH tow 8 - 10 - ns 

Data Hold Time IWHDX IOH 0 - 0 - ns 

Write Low to Data High-Z IWLQZ twz 0 8 0 10 ns 3, 4,5 

Write High to Output Active twHOX tow 4 - 4 - ns 3, 4, 5 

Write Recovery Time IWHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E1 low (and E2 high) and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than twHOX min both for a given device and from device to device. 
6. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to Ef. 

WRITE CYCLE 1 

A(ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 
'--'-''-"-'~~l.L..>.L..l..'-"-<'-l.L.l.L."l'-J.L..l..'-l..L..>L.~"~~~~~-+-~-111"'-'"'-"'-""~ 
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MCM6264C 

WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 

Symbol MCM6264C-20 MCM6264C-25 

Parameter Standard Alternate Min Max Min Max Unit 

Write Cycle nme 1AVAV twc 20 - 25 - ns 

Address Setup Time 1AVEL 1As 0 - 0 - ns 

Address Valid to End of Write 1AVEH 1AW 15 - 20 - ns 

Enable to End of Write 1ELEH tcw 12 - 15 - ns 

Enable to End of Wnte 1ELWH tcw 12 - 15 - ns 

Write Pulse Width twLEH twp 12 - 15 - ns 

Data Valid to End of Write tovEH tow 8 - 10 - ns 

Data Hold nme IEHDX toH 0 - 0 - ns 

Write Receovery Time IEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of Ef low (and E2 high) and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If Ef goes low (and E2 goes high) coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If Ef goes high (and E2 goes low) coincident with or before W goes high, the output will remain in a high impedance condition. 
5. Ef and E2 are both represented by E in this data sheet. E2 is of opposite polarity to Ef. 

WRITE CYCLE 2 

A(ADDRESS) 

E (CHIP ENABLE) 

t IELEH AVEL ------t -t ELWH ---;-~..,.94-f- t EHAX 

------+-----~ WLEH 
W (WRITE ENABLE) 

~~~~~~~~~~~~~~~~ ~-t~D~VE~H-'---~ 
D(DATAIN) xxxxxxxxxxxxxxxxr DATAVALID 

Q(DATAOUT) ____________ H_IG_H_-_z _____________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6264 xx c xx xx 

Notes 

2 

3,4 

Motorola Memory Prefix_I u 
Part Number 

1_L Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Package (P = Plastic DIP, NJ = Plastic SOJ) 

Full Part Numbers - MCM6264PC20 
MCM6264PC25 

Speed (20 = 20 ns, 25 = 25 ns) 

'--------- Operating Temperature Range 

MCM6264NJC20 
MCM6264NJC25 

MCM6264NJC20R2 
MCM6264NJC25R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
.. SEMICONDUCTOR ........................ .. 

TECHNICAL DATA 

SK x 8 Bit Fast Static RAM 
The MCM6264D is a 65,536 bit static random access memory organized as 

8, 192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliabillty. 

Chip enables (E1 and E2) control the power-down feature. They are not clocks 
but rather chip controls that affect power consumption. In less than a cycle time 
after E1 goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E1 remains 
high and (E2 remains low). This feature provides significant system-level power 
savings. 

The MCM6264D is available in a 300 mil, 28 lead plastic dual-in-line package 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 
• Single 5 V ± 10% Power Supply 
• Fast Access Time: 20, 25, 35, 45 ns 
• Chip Controls: 

Chip Enables (El and E2) for Reduced-Power Standby Mode 
Output Enable (G) Feature for Increased System Flexibility and to 

Eliminate Bus Contention Problems 
• Three-State Outputs 
• Fully TTL Compatible 
• Power Operation: 120, 100, 90, 80 mA (Maximum) 
• High Board Density SOJ Package Available 
• Also Ayailable in Industrial Temperature Range as MCM6264D-C 

BLOCK DIAGRAM 

ROW MEMORY MATRIX 

DECODER 0 2~ ~g~~JN~2 

INPUT 
DATA 

CONTROL 

AO A1 A6 A10 A12 

MOTOROLA MEMORY DATA 
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MCM6264D 

~ 
1 PPACKAGE 

NC 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

DQO 

001 

002 

Vss 

300 MIL PLASTIC 
CASE 7108 

NJ PACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

1• 28 Vee 
27 w 

E2 

AB 

A9 

A11 

22 G 
21 A10 

20 Ef 
10 DQ7 

11 DQ6 

12 DOS 

13 DQ4 

14 DQ3 

PIN NAMES 

AO-A 12 ............... Address Inputs 
W ....................... Wri1e Enable 
§._. .. .. .. . . . .. .. . .. .. .. Output Enable 
E1, E2 .................. Chip Enable 
DQ0-007 . . . . . . . . . . Data lnpuVOutput 
Vee ............. + 5 v Power Supply 
Vss ........................ Ground 
NC .................... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 



MCM6264D 

TRUTH TABLE 

E1 E2 G w Mode Vee Current Output Cycle 

H x x x Not Selected l1SB1• lsB2 High-Z -

x L x x Not Selected l1SB1• ISB2 High-Z -
L H H H Read ice A High-Z -
L H L H Read ice A Dout Read Cycle 

L H x L Write .!cQ.A C1n_ Write Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V SS = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to 7.0 v 
Voltage Relative to V~~ Vin• Vout - o.5 to Vee+ o.5 v 

(For Any Pin Excep eel 

Output Current (per 110) lout ± 20 mA 

Power Dissipation (TA = 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to+85 ·c 

Operating Temperature TA Oto+ 70 •c 

Storage Temperature - Plastic T~ -5510+ 125 •c 
NOTE: Permanent device damage may occur H ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
lime could affect device reliability. 

MOTOROLA MEMORY DATA 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high impedance circuit. 

This CMOS memory circuit has 
been designed to meetthe de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 



MCM6264D 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = o V) 

Parameter Symbol Min Typ Max 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 

Input High Voltage V1H 2.2 - Vee+ o.3 

Input Low Voltage V1L -o.3· - 0.8 

·v1L (mm) = - 0.3 V de; V1L (mm)= - 3.0 V ac (pulse width,;; 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max 

Input Leakage Current (All Inputs, Vin= o to Vee) llkg(I) - ±1 

Output Leakage Current (E1 =VIL· E2 = VIH· You!= 0 to Vee) llkg(O) - ±1 

AC Supply Current (10ut = 0 mA, Vee= Max) tAVAV=20ns Ice A - 120 

tAVAV = 25 ns - 100 

tAVAV =35ns 90 

IAVAv=45 ns 80 

TIL Standby Current (E1 = VIH• E2 =VIL• No Restrictions on Other Inputs) ls91 - 10 

CMOS Standby Current (E1 ;, Vee - 0.2 V, E2,;; 0.2 V, No Restrictions on Other Inputs) ls92 - 5 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 

Output High Voltage (loH = - 4.0 mA) VoH 2.4 -

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max 

Input Capacitance (All Inputs Except DQ) 

lnpuVOutput Capacitance 

AC TEST LOAD 

= 
Figure 1 

+SV 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

Cin 

C110 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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Unit 

v 
v 
v 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 

Unit 

pf 

pf 



MCM6264D 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = 0 to + 70°C, Unless Otherwise Noted) 

Output Timing Measurement Input Timing Measurement Reference Level 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3.0 V Reference Level . . . . . . . . ...... 0.8 and 2.0 V 
Input Rise/Fall Time ....... 5 ns Output Load ....... See Figure 1 Unless Otherwise Noted 

READ CYCLE TIMING (See Note 1) 

Symbol MCM6264D·20 MCM6264D-25 MCM6264D-35 MCM6264D·45 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Unit Notes 

Read Cycle Time lAVAV lRC 20 - 25 - 35 - 45 - ns 

Address Access Time lAVQV !AA - 20 - 25 - 35 - 45 ns 

Enable Access Time lELQV lACS - 20 - 25 - 35 - 45 ns 4 

Output Enable Access lGLQV toE - 10 - 10 - 15 - 20 ns 
Time 

Output Hold from Address lAXQX toH 4 - 4 - 5 - 5 - ns 
Change 

Enable Low to Output lELQX tcLZ 4 - 4 - 5 - 5 - ns 2, 3, 4 
Active 

Output Enable to Output lGLQX toLZ 2 - 2 - 0 - 0 - ns 2, 3 
Active 

Enable High to Output tEHQZ tcHZ 0 15 0 15 0 15 0 15 ns 2, 3, 4 
High-Z 

Output Enable High to tGHQZ to HZ 0 15 0 15 0 15 0 15 ns 2, 3 
Output High-Z 

Power Up Time tELICCH tpu 0 - 0 - 0 - 0 - ns 2, 3, 4 

Power Down Time lEHICCL tpo - 20 - 25 0 35 0 45 ns 2, 3, 4 

NOTES: 
1. Wis high for read cycle. 
2. All high-Zand low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from previous 

steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 
4. Ef and E2 are both represented by E in this data sheet. E2 is opposite polarity to Ef. 

READ CYCLE (See Note) 

-t--------- 1AVAV -------...... ~ 

A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q (DATA OUT) 

lcc--~E.!:!9~--­
v CC SUPPLY CURRENT 

lsB---------'I 

NOTE: Wis high for read cycle. 

MOTOROLA MEMORY DATA 
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MCM6264D 

WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6264D-20 MCM6264D-25 MCM6264D-35 MCM6264D-45 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 20 - 25 - 35 - 45 - ns 

Address Setup tAVWL tAS 0 - 0 - 0 - 0 - ns 
Time 

Address Valid tAVWH tAW 15 - 20 - 25 - 35 - ns 
to End of Write 

Write Pulse IWLWH twp 15 - 15 - 20 - 25 - ns 3 
Width 

Data Valid to tovwH tow 10 - 10 - 15 - 20 - ns 
End of Write 

Data Hold Time twHDX toH 0 - 0 - 0 - 0 - ns 3 

Write Low to twLQZ twz 0 10 0 15 0 15 0 15 ns 4, 5 
Data High-Z 

Write High to twHOX tow 4 - 4 - 5 - 5 - ns 4, 5 
Output Active 

Write Recovery twHAX twR 0 - 0 - 0 - 0 - ns 
Time 

NOTES: 
1. A write cycle starts atthe latest transition of a low ET, low W, or high E2. A write cycle ends atthe earliesttransition of a high ET, high W, or low E2. 
2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. These parameters are sampled and not 100% tested. 

WRITE CYCLE 1 

A(ADDRESS) 

E (CHIP ENABLE) 

Vi (WRITE ENABLE) 

D (DATA IN) 

MOTOROLA MEMORY DATA 
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MCM6264D 

WRITE CYCLE 2 (E Controlled, See Note 1) 

Symbol MCM6264D-20 MCM6264D-25 MCM6264D-35 MCM6264D-45 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 20 - 25 - 35 - 45 - ns 

Address Setup tAVEL tAS 0 - 0 - 0 - 0 - ns 2, 5 
Time 

Address Valid tAVEH tAW 15 - 20 - 25 - 35 - ns 2, 5 
to End of Write 

Enable to End of tELEH tcw 15 - 20 - 25 - 35 - ns 2, 3, 5 
Write 

Data Valid to tovEH tow 10 - 10 - 15 - 20 - ns 2, 5 
End of Write 

Data Hold Time tEHDX toH 0 - 0 - 0 - 0 - ns 2, 4, 5 

Write Recovery tEHAX twR 0 - 0 - 0 - 0 - ns 2, 5 
Time 

NOTES: 
1. A write cycle startsatthe latesttransition of a low ET, lowW, or high E2. A write cycle ends atthe earliesttransition of a high ET, high W, or low E2. 
2. ET and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
5. ET and E2 are both represented by E in this data sheet. E2 is of opposite polarity to ET. 

WRITE CYCLE 2 

A(ADDRESS) 

E (CHIP ENABLE) 

~~~~~~~~~~~~~~~-~-t~ov~E~H __ _ 

D(DATAIN) xxxxxxxxxxxxxxxxr DATAVALID 

Q(DATAOUT) ------------H-IG_H-_z _____________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 

Motorola Memory Prefix~ T 
xx 1_L Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number 

Package (P = Plastic DIP, J = 400 mil Plastic SOJ, 
NJ= 300 mil Plastic SOJ) -----~ 

Full Part Numbers - MCM6264DP20 
MCM6264DP25 
MCM6264DP35 
MCM6264DP45 

MCM6264DNJ20 
MCM6264DNJ25 
MCM6264DNJ35 
MCM6264DNJ45 

Speed (20 = 20 ns, 25 = 25 ns, 35 = 35 ns, 45 = 45 ns) 

MCM6264DNJ20R2 
MCM6264DNJ25R2 
MCM6264DNJ35R2 
MCM6264DNJ45R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SK x 8 Bit Fast Static RAM 
Industrial Temperature Range: -40 to 85°C 

The MCM6264D-C is a 64,536 bit static random access memory organized as 
8, 192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

Chip enables (E1 and E2) control the power-down feature. They are not clocks 
but rather chip controls that affect power consumption. In less than a cycle time 
after E1 goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E1 remains 
high and (E2 remains low). This feature provides significant system-level power 
savings. 

The MCM6264D-C is available in a 300 mil, 28 lead plastic dual-in-line 
package or a 300, 28 lead plastic SOJ package with the JEDEC standard pinout. 
• Single 5 V ± 10% Power Supply 

• Fast Access Time: 25, 35, 45, 55 ns 

• Chip Controls: 
Chip Enables (E-f and E2) for Reduced-Power Standby Mode 
Output Enable (G) Feature for Increased System Flexibility and to Eliminate 

Bus Contention Problems 

• Three-State Outputs 

• Fully TTL Compatible 

• Low Power Operation: 115, 100, 90, 80 mA (Maximum) 

• High Board Density SOJ Package Available 

• Also Available in Commercial Temperature Range as MCM6264D 

A2 

AS 

001 

006 

007 

Et 
E2 

w 
G 

BLOCK DIAGRAM 

MEMORY ARRAY 
(128ROWS BY 
512 COLUMNS) 
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MCM6264D-C 

PPACKAGE 
300 MIL PLASTIC 

CASE 7108 

2.,,,, 
NC 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

DQO 

001 

DQ2 

Vss 

1 

NJ PACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

1• Vee 
w 
E2 

AB 

A9 

A11 

22 G 
21 A10 

20 ET 
10 19 007 

11 18 006 

12 17 DOS 

13 16 004 

14 15 003 

PIN NAMES 

AO-A 12 ....... Address Inputs 
W ....................... Write Enable 
G .. . . . . .. . . . . . . . . . . . . . Output Enable 
E1, E2 .................. Chip Enable 
DQ0-007 . . . . . . . . . . Data lnpuVOutput 
Vee ............. + 5 v Power Supply 
Vss ........................ Ground 
NC .................... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 



MCM6264D-C 

TRUTH TABLE 

E1 E2 G w Mode Vee Current Output Cycle 

H x x x Not Selected 11sB1· lsB2 High-Z -

x L x x Not Selected l1sB1· lsB2 High-Z -
L H H H Read iccA High-Z -
L H L H Read iccA Dout Read Cycle 

L H x L Write lccA ~ Write Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 

Voltage Relative to V~~ Vin• Vout -0.5 to Vee+ 0.5 v 
(For Any Pin Excep eel 

Output Current (per 110) lout ± 20 mA 

Power Dissipation (TA = 25°C) Po 1.0 w 

Temperature Under Bias Tbias -50to+95 'C 

Operating Temperature TA -40to+85 'C 

Storage Temperature - Plastic Tsjg_ -55to+ 125 'C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to this high impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA+ - 40 to + 85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = o V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vee+ o.3 v 

Input Low Voltage V1L -0.3· - 0.8 v 

·v1L (min)= -0.3 Vdc; V1L (min)= -3.0 Vac (pulse width,; 20 ns); V1L (min)= -0.5 Vdc) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, V;n = 0 to V eel llkg(I) - ±1 µA 

Output Leakage Current (Ef =VIL• E2 = V1H· Vout = o to Vee) l1kg(O) - ±1 µA 

AC Supply Current (1 0 ut = O mA, Vee= Max) tAVAV = 25 ns ice A - 115 mA 

tAVAV = 35 ns - 100 

tAVAV = 45 ns - 90 

tAVAV = 55 ns - 80 

TIL Standby Current (E1 = VIH• E2 =VIL• No Restrictions on Other Inputs) 1sB1 - 10 mA 

CMOS Standby Current (Ef 2' Vee - 0.2 V, E2,; 0.2 V, No Restrictions on Other Inputs) 1sB2 - 5 mA 

Output Low Voltage (loL = + 8.0 mA) VoL - 0.4 v 

Output High Voltage (ioH = - 4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 Mhz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance (All Inputs Except DO) Cin 6 pF 

lnpul/Output Capacitance C110 8 pF 

MOTOROLA MEMORY DATA 
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MCM6264D-C 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ ?0°e, Unless Otherwise Noted) 

Output Timing Measurement Input Timing Measurement Reference Level . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . o to 3.0 V 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ns 

Reference Level ........................ 0.8 and 2.o V 
Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE TIMING (See Note 1) 

Symbol MCM6264DC-25 MCM6264DC-35 MCM6264DC-45 MCM6264DC-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Notes 

Read Cycle Time tAVAV tRc 25 - 35 - 45 - 55 -
Address Access Time tAVQV tAA - 25 - 35 - 45 - 55 

Enable Access Time tELQV tACS - 25 - 35 - 45 - 55 4 

Output Enable Access tGLQV toE - 10 - 15 - 20 - 25 
Time 

Output Hold from Address tAXQX toH 4 - 5 - 5 - 5 -
Change 

Enable Low to Output tELQX tcLZ 4 - 5 - 5 - 5 - 2, 3, 4 
Active 

Output Enable to Output IGLQX toLZ 2 - 2 - 2 - 2 - 2, 3 
Active 

Enable High to Output tEHQZ tCHZ 0 15 0 15 0 15 0 15 2, 3, 4 
High-Z 

Output Enable High to tGHQZ to Hz 0 15 0 15 0 15 0 15 2,3 
Output High-Z 

Power Up Time tELICCH tpu 0 - 0 - 0 - 0 - 2, 3,4 

Power Down Time tEHICCL tpo - 25 - 35 0 45 0 55 2, 3, 4 

NOTES: 
1. W is high for read cycle. 
2. All high-Zand iow-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from previous 

steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 
4. E1 and E2 are both represented by E In this data sheet. E2 is opposite polarity to E'f. 

A(ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q(DATAOUT) 

'cc- - ~E!:!9~ - - -
V CC SUPPLY CURRENT 

'sB--------'I 
NOTE: Wis high for read cycle. 

READ CYCLE 
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MCM6264D-C 

WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6264DC-25 MCM6264DC-35 MCM6264DC-45 MCM6264DC-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 25 - 35 - 45 - 55 - ns 

Address Setup tAVWL tAs 0 - 0 - 0 - 0 - ns 
Time 

Address Val id tAVWH tAW 20 - 25 - 35 - 45 - ns 
to End of Write 

Write Pu:se twLWH twp 15 - ?n - 25 - 30 - ns 3 
Width 

Data Valid to tovwH tow 10 - 15 - 20 - 25 - ns 
End of Write 

Data Hold Time twHDX toH 0 - 0 - 0 - 0 - ns 3 

Write Low to twLOZ twz 0 15 0 15 0 15 0 15 ns 4, 5 
Data High-Z 

Wirte High to twHOX tow 4 - 5 - 5 - 5 - ns 4, 5 
Output Active 

Write Recover twHAX twR 0 - 0 - 0 - 0 - ns 
Time 

NOTES: 
1. A write cycle starts atthe latest transition of a low ET, low W, or high E2. A write cycle ends at the earliest transition of a high ET, high W, or low E2. 
2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high·Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. These parameters are sampled and not 100% tested. 

WRITE CYCLE 1 

f.41-------- 1AVAV 

A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

twHQX ..,_. ..... --~ 
HIGH·Z 

AC TEST LOAD TIMING LIMITS 

Q-9------

255 

Figure 1 

+SV 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

The table of timing values shows either a minimum or 
a maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address setup time is shown as a minimum since 
the system must supply at least that much time (even 
though most devices do not require it). On the other 
hand, responses from the memory are specified from the 
module point of view. Thus, the access time is shown as 
a maximum since the module never provides data later 
than that ti me. 

MOTOROLA MEMORY DATA 
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MCM6264D-C 

WRITE CYCLE 2 (E Controlled, See Note 1) 

Symbol MCM6264DC-25 MCM6264DC-35 MCM6264DC-45 MCM6264DC-55 

Parameter Std. Alt. Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time IAVAV twc 25 - 35 - 45 - 55 - ns 

Address Setup IAVEL IAS 0 - 0 - 0 - 0 - ns 2, 5 
Time 

Address Valid lAVEH lAW 20 - 25 - 35 - 45 - ns 2, 5 
to End of Write 

Enable to End of IELEH tcw 20 - 25 - 35 - 45 - ns 2, 3, 5 
Write 

Data Valid to lDVEH tow 10 - 15 - 20 - 25 - ns 2, 5 
End of Write 

Data Hold Time lEHDX IDH 0 - 0 - 0 - 0 - ns 2, 4, 5 

Write Recover IEHAX twR 0 - 0 - 0 - 0 - ns 2, 5 
Time 

NOTES: 
1. A write cycle starts at the latesttransition of a low ET, low W, or high E2. A write cycle ends at the earliesttransition of a high ET, high W, or low E2. 
2. ET and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins maybe in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
5. ET and E2 are both represented by 'E~: in this data sheet. E2 is of opposite polarity to ET. 

WRITE CYCLE 2 

A (ADDRESS) 

E (CHIP ENABLE) 

tELEH t AVEL -----t--t ELWH ---1-i...,.....,. __ t EHAX 

-----+-------. WLEH 
W (WRITE ENABLE) 

tDvEH___. E ~EHDX 

D (DATA IN) '"""X~X~X...-X,..,..X~X~X"'7T'X"7TX~X~X~X'"""X'"""X~X~X DATA VALIDX 

Q (DATA OUT) ____________ H_IG_H_.z ______________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 

Motorola Memory Prefix_J T 
xx c xx xx 1 L Shipping Method (R2 =Tape & Reel, Blank= Rails) 

----- Speed (25 = 25 ns, 35 = 35 ns, 45 = 45 ns, 55 = 55 ns) Part Number 

Package (P = Plastic DIP, J = 400 mil Plastic SOJ, 
NJ= 300 mil Plastic SOJ) ----------' 

Full Part Numbers - MCM6264DPC25 
MCM6264DPC35 
MCM6464DPC45 
MCM6264DPC55 

MCM6264DNJC25 
MCM6264DNJC35 
MCM6264DNJC45 
MCM6264DNJC55 

MOTOROLA MEMORY DATA 
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Operating Temperature Range 
(C = -40° to 85°C, Blank = Commercial) 

MCM6264DNJC25R2 
MCM6264DNJC35R2 
MCM6264DNJC45R2 
MCM6264DNJC.55R2 



MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 

SK x 9 Bit Fast Static RAM 

MEMORY MATRIX 
256 ROWS x 

32 x 9 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

AO Ai A6 AS A12 

Vee 

Vss 

PIN NAMES 

AO-A12 
DOO-DQS .. 
W. 
G 

Address Input 
. . Data lnpuVOutput 

. . . Write Enable 
. Output Enable 

MCM6265 TRUTH TABLE (X = don"t care) 

E1 E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

E1. E2 

Vee 
Vss . 

Vee Current 

1ss1, 1ss2 
1ss1. 1ss2 

lccA 
ice A 
iccA 

. . . Chip Enable 
. +5 V Power Supply 

. ..... Ground 

Output Cycle 

High-Z -
High-Z -
High-Z -
Dout Read Cycle 

High-Z Write Cycle 

MOTOROLA MEMORY DATA 

1-n 

MCM6265-15, -20, -25 
See QulckRAM, Page 7-122 

MCM6265C-10, -12 
See QulckRAM II, Page 7-142 

_.,,,,,_ 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

DQO 

DQ1 

DQ2 

DQ3 

Vss 

P PACKAGE 
300 MIL PLASTIC 

CASE 7108 

28..,. 
NJ PACKAGE 
300 MIL SOJ 
CASE 8108 

PIN ASSIGNMENT 

1• 28 Vee 

2 27 w 
3 26 E2 

4 25 A9 

5 24 A10 

6 23 A11 

7 22 G 

8 21 A12 

9 20 IT 
10 19 DOB 

11 18 DO? 

12 17 DQ6 

13 16 DOS 

14 15 DQ4 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

4K x 4 Bit Static Random Access 
Memory 

The MCM6268 and MCM6269 are 16,384-bit static random access memories organized 
as 4096 words of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption and provides greater reliability. Fast access 
time makes this device suitable for cache and other sub-50 ns applications. 

The MCM6268 uses a chip enable (El function which is not a clock. In less than a cycle 
time after E goes high, the part enters a low-power standby mode, remaining in that state 
until E goes low again. This device also incorporates internal power down circuitry that 
will reduce active current for less than 100% duty cycle applications. These features pro­
vide reduced system power requirements without degrading access time performance. 

Similar in design to the Motorola MCM6268, the MCM6269 features an enhanced chip 
select circuit allowing access to data in as little as 10 ns. 

Both devices are available in a 20 lead plastic dual-in-line package and feature the stan· 
dard JEDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three State Output 
• Fully TTL Compatible 
• Fast Access Time (Maximum) (xx=68 or 69): 

• 

MCM6268 MCM6269 
Address Chip Enable Chip Select 

MCM62xxP20 20 ns 20 ns 10 ns 
MCM62xxP25 25 ns 25 ns 12 ns 
MCM62xxP35 36 ns 35 ns 15 ns 
MCM6268P45 45 ns 45 ns 
MCM6268P55 55 ns 55 ns 

Low Power Operation: 110 mA Maximum, Active AC 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

000 

001 

002 

003 

~ IMCM626Sl} 
S IMCM62691 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATRIX 
128 ROWS x 
128 COLUMNS 

A7 AS AB AlO All 

-vcc 
-vss 

MOTOROLA MEMORY DATA 
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MCM6268 
MCM6269 

PLASTIC 
CASE 738 

PIN ASSIGNMENT 

A4 1. 20 Vee 
A5 19 A3 

A6 1S A2 

A7 4 17 Al 

AS 5 16 AO 

AB 15 000 

AlO 14 001 

All 13 002 

s or E 12 003 

Vss 10 11 w 

PIN NAMES 

AO-All ......•..... Address Input 
W. . . . . . . . . . . . . . . Write Enable 
E ( MCM6268l • . . • . . . • . Chip Enable 
S ( MCM62691 . • • . . • . . . Chip Select 
DQ0-003 ....... Data Input/Output 
V CC . • . . . . . • . + 5 V Power Supply 
Vss ................ Ground 



MCM6268•MCM6269 

TRUTH TABLE 

Ets w Mode 
Vee Current Vee Current 

1/0 Pin Cycle 
IMCM6288l IMCM6289l 

H x Not Selected ISB1, ISB2 ice High-Z -
L H Read ice Ice Dout Read Cycle 
L L Write ice ice Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 

Voltage Relative to V SS for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to +85 •c 

Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.!9_ -55 to +125 •c 

NOTE: Permanent device damage may occur tt ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 v ± 10%, TA = Oto 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1tt 2.0 - Vcc+o.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.5 V de; V1L (min)= -3.0 V ac (pulse width s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin =0 to Vccl l1!seJI) - ±1.0 pA 

Output Leakage Current (E or S=V1tt. Vout=O to Vccl ~0) - ±1.0 pA 

AC Supply Current Oout = 0 mA) MCM6268/69-20, 25, 35 Ice - 110 mA 

MCM6268-45, 55 - 80 

TTL Standby Current (E=V1tt. No Restrictions on Other Inputs) (MCM6268) ls01 - 20 mA 

CMOS Standby Current (E;,;Vcc-0.2 V, No Restrictions on Other Inputs) 1ss2 mA 
MCM6268-20,25,35 - 15 

MCM6268-45, 55 - 2 

(S;,;Vcc-0.2 v, Vins0.2 v, or ;;:Vcc-0.2 Vl (MCM6269l lsB - 15 

Output Low Voltage llOL =8.0 mA) VoL - 0.4 v 

Output High Voltage !Iott= -4.0 mAl Vott 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV =3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Typ Max Unit 

Input Capacitance All Inputs Except E, S Cin - 4 6 pF 
"E, s - 5 7 

1/0 Capacitance C1/0 - 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM6268•MCM6269 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 v ± 10%, TA= o to + 70°e, Unless Otherwise Noted) 

Input Reference Level . . . . . . . • . • . . . . . • . . . . . . • 1.5 V 
Input Pulse Levels .........•.......•..... 0 to 3.0 V 
Input Rise/Fall Time ................•......•. 5 ns 

Output Reference Level . . . . • . • • . • • . . . . • . . . . . • 1.5 V 
Output Load .....•.•...• Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 11 

Symbol 
MCM6268P20 MCM62118P25 MCM82118P36 

MCM62118P41i MCM6288Pli& 
Parameter MCM628!1P211 MCM62118P2& MCM112119P36 Unh Note9 

Standard Ahernata Min Max Min Max Min Max Min Max Min Max 

Reed Cycle Time IAVAV IRC 20 - 25 - 35 - 40 - 55 - ns 2 

Address Access Time IAVQV !AA - 20 - 25 - 35 - 40 - 50 ns 

Enable Access Time IELQV !ACS - 20 - 25 - 35 - 45 - 55 ns 
(MCM62681 

Select Access Time ISLQV !ACS - 10 - 12 - 15 ns 
(MCM6269) 

Output Hold from Address tA)(QX toH 5 - 5 - 5 - 5 - 5 - ns 
Change 

Enable Low to Output Active IELQX ILZ 5 - 5 - 5 - 10 - 10 - ns 3,4,6 

Select Low to Output Active ts Lax tLZ 5 - 5 - 5 - ns 3,4,6 
(MCM6269) 

Enable High to Output High-Z IEHQZ !Hz 0 8 0 10 0 15 0 15 0 20 ns 3,4,5 

Select High to Output High-Z ISHQZ tHz 0 8 0 10 0 15 ns 3,4,5 
(MCM6269) 

Power Up Time (MCM6268) IELICCH tpu 0 - 0 - 0 - 0 - 0 - ns 

Power Down Time IEHICCL tpo - 20 - 20 - 30 - 45 - 55 ns 
(MCM6268) 

NOTES: 
1. W is high for read cycle. 
2. All reed cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperatura, tEHQZ for tsHazl max. is less than tELQX (or tsLaxl min, both for a given device and from device 

to device. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figura 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected(~ or ~=V1LI· 
7. Addrasses valid prior to or coincident with ~ or~ going low. 

READ CYCLE 1 {See Note 6 Above) 

i.------------ IAVAV -----------~ 

A (ADDRESS) 

Q (DATA OUT) PREVIOUS DATA VALID 

-------- IAVQV ------­

READ CYCLE 2 (See Note 7 Above) 

DATA VALID 

IAVAV ------------1 
A !ADDRESS) 

----+----,i.-..---- IELQV• ---i~ 
fMCM6268) E (CHIP ENABLE) ISLQV 

(MCM62691 S !CHIP SELECT) 
IELQJ(. 

._ ISLQJC 

Q !DATA OUT) ---+-----Ir----«. 

Vee ice 
fMCM62681 SUPPLY 

CURRENT lse 

MOTOROLA MEMORY DATA 
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MCM6268•MCM6269 

WRITE CYCLE 1 (W Controlled, See Note 11 

Symbol 
MCM8218P211 MCMGIBP21i MCM8288P31i 

MCMGalNi MCMl2llllPlili 
Parameter MCM82lllP20 MCM112118P211 MCM8219P3& Unit N-

Standard Alternate Min Max Min Max Min Max Min Max Min Max 

Write Cycle nma tAVAV twc 20 - 25 - 36 - 40 - 50 - 118 2 

Add1'888 Setup Tima tAVWL tAS 0 - 0 - 0 - 0 - 0 - ns 

Addl'888 Valid to End of Write tAVWH tAW 15 - 20 - 30 - 35 - 46 - 118 

Write Pulee Width twLWH twP 15 - 20 - 25 - 36 - 46 - 118 

Data Valid to End of Write tovwH tow 10 - 10 - 16 - 16 - 20 - 118 

Data Hold nma twHDX toH 0 - 0 - 0 - 0 - 0 - 118 

Write Low to Output High-Z twLOZ twz 0 8 0 10 0 15 0 20 0 25 ns 3,4,5 

Write High to Output Active twHQX tow 5 - 5 - 5 - 5 - 5 - 118 3,4,6 

Write RBCOV8f'f nma twHAX twR 0 - 0 - 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during tha overlap of 'E or 'S low and W low. 
2. All write cycle timing is referenced from tha last valid addl'888 to the first transitioning addl'888. 
3. Transition is meaeurad ± 500 mV from ataady-atata voltage with load in Figura 1 B. 
4. Parameter is sampled and not 100% taatad. 
5. At any givan voltage and temperature, twLOZ max, is less than twHax min, both for a givan device and from device to device . 

255 

A !ADDRESS) 

1MCM6268l E (CHIP ENABLE) 

(MCM8269l S (CHIP SELECTI 

i (WRITE ENABLE) 

D IDATA INI 

AC TEST LOADS 

Rgure 1A 

+5V 

30 pf 
ONCLUDIHG 
SCOPE AND JIGI 

255 

IAVWH --------~....._ twHAX 

DATA VALID 

HIGH·Z 

+5V 

Figure 18 

5 pf 
ONCLUDING 
SCOPE Afll JIG) 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system poin1 of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responess from the memory are 
specified from the device poin1 of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MCM6268•MCM6269 

WRITE CYCLE 2 (E, S" Controlled; See Note 1) 

Symbol MCM&aP211 MCM82118P2& MCM12118P3& 
MCM12118P4& MCMl2ll8Plili 

Pa ram- MCM8288P211 MCMGllllP2& MCM1211P3& Unit 
Standard Alterneta Min Max Min Max Min Max Min Max Min Max 

Write Cycle Time IAVAV twc 20 - 25 - 36 - 40 - 50 - ns 
Addrea Setup Time tAVEL• IAS 0 - 0 - 0 - 0 - 0 - ns 

tAVSL 
Address Valid to End of Write IAVEH• IAW 15 - 20 - 30 - 36 - 46 - ns 

IAVSH 
Enable to End of Write IELEH tc::w 15 - 20 - 30 - 36 - 46 - ns 
(MCM62681 

Salee! to End of Write 
(MCM62891 

ISLSH tc::w 16 - 20 - 30 - ns 

Enable to End of Write IELWH tcw 15 - 20 - 30 - 30 - 30 - ns 
(MCM62S91 

Select to End of Write ISLWH tcw 15 - 20 - 30 - ns 
(MCM62S91 

Write Pulse Width twLEH· twp 15 - 20 - 25 - 30 - 30 - ns 
twLSH 

Data Valid to End of Write IOVEH• iow 10 - 10 - 15 - 16 - 20 - ns 
tovsH 

Data Hold Time IEHDX· IOH 0 - 0 - 0 - 0 - 0 - ns 
ISHDX 

Write Recovery THYl8 IEHAX· twR 0 - 0 - 0 - 0 - 0 - ns 
ISHAX 

NOTES: 
1. A write occurs during the overlap of 'E or S" low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E or S" goas low coincident with or after W goas low, the output will remain In a high impedance condition. 
4. If E or S" goas high coincident with or before W goas high, the output will remain in a high impedance condition. 

----------- IAVAV -----------

A (ADDRESS! 

(MCM6268) E (CHIP ENABLE) 
(MCM6269l S (CHIP SELECT) 

W !WRITE ENABLE) 

D (DATA IN) 

--------IAVEff. IAVSH----------

Hl6H·Z 

ORDERING INFORMATION 
!Order by Full Part Number) 

p xx 

N-

2 

3,4 

3,4 

Motorola Memory Prefix 

Part Number 
.I T_Speed (20=20 ns, 25=25 ns, 35=35 ns, L_ 46=46 ns, 56=56 ns) 

Package IP= Plastic DIP) 

Full Part Numbers-MCM6268P20 MCM6269P20 
MCM6268P25 MCM6269P25 
MCM6268P35 MCM6269P35 
MCM6268P46 
MCM6268P56 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

4K x 4 Bit Static RAM 
The MCM6270 is a 16,384-bit static random access memory organized as 4096 words of 

4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS cir­
cuitry reduces power consumption for greater reliability. 

The MCM6270 is equipped with both chip enable (E) and output enable (G) inputs, 
allowing for greater system flexibility. Either input, when high, will force the outputs to 
high impedance. 

• Single 5 V Supply, ± 10% 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three-State Outputs 
• Fully TTL Compatible 
• Fast Access Time (Maximum): 

Address Chip Enable Output Enable 
10 ns MCM6270-20 

MCM6270-25 
MCM6270-35 

20 ns 
25 ns 
35 ns 

20 ns 
25 ns 
35 ns 

12 ns 
14 ns 

• Low Power Operation: 110 mA Maximum, Active AC 
• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 

BLOCK DIAGRAM 

AO 

Al 

A2 ---i :.1--t 

A3 

A4 

A5 

A6 

oao 

001 

002 

003 

MEMORY MATRIX 
128 ROWS x 
12B COLUMNS 

A7 AB A9 AlO All 

PIN NAMES 

AO-A 11 ...... Address Input E . . . . . . . . . . Chip Enable 
DQ0-003 . Data Input/Output Vee . . . + 5 V Power Supply 
w ......... Write Enable Vss .......... Ground 
G ........ Output Enable NC ....... No Connection 

MOTOROLA MEMORY DATA 
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MCM6270 

~~PACKAGE ~~~ ~ ~ 0 

• PLASTIC 

CASE736A 

J PACKAGE 
300 MIL SOJ 
CASE 810A 

PIN ASSIGNMENT 

DUAL-IN-LINE 

A4 1. 22 Vee 
A5 21 A3 

A6 20 A2 

A7 4 19 Al 

AB lB AO 

A9 17 NC 

A10 16 ooo 
All 15 001 

E 14 002 

ii 10 13 003 

Vss 11 12 w 

SMALL OUTLINE 

A4 1. 24 Vee 
A5 23 A3 

A6 22 A2 

A7 21 Al 

AB 20 AO 

NC 19 NC 

A9 lB NC 

AlO 17 000 

All 16 001 

10 15 002 

ii 11 14 003 

Vss 12 13 w 



MCM6270 

TRUTH TABLE 

e G w Mode Vee Current 1/0 Pin Cycle 

H x x Not Selected •se High-Z -
L H H Read ICCA High-Z -
L L H Read ICCA Dout Read Cycle 
L x L Write lcCA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltaga (V eel Vee -0.5 to +7.0 v 
Voltage Relative to Vss for Any V;n, Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/01 lout ±20 mA 

Power Dissipation I + 25°CI Po 1.0 w 
Temperature Under Bias Tbias -10to +85 •c 

Operating Temperature TA 0 to +70 •c 

Storage Temperature ~ -55to +125 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Notedl 

RECOMMENDED OPERATING CONDITIONS 

Paramatar Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.0 - Vcc+0.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (mini= -0.5 V de; V1L (mini= -3.0 V ac (pulse width :S20 ns) 

DC CHARACTERISTICS 

Param-r Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin =0 to Vccl lll!lll!l - ±1.0 ,,A 

Output Leakage Current (E=V1H or 'G'=V1H or W=V1L• Vout=O to Vccl l1!Y!!OI - ±1.0 ,,A 

AC Supply Current llout=O mAI lcCA - 110 mA 

TTL Standby Current IE= V1H. No Restrictions on Other Inputs) ls Bi - 20 mA 

CMOS Standby Current IEO!:Vcc-0.2 V, No Restrictions on Other Inputs) ls92 - 15 mA 

Output Low Voltage llOL = 8.0 mA) VoL - 0.4 v 
Output High Voltage lloH = -4.0 mAI VOH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characterlatic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E Cin 4 6 pf 
E 5 7 

1/0 Capacitance DO C110 5 7 pf 

MOTOROLA MEMORY DATA 
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MCM6270 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5 V ± 10%, TA=O to +70°C, Unless Otherwise Noted} 

Input Timing Measurement Reference Level . • . . • . • . • • 1.5 V 
Input Pulse Levels .••••.••.•....•.•..•.•• 0 to 3.0 V 
Input Rise/Fall Time ••.•.••••.••..•.•....•••• 5 ns 

Output Timing Measurement Reference Level . • . • . • . . . 1.5 V 
Output Load. . • . • . . . . . . . Figure 1 A Unless Otherwise Noted 

READ CYCLE (See Note 1) 

Symbol MCM6210-20 MCM6211J..21i MCM82111-3& 
Parameter Unit Notea 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 20 - 25 - 35 - ns 2 

Address Access Time tAvav tAA - 20 - 25 - 35 ns 

Chip Enable Access Time tELQV tACS - 20 - 25 - 35 ns 

Output Enable Access Time tGLQV toE - 10 - 12 - 14 ns 

Output Hold from Address Change tA)(Q)( toH 5 - 5 - 5 - ns 

Chip Enable Low to Output Active tELQX tLZ 5 - 5 - 5 - ns 3,4,5 

Chip Enable High to Output High-Z tEHQZ tHz 0 8 0 10 0 15 ns 3,4,5 

Output Enable Low to Output Active tGLQX tLZ 0 - 0 - 0 - ns 3,4,5 

Output Enable High to Output High-Z tGHOZ tHz 0 8 0 10 0 15 ns 3,4,5 

Power Up Time tELICCH tpu 0 - 0 - 0 - ns 

Power Oown Time tEHICCL tpo - 20 - 20 - 30 ns 

NOTES: 1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max is less than tELQX min, and tGHOZ mex is less than tGLQX min, both for a given 

device and from device to device. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (E=V1L• G=V1Ll· 
7. Addresees valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 6 Above} e------------ IAVAV :-1, 
A (ADDRESS) ---- --------------------_,)._ __ _ 

IAXQX--~~ _..,......,.......,.....,.,,...,.,1 
Q (DATA OUT) PREVIOUS DATA VALID 

READ CYCLE 2 (See Note 7 Above} 
IAVAV 

A (ADDRESS) 

E (CHIP ENABLE) 

ii (OUTPUT ENABLE) 

Q IOATA OUT) 

14----+-- tAVQV 

Vee Ice - - - --t~~c~----F 
SUPPLY CURRENT 

lsB----------' 

MOTOROLA MEMORY DATA 

7-86 

DATA VALID 

DATA VALID 

IEHQZ 

IGHQZ 

IEHICCL"l 



MCM6270 

WRITE CYCLE 1 IW Controlled, See Notes 1 and 21 

Symbol MCM~20 MCM~26 MCM6270-3& 
Parameter Unit 

Standard Altarnata Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 20 - 25 - 35 - ns 

Address Setup Time tAVWL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 15 - 20 - 30 - ns 

Write Pulse Width twLWH twP 15 - 20 - 25 - ns 

Data Valid to End of Write tovwH tow 10 - 10 - 15 - ns 

Data Hold Time twHDX toH 0 - 0 - 0 - ns 

Write Low to Output High-Z twLaz twz 0 8 0 10 0 15 ns 

Write High to Output Active twHOX tow 5 - 5 - 5 - ns 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
5. Parameter is sampled and not 100% tested. 
6. At any given voltage and temperature, twtaz max, is less than twHOX min, both for a given device and from device to device. 

A (ADDRESS) 

E ICHIP ENABLE) 

W !WRITE ENABLE) 

D (DATA IN) 

--------- 'AVAV 

-------- IAVWH 

twLWH ---~--t 

DATA VALID 

HIGH·Z 

AC TEST LOADS 

Figure 1A 

+5V 

480 

30 pF 
(INCLUDING 
SCOPE AND JIG) 

Q -....------... 

255 

Figure 18 

MOTOROLA MEMORY DATA 

7-86 

+5V 

480 

5 pf 
!INCLUDING 
SCOPE AND JIG) 

Notes 

3 

4,5,6 

4,5,6 



MCM6270 

WRITE CYCLE 2 (E Controlled; Sae Notes 1 and 2) 

Symbol MCMllZ10-2ll MCM6210-2li MCM6216-3& 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Writs Cycle Time tAVAV twc 20 - 25 - 35 - ns 3 

Address Setup Time tAVEL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 15 - 20 - 30 - ns 

Chip Enable to End of Writs tELEH tcw 15 - 20 - 30 - ns 4,5 

Chip Enable to End of Write tELWH tcw 15 - 20 - 30 - ns 4,5 

Write Pulse Width twLEH twP 15 - 20 - 25 - ns 

Dets Valid to End of Writs tovEH tow 10 - 10 - 15 - ns 

Dets Hold Time tEHDX toH 0 - 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A writs occurs during the overlap of E low and W low. 
2. If'!; goss low coincident with or after W goss low, the output wm remain in a high impedance state. 
3. All writs cycle timing Is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If E goss high coincident with or before W goss high, the output wtll remain in a high impedance condition. 

IAVAV ----------~ 

A IADDRESSI 

E (CHIP ENABLE) 
14-----IAVEL-----..i~--....,-----' 

IELEH ---t-----1*"° 14---- IELWH IEHAX 

W (WRITE ENABLE) 

D IDATA IN) 

HIGH·Z 
Q IDATA OUTI -------------------------------------

TIMING PARAMETER ABBREVIATIONS 
t xx xx 

_, __ _._., ..... ,...... I 111 
transition diraction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 
H =transition to high 
L =transition to low 
V =transition to valid 
X =transition to invalid or don't care 
Z=transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
rnsximum limit for each parameter. Input requirements are 
specified from the extemal system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a rnsximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 

7~ 



MCM6270 

Motorola Memory Prefix 
MCM =r 

ORDERING INFORMATION 
(Order by Full Part Number) 

6270 x xx xx J ~· T Shipping Method (R2=Tape & Reel, Blank=Railsl 

Part Number-----------' - Speed (20=20 ns, 25=25 ns, 35=35 nsl 

Full Part Numbers-MCM6270P20 
MCM6270J20 
MCM6270J20R2 

MCM6270P25 
MCM6270J25 
MCM6270J25R2 

Package (P=Plastic DIP, J=Plastic SOJI 

MCM6270P35 
MCM6270J35 
MCM6270J35R2 

MOTOROLA MEMORY DATA 

7-88 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

64K x 1 Bit Static Random Access 
Memory 

The MCM6287 is a 65,536 bit static random access memory organized as 65,536 words 
of 1 bit, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui­
try reduces power consumption for greater reliability. 

The chip enable (El pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
This device also incorporates internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features provide reduced system power 
requirements without degrading access time performance. 

The MCM6287 is available in a 300 mil, 22 lead plastic DIP and a 24 lead, 300 mil, sur­
face-mount SOJ package. Both feature JEDEC standard pinout. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 25/35 ns 
• Equal Address and Chip Enable Access Time 
• Low Power Operation: 120/110 mA Maximum, Active AC 
• High Board Density SOJ Available 
• Three State Data Output 
• Fully TTL Compatible 

BLOCK DIAGRAM 

ILSBI Al -Vee 
All -vss 

A12 
MEMORY MATRIX ROW 

A13 DECODER 128 ROWS x 
512 COLUMNS 

A14 

A15 

IMSBI AO 

0 

MOTOROLA MEMORY DATA 
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MCM6287 

-

PPACKAGE 
PLASTIC 

CASE738A 

JPACKAGE 
300 MILSOJ 
CASE810A 

PIN ASSIGNMENT 

DUAL-IN-LINE 

AO 1. 22 Vee 
Al 21 A15 

A2 20 A14 

A3 19 A13 

A4 18 A12 

A5 17 All 

A6 16 A10 

A7 15 A9 

0 14 AS 

Yi 10 13 

Vss 11 12 

SMALL OUTLINE 

AO Vee 
Al A15 

A2 A14 

A3 A13 

A4 A12 

A5 NC 

NC All 

A6 A10 

A7 A9 

0 AB 

Yi 
Vss E 

PIN NAMES 

AO-A15 ......•..... Address Input 
W. . . . . . . . . . . . . . . Write Enable 
E . . . . . . . . . . . . . . . . Chip Enable 
D . . . . . . . . • . . . . . . . . Data Input 
0 . . . . . . . . . . . . . . . . Data Output 
Vee ............ Powerl+5VI 
Vss ................ Ground 
NC • . . . . . • . . . . . . No Connection 

• 
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MCM6287 

TRUTH TABLE 

"E w Mode Vee Currant Output Cycle 

H x Not Selected ISB1, ISB2 High-Z -
L H Read iccA Dout Read Cycle 
L L Write lcCA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to V SS for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except Vee 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA Oto+70 oc 

Storage Temperature-Plastic Tstg -55 to + 125 oc 

Ceramic -65 to + 150 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDIT19NS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA = Oto 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.0 - ~c + o.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.5 V de; V1L (min)= -3.0 Vac (pulse widths 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current !All Inputs, Vin=O to Vccl l1kg(I) - ±1.0 µA 

Output Leakage Current (E=V1H. Vout=O to Vccl llkg(O) - ±1.0 µA 

AC Supply Current !lout= 0 mA) MCM6287-25: tAvAv=25 ns le CA - 120 mA 

MCM6287-35: tAVAV = 35 ns lccA - 110 

TIL Standby Current (E=V1H. No Restrictions on Other Inputs) 1ss1 - 20 mA 

CMOS Standby Current (E;,,Vcc-0.2 V, No Restrictions on Other Inputs) 1ss2 - 15 mA 

Output Low Voltage lloL =8.0 mA) VOL - 0.4 v 
Output High Voltage llOH = -4.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Al! Inputs Except E Cin 4 6 pF 
E 5 7 

Output Capacitance Cout 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM6287 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vee~ 5V ±10%, TA~Oto +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level .. . .... 1.5 v 
. .. Oto3.0V 

. 5 ns 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels .. . Output Load ............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ...... . 

READ CYCLE !See Note 1) 

Symbol MCM6287-25 MCM6287-35 
Parameter Unit 

Standard Alternate Min Max Min Max 

Read Cycle Time lAVAV lRC 25 - 35 - ns 

Address Access Time lAVQV lAA - 25 - 35 ns· 

Enable Access Time lELQV tACS - 25 - 35 ns 

Output Hold from Address Change lAXQX toH 5 - 5 - ns 

Enable Low to Output Active tELQX tLZ 5 - 5 - ns 

Enable High to Output High-Z lEHQZ !Hz 0 15 0 15 ns 

Power Up Time tEUCCH tpu 0 - 0 - ns 

Power Down Time lEHICCL tpo - 25 - 30 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, 1EHOZ max, is less than 1ELOX min, both for a given device and from device to device. 
5. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E°=V1Ll· 

READ CYCLE 1 (See Note 7 Above) 

A (ADDRESS) 

Q (DATA OUT) 

A (ADDRESS) 

E (CHIP ENABLEI 

1AVAV 

\/ 
_/'I\. 
j-- tAXQX 

~ 

/ 
PREVIOUS DATA VALID '1QQQ{X 'I\. 

-
1AVQV 

READ CYCLE 2 (See Note 3 Above) 

tAVAV 

t-4---- tELQV -

Q (DATA OUTI ----+-----+----( 

1AVQV 

Vee 'cc 
SUPPLY 

CURRENT lss 

tELICCH _r;: --------¥ 

MOTOROLA MEMORY DATA 

7-91 

,/ 

DATA VALID 

DATA VALID 

1EHICCL l 

Notes 

2 

3 

4,5,6 

4,5,6 



MCM6287 

WRITE CYCLE 1 (W Controlled, See Note 1) 

Symbol MCM6287-25 MCM6287-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time lAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVWL lAS 0 - 0 - ns 

Address Valid to End of Write lAVWH lAW 20 - 25 - ns 

Wr~e Pulse Width '-WLWH '-WP 20 - 20 - ns 

Data Valid to End of Write tovwH tow 15 - 15 - ns 

Data Hold Time '-WHDX toH 0 - 0 - ns 

Write Low to Output High-Z '-WLQZ twz 0 15 0 15 ns 3,4 

Write High to Output Active twHOX tow 5 - 5 - ns 3,4 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 

A !ADDRESS) 

E (CHIP ENABLE) 

W !WRITE ENABLE) 

D (DATA IN) 

255 

Figure 1A 

AC TEST LOADS 

+5V 

480 

30 pf 
(INCLUDING 
SCOPE AND JIGI 

255 

tAVAV 

IAVWH 

IWLWH 

Figure 18 

tovwH 

HIGH·Z 

+5V 

4BD 

5 pf 
!INCLUDING 
SCOPE AND JIGi 

MOTOROLA MEMORY DATA 

7-92 

IWHAX 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 



MCM6287 

WRITE CYCLE 2 !E Controlled, See Note 1) 

Symbol MCM&287-25 MCM&287-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVEL 'AS 0 - 0 - ns 

Address Valid to End of Write tAVEH IAW 20 - 25 - ns 

Enable to End of Write IELEH tcw 20 - 25 - ns 3,4 

Enable to End of Write IELWH tcw 20 - 25 - ns 

Write Pulse Width twLEH twP 20 - 20 - ns 

Data Valid to End of Write toVEH tow 15 - 15 - ns 

Data Hold Time tEHDX 'DH 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

IAVAV 

A (ADDRESS} 

IAVEH 

E (CHIP ENABLE) 

IAVEL IELEH 
IEHAX IELWH 

W (WRITE ENABLE) IWLEH 

IDVEH IEHDX 

D (DATA IN) DATA VALID 

HIGH·Z 
ll !DATA OUT) 

MOTOROLA MEMORY DATA 
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TYPICAL CHARACTERISTICS 

! 1.20 

:E 

"' 1.00 0 
!!!\ ,_ 
i'l'i O.BO "' ~ 
~ 0.60 
&:: 
:::> 

"' 0.40 
~ 
'-' 
: 0.20 

1l 

Figure 2. Relative Power versus Cycle Time 

TA• AMBIENT TEMPERATURE (°C) 

Figure 4. Active Supply Current versus Temperature 

s 1.4 
~ 
;j! 
:E 1.3 
"' 0 
!!!\ ,_ 

1.2 i'l'i 
"' "' :::> 
'-' 1.1 iii; 
Cl z 
El 1.0 
;:::! ,_ 
;;; 0.9 

J!.' 

O.B 
-40 -20 0 20 40 60 BO 100 120 

TA, AMBIENT TEMPERATURE (°C) 

Figure 6. Standby Supply Current versus Temperature 

.) 
CYCLE RATE= 100% 

V;0, CHIP ENABLE INPUT VOLTAGE (VOLTS) 

Figure 3. Active Supply Current versus Chip Enable 
Input Voltage 

Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 5. Active Supply Current versus Supply Voltage 

s 2.2 

~ 2.0 .. 
:E 

1.B "' 0 
!!!\ 

1.6 ,_ 
z 
~ 1.4 
"' :::> 

1.2 '-' 
>-... 

1.0 0 z 
~ O.B "' 
~ 0.6 

j 0.4 
0.2 

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.B 6.0 
Vee. SUPPLY VOLTAGE (VOLTS) 

Figure 7. Standby Supply Current versus Supply 
Voltage 

MOTOROLA MEMORY DATA 
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TYPICAL CHARACTERISTICS (Continued) 

1.80 

ffi 1.50 
!::! 
; 1.40 
IC 

~ 1.30 

~ 1.20 
;::: 
!:! 1.10 
~ 
~ 1.00 

iii 0.90 

: 0.80 

~ 0.70 

0.80 
-40 -20 20 40 60 80 100 120 

TA• AMBIENT TEMPERATURE (0 e) 

Figure 8. Address and Enable Access limes versus 
Temperature 

~ 

Cl 1.1 

1!l 
e 
§! 
;Ii 

i 
-i ::: ...... ..._...___.__.__,__..__.__.__.~~-..._ ......... _.__,__.. ..... 

-40 -20 20 40 80 80 100 120 

TA, AMBIENT TEMPERATURE (0 el 

Figure 10. Data Setup Time versus Temperature 

2 3 

Vout, OUTPUT VOlTAGE IVDlTSl 
Figure 12. Output Sink Current versus Output Voltage 

1.8 

~ 1.5 
'ii! 
:E 1.4 
IC 

~ 1.3 

!! 1.2 .... 
!ll 1.1 .... 
~ 1.0 

~ 0.9 

i; 0.8 

~0.7 

0.6 
4.0 4.5 5.0 5.5 6.0 

Vee. SUPPLY VOLTAGE !VOLTS) 

Figure 9. Address and Enable Access Times versus 
Supply Voltage 

8.5 

i 1.3..-----~---------.------. 
i 
~ 1.2 

I!! 15 1.1 

IS 
; 1.0 

e 
§! 0.9 
;Ii 

~ 0.8 
:!: !! 0.1 ....... --....... _.__._ ____ _.. _ _._ ____ _ 

S' 4.0 4.2 4.4 4.8 4.8 5.0 5.2 5.4 5.6 

Vee. SUPPLY VOLTAGE !VOLTS) 

5.8 8.0 

Figure 11. Data Setup lime versus Supply Voltage 

.... z 
::! BO 
IC 
=> .. 
§! 80 = 
~ 40 

"' :f: 
.5' 20 

00 4 
Vaut• OUTPUT VOLTAGE tvOLTSl 

Figure 13. Output Source Current versus Output 
Voltage 

MOTOROLA MEMORY DATA 
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MCM6287 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix -----T~CM T 
Part Number -

x xx xx 

T T_ Shipping Method (R2=Tape & Reel, L__ Blank=Rails) 

Speed (25 = 25 ns, 35 = 35 ns) 

'--------- Package (P =Plastic DIP, J =Plastic SOJ) 

Full Part Numbers-MCM6287P25 
MCM6287J25 
MCM6287J25R2 

MCM6287P35 
MCM6287J35 
MCM6287J35R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

64K x 1 Bit Fast Static RAM 

A1 
-vcc 

A3 

A4 

AS 
ROW 

A6 DECODER 

A13 

A14 

A15 

MEMORY MATRIX 
256 ROWSx 

256 x 1 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

-vss 

AO A2 A? AB A9 A10 A11 A12 

PIN NAMES 

Q 

AO-A 15 . . . .. . . . . . . . . Address Input Q . . . . . . . . . . . . . . . . . . . . . Data Output 
E ..................... Chip Enable Vee .............. +5 V Power Supply 
W ..................... Write Enable Vss ....................... Ground 
D . . . . . . . . . . . . . . . . . . . . . . . Data Input NC . . . . . . . . . . . . . . . . . . No Connection 

MCM6287 TRUTH TABLE (X =don't care) 

E w Mode Vee Current Output Cycle 

H x Not Selected 1se1. 1se2 High-Z -
L H Read Ice A Dout Readeycle 
L L Write ieeA High-Z Writeeycle 

MOTOROLA MEMORY DATA 
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MCM6287-12, -15, -20 
See QulckRAM, Page 7-122 

MCM6287C-8, -10 
See QulckRAM II, Page 7-142 

"--~·· 1 300 MIL PLASTIC 
CASE736A 

24~PACKAGE 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

Q 

w 
Vss 

AO 

A1 

A2 

A3 

A4 

A5 

NC 

A6 

A7 

Q 

w 
Vss 

1 300 MIL SOJ 
eASE810A 

DUAL-IN-LINE 

1• Vee 

2 A15 

3 A14 

4 A13 

5 A12 

6 A11 

7 A10 

a A9 

9 AS 

10 D 

11 E 

SOJ 

1• 24 Vee 

2 23 A15 

3 22 -A14 

4 21 A13 

5 20 A12 

6 19 NC 

7 18 A11 

a 17 A10 

9 A9 

10 AS 

11 D 

12 E 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

16K x 4 Bit Static RAMs 
The MCM6288 and MCM6290 are 65,536 bit static random access memories organized 

as 16,384 words of 4 bits, fabricated using Motorola's high-perfonnance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (El pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
These devices also incorporate internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features reduce system power require­
ments without degrading access time performance. 

The MCM6290 has both chip enable (E) and output enable (G) inputs, allowing greater 
system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 
e Fast Access Time (Maximum): 

lxx = 88 or 90) Address Chip Enable 
MCM62xx-20 20 ns 20 ns 
MCM62xx-25 25 ns 
MCM62xx-30 30 ns 
MCM62xx-35 35 ns 

• Equal Address and Chip Enable Access nme 

25 ns 
30 ns 
35 ns 

MCM6290 
Output Enable 

10 ns 
12 ns 
15 ns 
15 ns 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 
Contention Problems (MCM6290) 

• Low Power Operation: 120-110 mA Maximum, Active AC 
• Fully TTL Compatible-Three-State Data Output 

AO 

A1 

A9 

AlO 

All 

A12 

A13 

ooo 

001 

002 

003 

w 
IMCM6290 UNI.YI ii --u.___, 

BLOCK DIAGRAM 

MEMORY MATRIX 
128 ROWS x 

512 COLUMNS 

-vcc 
-vss 

A2 A3 A4 A5 AB A7 AB 

I A~A 13 ...... Addmss ::~j;~~ ........ Chip EnabE I 
DQ0-003. . Data Input/Output NC . . . . . . . No Connection 
W .......... Write EnabE Vee .... +5 V Power Supply 
~ (MCM62901 •. Output EnabE V55 ............ Ground 

MOTOROLA MEMORY DATA 
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MCM6288 
MCM6290 

~ 
PPACKAGE 

PLASTIC 
CASE736A 

, 

~ 
PPACKAGE 

300 MIL PLASTIC 
CASE724 

1 

MC~ J PACKAGE 
300 MILSOJ 
CASE810A 

1 

PIN ASSIGNMENT 

MCM6288 

AO 1. 22 

Al 21 A13 

A2 20 A12 

A3 19 All 

A4 lB A10 

A5 17 A9 

AB 18 000 

A7 15 001 

AB 14 002 

10 13 003 

12 w 

MCM6290 

AO 1. 24 Vee 
Al 23 A13 

22 A12 

A3 4 21 All 

A4 5 20 A10 

A5 6 19 A9 

AB lB NC 

A7 17 000 

AB 16 001 

E 10 15 002 

ii 11 14 003 

Vss 12 13 w 
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MCM6288 TRUTH TABLE 

E w Mode Vee Current Output Cycle 

H x Not Selected ISB1, ISB2 High-Z -
L H Read lcCA Dout Read Cycle 
L L Write iccA High-Z Write Cycle 

MCM6290 TRUTH TABLE 

E G w Mode Vee Current 1/0 Pin Cycle 

H x x Not Selected lsB High-Z -
L H H Read iccA High-Z -
L L H Read ICCA Dout Read Cycle 
L x L Write ICCA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 
Voltage Relative to Vss for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to +85 •c 

Operating Temperature TA 0 to +70 •c 

Storage Temperature TS!!!_ -55to +125 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circutt:ry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vee = 5.0 V ± 10%, TA = Oto 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter 

Supply Voltage (Operating Voltage Range) 

Input High Voltage 

Input Low Voltage 

*V1L (min)= -0.5 V de; V1L (mini= -3.0 V ac (pulse width s 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin =·o to Vccl 

Output Leakage Current (E=V1H. Vout=O to Vccl 

AC Supply Current Uout = 0 mA) 

TTL Standby Current (E = V1H. No Restrictions on Other Inputs) 

Symbol 

Vee 

V1H 

V1L 

tAvAv=20 ns 

tAvAv=25 ns 

tAvAv=30 ns 

tAvAv=35 ns 

CMOS Standby Current (E;,,Vcc-0.2 V, No Restrictions on Other Inputs) 

Output Low Voltage UoL = 8.0 mAI 

Output High Voltage UoH = -4.0 mAI 

Min 

4.5 

2.0 

-0.5* 

Symbol 

11~11 

l1!5filOI 

lcCA 

1sB1 

ISB2 

VOL 

VoH 

CAPACITANCE (f=1.0 MHz, dV=3.0V, TA=25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol 

Input Capacitance All Inputs Except E Cin 
E 

II 0 Capacitance C110 

MOTOROLA MEMORY DATA 

7-99 

Typ Max Unit 

5.0 5.5 v 
- Vee+ o.3 v 

- 0.8 v 

Min Max Unit 

- ±1.0 p.A 

- ±1.0 p.A 

- 120 mA 

- 120 

- 120 

- 110 

- 20 mA 

- 15 mA 

- 0.4 v 

2.4 - v 

Typ Max Unit 

4 6 pF 
5 7 

5 7 pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 v ± 10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . • • . • • . • • • 1.5 V 
Input Pulse Levels ..•........•..•..•..••. 0 to 3.0 V 
Input Risa/Fall Time •...•..•....•.........•.. 6 ns 

Output Timing Measurement Reference Level • . . • . • . . • 1.5 V 
Output Load .....•.••..• Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 11 

Symbol 
MCM8288-211 MCM8288-2& MCM8288-30 MCM8288-36 

Parameter MCM8290-211 MCM8290-2& MCMl290-30 MCM8290-3li Unit Notes 

Standard Alternate Min Max Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 20 - 25 - 30 - 35 - ns 2 

Addresa Access Time tAVOV tAA - 20 - 26 - 30 - 35 ns 

Enable Access Time tELOV tAcs - 20 - 26 - 30 - 36 ns 3 

Output Hold from Address Change tA)(QX toH 5 - 5 - 6 - 6 - ns 

Output Enable Access Time MCM6290 tGLOV toe - 10 - 12 - 16 - 15 ns 

Output Enable Low to MCM6290 tGLOX tLZ 0 - 0 - 0 - 0 - ns 4,5,6 
Output Active 

Output Enable High to MCM6290 IGHaz tHz 0 8 0 10 0 12 0 16 ns 4,5,6 
Output High-Z 

Enable Low to Output Active teLOX tLZ 5 - 5 - 6 - 6 - ns 4,5,6 

Enable High to Output High-Z teHaz tHz 0 8 0 10 0 12 0 16 ns 4,6,6 

P~UpTime teLICCH tpu 0 - 0 - 0 - 0 - ns 
Power Down Time tEHICCL tpo - 20 - 25 - 30 - 30 ns 

NOTES: 1. W Is high for read cycle. 
2. All read cycle timing is referenced from tha last valid addresa to the first transitioning addresa. 
3. Addresses valid prior to or coincident with ~ going low. 
4. At any given voltage and temperature, teHaz max is less than teLOX min, and tGHQZ max is less than tGLOX min, both for a 

given device and from device to device. 
6. Transition is measured ± 600 mV from steady-state voltage with load of Figure 1 B. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously aelected (E=V1LI and G=V1L (MCM6290 only). 

Q IDATA OUTI 

A !ADDRESS) 

E !CHIP ENABLEI 

ii (OUTPUT ENABLE) 
(MCM8290 ONLY) 

Q !DATA OUTI 

READ CYCLE 1 (See Note 7 Above) 

PREVIOUS OATA VALID 

READ CYCLE 2 (See Note 3 Above) 

IAVAV 

-----+-- tAVQV 

Vee ',scsc ----_-_-_-_·:_L~-cc_~_-_-_-....:1-F SUPPLY CURRENT _ 

MOTOROLA MEMORY DATA 

7-100 

DATA VALID 

DATA VALID 

tEHICCL"l 
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WRITE CYCLE 1 iW Controlled, See Notes 1 and 6) 

Symbol 
MCM6288-20 MCM6288-26 MCM6288-30 MCM8288-3& 

Parameter MCM8290-20 MCM8290-26 MCM8290-30 MCM8290-3& Unit Notes 

Standard Alternate Min Max Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 20 - 25 - 30 - 35 - ns 2 

Address Setup Time tAVWL IAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH IAW 15 - 20 - 25 - 30 - ns 

Write Pulse Width twLWH twp 15 - 20 - 25 - 30 - ns 

Data Valid to End of Write IDVWH tow 10 - 10 - 12 - 15 - ns 

Data Hold Time twHDX toH 0 - 0 - 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 8 0 10 0 12 0 15 ns 3,4,5,6 

Write High to Output Active twHOX tow 5 - 5 - 5 - 5 - ns 3,4,5 

Write Recovery Time twHAX twR 0 - 0 - 0 - 0 - ns 

NOTES: 1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500 mV from steady-state voltage with load in Figure 18. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLaz max is less than twHIDC min both for a given device and from device to device. 
6. MCM6290, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

A IADORESSI 

E ICHIP ENABLEI 

W !WRITE ENABLEI 

D IOATA INI 

255 

Figure 1A 

IAVAV 

IAVWH 
------------ IWHAX 

lWLWH 

AC TEST LOADS 

+5V 

480 

30 pf 
(INCLUDING 
SCOPE ANO JIGJ 

iovwH 

DATA VALID 

HIGH·Z 

255 

MOTOROLA MEMORY DATA 

7-101 

Figure 18 

+5V 

480 

5 pf 
(INCLUDING 
SCOPE ANO JIG) 
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WRITE CYCLE 2 IE Controlled, See Notes 1 and 51 

Symbol 
MCM6288-20 MCM6288-25 MCM8288-30 MCM6288-35 

Parameter MCM6290-20 MCM6290-25 MCM6290-30 MCM6290-35 Unit Notee 

Standard Alternate Min Max Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 20 - 25 - 30 - 35 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 15 - 20 - 25 - 30 - ns 

Enable to End of Write tELEH tcw 15 - 20 - 25 - 30 - ns 3.4 
Enable to End of Write tELWH tcw 15 - 20 - 25 - 30 - ns 3.4 
Write Pulse Width twLEH twp 15 - 20 - 25 - 30 - ns 

Data Valid to End of Write tovEH tow 10 - 10 - 12 - 15 - ns 

Data Hold Time tEHDX IOH 0 - 0 - 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - 0 - 0 - ns 

NOTES: 1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 
5. MCM6290, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

i.----------- IAVAV -----------.-i 

A (ADDRESS) 

---------- IAVEH ------------. 

E {CHIP ENABLE) 

W (WRITE ENABLE) 

trnDx 

D !DATA IN) DATA VALID 

HIGH·Z 
0 (DATA OUT) -------------------------------------

TIMING PARAMETER ABBREVIATIONS 
tXXXX 

.,~, -·"""' ""'"' ,_. "'"""' I 111 transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H =transition to high 
L =transition to low 
V = transition to valid 
X =transition to invalid or don't care 
Z =transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 

7-102 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62XX X XX XX 

Motorola Memory Prefix =r- T T T -c___ Shipping Method (R2 =Tape and Real, Blank= Railsl 

Part Number-------------' l Speed (25=25 ns, 30=30 ns, 35=35 ns, 45=45 nsl 

------Package (P=Plastic DIP, J=Plastic SOJI 

Full Part Numbars-MCM6288P20 
MCM6288P25 
MCM6288P30 
MCM6288P35 

MCM6290P20 
MCM6290P25 
MCM6290P30 
MCM6290P35 

MCM6290J20 
MCM6290J25 
MCM6290J30 
MCM6290J35 

MOTOROLA MEMORY DATA 
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MCM6290J20R2 
MCM6290J25R2 
MCM6290J30R2 
MCM6290J35R2 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

16K x 4 Bit Fast Static RAMs 

w 
MCM6290 G 

ONLY 

MEMORY MATRIX 
256 ROWSx 

64 x 4 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

-vcc 

-vss 

AO A2 A7 AB A9 A10 

PIN NAMES 

AO-A 13 . . . . . . . . . . . . . . . Address Input 
DQO-DQ3 .......... Data Input/Output 
W ..................... Write Enable 

E . . . . . . . . . . . . .. . . . . . . . Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
V cc ............. +S V Power Supply 

G (MCM6290) .......... Output Enable Vss ....................... Ground 

MCM6288 TRUTH TABLE (X =don't care) 

E w Mode VccCurrent Output Cycle 

H x Not Selected ls91. 1592 High-Z -
L H Read iccA Dout Read Cycle 
L L Write iccA High-Z Write Cycle 

MCM6290 TRUTH TABLE (X =don't care) 

E G w Mode VccCurrent Output Cycle 

H x x Not Selected ls91. ls92 High-Z -
L H H Output Disabled iccA High-Z -

L L H Read iccA Dout Read Cycle 

L x L Write iccA High-Z Write Cycle 

MOTOROLA MEMORY DATA 
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MCM6288-12, -15 
MCM6290·12, ·15 

See QulckRAM, Page 7-122 

MCM6288C-8, -10 
MCM6290C-8, -10 

See QulckRAM II, Page 7-142 

MC~B288 
\:I .. ' , 

MC~-6290 ', , 
I (I 

.. tl , 

AO 1• 

A1 

A2 3 

A3 4 

A4 s 
AS 6 

A6 7 

A7 B 

AB 9 

E 10 

Vss 11 

AO 1• 

A1 2 

A2 3 

A3 4 

A4 s 
AS 6 

A6 7 

A7 B 

AB 9 

E 10 

G 11 

Vss 12 

P PACKAGE 
PLASTIC 

CASE 738A 

P PACKAGE 
300 MIL PLASTIC 

CASE 724A 

J PACKAGE 
300 MILSOJ 
CASE 810A 

22 Vee 

21 A13 

20 A12 

19 A11 

1B A10 

17 A9 

16 000 

1S 001 

14 D02 

13 003 

12 w 

24 Vee 

23 A13 

22 A12 

21 A11 

20 A10 

19 A9 

18 NC 

17 000 

16 001 

15 DQ2 

14 003 

13 w 



MOTOROLA 
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TECHNICAL DATA 

Product Preview 
32K x 8 Bit Static Random 
Access Memory 

The MCM6706 is a 262, 144 bit static random access memory organized as 32,768 
words of 8 bits, fabricated using high performance silicon-gate BiCMOS technology. 
Static design eliminates the need for external clocks or timing strobes. 

Output enable (G} is a special control feature that provides increased system flexibility 
and eliminates bus contention problems. 

The MCM6706 is available in a 300 mil, 28 lead surface-mount SOJ package and a 
300 mil, 28 pin plastic dual-in-line package. 

• Single 5.0 V ±10% Power Supply 
• Fully Static - No Clock or Timing Strobes Necessary 
• All Inputs and Outputs are TTL Compatible 
• Three State Outputs 
• Fast Access Times: MCM6706 - 1 O ns 

MCM6706 - 12 ns 
MCM6706 - 15 ns 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATRIX 
(256ROWSX 

128x8 COLUMNS) 

MCM6706 

~~""'' 1 300 MIL PLASTIC 
CASE710B 

2,JPACKAGE 
1 300 MILSOJ 

CASE810B 

PIN ASSIGNMENT 

A14 1 e 
A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

000 

001 

002 13 

Vss 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PIN NAMES 

Vee 
w 
A13 

AS 

A9 

A11 

G 
A10 

s 
007 

006 

005 

004 

003 

AO--A 14 . . . . . . . . . . Address Inputs 
W . . . . . . . . . . . . . . . Write Enable 
S . . . . . . . . . . . . . . . . . . Chip Select 
G ................ Output Enable 
DQ0--007 . . . . Data lnpuVOutput 
Vee ......... +5.0 v Power Supply 
Vss ................... Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 
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TRUTH TABLE 

s G w Mode l/OPin Cycle 

H x x Not Selected High-Z -
L H H Read High-Z -
L L H Read Dout Read Cycle 
L x L Write Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee --0.5 to +7.0 v 

Voltage Relative to V SS for Any Vin· Vout -0.5 to Vcc+0.5 v 
Pin Except Vee 

Output Current lout ±30 mA 

Power Dissipation Po 2.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA 0 to +70 oc 

Storage Temperature - Plastic Tstg -55to+125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex­
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT­
ING CONDITIONS. Exposure to higherthan recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltagesorelectric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. 

This BiCMOS memory circuit has been 
designed to meet the de and ac specifi­
cations shown in the tables, after thermal 
equilibrium has been established. The 
circuit is in a test socket or mounted on 
a printed circuit board and transverse air 
flow of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ±10%, TA = o to 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min 

Supply Voltage (Operating Voltage Range) Vee 4.5 

Input High Voltage V1H 2.2 

Input Low Voltage V1L -0.s-· 

·v1H (max) =Vee + 0.3 v de; V1H (max)= Vee+ 2.0 V ac (pulse width,; 2.0 ns) for I,; 20 mA . 

.. VIL (min) = -0.5 V de; V1L (min) = -2.0 V ac (pulse width,; 2.0 ns) for I,; 20 mA. 

DC CHARACTERISTICS 

Parameter Symbol 

Input Leakage Current (All Inputs, Vin= Oto Vee) llkg(I) 

Output Leakage Current (S = V1H. Vout = o to Vee) llkg(O) 

AC Supply Current (lout = 0 mA) MCM6706~10:tAVAV= 10ns ice A 
MCM6706-12: tAVAV = 12 ns 
MCM6706-15: tAVAV = 15 ns 

Output Low Voltage (IOL = 8.0 mA) Vol 

Output High Voltage (IOH = -4.0 mA) VoH 

Min 

-

-

-
-
-

-
2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol 

Input Capacitance Cin 

1/0 Capacitance C110 

MOTOROLA MEMORY DATA 
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Typ Max Unit 

5.0 5.5 v 

- Vcc+o.3· v 

- 0.8 v 

Typ Max Unit 

- ±1.0 µA 

- ±1.0 µA 

150 200 mA 
140 195 
130 190 

- 0.4 v 

- - v 

Typ Max Unit 

4.0 6.0 pF 

5.0 7.0 pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ±10%, TA= Oto 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . 
Input Pulse Levels . 
Input Rise/Fall Time 

READ CYCLE (See Notes 1 and 2) 

. 1.5 v 
o to 3.0 v 

2.0 ns 

Symbol 

Parameter Standard Alternate 

Read Cycle Time IAVAV IRC 

Address Access Time IAVQV tAA 

Chip Select Access Time tswv IACS 

Output Enable Access time tGLQV toE 

Output Hold from Address Change IAXQX IOH 

Chip Select Low to Output Active ISLQX ILz 

Chip Select High to Output High-Z ISHQZ tHz 

Output Enable Low to Output Active IGLQX tLz 

Output Enable High to Output High-Z tGHQZ tHz 

NOTES: 
1. Wis high for read cycle. 

Output Timing Measurement Reference Level . 
Output Load 

MCM6706·10 MCM6706·12 MCM6706-15 

Min Max Min Max Min Max 

10 - 12 - 15 -
- 10 - 12 - 15 

- 5 - 6 - 8 

- 5 - 6 - 8 

4 - 4 - 4 -

1 - 1 - 1 -

0 5 0 6 o 6 

1 - 1 - 1 -

0 5 0 6 0 6 

1.5 v 
See Figure 1 

Unit Notes 

ns 3 

ns 

ns 

ns 

ns 

ns 4,5,6 

ns 4,5,6 

ns 4,5,6 

ns 4,5,6 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timing is referenced from the last valid address to the first transitioning address. 
4. At any given voltage and temperature, tsHOZ max< tsLOX min, and tGHQZ max< IGHQX min, both for a given device and from device to 

device. 

5. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (S = V1L. G = V1L). 
8. Addresses valid prior to or coincident with S going low. 

READ CYCLE 1 (See Note 7 Above) 
,__ ________ tAVAV 

A(ADDRESS) 

Q(DATAOUT) DATA VALID 

READ CYCLE 2 (See Note 8 Above) 
,__ __________ IAVAV 

A(ADDRESS) 

S (CHIP SELECT) 

G (OUTPUT ENABLE) 

tGHQZ 

Q (DATA OUT) -----+--------< DATA VALID 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 

Symbol MCM6706-10 MCM6706-12 MCM6706-15 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 10 - 12 - 15 - ns 3 

Address Setup Time tAVWL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVWH tAw 9 - 10 - 12 - ns 

Write Pulse Width twLWH· twp 6 - 7 - 8 - ns 

twLSH 

Data Valid to End of Write tDVWH tow 5 - 6 - 7 - ns 

Data Hold Time twHDX toH 0 - 0 - 0 - ns 

Write Low to Data High-Z twLOZ twz 0 5 0 6 0 6 ns 4,5,6 

Write High to Output Active twHOX tow 2 - 2 - 2 - ns 4,5,6 

Write Recovery Time tWHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of Slow and W low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 

conditions during read and write cycles. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
5. Parameter is sampled and not 100% tested. 
6. At any given voltage and temperature, twLOZ max is < twHOX min both for a given device and from device to device. 

14-------------tAVAV __________ __,~ 

A(ADDRESS) 

S (CHIP SELECT) 

14---------twLsH--------<---+< 

1-------twLWH------+1 

W (WRITE ENABLE) 

D(DATAIN) DATA VALID 

Q (DATA OUT) ----'H"""IG""H-"-Z=------< HIGH-Z 

VL= t 5 V 

Figure 1. AC Test Load 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 

Symbol MCM6706-10 MCM6706-12 MCM6706-15 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 10 - 12 - 15 - ns 3 

Address Setup Time tAVSL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVSH tAW 9 - 10 - 12 - ns 

Chip Select to End of Write tsLWH· tcw 6 - 7 - 8 - ns 4,5 

tsLSH 

Data Valid to End of Write tovsH tow 5 - 6 - 7 - ns 

Data Hold Time tsHDX toH 0 - 0 - 0 - ns 

Write Recovery Time tsHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of S low and W low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 

conditions during read and write cycles. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

A(ADDRESS) 

------------ tAVSH ___________ ,.. 
____ __,~-------------~- tsLSH ~--+-------

S (CHIP SELECT) 

tAVSL _____ ....,,._ ___ tsLWH 

W (WRITE ENABLE) 

tDvSH --+1+--+t- tSHDX 

D(DATA IN) DATA VALID 

Q(DATAOUT)-----------------'-H"'IG;;;.;Hc::-Zc._ ________________ _ 

Motorola Memory Prefix 

Part Number 

MCM _J-

ORDERING INFORMATION 
(Order by Full Part Number) 

T 
x xx xx I I L Shippiog M••od (R2 .Topo & Rool, Blook. Roil•) 

Speed (10 = 10 ns, 12 = 12 ns, 15 = 15 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Number - MCM6706P10 
MCM6706P12 
MCM6706P15 

MCM6706J10 
MCM6706J12 
MCM6706J15 

MCM6706J 1 OR2 
MCM6706J12R2 
MCM6706J15R2 

MOTOROLA MEMORY DATA 
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TECHNICAL DATA 

• 

Product Preview 
64K x 4 Bit Static RAM 

The MCM6708 and the MCM6709 are 262,144 bit static random access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external 
clocks or timing strobes. 

Output enable, (G), a special control feature of the MCM6709, provides 
increased system flexibility and eliminates bus contention problems. 

The MCM6708 is available in a 300 mil, 24 lead plastic surface-mount SOJ 
package and a 300 mil, 24 lead PDIP. The MCM6709 is available in a 300 mil, 28 
lead plastic surface-mount SOJ package and a 300 mil, 28 lead PDIP. 

• Single 5 V ± 10% Power Supply 

• Fully Static - No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL Compatible 

• Three State Outputs 

• Fast Access Times: 
MCM6708 - 10 ns 
MCM6708 - 12 ns 

MCM6709 - 10 ns 
MCM6709 - 12 ns 

BLOCK DIAGRAM 

MEMORY MATRIX 
• 256 ROWS X 256 X 4 

COLUMNS 

DOD 

003 

PIN NAMES 

AO-A 15 ............. Address Inputs 
G Output Enable 
DOO-DQ3 . Data Input/Output 
Vss . Ground 

w. 
s. 
Vee· 
NC 

. .. Write Enable 

. ... Chip Select 
...... +5 V Power Supply 

No Connect 

All power supply and ground pins must be connected for proper operation of the device. 

MCM6708 
MCM6709 

MCM6708 

-~., 
300 MIL PLASTIC 

CASE724A 

JPACKAGE 
300 MIL SOJ 
CASE 810A 

MCM6709 

.~·~, 
300 MIL PLASTIC 300 MIL SOJ 

CASE 710B CASE 8108 

PIN ASSIGNMENT 
MCM6708 

AO 1 e 24 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

A9 10 

s 11 

v88 12 

NC 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

A9 

s 
G 

Vss 

23 

22 

21 

20 

19 

1B 

17 

16 

15 

14 

13 

MCM6709 

Vee 
A15 

A14 

A13 

At2 

A11 

A10 

DOO 

D01 

D02 

003 

w 

Vee 
A15 

A14 

A13 

A12 

A11 

A10 

NC 

NC 

000 

001 

002 

003 

w 

This document contains information on a produc~ under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 

7-110 



MCM6708•MCM6709 

TRUTH TABLE 

s G w Mode l/OPln Cycle 

H x x Not Selected High-Z -
L H H Read High-Z -
L L H Read Dou! Read Cycle 

L x L Write Din Read Cycle 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to 7.0 v 

Voltage Relative to V~~ Vin• Vout - o.5 to Vee+ o.5 v 
(For Any Pin Excep CC) 

Output Current (per 1/0) lout ± 30 mA 

Power Dissipation Po 2.0 w 
Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto+ 70 oc 

Storage Temperature - Plastic Ts_tg_ -55to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high impedance circuit. 

This BICMOS memory circuit has 
been designed to meet the de and ae 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to+ ?0°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage (Operating Voltage Range) Vee 

Input High Voltage V1H 

Input Low Voltage V1L 

'V1H (max)= Vee+ 0.3 V de; V1H (max) =Vee+ 2 V ae (pulse width 5 2 ns) for I 5 20 mA. 

"VIL (min)= - 0.5 V de; V1L (min) = - 2 V ac (pulse width 5 2 ns) for I 5 20 mA. 

DC CHARACTERISTICS 

Min 

4.5 

2.2 

-os· 

Parameter Symbol Min 

Input Leakage Current (All Inputs, Vin= Oto Vccl l1kg(I) -
Output Leakage Current (S = VIH· Vout =Oto Vee) 11~0) -
AC Supply Current (lout = 0 mA) MCM6708-1O/MCM609-10: tAVAV = 10 ns ice -

MCM6708-12/MCM609-12: tAVAV = 12 ns -
Output Low Voltage (IOL = + 8.0 mA) Vol -
Output High Voltage (IOH = - 4.0 mA) VoH 2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol 

Input Capacitance (All Inputs Except DO) Cin 

Input/Output Capacitance C110 

MOTOROLA MEMORY DATA 
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Typ Max Unit 

5.0 5.5 v 
- Vee +o.3· v 
- 0.8 v 

Typ Max Unit 

- ±1 µA 

- ±1 µA 

150 200 mA 

140 195 

- 0.4 v 
- - v 

Typ Max Unit 

4 6 pF 

5 "7 pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1 .5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3.0 V 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ns 

Output Timing Measurement Reference Level . . . . . . . 1 .5 V 
Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE TIMING (See Notes 1 and 2) 

MCM670B-10 MCM6708·12 
Symbol MCM6709-10 MCM6709-12 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle lime IAVAV IRC 10 - 12 - ns 3 

Address Access lime IAVQV IAA - 10 - 12 ns 

Select Access lime ISLQV IACS - 5 - 6 ns 

Output Enable Access Time IGLQV IOE - 5 - 6 ns 

Output Hold from Address Change IAXOX toH 4 - 4 - ns 

Select Low to Output Active ISLQX ILz 1 - 1 - ns 4, 5, 6 

Output Enable Low to Output Active IGLQX ILZ 1 - 1 - ns 4, 5. 6 

Select High to Output High-Z ISHQZ IHz 0 5 0 6 ns 4, 5, 6 

Output Enable High to Output High-Z IGHQZ IHz 0 5 0 6 ns 4, 5, 6 

NOTES: 
1. Wis high for read cycle. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 

conditions during read and write cycles. 
3. All read cycle timings are referenced from the last valid address to the first transitioning address. 
4. At any given voltage and temperature, ISHOZ max is less than ISLOX min, and IGHOZ max is less than IGHQX min, both for a given device and 

from device to device. 
5. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
6. This parameter is sampled and not 100% tested. 

READ CYCLE 1 (See Note) 

A(ADDRESS) 
~~~-11'-~~~~~~~~~~~~~~~~..JJ'--~~ 

NOTE: Device is continuously selected (S =VIL• G = V1Ll· 

MOTOROLA MEMORY DATA 
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READ CYCLE 2 (See Note) 

foolll------- tAVAV 

A(ADDRESS) 

S (CHIP SELECT) 

G (OUTPUT ENABLE) 

Q(DATAOUT) 

NOTE: Addresses valid prior to or coincident with S going low. 

AC TEST LOADS 

AL= son 
OUTPUT~ 

~ Z0 =50'1 ~ ~ 

Flgure1 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 

MCM6708-10 MCM6708-12 
Symbol MCM6709-10 MCM6709-12 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 10 - 12 - ns 3 

Address Setup Time IAVWL IAS 2 - 2 - ns 

Address Valid to End of Write tAVWH tAW 9 - 10 - ns 

Write Pulse Width twLWH twp 6 - 7 - ns 

IWLSH 

Data Valid to End of Write tovwH tow 5 - 6 - ns 

Data Hold Time IWHDX toH 0 - 0 - ns 

Write Low to Data High-Z twLOZ twz 0 5 0 6 ns 4, 5, 6 

Write High to Output Active twHOX tow 2 - 2 - ns 4, 5, 6 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of S low and W low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 

conditions during read and write cycles. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

• 
4. Transition is measured 100 mV from steady-state voltage with load of Figure 1 . 
5. This parameter is sampled and not 100% tested. 
6. At any given voltage and temperature, twLOZ max is less than IWHQX min both for a given device and from device to device. 

WRITE CYCLE 1 

"""1-------- tAVAV ~-------;~ 

A(ADDRESS) 

S (CHIP SELECT) 

141---- twLWH 

-----+-----~ ;...----- twLSH ---!,:~:!...._ ___ _ 
W (WAITE ENABLE) 

D (DATA IN) 

IWHQX -l-.... -1~ 
HIGH·Z 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 

MCM6708-10 MCM6708·12 
Symbol MCM6709-10 MCM6709·12 

Para- Standard Alternate Min Max Min Max Unit Notes 

Write Cycle lime IAVAV twc 10 - 12 - ns 3 

Address Setup lime IAVSL IAS 2 - 2 - ns 

Address Valid to End of Write IAVSH tAw 9 - 10 - ns 

Select to End of Write tsLSH tcw 6 - 7 - ns 4,5 
ISLWH 

Data Valid to End of Write tovsH tow 5 - 6 - ns 

Data Hold lime tsHDX toH 0 - 0 - ns 

Write Recovery lime ISHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of S low and 'ii low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 

conditions during read and write cycles. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If S goes low coincident with or after 'ii goes low, the output will remain in a high impedance condition. 
5. If S goes high coincident with or before 'ii goes high, the output will remain in a high impedance condition. 

WRITE CYCLE 2 

A(ADDRESS) 

S (CHIP SELECT) 

Yi (WRITE ENABLE) 

1DVSH_., E ~SHDX 

D (DATA IN) ....,x,....x .... x..,....x ..... x,...,.x.........,x,....x .... x..,....x ..... x,...,.x.....,.....,x,,....,x..-x.,.-,x DATA VALIDX 

Q(DATAOUT) ____________ H_l_GH_._z _____________ _ 

6708 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6709 x xx xx 

__ ---=r Tj 
Part Number 

Package (NP= Plastic DIP, NJ = Plastic SOJ) 

T L Shipping Method (R2 =Tape & Reel, Blank= Rails) 

L_ Speed (10 = 10 ns, 12=12 ns) 

Full Part Numbers - MCM6708P10 
MCM6708P12 

MCM6709P10 
MCM6709P12 

MCM6708J10 MCM6708J10R2 
MCM6708J12 MCM6708J12R2 

MCM6709J10 MCM6709J10R2 
MCM6709J12 MCM6709J12R2 
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Product Preview 
64K x 4 Bit Static RAM 
with Separate Input/Output 

The MCM67081 and the MCM67082 are 262, 144 bit static random-access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external 
clocks or timing strobes, while BICMOS circuitry reduces power consumption and 
provides for greater reliability. 

Both the MCM67081 and MCM67082 are available in 300 mil, 28 lead 
surface-mount SOJ packages and 300 mil, 28 lead plastic DIP. 

• Single 5 V ± 10% Power Supply 

• Fully Static - No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL Compatible 
• Separate Data Inputs and Three-State Outputs 

• Fast Access Times: 
MCM67081-10,12, 15 ns 
MCM67082 - 10, 12, 15 ns 

BLOCK DIAGRAM 

A 

A 

A 

A MEMORY MATRIX . 256 ROWS X 256 X 4 
A COLUMNS 

A 

A 

A 

DO 

D3 

00 

03 

s 

w 

MCM67081 
MCM67082 

tt!I'!~. 
300 MIL PLASTIC 

CASE 7108 _, 
1 

JPACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

AO 1 e 
A1 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

DO 11 

D1 

s 
Vss 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PIN NAMES 

Vee 
A15 

A14 

A13 

A12 

A11 

A10 

D3 

D2 

03 

02 

01 

QO 

w 

A(}-A 15 ............... Address Inputs 
W ....................... Write Enable 
S ........................ Chip Select 
D(}-D3 .................... Data Input 
00-03 . . . . . . . . . . . . . . .. . . Data Output 
Vee ............. + 5 V Power Supply 
Vss ........................ Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM67081 TRUTH TABLE 

s w D Mode Vee Current a Cycle 

H H x Not Selected l1sB High-Z -
H L x Not Selected lsB High-Z -
L H x Read lccA Read Read Cycle 

L L H Write Ice A H Write Cycle 

L L L Write lccA L Write Cycle 
-X = Don't Care 

MCM67082 TRUTH TABLE 

s w D Mode Vee Current a Cycle 

H H x Not Selected l1sB High-Z -
H L x Not Selected lsB High-Z -
L H x Read iccA Read Read Cycle 

L L H Write iccA High-Z Write Cycle 

L L L Write iccA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to 7.0 v 
Voltage Relative to Vs~ Vin· Vout - o.s to Vee+ o.5 v 

(For Any Pin Except cc) 

Output Current (per 1/0) lout ± 30 mA 

Power Dissipation Po 2.0 w 
Temperature Under Bias Tbias -10to+85 'C 

Operating Temperature TA Oto+ 70 'C 

Storage Temperature - Plastic "Sl9. -55 to+ 125 'C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

MOTOROLA MEMORY DATA 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however. it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 

This BICMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = O V) 

Parameter Symbol Min Typ Max 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 

Input High Voltage V1H 2.2 - Vee+ o.3' 

Input Low Voltage V1L - 0.5'' - 0.8 

'V1H (max) =Vee + 0.3 V de; V1H (max) =Vee+ 2 v ac (pulse width,; 2 ns) for I ,; 20 mA. 
.. VJL (min) = - 0.5 V de; Vil (min) = - 2 V ac (pulse width ,; 2 ns) for I ,; 20 mA. 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max 

Input Leakage Current (All Inputs, Vin= Oto Vee) IJkg(I) - - ± 1 

Output Leakage Current (S = VJH• Vout =Oto Vee) IJkg(O) - - ±1 

AC Supply Current (10 ut ~ 0 mA) MCM67081/MCM67082·10: tAVAV = 10 ns lccA - 150 200 

MCM67081/MCM67082· 12: tAVAV = 12 ns - 140 195 

MCM67081/MCM67082· 15: tAVAV = 15 ns 130 190 

Output Low Voltage (loL = + 8.0 mA) Vol - - 0.4 

Output High Voltage (loH = - 4.0 mA) VoH 2.4 - -

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25'C, Periodically Sampled Rather Than 100% Tested) 

Characteristic 

Input Capacitance 

Input/Output Capacitance 

AC TEST LOADS 

OUTPUT~ 
~ Z0 =50il ~ 1 

VL=1.5V 

Figure 1 

Symbol Typ Max 

Gin 4 6 

C110 5 7 

TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi· 
mum since the module never provides 
data !a:er than that time. 
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v 

Unit 

µA 

µA 

mA 

v 
v 

Unit 

pF 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3.0 V 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ns 

Output Timing Measurement Reference Level . . . . . . . 1 .5 V 
Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE TIMING (See Note 1) 

MCM67081-10 MCM67081-12 MCM67081-15 
Symbol MCM67082·10 MCM67082·12 MCM67082·15 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRc 10 - 12 - 15 - ns 2 

Address Access Time tAVQV tAA - 10 - 12 - 15 ns 

Select Access Time tSLQV tACS - 5 - 6 - 8 ns 

Output Hold from Address Change tAXQX toH 4 - 4 - 4 - ns 

Select Low to Output Active tsLQX tLZ 1 - 1 - 1 - ns 3,4, 5 

Select High to Output High-Z tsHQZ tHz 0 5 0 6 0 6 ns 3, 4, 5 

NOTES: 
1. Wis high for read cycle. 
2. All read cycle timings are referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tsHQZ max is less than tsLQX min, both for a given device and from device to device. 
4. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (S = V1L). 
7. Addresses valid prior to or coincident with S going low. 

READ CYCLE 1 (See Note) 

A(ADDRESS) 
~~~~Jl'~~~~~~~~~~~~~~~~~~.......1' 

READ CYCLE 2 (See Note) 

A(ADDRESS) 

S (CHIP SELECT) 

G (OUTPUT ENABLE) 

Q(DATAOUT) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Note 1) 

MCM67081-10 MCM67081-12 MCM67081-15 
Symbol MCM67082-10 MCM67082· 12 MCM67082-15 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 10 - 12 - 15 - ns 2 

Address Setup Time tAVWL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVWH tAW 9 - 10 - 12 - ns 

Write Pulse Width twLWH twp 6 - 7 - 8 - ns 

Write Pulse Width twLSH twp 6 - 7 - 8 - ns 

Data Valid to End of Write tovwH tow 5 - 6 - 7 - ns 

Data Hold Time twHDX toH 0 - 0 - 0 - ns 

Write Low to Data High-Z twLOz twz 0 5 0 6 0 6 ns 3, 4, 5 

Write High to Output Active twHQX tow 2 - 2 - 2 - ns 3, 4, 5 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns 

Data Valid to Output Valid tovov tADV 7 - 8 - 10 - ns 

NOTES: 
1. A write occurs during the overlap of Slow and W low. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQZ max is less than twHQX min both for a given device and from device to device. 

WRITE CYCLE 1 

A(ADDRESS) 

S (CHIP SELECT) 

-I--- twLWH ----j-
-----+------.-1----- twLSH 

W (WRITE ENABLE) 

D (DATA IN) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (S Controlled, See Notes 1, 2, 3, 4, and 5) 

MCM67081-10 MCM67081-12 MCM67081-15 
Symbol MCM67082-10 MCM67082-12 MCM67082-15 

Parameter Standard Alternate Min Max Min Max Min Max Unit 

Write Cycle Time tAVAV twc 10 - 12 - 15 - ns 

Address Setup Time tAVSL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVSH tAW 9 - 10 - 12 - ns 

Select to End of Write ISLSH tcw 6 - 7 - 8 - ns 

Enable to End of Write tsLWH tcw 6 - 7 - 8 - ns 

Data Valid to End of Write tovsH tow 5 - 6 - 7 - ns 

Data Hold Time tsHDX toH 0 - 0 - 0 - ns 

Write Recovery Time tsHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of Slow and W low. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. If S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

WRITE CYCLE 2 

A(ADDRESS) 

S (CHIP SELECD 

W (WRITE ENABLE) 

MCM67082 HIGH-Z 
O(DATAOUT) --------------------------

MCM67081 
Q(DATAOUT) ---------------~~_o_=_D_in_J 

67081 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 67082 xx c xx xx 

Notes 

2 

3,4 

·---.o.n-I Tj 
Part Number 

Package (P = 300 mil Plastic, J = 300 mil SOJ) 

Shipping Method (R2 =Tape & Reel, Blank = Rails) 

Speed (10 = 10 ns, 12 = 12 ns, 15 = 15 ns) 

Operating Temperature Range 

Full Part Numbers-MCM67081P10 MCM67081J10 
MCM67081P12 MCM67081J12 
MCM67081P15 MCM67081J15 

MCM67082P10 
MCM67082P12 

MCM67082P15 
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TECHNICAL DATA 

Advance Information 
Quick RAM™ 
Fast Static RAM Family 

The QuickRAM Family of fast static RAMs is fabricated using Motorola's high­
perlormance silicon-gate CMOS technology. Static design eliminates the need 
for external clocks or timing strobes, while CMOS circuitry reduces power con­
sumption and provides for greater reliability. 

The product family includes devices with four different densities: 294,912 bits, 
262, 144 bits, 73, 728 bits, and 65,536 bits. 

These devices meet JEDEC standards for functionality and pinout, and are 
available in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 
• Fully Static - No Clock or Timing Strobes Necessary 
• Fast Access Times: 12, 15, 17, 20, and 25 ns 
• Equal Address and Chip Enable Access Times 
• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 

Bus Contention Problems - on MCM6205/06, MCM6209, MCM6264/65, and 
MCM6290 

• Low Power Operation: 120--160 mA Maximum AC 
• Fully TIL Compatible - Three State Output 
• Separate Data Input and Output on MCM6207 and MCM6287 

CONTENTS 
Page 

Family Maximum Ratings and DC Characteristics • • • • . • • • • • • • • • • • • • • 2 
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DEVICE NUMERICAL INDEX 

Part Number Access Times (ns) Organization Page 

MCM6205-17, -20, -25 17, 20, 25 32Kx9 14 
MCM6206-17, -20, -25 17, 20, 25 32Kx8 12 
MCM6207-15, -20, -25 15, 20, 25 256Kx 1 8 
MCM6208-15, -20, -25 15, 20, 25 64Kx4 10 
MCM6209-15, -20, -25 15, 20, 25 64Kx40E 10 

MCM6264-15, -20 15, 20 8Kx8 13 
MCM6265-15, -20, -25 15, 20, 25 8Kx9 15 
MCM6287-12, -15, -20 12, 15,20 64Kx 1 9 
MCM6288-12, -15 12, 15 16Kx4 11 
MCM6290-12, -15 12, 15 16K x 4 OE 11 
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256K 

256K x 1 
MCM6207-15, -20, -25 

64Kx4 
MCM6208-15, -20, -25 

64K x 4 with OE 
MCM6209-15, -20, -25 

32Kx8 
MCM6206-17, -20, -25 

32Kx9 
MCM6205-17, -20, -25 

64K 

64Kx 1 
MCM6287-12, -15, -20 

16Kx4 
MCM6288-12, -15 

16K x 4 with OE 
MCM6290-12, -15 

8Kx8 
MCM6264-15, -20 

8Kx9 
MCM6265-15, -20, -25 

This document contains information on new products. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Relative to Vss Vee - 0.5 to +7 v 
Voltage on Any Pin, Except Vee. Relative to Vss Vin .Vout - o.5 to Vee +0.5 v 

Output Current (per 1/0) lout ±30 mA 

Power Dissipation Po 1 w 
Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA o to +70 oc 

Storage Temperature-Plastic Tstg -55 to +125 oc 

NOTE: Permanent device damage may occur 11 ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the OPERATING CONDITIONS. Exposure to 
voltages higher than the operating voltages for extended periods of time could affect device 
reliability. 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 

This CMOS memory circuit has been designed to meet 
the de and ac specifications shown in the tables, after 
thermal equilibrium has been established. The circuit is 
in a test socket or mounted on a printed circuit board 
and transverse air flow of at least 500 linear feet per 
minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS (Vee= 5 V ±10%, TA= o to +70°C, Unless Otherwise Noted) 

Parameter Conditions 

Supply Voltage Operating Voltage Range 

Input High Voltage 

Input Low Voltage 

Input Leakage Current o v :<=Vin:<= Vee 

Output Leakage Current Output(s) Disabled, O V :5 V0ut :5 Vee 

Output High Voltage IOH =-4 mA 

Output Low Voltage loL= 8 mA 

'V1H (max)= Vee+ 0.3 V de; V1H (max)= Vee+ 2 V ac (pulse width :5 20 ns) 

"V1L (min)= -0.5 V de, V1L (min)= -2 V ac (pulse width 5 20 ns) 
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Symbol Min Max 

Vee 4.5 5.5 

V1H 2.2 Vcc+0.3' 

V1L -0.5 .. 0.8 

llkg(I) - ±1 

llkg(O) - ±1 

VoH 2.4 -
Vol - 0.4 

.. 
Unit 

v 
v 
v 

µA 

µA 

v 
v 
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POWER SUPPLY CURRENTS (AC Operating Conditions Unless Otherwise Noted) 

Density Config. Device Parameter Symbol ·12 ·15 -17 ·20 -25 Unit 

16Kx4 MCM62S8/90 AC Active Supply Current ICCA i5o i40 - - - mA 

64Kx i MCM6287 
(10 ut = O mA, Vee= Max, f = fmaxl 

i50 i40 - i30 -
SKx8 MCM6264 - i4o - i30 -
SKx9 MCM6265 - i40 - i3o i20 

64K 
All All AC Standby Current Issi 45 40 - 35 30 mA 

(E = V1H. Vee= Max, f = lmax) 

All All CMOS Standby Current ISS2 20 20 - 20 20 mA 
(Vee= Max, f = o MHz, 

"E;,vcc-o.2v· 

Vin s Vss +0.2 v, or" Vee -0.2 V) 

64Kx4 MCM620S/09 AC Active Supply Current ice A - i55 - i45 i35 mA 

256K xi MCM6207 (10 ut = O mA, Vee= Max, f = fmax) - i5o - i4o i30 

32KxS MCM6206 - - i55 i5o i40 

32Kx9 MCM6205 - - iso i55 i45 

256K All All AC Standby Current 
(E = V1H. Vee= Max, t = fmax) 

Issi - 50 45 45 40 mA .. All All CMOS Standby Current lss2 - 20 20 20 20 mA 
(Vee= Max, I= 0 MHz, 

E;, Vcc-0.2 v· 

Vin s Vss +0.2 v, or" Vee -0.2 V) 

'For devices with multiple chip enables of opposite polarity, E1;, Vee - 0.2 V or E2 s Vss + 0.2 V 

CAPACITANCE (f = i MHz, dV = 3 V, TA = 25°C, Periodically sampled rather than i 00% tested) 

Characteristic Symbol Max Unit 

Address and Data Input Capacitance Cin pF 
MCM62S7 (64K xi), MCM628S/90 (i6K x 4) 6 
MCM6264 (SK x 8), MCM6265 (SK x 9) 6 
MCM6207 (256K xi), MCM620S/09 (64K x 4) 6 
MCM6205 (32K x 9), MCM6206 (32K x B) 6 

Control Pin Input Capacitance (E;G, W) Cin pF 
MCM62S7 (64K xi), MCM62BS/90 (i6K x 4) 6 
MCM6264 (SK x S), MCM6265 (SK x 9) 6 
MCM6207 (256K xi), MCM6208/09 (64K x 4) 6 
MCM6205 (32K x 9), MCM6206 (32K x S) s 

Output Capacitance Cout pF 
MCM62S7 (64K x t ), MCM62SS/90 (16K x 4) 7 
MCM6264 (SK x S), MCM6265 (SK x 9) 7 
MCM6207 (256K x 1 ), MCM620S/09 (64K x 4) s 
MCM6205 (32K x 9), MCM6206 (32K x S) s 

'For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5 V ±10%, TA= o to +70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . o to 3 V 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ns 

Output Timing Measurement Reference Level . . . 1.5 V 
Output Load ......... Figure 1 A Unless Otherwise Noted 

READ CYCLE (See Notes 1 and 2) 

Product Family Configuration -12 -15 -17 Density 

MCM6288 and MCM6290 16Kx 4 ' 
MCM6287 64Kx 1 ' 64K 

MCM6264 8Kx 8 

MCM6265 8Kx 9 ' MCM6208 and MCM6209 64K x4 ' 
MCM6207 256K x 1 ' 256K 

MCM6206 32Kx8 ' MCM6205 32K x 9 ' 
Symbol -12 -15 -17 -20 -25 

Parameter Std Alt Min Max Min Max Min Max Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRC 12 - 15 - 17 - 20 - 25 - ns 3 

Address Access Time tAVQV tAA - 12 - 15 - 17 - 20 - 25 ns 

Enable Access Time tELQV IACS - 12 - 15 - 17 - 20 - 25 ns 4 

Output Enable Access Time IGLQV IOE - 6 - 8 - 9 - 10 - 12 ns 

Output Hold from Address Change IAXQX IOH 4 - 4 - 4 - 4 - 4 - ns 

Enable Low to Output Active tELQX tcLZ 4 - 4 - 4 - 4 - 4 - ns 5,6,7 

Output Enable Low to Output Active tGLQX toLZ 0 - 0 - 0 - 0 - 0 - ns 5,6,7 

Enable High to Output High-Z IEHQZ ICHZ 0 6 0 8 0 8 0 9 0 10 ns 5,6,7 

Output Enable High to Output High-Z tGHQZ IOHZ 0 6 0 7 0 8 0 8 0 10 ns 5,6,7 

Power Up Time IEUCCH tpu 0 - 0 - 0 - 0 - 0 - ns 

Power Down Time IEHICCL tpo - 12 - 15 - 17 - 20 - 25 ns 

NOTES: 
1. Wis high for read cycle. 
2. For devices with multiple chip enables, TI and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
3. All timings are referenced from the last valid address to the first transitioning address. 
4. Addresses valid prior to or coincident with E going low. 
5. At any given voltage and temperature, tEHQZ max< tELQX min, and tGHQZ max< tGLQX min, both for a given device and from 

device to device. 
6. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 
7. This parameter is sampled and not 100% tested. 

8. Device is continuously selected.E,; V1L and G,; VIL· 
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READ CYCLE 1 (See Note 8) 

A (ADDRESS) 

tAxax-

Q (DATA OUT) PREVIOUS DATA VALID 

tAVAV --------------1~1 ----

DATA VALID 

READ CYCLE 2 (See Notes 2 and 4) 

A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Vee 
SUPPLYCURRENT lssi----------'f 

Zo=500 
_I_ 

RL=500 

VL = 1.5 V 

See Output Load Conditions, page 18. 

Figure 1A 

TIMING PARAMETER ABBREVIATIONS 

DATA VALID 

AC TEST LOADS 

a 

2550 

Figure 1B 

- tELJCCL-

+5V 

4800 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

t x x x x TIMING LIMITS 
signal name from which interval is defined I I I 

transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the 
external system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from ihe device point of view. Thus, 
the access time is shown as a maximum since the device output will 
be valid no later than that time. 

The transition definitions used in this data sheet are: 
H "" transition to high 
L = transition. to low 
V = transition to valid 
X = transition to invalid or don't care 
Z =transition to off (high impedance) 
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WRITE CYCLES 

Product Family Configuration -12 -15 -17 Density 

MCM6288 and MCM6290 16Kx4 v v 
MCM6287 64K x 1 v 64K 

MCM6264 8Kx8 

MCM6265 8Kx9 v 
MCM6208 and MCM6209 64Kx4 v 

MCM6207 256K x 1 v 256K 

MCM6206 32Kx8 v v 
MCM6205 32Kx9 v v 

WRITE CYCLE 1 (WControlled) (See Notes 1, 2, and 3) 

Symbol -12 -15 -17 -20 -25 

Parameter Std Alt Min Max Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle lime tAVAV twc 12 - 15 - 17 - 20 - 25 - ns 4 

Address Setup lime tAVWL tAS 0 - 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 10 - 12 - 14 - 15 - 20 - ns 

Write Pulse Width twLWH· twp 10 - 12 - 14 - 15 - 20 - ns 

twLEH 

Write Pulse Width, G High twLWH· twp 8 - 10 - 11 - 12 - 15 - ns 5 
(Output Enable devices) twLEH 

Data Valid to End of Write tovwH tow 6 - 7 - 8 - 8 - 10 - ns 

Data Hold Time twHOX toH 0 - 0 - 0 - 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 6 0 7 0 8 0 8 0 10 ns 6,7,8 

Write High to Output Active twHOX tow 4 - 4 - 4 - 4 - 4 - ns 6,7,8 

Write Recovery Ti me twHAX twR 0 - 0 - 0 - 0 - 0 - ns 

WRITE CYCLE 2 ( E Controlled) (See Notes 1, 2, and 3l 

Symbol -12 -15 -17 -20 -25 

Parameter Std Alt Min Max Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle lime IAVAV twc 12 - 15 - 17 - 20 - 25 - ns 4 

Address Setup lime IAVEL IAS 0 - 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 10 - 12 - 14 - 15 - 20 - ns 

Enable to End of Write tELEH· tcw 8 - 10 - 11 - 12 - 15 - ns 9,10 
tELWH 

Data Valid to End of Write tovEH tow 6 - 7 - 8 - 8 - 10 - ns 

Data Hold lime tEHOX toH 0 - 0 - 0 - 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. For devices with multiple chip enables, E1 and E2 are represented byEin this data sheet. E2 is of opposite polarity to E. 
3. For Output Enable devices, if G goes low coincident with or afterWgoes low, the output will remain in a high impedance state. 
4. All timings are referenced from the last valid address to the first transitioning address. 

5. For Output Enable devices, if G;, V1H. the output will remain in a high impedance state. 
6. At any given voltage and temperature, twLQG max< twHQX min, both for a given device and from device to device. 
7. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 
8. This parameter is sampled and not 100% tested. 
9. If E goes low coincident with or afterWgoes low, the output will remain in a high impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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WRITE CYCLE 1 (See Note 2) 

!+-------- IAVAV ---------+I ---,1 , _______ _ 
A(ADDRESS) 

1-------- IAVWH --------•-•- twHAX 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D(DATAIN) DATA VALID 

Q(DATAOUT) 
HIGHZ 

WRITE CYCLE 2 (See Note 2) 

IAVAV -
A(ADDRESS) { ~ 

\. 1~ 
IAVEH 

E (CHIP ENABLE) ~ 

-•AVEL-1\ 1" 

W (WRITE ENABLE) 

j--tELEH-f-t EHAX• 
IELWH 

ll' Ji 
IOVEH~ 

D(DATAIN) xxxxxxxxxxxxxxxxxf __ _ IEHDX 

HIGH-Z 
Q(DATAOUT) --------------------------------
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~_2_56_K_x_1_Bi_t _Fa_s_t _St_a_tic_RA_M_~l l~_M_C_M_6_2_07_~ 

A1 

A2 

A3 

A4 
ROW 

AG DECODER 

MEMORY MATRIX 
256 ROWSx 

1024 x 1 COLUMNS 

-vcc 
-vss P PACKAGE 

300 MIL PLASTIC 
CASE724A 

A14 

A15 

A16 "~AC<AG• 
COLUMN 1/0 

COLUMN DECODER 

Q 

300 MILSOJ 
CASE 810A 

AO A5 A7 AS A9 A10 A11 A12 A13 A17 PIN ASSIGNMENT 

PIN NAMES 

AO-A 17 . . . . . . . . . . . . . . . Address Input 
E . . . . . . . . . . . . . . . . . . . . . Chip Enable 
W ..................... Write Enable 
D . . . . . . . . . . . . . . . . . . . . . . . Data Input 

MCM6207 TRUTH TABLE (X =don't care) 

Q .. .. .. .. .. .. .. .. .. .. . Data Output 
V cc . . . . . . . . . . . . . +5 V Power Supply 
Vss ....................... Ground 

E w Mode Vee Current Output Cycle 

H x Not Selected tss1. 1ss2 High-Z -
L H Read ice A Dout Read Cycle 
L L Write ice A High-Z Write Cycle 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

Q 

w 
Vss 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6207 X XX XX 

1• 24 vcc 
2 23 A17 

3 22 A16 

4 21 A15 

5 20 A14 

6 19 A13 

7 1S A12 

s 17 A11 

9 16 A10 

10 15 A9 

11 14 D 

12 13 E 

Motorola Memory Prefix _--==r-- T T L-=: Shipping Method (R2 = Tape & Reel, Blank= Rails) 

Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6207P15 MCM6207J15 MCM6207J15R2 
MCM6207P20 MCM6207J20 MCM6207J20R2 
MCM6207P25 MCM6207J25 MCM6207J25R2 

QuickRAM, Page 8 

MOTOROLA MEMORY DATA 

7-129 



QuickRAM 

64K x 1 Bit Fast Static RAM 
11 

MCM6287 

--~· 1 300 MIL PLASTIC 
A1 

A3 

CASE736A 
-vcc 

A4 

A5 
ROW 

MEMORY MATRIX 
256ROWSx 

256 x 1 COLUMNS 

-vss 

24~PACKAGE 
1 300MILSOJ 

A6 DECODER CASE810A 

A13 
DUAL·IN-LINE 

A14 

A15 
AO 1• 22 Vee 

A1 2 21 A1S 

A2 3 20 A14 

COLUMNl/O Q A3 4 19 A13 

A4 s 1B A12 
COLUMN DECODER AS 6 17 A11 

A6 7 16 A10 

A7 B 1S A9 
AO A2 A7 AS A9 A10 A11 A12 Q 9 14 AB 

w 10 13 D 

Vss 11 12 E 

SOJ 

AO 1• 24 Vee 

A1 2 23 A1S 

PIN NAMES A2 3 22 A14 

A3 4 21 A13 

A4 s 20 A12 
AO-A 1 S ............... Address Input Q .. .. .. .. .. .. . .. .. .. .. Data Output 
E . . . . .. . . .. . . . . . . . . . . • Chip Enable Vee .............. +S v Power Supply 
W ..................... Write Enable Vss ....................... Ground AS 6 19 NC 
D ....................... Data Input NC . . . . . . . . . . . . . . . . . . No Connection 

NC 7 1B A11 

A6 B 17 A10 

MCM62B7 TRUTH TABLE (X = don't care) A7 9 16 A9 

E w Mode Vee current Output Cycle Q 10 1S AB 

w 11 14 D H x Not Selected ls91. ls02 High-Z -
L H Read ice A Dout Read Cycle Vss 12 13 E 
L L Write ice A High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6287 X XX XX 

Motorola Memory Prefix _-=r- T T -c=:: Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (12 = 12 ns, 15 = 15 ns, 20 = 20 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6287P12 MCM6287J12 MCM6287J12R2 
MCM6287P15 MCM6287J15 MCM6287J15R2 
MCM6287P20 MCM6287J20 MCM6287J20R2 
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64K x 4 Bit Fast Static RAMs 

MEMORY MATRIX 
256ROWSx 

256 x 4 COLUMNS 

-vcc 

-vss 

MCM6208 
MCM6209 

CASE 7108 

28.,. 
1 
J PACKAGE 
300 MILSOJ 
CASE 8108 

MCM6209 

AO A5 A7 AB A9 A10 A11 A15 

PIN NAMES 

AO-A 15 . . . . . . . . . . . . . . . Address Input 
DOO-D03 .......... Data Input/Output 
W ..................... Write Enable 

E . . . . . . . . . . . . . . . . . . . . . Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
Vee ............. +5 v Power Supply 

NC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

A9 

E 

'G 
Vss 

1• 2B Vee 

2 27 A15 

3 26 A14 

4 25 A13 

5 24 A12 

6 23 A11 

7 22 A10 

B 21 NC 

9 20 NC 

10 19 DOO 

11 1B D01 

12 17 D02 

13 16 D03 

14 15 w 
G (MCM6209) .......... Output Enable Vss ....................... Ground MCM6208 

MCM6208 TRUTH TABLE (X =don't care) 

E w Mode Vee Current Output Cycle 

H x Not Selected 1s01. 1s02 High-Z -
L H Read Ice A Dout Read Cycle 
L L Write ice A High-Z Write Cycle 

MCM6209 TRUTH TABLE (X =don't care) 

E G w Mode Vee Current Output Cycle 

H x x Not Selected ls91, ls92 High-Z -
L H H Output Disabled ice A High-Z -
L L H Read iccA Dout Read Cycle 

L x L Write ICCA High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 
MCM 62XX X XX XX 

AO 1• 

A1 2 

A2 3 

A3 4 

A4 5 

A5 6 

A6 7 

A7 B 

AB 9 

A9 10 
E 11 

24 Vee 

23 A15 

22 A14 

21 A13 

20 A12 

19 A11 

1B A10 

17 DOO 

16 D01 

15 D02 

14 

13 

D03 

w 

Motorola Memory Prefix ~ T T L2 Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6208P15 MCM6208J15 MCM6208J15R2 MCM6209P15 
MCM6208P20 MCM6208J20 MCM6208J20R2 MCM6209P20 
MCM6208P25 MCM6208J25 MCM6208J25R2 MCM6209P25 
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16K x 4 Bit Fast Static RAMs MCM6288 
MCM6290 

w 
MCM6290 G 

ONLY 

AO-A13 .... 
DQO-DQ3 . 
w ..... 
G (MCM6290) .. 

MEMORY MATRIX 
256 ROWS x 

64 x 4 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

-vcc 

-vss 

AO A2 A? AB A9 A10 

PIN NAMES 

... Address Input 
. . Data Input/Output 

.. Write Enable 
... Output Enable 

E .. 
NC .......... . 

. . . . Chip Enable 
No Connection 

. . +5 V Power Supply Vee 
Vss. . ............. Ground 

MCM6288 TRUTH TABLE (X =don't care) 

E w Mode Vee Current Output Cycle 

H x Not Selected 1ss1. 1ss2 High-Z -
L H Read ice A Dout Read Cycle 
L L Write lccA High-Z Write Cycle 

MCM6290 TRUTH TABLE (X =don't care) 

E G w Mode Vee Current Output Cycle 

H x x Not Selected 1ss1. 1ss2 High-Z -
L H H Output Disabled iccA High-Z -
L L H Read ICCA Dout Read Cycle 

L x L Write ICCA High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 62XX X XX XX 

MC~12811. . . i' 
2Z 

I 
1 

MC~6290· ', 

I 1' I ' .. '\ \ ,. 

AO 1• 

A1 2 

A2 3 

A3 4 

A4 5 

A5 6 

A6 7 

A7 8 

A8 9 

E 10 

Vss 11 

MCM6290 

AO 1• 

A1 2 

A2 3 

A3 4 

A4 5 

A5 6 

A6 7 

A7 8 

A8 9 

E 10 

G 11 

Vss 12 

P PACKAGE 
PLASTIC 

CASE 736A 

P PACKAGE 
300 Mil PLASTIC 

CASE 724A 

J PACKAGE 
300 MIL SOJ 
CASE810A 

22 Vee 

21 A13 

20 A12 

19 A11 

18 A10 

17 A9 

16 DOD 

15 DQ1 

14 D02 

13 DQ3 

12 w 

24 Vee 

23 A13 

22 A12 

21 A11 

20 A10 

19 A9 

18 NC 

17 DQO 

16 DQ1 

15 DQ2 

14 

13 

D03 

w 

Motorola Memory Prefix ~ T Tl T ~hipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (12 = 12 ns, 15 = 15 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6288P12 MCM6290P12 MCM6290J12 MCM6290J12R2 
MCM6288P15 MCM6290P15 MCM6290J15 MCM6290J15R2 
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.____3_2_K_x_8_B_i_t _Fa_s_t _St_a_tic_R_A_M_~l l~_M_C_M_6_2_06_~ 

A3--i~-f 

A4--i~-f 

A6--i~-f ROW 

A7--i~-f DECODER 

A8--i~-f 

A9--i~-f 

MEMORY MATRIX 
256ROWSx 

128 x 8 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

Vee 

Vss 

A1 A2 AS A10 A12 A13 A14 

PIN NAMES 

AO-A 14 . . . . . . . . . . . . . . . Address Input 
DQO-DQ7 . . . . . . . . . . Data lnpuVOutput 
W ..................... Write Enable 
G .................... Output Enable 

MCM6206 TRUTH TABLE (X =don't care) 

E . . . . . . . . . . . . . . . . . . . . . Chip Enable 
Vee ............. +S V Power Supply 
Vss ....................... Ground 

E G w Mode Vee Current Output Cycle 

H x x Not Selected 1ss1. 1ss2 High-Z -
L H H Output Disabled ICCA High-Z -
L L H Read ice A Dout Read Cycle 

L x L Write ice A High-Z Write Cycle 

A14 

A12 

A7 

AG 

AS 

A4 

A3 

A2 

A1 

AO 

DQO 

DQ1 

DQ2 

Vss 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6206 X XX XX 

NP PACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJ PACKAGE 
300MILSOJ 
CASE 8108 

PIN ASSIGNMENT 

1• 28 vcc 

2 27 w 
3 26 A13 

4 2S AB 

s 24 A9 

6 23 A11 

7 22 G 

8 21 A10 

9 20 E 
10 19 DQ7 

11 18 DQ6 

12 17 DOS 

13 16 DQ4 

14 1S DQ3 

Motorola Memory Prefix ~ T T L=: Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 

Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6206NP17 MCM6206NJ17 MCM6206NJ17R2 
MCM6206NP20 MCM6206NJ20 MCM6206NJ20R2 
MCM6206NP25 MCM6206NJ25 MCM6206NJ25R2 
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~~-8K~x_8_B_it_F_a_st_S_t_at_ic_R_A_M~~~jj~~M_C_M_62_6_4~ 

MEMORY MATRIX 
256ROWSx 

32 x 8 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

Vee 

Vss 

PPACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJ PACKAGE 
300MILSOJ 
CASE 8108 

AO A1 A6 A10 A12 PIN ASSIGNMENT 

PIN NAMES 

AO-A 12 . . . . . . . . . . . . . . . Address Input 
DQO-D07 . . . . . . . . . . Data Input/Output 
W . .................... Write Enable 
G .................... Output Enable 

MCM6264 TRUTH TABLE (X =don't care) 

E1 E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

E1, E2 . . . . . . . . . . . . . . . . . Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
Vee ............. +5 v Power Supply 
Vss ....................... Ground 

VccCurrent Output Cycle 

1sa1. 1sa2 High-Z -
1sa1. 1ss2 High-Z -

ice A High-Z -
iccA Dout Read Cycle 

lccA High-Z Write Cycle 

NC 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

DOO 

D01 

D02 

Vss 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6264 X XX XX 

1• 28 Vee 

2 27 w 
3 26 E2 

4 25 AS 

5 24 A9 

6 23 A11 

7 22 G 

8 21 A10 

9 20 E1 
10 19 D07 

11 18 DOS 

12 17 D05 

13 16 D04 

14 15 D03 

Motorola Memory Prefix ~ T T L2 Shipping Method (R2 =Tape & Reel, Blank= Rails) 
Part Number Speed (15 = 15 ns, 20 = 20 ns) 

Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6264P15 MCM6264NJ15 MCM6264NJ15R2 
MCM6264P20 MCM6264NJ20 MCM6264NJ20R2 
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~-3_2_K_x_9_B_it_F_as_t_S_ta_t_ic_R_A_M_~I ~' _M_C_M_6_2_05 __ 

MEMORY MATRIX 
256 ROWSx 

12B x 9 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

Vee 

Vss 

A1 A2 A5 AB A12 A13 A14 

PIN NAMES 

AO-A 14 . . . . . . . . . . . . . . . Address Input 
DOO-DOB . . . . . . . . . . Data Input/Output 
W ..................... Write Enable 
G . . . . . . . . . . . . . . . . . . . . Output Enable 

MCM6205 TRUTH TABLE (X =don't care) 

E1 E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

E1 , E2 . . . . . . . . . . . . . . . . . Chip Enable 
NC . . . . . . . . . . . . . . . . . . No Connection 
V cc . . . . . . . . . . . . . +5 V Power Supply 
Vss ....................... Ground 

VccCurrent Output Cycle 

IS81· ls02 High-Z -
ls91, ls02 High-Z -

ICCA High-Z -
ice A Daul Read Cycle 

ICCA High-Z Write Cycle 

.~ ~::U:~~KAGE 
1 300 MIL PLASTIC 

NC 

NC 

AB 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

DOO 

D01 

D02 

D03 

Vss 

CASE853 

NJ PACKAGE 
300MILSOJ 

CASE857 

PIN ASSIGNMENT 

1• 32 Vee 

2 31 A14 

3 30 E2 

4 29 w 
5 2B A13 

6 27 A9 

7 26 A10 

B 25 A11 

9 24 G 
10 23 A12 

11 22 E1 
12 21 008 

13 20 007 

14 19 D06 

15 1B DOS 

16 17 D04 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6205 X XX XX 

Motorola Memory Prefix _=:i- T T -c..=: Shipping Method {R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 

Package {NP= 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6205NP17 MCM6205NJ17 MCM6205NJ17R2 
MCM6205NP20 MCM6205NJ20 MCM6205NJ20R2 
MCM6205NP25 MCM6205NJ25 MCM6205NJ25R2 
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.__ __ 8K_x_9_B_it_F_a_st_S_t_at_ic_R_A_M __ __.l l~_M_C_M_6_2_65 _ __. 

A2 

A3 

A4 

vcc 

Vss 
_,,,,,,,,,,_, 

1 PPACKAGE 
A5 

ROW 
A7 DECODER 

A9 

A10 

A11 

MEMORY MATRIX 
256ROWSx 

32 x 9 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

300 MIL PLASTIC 
CASE710B 

NJ PACKAGE 
300MILSOJ 
CASE810B 

E1 AO A1 AS A8 A12 PIN ASSIGNMENT 
E2 

A8 1• 28 Vee 

A7 2 27 w 
AS 3 26 E2 

AS 4 25 A9 

PIN NAMES A4 5 24 A10 

AO-A 12 . . . . . . . . . . . . . . . Address Input El, E2 . . . . . . . . . . . . . . . . . Chip Enable A3 6 23 A11 

Vee ............. +5 V Power Supply 
Vss ....................... Ground 

DOO-D08 .......... Data Input/Output 
W . .................... Write Enable 
G .................... Output Enable 

A2 7 22 G 
A1 8 21 A12 

AO 9 20 E1 

MCM6265 TRUTH TABLE (X =don't care) DOO 10 19 DQ8 

E1 E2 G w Mode VccCurrent output Cycle 
D01 11 18 D07 

D02 12 17 DQ6 
H x x x Not Selected lss1. lss2 High-Z -
x L x x Not Selected 1se1. 1sa2 Hlgh-Z - D03 13 16 DQ5 

L H H H Output Disabled ice A High-Z - Vss 14 15 DQ4 
L H L H Read ICCA Dout Read Cycle 
L H x L Write ice A High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6265 X XX XX 

Motorola Memory Prefix ~ T T 1--=: Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 

Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers--MCM6265P15 MCM6265NJ15 MCM6265NJ15R2 
MCM6265P20 MCM6265NJ20 MCM6265NJ20R2 
MCM6265P25 MCM6265NJ25 MCM6265NJ25R2 
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OUTPUT LOAD CONDITIONS 

INTRODUCTION 

This review describes the ac loading used for testing this 
family of parts. Component test engineers should pay careful 
attention to the test conditions and derating curves for devi­
ations from the specified load. This information is also applica­
ble for system engineers calculating required device speed for 
a given environment. This information will help the user make 
the appropriate choice of device performance for their needs. 

As device access times decrease, so do output transition 
times. With faster rise and fall times come add1t1onai problems 
associated with output and signal path impedances. In any 
system running at frequencies where the propagation delay of 
a signal path (tpd) is greater than 1 /2 of the total signal transi­
tion time, transmission line effects will be seen on the signal. 
This results in overshoot and undershoot at the load end of a 
conductor, which can cause problems in testing, or in actual 
use of the device. This discussion gives a brief overview of the 
factors contributing to these effects, and the measures that 
can be used to predictor eliminate them. For a detailed discus­
sion of both PC board layout considerations and applicable 
transmission line theory, consult the MECL System Design 
Handbook, publication HB205R1, Motorola, Inc., 1983. 

DEFINITION OF TERMS 

tpd Propagation delay in seconds 

Lo Inductance in henries/meter 

Co Capacitance in farads/meter 

RL Load resistance in ohms 

Ros(on) Resistance from drain to source of a FET device 
when on 

Ro Output resistance in ohms. For CMOS devices, this 
is the Ros( on) resistance of the output devices. 

RoH 

RoL 

PL 

PS 

Output resistance for a high, or "1 ",signal from the 
device 

Output resistance for a low, or "O", signal from the 
device 

Reflection coefficient of the load end of a signal 

Reflection coefficient of the source end of a signal, 
the device output 

Termination voltage of the load resistor in a trans­
mission line termination network 

TRANSMISSION LINE OVERVIEW 

What is a transmission line and how does it affect output 
waveforms? In simple terms, a transmission line is a signal 
path that exhibits a characteristic impedance. The type of lines 
discussed in this paper are primarily microstrip (Figure 2A) and 
stripline signal paths (Figure 28) found in most PC boards 
today. The inductance and capacitance of these lines are a 
function of the line thickness and width in combination with the 
dielectric properties of the PC board material and the distance 
of the line from the ground plane. The impedance of the line is 
determined by these characteristics and the additional distrib­
uted capacitance from other devices on the line. 

b 

t= 0.0015" tor 1 oz Cu 
0.0030" for 2 oz Cu 

w-

DIELECTRIC 

Figure 2A. Microstrip Signal Path 

GROUND PLANE 

DIELECTRIC 

GROUND PLANE 

Figure 28. Stripline Signal Path 

The characteristic impedance of a microstrip or stripline 

path is given by the formula Zo = ;/ Lo I Co. The propagation 

delay of the path, tpd. is tpd = ;/ Lo Co x length = Zo Co 

x length. For example, the propagation delay of a 
microstrip line on G1 O epoxy/glass material is approxi­
mately 1.76 ns/ft, while the delay for a stripline is about 2.27 
ns/lt. 

The effect of a transmission line on a device output depends 
on the electrical length of the line. In all cases, a signal traveling 
down the line will be affected at the end of the line if it is not ter­
minated with a resistor of the characteristic impedance of the 
line. The amount of effect is determined by the reflection coeffi­

cient of the load, PL· where: 

( RL -Zo) 
PL= RL + Zo (1) 

This reflection occurs at a time tpd after a change at the 
source of the signal. Asimilar reflection occurs at2tpd alter this 
new signal has returned from the load to the source, and is de­

termined by the source reflection coefficient, p5, where: 

( Ro-zo) 
Ps= -­

Ro+Zo (2) 

Ro is the output resistance of the device. In the case of an 
electrical line length with tpd less than 1 /2 of the rise/fall time of 
the output signal, the transmission line effects are seen as a 
delay of the signal transition times. This is caused by the load 
reflection returning to the source during the actual signal tran­
sition and being included in the duration of the signal. For the 
case of an electrical length with tpd greater than 1 /2 of the rise/ 
fall time of the output signal, the reflection effects may be seen 
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directly. In severe cases, signal overshoot or undershoot can 
cause an invalid level to be seen at the load end at 3tpd· 

The formulas for determining reflection coefficients require 
knowledge of the output impedance of the device, the charac­
teristic impedance of the signal path, and the termination resis­
tance. The goal of termination is to guarantee that the output 
signal at the receiving end (load) has enough margin to keep 
reflection effects from causing a false level to be detected. In 
an ideal case, the termination resistance is equal to the char­
acteristic impedance of the line, and therefore, no reflection is 
generated at the load. In that one case, the impedance mis­
match at the source is of importance only for signal rise time, 
VoH and VoL considerations. 

The effect of additional distributed capacitance on a trans­
mission line is a reduction in impedance resulting in little 
change to tpd· This additional capacitance does, however, 
change the signal transition times resulting in a longer rise and 
fall time. 

OUTPUT BUFFERS 

The schematic drawing for a typical CMOS TTL output buff­
er is shown in Figure 3A. Figure 38 shows the equivalent cir­
cuit as actually implemented in many devices. The actual val­
ues for RoH and RoL vary from design to design but the range 
of values is similar. 

IN 

Figure 3A. Typical Output Buffer 

RQH=RPll RN 

100x325 = 760 
100+325 

Voo-VTN 

RN 

RDS(on) 
1000 

Voo 

NCHANNELi 
RDS(on) 

150 -=- Vss 

Figure 38. Effective Circuit 

OUT 

As can be seen from Figure 3, the output impedance of a 
TTL output buffer is different for high and low output signals. 
This relation, along with the choice of Voo level, termination 
resistance, and voltage determine the output high and low lev­
els the part will produce in the system. In a de condition with RL 

= 50 n =and VL = 1.5 V, the output voltages would be: 

voL = Vss + (VL - Vss) (~) 
RoL + RL 

VoL=0V+(1.5V-OV) ( 150 ) 
150+500 

VoL = 0.35 V (3) 

VoH = 1.5 V + ( 4.4 V - 1.5 V - 1.2 V 325 O ) 
100 0 + 325 0 

( 500 ) 
500+760 

VoH = 2.33 V (4) 

TRADITIONAL TTL OUTPUT LOAD SPECIFICATIONS 

The output loading typically specified in the industry until 
now is shown in Figure 4A. The load consists of a resistor net­
work and capacitance. The values for the network were cho­
sen to present a de load of 8 mA during an output low condition 

(VOL:;; 0.4 V) and -4 mA for an output high (VoH ~ 2.4 V). A 
5 V supply was chosen as the termination supply and a divider 
network was calculated to provide the specified currents. In 
addition, a lumped capacitive load of 30 pf was added to the 
output to represent input loading from other devices. In actual 
practice during testing, the load used is a Thevenin equivalent 
as shown in Figure 48, with capacitance being provided by the 

50 Q transmission line connection to the test head and the test 
fixture capacitance. 

5V 

4800 

2550 

Figure 4A. Typical TTL Load 

OUTPUT 

Zo=500 

RL= 1680 

VL=1.73V 

Figure 48. Thevenin Equivalent Test Load 
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en 
~ 
0 
;:::_ 
w 
(!) 
<( 

d 
> 
I-
:::J 
ll. 
I-
:::J 
0 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

--0.5 

-5 0 5 10 15 20 25 30 35 40 

TIME (ns) 

Figure 5. Output Waveforms with 

Thevenin Equivalent Test Load 

The calculated performance of this setup would be that of a 
transmission line with a Zo of 50 Q terminated to an RL of 168 Q 

at a VL of 1.73 V. This would be PL= (168 Q - 50 Q) I 
(168 Q + 50 Q) = 0.54. This means that ttie tN at the load 
would be 154% of the source /'J. V. Using the example output 
buffer with Voo = 5.0 V, the de VoL would be 0.14 Vand 
the incident VoH. using the 50 Q from Zo in place of RL, wou0ld 
be 2.67 V, giving a /'J.V of 2.53 V. This means that for a low to 
high going signal at the source, at time tpd later, the load would 
go to VoL + /'J.V + (/'J.V x 0.54), or 4.01 V. 

Figure 5 shows the actual measured waveform at the load 
end of a test fixture as described in Figure 4B. The tpd of the 
signal path is measured using a TDR (time domain reflectome­
ter) to be approximately 4 ns. Notice the reflection effects at 
each multiple oftpd on both waveforms. The actual measured 
waveforms differ from predicted results due to inductance in 
the ground and Voo path of the device being tested. 

In a testing environment, the tpd is subtracted from the time 
measured to give the actual output delay of the device (access 
time). Because of this, the distortions at the device output are 
of no concern. The ringing atthe load end, however, can cause 

OUTPUT 

Zo=500 

Figure 6. New High Frequency AC Test Load 

severe problems when trying to accurately test the speed of 
the parts. In the past, the access time has been measured from 
some mid-level voltage which is centered between the high 
and low output swing. This has the effect of giving the most 
noise margin to ringing output signals. However, this maxi­
mum noise margin does not guarantee that problems will not 
arise. 

NEW HIGH FREQUENCY AC TEST LOAD 

In order to properly test and guarantee the ac performance 
of these new fast static RAMs, it is necessary to change the 
conditions for ac loading to a load that will allow accurate eval­
uation of the device parameters. Because of this, the specified 
ac load is now a transmission line terminated with a resistor of 
the characteristic impedance of the line to a load voltage (see 
Figure 6). 

The calculated performance of this load in a normal test en­
vironmentwould be PL= (50 Q - 50 Q) I (50 Q + 50 Q) = 0.0. 
This means that the /'J. V at the load would be the same as the 
source /'J. V with no signal reflection. 

As seen in Figure 7, using a transmission line terminated to a 
load supply through a resistor equal to the characteristic im­
pedance of the line produces a load waveform which matches 
the source signal. Additionally, under ideal conditions, no re­
flection effects are produced with this load. This results in the 
maximum possible noise margin for both test and system envi­
ronments. In this test setup, power supply inductance causes 
some output noise which is seen at the load. 

Figures 8 and 9 are derating curves for calculating the ef­
fects of varying Co and RL. These curves are based on typical 
device performance and are not intended to be absolute worst 
case specifications. 
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Figure 7. Output Waveforms with High Frequency AC Test Load 
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Figure 8. Output Voltage as a Function of AL 
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CAPACITIVE LOADING (pF) 

Figure 9. Change in Output Rise and Fall Times 
for Lumped Capacitive Loads 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
QuickRAM™ II 
Fast Static RAM Family 

The QuickRAM Family of fast static RAMs is fabricated using Motorola's high­
performance silicon-gate CMOS technology. Static design eliminates the need 
for external clocks or timing strobes, while CMOS circuitry reduces power con­
sumption and provides for greater reliability. 

The product family includes devices with four different densities: 294,912 bits, 
262,144 bits, 73,728 bits, and 65,536 bits. 

These devices meet JEDEC standards for functionality and pinout, and are 
available in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 
• Fully Static - No Clock or Timing Strobes Necessary 

• Fast Access Times: 8, 10, 12, and 15 ns 
• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems - on MCM6205/06, MCM6209, MCM6264/65, and 
MCM6290 

• Low Power Operation: 150-180 mA Maximum AC 
• Fully TTL Compatible - Three State Output 

• Separate Data Input and Output on MCM6207 and MCM6287 

CONTENTS 
Page 

Family Maximum Ratings and DC Characteristics . • . • . . . . . • . • . . • . • . . 2 

Family AC Characteristics . • . . . . . . . . • . . . . . . • • . • . • . . . . . . . . • • . . 4 
Device Data (See Numerical Index) . • . . • . • . . • . • . . . . . • . • . . . . • . . . 8 
Package Dimensions • . . . • . • . • . • . . • . • . . . . • . • . . . • . • See Chapter 14 

Output Load Conditions . . . . . . • . . . . . . • . . . . . . . . . . . . • . • . . . . . . . 16 

DEVICE NUMERICAL INDEX (See Note) 

Part Number Access Times (ns) Organization Page 

MCM6205C-12, -15 12, 15 32Kx9 14 
MCM6206C-12. -15 12, 15 32Kx 8 12 
MCM6207C-10, -12 10, 12 256K x 1 8 
MCM6208C-10, -12 10, 12 64Kx4 10 
MCM6209C-10, -12 10, 12 64Kx40E 10 

MCM6264C-10, -12 10, 12 8Kx8 13 
MCM6265C-10, -12 10, 12 SK x 9 15 
MCM6287C-8, -10 8, 10 64Kx 1 9 
MCM6288C-8. -10 8, 10 16Kx 4 11 
MCM6290C-8, -10 8, 10 16Kx40E 11 

NOTE: Device Specifications for the faster access times are included to assist future system designs. 
Contact a Motorola Sales Representative for scheduled availability. 

QuickRAM is a trademark of Motorola, Inc. 

256K 

256K x 1 
MCM6207C-10, -12 

64Kx4 
MCM6208C-10, ·12 

64K x 4 with OE 
MCM6209C-10, -12 

32Kx8 
MCM6206C-12, ·15 

32Kx9 
MCM6205C-12, ·15 

64K 

64Kx 1 
MCM6287C-8, • 10 

16Kx4 
MCM6288C-8, -1 O 

16K x 4 with OE 
MCM6290C-8, • 10 

8Kx8 
MCM6264C-10, -12 

8Kx9 
MCM6265C-10, -12 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Relative to Vss Vee -0.5 to +7 v 
Voltage on Any Pin, Except Vee. Relative to Vss Vin .Vout - o.5 to Vee +0.5 v 
Output Current (per 1/0) lout ±30 mA 

Power Dissipation Po 1 w 

Temperature Under Bias Tbias -10to+B5 'C 

Operating Temperature TA o to +70 'C 

Storage Temperature-Plastic Tstg -55to +125 'C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the OPERATING CONDITIONS. Exposure to 
voltages higher than the operating voltages for extended periods of time could affect device 
reliability. 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 

This CMOS memory circuit has been designed to meet 
the de and ac specifications shown in the tables, after 
thermal equilibrium has been established. The circuit is 
in a test socket or mounted on a printed circuit board 
and transverse air flow of at least 500 linear feet per 
minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS (Vee= 5 V±10%, TA= o to +70'C, Unless Otherwise Noted) 

Parameter Conditions Symbol Min Max 

Supply Voltage Operating Voltage Range Vee 4.5 5.5 

Input High Voltage V1H 2.2 Vcc+o.3· 

Input Low Voltage V1L --0.s-· 0.8 

Input Leakage Current o v,; Vin,; Vee llkg(I) - ±1 

Output Leakage Current Output(s) Disabled, o V,; Vout,; Vee llkg(O) - ±1 

Output High Voltage loH =-4mA VoH 2.4 -
Output Low Voltage IOL=B mA VoL - 0.4 

.. VIL (min)= --0.5 V de, V1L (min)= -2 V ac (pulse width,; 20 ns) 

•v1H (max)= Vee+ 0.3 V de; V1H (max)= Vee+ 2 V ac (pulse width,; 20 ns) 
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POWER SUPPLY CURRENTS (AC Operating Conditions Unless Otherwise Noted) 

Density eonfig. Device Parameter Symbol -8 -10 -12 -15 Unit 

16Kx4 MCM6288C/90C AC Active Supply Current ice A 180 170 - - mA 

64Kx 1 MCM6287C (lout= o mA, Vee= Max, f = fmax) 170 160 - -
8Kx 8 MCM6264C - 170 150 -
8Kx9 MCM6265C - 170 150 -

All All AC Standby Current 1s01 55 50 45 40 mA 
64K (E = V1H. Vee= Max, f = fmax) 

All All CMOS Standby Current ls02 20 20 20 20 mA 
(Vee= Max. t = o MHz. 

E<: Vcc-0.2 v· 

Vin,; Vss +0.2 v. or 2: Vee ---0.2 V) 

64Kx4 MCM6208C/09C AC Active Supply Current iccA - 175 165 - mA 

256K x 1 MCM6207C (lout= 0 mA, Vee= Max, f = fmax) - 170 160 -
32Kx 8 MCM6206C - - 175 165 

32Kx 9 MCM6205C - - 180 170 

256K All All AC Standby Current ls01 - 60 55 50 mA 
(E = V1H. Vee= Max, f =I max) 

• All All CMOS Standby Current ls02 - 20 20 20 mA 
(Vee= Max, t = o MHz. 

E<:Vcc-o.2v· 

Vin,; Vss +0.2 v. or 2: Vee ---0.2 V) 

'For devices with multiple chip enables of opposite polarity, Ef 2: Vee - 0.2 V or E2,; Vss + 0.2 V 

CAPACITANCE (I = 1 MHz, dV = 3 V, TA = 25°C. Periodically sampled rather than 100% tested) 

Characteristic Symbol Max Unit 

Address and Data Input Capacitance Cin pF 
MCM6287C (64K x 1 ), MCM6288C/90C (16K x 4) 6 
MCM6264C (BK x 8), MCM6265C (BK x 9) 6 
MCM6207C (256K x 1 ), MCM6208C/09C (64K x 4) 6 
MCM6205C (32K x 9), MCM6206C (32K x 8) 6 

Control Pin Input Capacitance (E: G, W) Cin pF 
MCM6287C (64K x 1 ), MCM6288C/90C (16K x 4) 6 
MCM6264C (SK x 8), MCM6265C (BK x 9) 6 
MCM6207C (256K x 1 ), MCM6208C/09C (64K x 4) 6 
MCM6205C (32K x 9), MCM6206C (32K x 8) 8 

Output Capacitance Cout pF 
MCM6287C (64K x 1 ), MCM6288C/90C (16K x 4) 7 
MCM6264C (BK x 8), MCM6265C (SK x 9) 7 
MCM6207C (256K x 1 ), MCM6208C/09C (64K x 4) 8 
MCM6205C (32K x 9), MCM6206C (32K x 8) 8 

"For devices with multiple chip enables, Ef and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5 V ±10%, TA = o to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . 1 .5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . Oto 3 V 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ns 

Output Timing Measurement Reference Level 1.5 V 
Output Load ......... Figure 1 A Unless Otherwise Noted 

READ CYCLE (See Notes 1 and 2) 

Product Family Configuration Density 

MCM62SSC and MCM6290C 16K x4 

MCM62S7C 64K x 1 64K 

MCM6264C SK x S 

MCM6265C SK x9 

MCM620SC and MCM6209C 64Kx4 

MCM6207C 256K x 1 256K 

MCM6206C 32K xS 

MCM6205C 32Kx9 

Symbol -8 -10 -12 -15 

Parameter Std Alt Min Max Min Max Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRC s - 10 - 12 - 15 - ns 3 

Address Access Time tAVQV tAA - s - 10 - 12 - 15 ns 

Enable Access Time tELOV tACS - 8 - 10 - 12 - 15 ns 4 

Output Enable Access Time tGLQV tQE - 4 - 5 - 6 - 8 ns 

Output Hold from Address Change tAXQX tQH 4 - 4 - 4 - 4 - ns 

Enable Low to Output Active tELOX tCLZ 4 - 4 - 4 - 4 - ns 5,6,7 

Output Enable Low to Output Active tGLQX toLZ 0 - 0 - 0 - 0 - ns 5,6,7 

Enable High to Output High-Z tEHQZ tcHZ 0 4 0 5 0 6 0 8 ns 5,6,7 

Output Enable High to Output High-Z tGHOZ tQHZ 0 4 a 5 a 6 0 7 ns 5,6,7 

Power Up Time tEUCCH tpu a - 0 - 0 - a - ns 

Power Down Time tEHICCL tpo - 8 - 10 - 12 - 15 ns 

NOTES: 
1. Wis high for read cycle. 
2. For devices with multiple chip enables, Ef and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
3. All timings are referenced from the last valid address to the first transitioning address. 
4. Addresses valid prior to or coincident with E going low. 
5. At any given voltage and temperature, tEHQZ max < tELQX min, and tGHQZ max < tGLQX min, both for a given device and from 

device to device. 
6. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 
7. This parameter is sampled and not 100% tested. 

8. Device is continuously selected. E ~ V1L and G ~Vil· 
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READ CYCLE 1 (See Note 8) 

---~·---------~ tAVAv~-------------0~ ~----
A(ADDRESS) 

tAxax-

Q (DATA OUT) PREVIOUS DATA VALID DATA VALID 

READ CYCLE 2 (See Notes 2 and 4) 

tAVAV ------------"'1 
A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

O(DATA OUT)----+----+----4- DATA VALID 

Vee 
SUPPLYCURRENT lssi--------....lf" 

AC TEST LOADS 

OUTPUT 

Zo=500 

See Output Load Conditions, page 18. 

Figure 1A 

TIMING PARAMETER ABBREVIATIONS 

t x x x x 

signal name from which interval is defined I I I 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition_to low 
V = transition to valid 
X = transition to invalid or don't care 
Z =transition to off (high impedance) 

a 

2550 

Figure 18 

TIMING LIMITS 

+5 v 

4800 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the 
external system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from ihe memory are specified from the device point of view. Thus, 
the access time is shown as a maximum since the device output will 
be valid no later than that time. 
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WRITE CYCLES 

Product Family Configuration Density 

MCM6288C and MCM6290C 16Kx 4 

MCM6287C 64Kx 1 64K 

MCM6264C BK x 8 

MCM6265C 8Kx 9 

MCM6208C and MCM6209C 64K x4 

MCM6207C 256K x 1 256K 

MCM6206C 32K x 8 

MCM6205C 32K x 9 

WRITE CYCLE 1 (W Controlled) (See Notes 1, 2, and 3) 

Symbol -8 -10 -12 -15 

Parameter Std Alt Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 8 - 10 - 12 - 15 - ns 4 

Address Setup Time tAVWL tAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 8 - 9 - 10 - 12 - ns 

Write Pulse Width twLWH· twp 8 - 9 - 10 - 12 - ns 
twLEH 

Write Pulse Width, G High twLWH. twp 6 - 7 - 8 - 10 - ns 5 
(Output Enable devices) twLEH • Data Valid to End of Write tovwH tow 4 - 5 - 6 - 7 - ns 

Data Hold Time tWHOX toH 0 - 0 - 0 - 0 - ns 

Write Low to Output High-Z twLQZ twz 0 4 0 5 0 6 0 7 ns 6,7,8 

Write High to Output Active tWHQX tow 4 - 4 - 4 - 4 - ns 6,7,8 

Write Recovery Time twHAX twR 0 - 0 - 0 - 0 - ns 

WRITE CYCLE 2 (E Controlled) (See Notes 1, 2, and 3) 

Symbol -8 -10 -12 -15 

Parameter Std Alt Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 8 - 10 - 12 - 15 - ns 4 

Address Setup Time tAVEL IAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 8 - 9 - 10 - 12 - ns 

Enable to End of Write IELEH> tcw 6 - 7 - 8 - 10 - ns 9,10 
tELWH 

Data Valid to End of Write tOVEH tow 4 - 5 - 6 - 7 - ns 

Data Hold Time tEHOX toH 0 - 0 - 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
3. For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
4. All timings are referenced from the last valid address to the first transitioning address. 

5. For Output Enable devices, if G ~ V1H. the output will remain in a high impedance state. 
6. At any given voltage and temperature, twLOG max< twHOX min, both for a given device and from device to device. 
7. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 
8. This parameter is sampled and not 100% tested. 
9. If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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WRITE CYCLE 1 (See Note 2) 

--------- IAVAV ---------• 
~~~~1 ~--------

A(ADDRESS) 

1.-------- I AVWH --------11+<~1- t WHAX 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D(DATAIN) DATA VALID 

Q(DATAOUT) 
HIGHZ 

WRITE CYCLE 2 (See Note 2) 

IAVAV 

A(ADDRESS) 'I{ 
I\_ 

IAVEH 

E (CHIP ENABLE) ' -IAVEL-1\._ 
f 

W (WRITE ENABLE) 

1---- t ELEH - j. IEHAX• 
IELWH 

If .J 
IDVEH-

D(DATAIN) xxxxxxxxxxxxxxxxxf __ _ IEHDX 

HIGH-Z 
Q(DATAOUT) --------------------------------
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.____2_56_K_x_1_Bi_t _Fa_s_t _St_a_tic_RA_M_~l l~_M_C_M_62_0_7C_~ 

A1 

A2 

A3 

A4 

A6 

A14 

A15 

A16 

AO-A17 
E 
w. 
D . . . 

ROW 
DECODER 

........ 

MEMORY MATRIX 
256 ROWS x 

1024 x 1 COLUMNS 

COLUMN 1/0 

-vcc 

-vss 

COLUMN DECODER 

AO AS A7 AB A9 A10 A11 A12 A13 A17 

PIN NAMES 

Q 

Address Input Q .................. Data Output 
Chip Enable Vee ....... +5 V Power Supply 

Write Enable Vss · Ground 
.............. Data Input 

- \ 
' 

2 

PPACKAGE 
300 MIL PLASTIC 

CASE 724A 

".,,'°"'°' 300 MILSOJ 
CASE 810A 

PIN ASSIGNMENT 

AO 1 • 24 vcc 

A1 2 23 A17 

A2 3 22 A16 

21 A15 

A4 5 20 A14 

19 A13 

1B A12 

A7 8 17 A11 

AB 9 16 A10 

Q 10 15 A9 

w 11 14 D 

MCM6207C TRUTH TABLE (X =don't care) Vss 12 13 E 

E w Mode Vee Current Output Cycle 

H x Not Selected 1ss1. 1ss2 High-Z -
L H Read Ice A Dout Read Cycle 
L L Write ice A High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6207 C X XX XX 

Motorola Memory Prefix -==:r- T T T T -[Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number L_ Speed (12 = 12 ns) 
Rev1s1on -------~ 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6207CP12 MCM6207CJ1 2 MCM6207CJ12R2 
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64K x 1 Bit Fast Static RAM 

A1 

A3 

A4 

A5 
ROW 

A6 DECODER 

A13 

A14 

A15 

MEMORY MATRIX 
256 ROWSx 

256 x 1 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

-vcc 

-vss 

Q 

AO A2 A7 AS A9 A10 A11 A12 

PIN NAMES 

AO-A 15 ............... Address Input Q .. .. .. .. .. .. .. .. .. .. . Data Output 
E . . . . . . . . . . . . . . . . . . . . . Chip Enable Vee .............. +5 V Power Supply 
W .................... Write Enable Vss ....................... Ground 
D ....................... Data Input NC . . . . . . . . No Connection 

MCM6287C TRUTH TABLE (X =don't care) 

E w Mode VccCurrent Output Cycle 

H x Not Selected 1ss1. 1ss2 High-Z -
L H Read iccA Dout Read Cycle 
L L Write iccA High-Z Write Cycle 

11 
MCM6287C 

--~UG' 300 MIL PLASTIC 
CASE 736A 

24~PACKAGE 
300 MILSOJ 
CASE 810A 

DUAL-IN-LINE 

AO 1• 22 Vee 

A1 2 21 A15 

A2 3 20 A14 

A3 4 19 A13 

A4 5 1B A12 

A5 6 17 A11 

A6 7 16 A10 

A7 B 15 A9 

Q 9 14 AB 

w 10 D 

Vss 11 E 

SOJ 

AO 1• 24 Vee 

A1 2 23 A15 

A2 3 22 A14 

A3 4 21 A13 

A4 5 20 A12 

AS 6 19 NC 

NC 7 1B A11 

A6 B 17 A10 

A7 9 16 A9 

Q 10 15 AB 

w 11 14 D 

Vss 12 13 E 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6287 C X XX XX 

Motorola Memory Prefix -=:::y- T T T T -[ Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part RNumber J L_ Speed (10 = 10 ns) 
ev1s1on 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6287CP10 MCM6287CJ10 MCM6287CJ1 OR2 
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64K x 4 Bit Fast Static RAMs 

-vcc 

-vss 

MEMORY MATRIX 
256 ROWS x 

256 x 4 COLUMNS 

002•-..+-H ~:>-t1 

003--.++IH ~­
-L,~--~ AO A5 A7 AS A9 A10 A11 A15 

w 
MCM6209 G----. _ _, 

ONLY 

PIN NAMES 

AO-A 15 . . Address Input 
D00-003 . . . . . . Data lnpuVOutput 
W. . . . .. Write Enable 
G (MCM6209C) ......... Output Enable 

MCM6208C TRUTH TABLE (X =don't care) 

E ... 
NC .. 
Vee .. 
Vss 

E w Mode Vee Current 

H x Not Selected 1s01. ls02 
L H Read ice A 
L L Write ice A 

MCM6209C TRUTH TABLE (X =don't care) 

E G w Mode Vee Current 

H x x Not Selected ls91. ls02 
L H H Output Disabled ice A 
L L H Read ice A 
L x L Write iccA 

. . . Chip Enable 
No Connection 

....... +5 V Power Supply 
.................. Ground 

Output Cycle 

High-Z -
Dout Read Cycle 

High-Z Write Cycle 

Output Cycle 

High-Z -
High-Z -
Dout Read Cycle 

High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 62XX C X XX XX 

MCM6208C 
MCM6209C 

MCM6208C . ·. .,.,, 

~24 
24 GE 1 J PACKAGE 

1 300 Mil PLASTIC 300 MIL SOJ 
CASE 724A CASE 810A 26.,,. 

1 
J PACKAGE 
300 MIL SOJ 
CASE 8108 

MCM6209C 
NC 1• 2S Vee 

AO 27 A15 

A1 A14 

A2 4 A13 

A3 A12 

A4 A11 

A5 A10 

AG NC 

A7 9 NC 

AS 10 DOO 

A9 11 001 

E 12 002 

G 13 003 

Vss 14 w 
MCM6208C 

AO 1• Vee 

A1 A15 

A2 3 A14 

A3 4 21 A13 

A4 5 A12 

A5 6 A11 

A6 7 A10 

A7 s 000 

AS 9 001 

A9 10 002 

E 11 003 

12 w 

Motorola Memory Prefix ~ T T T T -[Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number L_ Speed (12 = 12 ns) 
Rev1s1on --------

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6208CP12 MCM6208CJ12 MCM6208CJ12R2 
MCM6209CP12 MCM6209CJ12 MCM6209CJ12R2 
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16K x 4 Bit Fast Static RAMs 

-vcc 
-vss 

MEMORY MATRIX 
256ROWSx 

64 x 4 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

AO A2 A? AB A9 A10 

w 
MCM6290 G ----. _ _,, 

ONLY 

PIN NAMES 

AO-A 13 . . Address Input E. 
NC 

Vee 
Vss · 

. . . . . . . . . . . . . . . Chip Enable 
DOO-D03 .......... Data Input/Output 
W . . . . .. Write Enable 
G (MCM6290C) ......... Output Enable 

MCM6288C TRUTH TABLE (X =don't care) 

E w Mode Vee Current 

H x Not Selected 1ss1. 1ss2 
L H Read iccA 
L L Write lccA 

MCM6290C TRUTH TABLE (X =don't care) 

E G w Mode Vee Current 

H x x Not Selected 1ss1. 1ss2 
L H H Output Disabled iccA 
L L H Read iccA 
L x L Write iccA 

No Connection 
...... +5 V Power Supply 

Ground 

Output Cycle 

High-Z -
Daul Read Cycle 

High-Z Write Cycle 

Output Cycle 

High-Z -
High-Z -
Dout Read Cycle 

High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 62XX C X XX XX 

MCM6288C 
MCM6290C 

~ 
P PACKAGE 

I'' I 
PLASTIC 

22 J r' ' ' CASE 738A 

I'' '' , 

MC~ P PACKAGE 
300 MIL PLASTIC 

.. I I CASE 724A 

MC:~ J PACKAGE 
300 MIL SOJ 
CASE 810A , 

MCM6288C 

AO 1• 22 Vee 
A1 2 21 A13 

A2 3 20 A12 

A3 4 19 A11 

A4 5 1S A10 

AS 6 17 A9 

A6 7 16 DOO 

A? 8 15 D01 

AS 9 14 D02 

E 10 13 D03 

Vss 11 12 w 
MCM6290C 

AO 1• 24 vcc 
A1 2 23 A13 

A2 3 22 A12 

A3 4 21 A11 

A4 5 20 A10 

AS 6 19 A9 

A6 7 1S NC 

A? s 17 DOO 

AS 9 16 D01 

E 10 15 D02 

G 11 14 D03 

Vss 12 13 

· ~ -rTT --r- -r--
Motoroia Memory Prefix I I I I '- Shipping Method (R2 = Tape & Reel, Blank= Rails) 

Part Number . Speed (10 = 10 ns) 
Rev1s1on ---------' 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers-MCM6288CP10 MCM6290CP10 MCM6290CJ10 MCM6290CJ1 OR2 
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'--~3_2_K_x_8_B_i_t_Fa_s_t_St_a_tic~R_A_M~~l~I ~M_C_M_62_0_6C~~ 

AO-A14 . 
DOO-DQ7 
w. 
G .... 

MEMORY MATRIX 
256 ROWS x 

128 x 8 COLUMNS 

COLUMN 110 

COLUMN DECODER 

Vee 

Vss 

A1 A2 A5 A10 A12 A13 A14 

PIN NAMES 

.. Address Input 
..... Data Input/Output 

...... Write Enable 
. . Output Enable 

E.. 
Vee 
Vss ... 

Chip Enable 
. .... +5 V Power Supply 

. ..... Ground 

A14 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

MCM6206C TRUTH TABLE (X =don't care) DOO 

E G w Mode Vee Current Output Cycle D01 

H x x Not Selected 1ss1. 1ss2 High-Z - D02 

L H H Output Disabled ice A High-Z - Vss 
L L H Read ice A Dout Read Cycle 

L x L Write Ice A High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6206 C X XX XX 

NP PACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJ PACKAGE 
300 MIL SOJ 
CASE810B 

PIN ASSIGNMENT 

1• 28 Vee 

27 w 
26 A13 

4 25 AB 

5 24 A9 

23 A11 

7 22 G 
8 21 A10 

9 20 E 
10 19 D07 

11 18 D06 

12 17 DOS 

13 16 D04 

14 15 D03 

M~torola Memory Prefix -=:r- T T T T -[Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Part Number L_ Speed (15 = 15 ns) 
Rev1s1on -------~ 

Package (NP= 300 mil Plastic DIP, NJ= 300 mil SOJ) 

Full Part Numbers-MCM6206CNP15 MCM6206CNJ15 MCM6206CNJ15R2 
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~ __ 8K_x_8_B_it_F_a_st_S_t_at_ic_R_A_M __ ~l l~_M_C_M_62_6_4_C~ 

AO-A12 
DQO-DQ7 .... 
W. 
G ... 

MEMORY MATRIX 
25S ROWS x 

32 x 8 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

AO A1 AS A10 A12 

Vee 

Vss 

PIN NAMES 

. . . Address Input 
Data Input/Output 
.... Write Enable 
... Output Enable 

E1, E2 .. 
NC .. 

Vee 
Vss .. 

. . . . . . . . . Chip Enable 
No Connecti.On 

. ... +5 V Power Supply 
. ... Ground 

NC 

A12 

A7 

AS 

AS 

A4 

A3 

A2 

A1 

AO 
MCM6264e TRUTH TABLE (X =don't care) 

DQO 
E1 E2 G w Mode Vee Current Output Cycle 

DQ1 
H x x x Not Selected ls91. 1592 High-Z -
x L x x Not Selected 1s01. 1ss2 High-Z -
L H H H Output Disabled ice A High-Z -

DQ2 

Vss 

L H L H Read ice A Dout Read Cycle 
L H x L Write Ice A High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6264 C X XX XX 

P PACKAGE 
300 MIL PLASTIC 

CASE 7108 

NJPAeKAGE 
300MILSOJ 
CASE 8108 

PIN ASSIGNMENT 

1• 28 Vee 

2 27 w 
3 26 E2 

4 25 AB 

5 24 A9 

6 23 A11 

7 22 G 

8 21 AID 

20 Ef 
10 19 DQ7 

11 18 DOS 

12 17 DQ5 

13 16 DQ4 

14 15 DQ3 

Motorola Memory Prefix _=i-- T J T T -[Shipping Method (R2 =Tape & Reel, Blank= Rails) 
PartNumber l_8 · 12 12 ) 

Revision I peea ( = ns 

Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6264CP12 MCM6264CNJ12 MCM6264CNJ12R2 
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.__~_32_K_x~9_B_it_F_a_st_S_t_at_ic~R_A_M~~ll.___M_C_M_6_2_05_C~~ 

AO-A14 ... 
000-DOS 
w 
G ......... . 

ROW 
DECODER 

MEMORY MATRIX 
256 ROWS x 

12S x 9 COLUMNS 

COLUMN 110 

COLUMN DECODER 

Vee 

Vss 

A1 A2 A5 AS A12 A13 A14 

PIN NAMES 

Address Input 
. . Data Input/Output 

......... Write Enable 
... Output Enable 

E1, E2 . . . . . . . . . . . . . . . . . Chip Enable 
NC . . . . . No Connection 
Vee ...... +5 V Power Supply 
Vss.... Ground 

.. ~ ~~:U:~~KAGE 
1 300 MIL PLASTIC 

NC 

NC 

AS 

A7 

AS 

A5 

A4 

A3 

A2 

A1 

AO 

CASE 853 

NJ PACKAGE 
300 MIL SOJ 

CASE857 

PIN ASSIGNMENT 

1• 32 Vee 

2 31 A14 

3 30 E2 

4 29 w 
5 28 A13 

6 27 A9 

7 26 A10 

8 25 A11 

9 24 G 
10 23 A12 

11 22 E1 
MCM6205C TRUTH TABLE (X =don't care) 000 12 21 008 

E1 E2 G w Mode Vee Current Output Cycle 001 13 20 DQ7 

H x x x Not Selected lss1. 1ss2 High-Z - 002 14 19 D06 

x L x x Not Selected lss1. 1ss2 High-Z - 003 15 18 D05 
L H H H Output Disabled iccA High-Z -
L H L H Read ice A Dout Read Cycle Vss 16 17 D04 

L H x L Write iccA High-Z Write Cycle 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6205 C X XX XX 

Motorola Memory Prefix __-==r-- T T T T -[ Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Nu~ber L_ Speed (15 = 15 ns) 
Rev1s1on -------~ 

Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6205CNP15 MCM6205CNJ15 MCM6205CNJ15R2 
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.___ __ 8K_x_9_B_it_F_a_st_S_t_at_ic_R_A_M __ __,J .__I _M_C_M_62_6_5_C__, 

A2--1..;;?---; 

A3--1 .,c---, 

A4--·-~ 

ROW 
A7--f..;;?---;DECODER 

A9 --1.,c---, 

MEMORY MATRIX 
256 ROWS x 

32 x 9 COLUMNS 

COLUMN 1/0 

COLUMN DECODER 

AO A1 A6 AB A12 

Vee 

Vss 

PIN NAMES 

AO-A 12 . . Address Input 
DQO-DdB . . . . . . . . . . Data Input/Output 
W . . . . ........ Write Enable 
G . . ... Output Enable 

MCM6265C TRUTH TABLE (X =don't care) 

El E2 G w Mode 

H x x x Not Selected 
x L x x Not Selected 
L H H H Output Disabled 
L H L H Read 
L H x L Write 

El, E2 Chip Enable 
Vee ............. +5 v Power Supply 
Vss........ Ground 

Vee Current Output Cycle 

1ss1. 1ss2 High-Z -
1ss1. lss2 High-Z -

lccA High-Z -
iccA Dout Read Cycle 

lccA High-Z Write Cycle 

.""""""1 
1 PPACKAGE 

AB 

Al 
A6 

AS 

A4 

A3 

A2 

A1 

AO 

DQO 

D01 

D02 

003 

Vss 

300 MIL PLASTIC 
CASE 7108 

28.,. 
NJ PACKAGE 
300 MILSOJ 
CASE 8108 

PIN ASSIGNMENT 

,. 2B Vee 

2 27 w 
3 26 E2 

4 25 A9 

5 24 A10 

6 23 A11 

7 22 G 
B 21 A12 

9 20 IT 
10 19 DOB 

11 1B 007 

12 17 D06 

13 16 005 

14 15 004 

ORDERING INFORMATION (Order by Full Part Number) 

MCM 6265 C X XX XX 

Motorola Memory Prefix -==:r- T T T T -[Shipping Method (R2 =Tape & Reel, Blank= Rails) 

Part Number I I l____ Speed (12 = 12 ns) 
Rev1s1on I 

Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 

Full Part Numbers-MCM6265CP12 MCM6265CNJ12 MCM6265CNJ12R2 
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OUTPUT LOAD CONDITIONS 
INTRODUCTION 

This review describes the ac loading used for testing this 
family of parts. Component test engineers should pay careful 
attention to the test conditions and derating curves for devi­
ations from the specified load. This information is also applica­
ble for system engineers calculating required device speed for 
a given environment. This information will help the user make 
the appropriate choice of device performance for their needs. 

As device access times decrease; so do output transition 
times. With faster rise and fall times come additional problems 
associated with output and signal path impedances. In any 
system running at frequencies where the propagation delay of 
a signal path (tpd) is greater than 1 /2 of the total signal transi­
tion time, transmission line effects will be seen on the signal. 
This results in overshoot and undershoot at the load end of a 
conductor, which can cause problems in testing, or in actual 
use of the device. This discussion gives a brief overview of the 
factors contributing to these effects, and the measures that 
can be used to predict or eliminate them. For a detailed discus­
sion of both PC board layout considerations and applicable 
transmission line theory, consult the MECL System Design 
Handbook, publication HB205R1, Motorola, Inc., 1983. 

DEFINITION OF TERMS 

tpd Propagation delay in seconds 

Lo Inductance in henries/meter 

Co Capacitance in farads/meter 

RL Load resistance in ohms 

RDS(on) Resistance from drain to source of a FET device 
when on 

Ro Output resistance in ohms. For CMOS devices, this 
is the Ros( on) resistance of the output devices. 

ROH 

RoL 

PL 

PS 

Output resistance for a high, or "1 ",signal from the 
device 

Output resistance for a low, or "O", signal from the 
device 

Reflection coefficient of the load end of a signal 

Reflection coefficient of the source end of a signal, 
the device output 

VL Termination voltage of the load resistor in a trans­
mission line termination network 

TRANSMISSION LINE OVERVIEW 

What is a transmission line and how does it affect output 
waveforms? In simple terms, a transmission line is a signal 
path that exhibits a characteristic impedance. The type of lines 
discussed in this paper are primarily microstrip (Figure 2A) and 
stripline signal paths (Figure 2B) found in most PC boards 
today. The inductance and capacitance of these lines are a 
function of the line thickness and width in combination with the 
dielectric properties of the PC board material and the distance 
of the line from the ground plane. The impedance of the line is 
determined by these characteristics and the additional distrib­
uted capacitance from other devices on the line. 

b 

t = 0.0015" for 1 oz Cu 
0.0030" for 2 oz Cu 

DIELECTRIC 

Figure 2A. Mlcrostrip Signal Path 

w--.. 

GROUND PLANE 

DIELECTRIC 

GROUND PLANE 

Figure 28. Strlpline Signal Path 

The characteristic impedance of a microstrip or stripline 
path is given by the formula z0 = .Y Lo I Co. The propagation 

delay of the path, tpd· is tpd = .Y Lo Co x length = Zo Co 

x length. For example, the propagation delay of a 
microstrip line on G1 O epoxy/glass material is approxi­
mately 1. 76 ns/ft, while the delay for a stripline is about 2.27 
ns/ft. 

The effect of a transmission line on a device output depends 
on the electrical length of the line. In all cases, a signal traveling 
down the line will be affected atthe end of the line if it is not ter­
minated with a resistor of the characteristic impedance of the 
line. The amount of effect is determined by the reflection coeffi­

cient of the load, PL· where: 

( RL -Zo) 
PL= RL + Zo (1) 

This reflection occurs at a time tpd after a change at the 
source of the signal. Asimilar reflection occurs at 2tpd alter this 
new signal has returned from the load to the source, and is de­

termined by the source reflection coefficient, p5, where: 

( Ro-zo) 
Ps= Ro+Zo (2) 

Ro is the output resistance of the device. In the case of an 
electrical line length with tpd less than 1/2 ofthe rise/fall time of 
the output signal, the transmission line effects are seen as a 
delay of the signal transition times. This is caused by the load 
reflection returning to the source during the actual signal tran­
sition and being included in the duration of the signal. For the 
case of an electrical length with tpd greater than 1 /2 of the rise/ 
fall time of the output signal, the reflection effects may be seen 
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directly. In severe cases, signal overshoot or undershoot can 
cause an invalid level to be seen at the load end at 3tpcJ. 

The formulas for determining reflection coefficients require 
knowledge of the output impedance of the device, the charac­
teristic impedance of the signal path, and the termination resis· 
tance. The goal of termination is to guarantee that the output 
signal at the receiving end {load) has enough margin to keep 
reflection effects from causing a false level to be detected. In 
an ideal case, the termination resistance is equal to the char· 
acteristic impedance of the line, and therefore, no reflection is 
generated at the load. In that one case, the impedance mis· 
match at the source is of importance only for signal rise time, 
VoH and VoL considerations. 

The effect of additional distributed capacitance on a trans· 
mission line is a reduction in impedance resulting in little 
change to tpd· This additional capacitance does, however, 
change the signal transition times resulting in a longer rise and 
fall time. 

OUTPUT BUFFERS 

The schematic drawing for a typical CMOS TTL output buff· 
er is shown in Figure 3A. Figure 38 shows the equivalent cir· 
cuit as actually implemented in many devices. The actual val· 
ues for RoH and RoL vary from design to design but the range 
of values is similar. 

IN 

Figure 3A. Typical Output Buffer 

AoH=APll AN 

100x325 =l6 fl 
100+325 

Voo-VTN 

AN 
ADS(on) 

100fl 

Voo 

Vss 

Figure 38. Effective Circuit 

OUT 

As can be seen from Figure 3, the output impedance of a 
TTL output buffer is dillerent for high and low output signals. 
This relation, along with the choice of Voo level, termination 
resistance, and voltage determine the output high and low lev­
els the part will produce in the system. In adc condition with RL 
= 50 Q =and VL = 1.5 V, the output voltages would be: 

VoL = Vss + (VL - Vssl (~) 
AoL +AL 

VoL=0V+(1.5V-OV) ( 15fl ) 
15fl+50fl 

VoL = 0.35 V (3) 

( 325fl ) VoH=1.5.V+ 4.4V-1.5V-1.2V -----
100 fl+ 325 fl 

( 50fl ) 
50fl+76fl 

VoH = 2.33 V (4) 

TRADITIONAL TTL OUTPUT LOAD SPECIFICATIONS 
The output loading typically specified in the industry until 

now is shown in Figure 4A. The load consists of a resistor net· 
work and capacitance. The values for the network were cho· 
sen to present a de load of 8 mA during an output low condition 
(VOL~ 0.4 V) and -4 mA for an output high (VOH ?! 2.4 V). A 
5 V supply was chosen as the termination supply and a divider 
network was calculated to provide the specified currents. In 
addition, a lumped capacitive load of 30 pF was added to the 
output to represent input loading from other devices. In actual 
practice during testing. the load used is a Thevenin equivalent 
as shown in Figure 48, with capacitance being provided by the 
50 n transmission line connection to the test head and the test 
fixture capacitance. 

5V 

480fl 

255fl 

Figure 4A. Typical TTL Load 

OUTPUT 

Zo=50tl 

AL= 168fl 

VL= 1.73V 

Figure 48. Thevenin Equivalent Test Load 
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4.0 

3.5 

3.0 

Ci) ,.. 2.5 
_J 

0 
2:. 2.0 w 
Cl 
;:!: 1.5 
_J 

0 
> ,.. 1.0 
:::;) 
0.. ,.. 

0.5 :::;) 

0 

0.0 

-0.5 

-5 0 5 10 15 20 25 30 35 40 

TIME (ns) 

Figure 5. Output Waveforms with 

Thevenin Equivalent Test Load 

The calculated performance of this setup would be that of a 
transmission line with a Zo of 50 n terminated to an RL of 168 n 
at a VL ol 1.73 V. This would be PL; (168 n-50 n) I 
(168 n + 50 n); 0.54. This means that the AV at the load 
would be 154% of the source AV. Using the example output 
buffer with Voo; 5.0 V, the de VoL would be 0.14 V and 
the incident VoH. using the 50 n from Zo in place of RL. would 
be 2.67 V, giving a AV of 2.53 V. This means that for a low to 
high going signal atthe source, attime tpd later, the load would 
go to VoL+ AV+ (AV x 0.54), or 4.01 v. 

Figure 5 shows the actual measured waveform at the load 
end of a test fixture as described in Figure 4B. The tpd of the 
signal path is measured using a TDR (time domain reflectome­
ter) to be approximately 4 ns. Notice the reflection effects at 
each multiple of tpd on both waveforms. The actual measured 
waveforms differ from predicted results due to inductance in 
the ground and Voo path of the device being tested. 

In a testing environment, the tpd is subtracted from the time 
measured to give the actual output delay of the device (access 
time). Because of this, the distortions at the device output are 
of no concern. The ringing at the load end, however, can cause 

OUTPUT 

Zo;50Q 

Figure 6. New High Frequency AC Test Load 

severe problems when trying to accurately test the speed of 
the parts. In the past, the access time has been measured from 
some mid-level voltage which is centered between the high 
and low output swing. This has the effect of giving the most 
noise margin to ringing output signals. However, this maxi­
mum noise margin does not guarantee that problems will not 
arise. 

NEW HIGH FREQUENCY AC TEST LOAD 

In order to properly test and guarantee the ac performance 
of these new fast static RAMs, it is necessary to change the 
conditions for ac loading to a load that will allow accurate eval­
uation of the device parameters. Because of this, the specified 
ac load is now a transmission line terminated with a resistor of 
the characteristic impedance of the line to a load voltage (see 
Figure 6). 

The calculated performance of this load in a normal test en­
vironmentwould be PL; (50 n - 50 n) I (50 n + 50 n) ; 0.0. 
This means that the tN at the load would be the same as the 
source AV with no signal reflection. 

As seen in Figure 7, using a transmission line terminated to a 
load supply through a resistor equal to the characteristic im­
pedance of the line produces a load waveform which matches 
the source signal. Additionally, under ideal conditions, no re­
flection effects are produced with this load. This results in the 
maximum possible noise margin for both test and system envi­
ronments. In this test setup, power supply inductance causes 
some output noise which is seen at the load. 

Figures 8 and 9 are derating curves for calculating the ef­
fects of varying Co and RL. These curves are based on typical 
device performance and are not intended to be absolute worst 
case specifications. 
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4.0 

3.5 

3.0 

Cii 
I-
-' 
0 ;::. 2.0 
w 
(!l 

~ 1.5 

0 
> 1.0 
I-
:::> 
0. 
I-
:::> 
0 

0.0 

-0.5 

-1.0 
-10 -5 0 5 10 15 20 25 30 35 40 

TIME (ns) 

Figure 7. Output Waveforms with High Frequency AC Test Load 

5 

4 

ii) 3 
I-
-' 
0 2 
;::. /'··--.•. w 
(!l 

~ 
-' 
0 0 > 
I-
:::> -1 0. 
I-
:::> 
0 -2 -500 

' I ...... , ...... 1000 
~ ' I -1680 -3 
' ' ' I ,,,,,,. oon 
~ I 

-4 
~ 

TIME (ns) 

Figure 8. Output Voltage as a Function of Rt 
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3.5 

"' ~.s 
2.5 w<JJ 

(!)W 
z::;; 2 
~~ 
u::J 1.5 -·< 
:a~ 
.:w 

<i !!! 
a: 

0.5 

0 

..! 
Lr 

.2' 
I""' .L'1 

I' ........ 1 
£/ 

""' '!----i 
.£., 

0 10 20 30 40 50 60 70 

CAPACITIVE LOADING (pF) 

Figure 9. Change in Output Rise and Fall Times 
for Lumped Capacitive Loads 
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FAST STATIC RAM MODULES 
Motorola Address/ Operating 

Organl· Part Pin Cycle Time Current Tech-
Density_ zatlon Number Count Pack!ll!'!S. J.ns Ma!)_ _(mA ma& no logy_ 

2M 64Kx32 MCM3264Z 64 ZIP 20/25/30 1200/1120/1040 1-tCM:S 
256Kxe MCM8256Z 60 ZIP 20/25/30 1200/1120/1040 1-tCM:S 

3M 2X64Kx24 MCM2464Z 58 ZIP 22/27 1680/1560 1-tCM:S 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
2 x 64K x 24 Bit Static Random 
Access Memory Module 

The MCM2464 is a 3M bit static random access memory module organized as two 
banks of 65,536 words each with 24 bits. The module is a 58 lead zig-zag in-line mod­
ule consisting of twelve MCM6208 fast static RAMs packaged in 24 J-lead small outline 
package (SOJ) and mounted on a board along with twelve decoupling capacitors. 

The MCM6208 is a high-performance CMOS fast static RAM organized as 65,536 
words of 4 bits, fabricated using high performance silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes. while CMOS circuitry 
reduces power consumption and provides for greater reliability. 

The MCM2464 is equipped with separate write enable (W1 and W2) and chip enable 
(E1 and E2) control inputs for each bank, allowing for greater system flexibility. The Ex 
input. when high. will force the outputs of bank x to high impedance. 

• Single 5 V ± 8% Power Supply 

• Fast Access Time: 22/27 ns 

• Equal Address and Chip Enable Access Time 

• Three-State Outputs 

• Fully TTL Compatible 

• Power Operation: 1680/1560 mA Maximum. Active AC 

• High Board Density ZIP Module 

• Bank Operation: Two 64K x 24 Bit Banks with Separate Chip Enables and 
Write Enables 

• High Quality Multi-Layer FR4 PWB with Separate Internal Power and 
Ground Planes 

• Custom Marking Available 

• Incorporates Motorola's State-of-the-Art QuickRAM Fast Statics 

MCM2464 

PIN ASSIGNMENT 
58 LEAD ZIG-ZAG IN-LINE MODULE 

TOP VIEW 

Vee 
Vss W2 
W1 Vss 
Vss E2 
Ei Vss 

Vss 11 AO 
A1 13 A2 
A3 14 15 A4 
A5 

17 A6 
A7 

19 Vee 
Vss 21 AB 

A9 
23 A10 

A11 
25 A12 

A13 
27 A14 

A15 
29 Vee 

Vss 31 DQO 
001 

33 002 
003 

35 004 
005 

007 
37 DQ6 

009 
39 DOB 

41 Vss Vss 
43 0010 

0011 

0013 
45 0012 

0015 
47 0014 

0017 50 49 0016 

0019 51 0018 

0021 53 0020 

0023 55 0022 

Vss 57 Vee 

PIN NAMES 

AO-A15 ............... Address Inputs 
W1-W2 ........... Bank Write Enable 
E1-E2 ................. Bank Enables 
DQ0-0024 . . . . . . . . . Data lnpuVOutput 
Vee ............. + 5 v Power Supply 
Vss ........................ Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

Ex' Wx Mode Vee Current Output Cycle 

H x Not Selected lsB1· lss2 High-Z -
L H Read Bank x ice A Daul Read Cycle 

L L Write iccA Din Write Cycle 

'Ex= H implies E1 = E2 = H, Ex= Limplies E1 =Land E2 = H, or E1 =Hand E2 = L. In other words 
only one bank may be enabled at any time. Enabling both banks simultaneously during a read will 
cause bus contention on the output pins. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 

Output Power Supply Voltage Vcca -o.5to Vee v 
Voltage Relative to Vss Vin• Vout - 0.5 to Vee+ o.5 v 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 70'C, Vee = 5 V, Po 13.2 w 
tKHKH = 20 ns) 

Temperature Under Bias Tbias -10to+85 'C 

Operating Temperature TA Oto+ 70 'C 

Storage Temperatrue Tstg -55to+125 'C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

This devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 
taken to avoid application of any 
voltage higher than maximum rated 
voltages to these high impedance 
circuits. 

These CMOS memory circuits have 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 8%, TA = Oto + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V55 = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.6 5.0 5.4 v 
Input High Voltage V1H 2.2 - Vee+ o.3 v 

Input Low Voltage V1L -0.5' - 0.8 v 
·v1L (min) = - 3.0 Vac (pulse width,; 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to V eel l1kg(I) - - ±8 µA 

Output Leakage Current (G, Ex.= V1H• Vout = o to Vccol 111<9!0) - - ±8 µA 

AC Supply Current (G, Ex= VIL· lout= 0 mA, All Inputs= V1L = 0.0 V and V1H;, 3.0) ieeA mA 
MCM2464-22: tAVAV ;, 22 ns - 840 1680 
MCM2464-27: tAVAV ;, 27 ns - 780 1560 

Standby Current (Ex= VIH• All Inputs= V1L and V1Hl ISB1 - 360 480 mA 

CMOS Standby Current (Ex;, Vee - 0.2 v, All Inputs;, Vee - 0.2 v or,; 0.2 V) 1sB2 - 240 360 mA 

Output Low Voltage (loL = + 8.0 mA) VoL - - 0.4 v 
Output High Voltage (loH = - 4.0 mA) VoH 2.4 - - v 

NOTE: Good decoupling of the local power supply should always be used. 
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CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance AO-A15 Cin 80 - pF 
H-E2, W1-W2 40 -

lnpuVOutput Capacitance (DQO-DQ24) C110 20 - pF 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 8%, TA= Oto+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . 
Input Pulse Levels .. 

.. 1.5 v 
.. Oto 3.0 V 

5 ns 

Output Timing Reference Level . . ....... 1.5 V 
Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 

READ CYCLE TIMING (See Notes 1 and 8) 

Symbol MCM2464-22 MCM2464-27 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRc 22 - 27 - ns 2 

Address Access Time tAVQV tAA - 22 - 27 ns 

Enable Access Time tELQV tACS - 22 - 27 ns 

Output Hold from Address Change tAXQX toH 5 - 6 - ns 

Enable Low to Output Active tELQX tcLZ 5 - 6 - ns 3, 4, 5 

Enable High to Output High-Z tEHQZ tcHZ 0 9 0 11 ns 3, 4, 5 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 22 - 27 ns 

NOTES: 
1. Wis high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max is less than tELQX min, both for a given device and from device to device. 
4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected E =VIL· 
7. Addresses valid prior to or coincident with E going low. 
8. ET-E2 are represented by E in these timing specifications, only one of the Exs may be asserted. 

AC TEST LOADS 

AL= son 

OOW"'~ 

VL = 15 V 

Figure 1A Figure 1B 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 
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READ CYCLE 1 (See Note) 

A(ADDRESS) 

Q(DATAOUT) 
-----+-------...Jl~L.l.t:...lLIL.Y 

NOTE: Device is continuously selected (E = v1L). 

READ CYCLE 2 (See Note) 

A(ADDRESS) 

- 1ELOV-

Ex (BANK ENABLE) 

Q(DATAOUT) 

DATA VALID 

DATA VALID 

-----+-- 1AVQV -~~~~'--------t--JI - y= tEUeeH IEHleeL _..l 
Vee SUPPL y eURR~2f- - - - - - - - -

1sB-----------· 

NOTE: Addresses valid prior to or coincident with E going low. 

MOTOROLA MEMORY DATA 

8-7 

• 



MCM2464 

WRITE CYCLE 1 (W Controlled, See Notes 1 and 6). 

Symbol MCM2464-22 MCM2464-27 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 22 - 27 - ns 2 

Address Setup Time tAVWL tAS 2 - 2 - ns 

Address Valid to End of Write tAVWH tAw 17 - 21 - ns 

Write Pulse Width twLWH twp 17 - 21 - ns 

Data Valid to End of Write tovwH tow 9 - 11 - ns 

Data Hold Time twHDX toH 0 - 0 - ns 

Write Low to Data High-Z twLOZ twz 0 8 0 11 ns 4, 5, 6 

Write High to Output Active twHOX tow 6 - 6 - ns 4, 5, 6 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured+ 500 mV from steady-state voltage with load of Figure 1 B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than twHOX min both for a given device and from device to device. 
6. E1-E2 are presented by E in these timing specifications, only one of the Exs may be asserted at any time. 

WRITE CYCLE 1 

.. A(ADDRESS) 

---------f-oll~+ 1wHAX 

EX (BANK ENABLE) 

Wx (WRITE ENABLE) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 

Symbol MCM2464-22 MCM2464-27 

Parameter Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 22 - 27 -
Address Setup Time tAVEL tAs 2 - 2 -

Address Valid to End of Write tAVEH tAW 17 - 21 -
Enable to End of Write tELEH tcw 13 - 17 -
Enable to End of Write tELWH tcw 13 - 17 -
Write Pulse Width twLEH twp 13 - 17 --
Data Valid to End of Write tovEH tow 9 - 11 -
Data Hold Time tEHDX toH 0 - 0 -

Write Recovery Time tEHAX twR 0 - 0 -
NOTES: 

1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 
5. E1-E2 are represented by E in these timing specifications, only one of the Exs may be asserted at any time. 

WRITE CYCLE 2 

A(ADDRESS) 

Ex (BANK ENABLE) 

-------- t AVEL _______ ._ __ tELEH _____ ,,_ 
1ELWH 

Wx (WRITE ENABLE) 

ORDERING INFORMATION 
(Order by Full Part Number) 

Full Part Number - MCM2464Z22 MCM2464Z27 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Product Preview 
64K x 32 Bit Static Random 
Access Memory Module 

The MCM3264 is a 2M bit static random access memory module organized 
as 65,536 words of 32 bits. The module is a 64 lead zig-zag in-line module 
consisting of eight MCM6209 fast static RAMs packaged in 28 J-lead small 
outline package (SOJ) and mounted on a printed circuit board along with a 
decoupling capacitor for each FSRAM. 

The MCM6209 is a high performance CMOS fast static RAM organized as 
65,536 words of 4 bits, fabricated using high performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM3264 is equipped with output enable (G) and four separate byte 
enable (ET-E4) inputs, allowing for greater system flexibility. The G input, 
when high, will force the outputs to high impedance. Ex high will do the same 
for byte x. 

PDO and PD1 are reserved for density expansion. PDO is open and 
PD1 is connected to ground. These pins can be used to identify the 
density of the memory module. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 20/25/30 ns 
• Equal Address and Chip Enable Access Time 
• Three State Outputs 
• Full TTL Compatible 
• JEDEC Standard Pin Out 
• Power Operation: 1240/1160/1080 mA Maximum, Active AC 
• High Board Density ZIP Module 
• Byte Operation: Four Separate Chip Enables, One for Each Byte (Eight Bits) 
• High Quality Four Layer FR4 PWB with Separate Internal Power and Ground 

Plane 
• Incorporates Motorola's State-of-the-Art QuickRAM Fast Statics 

AO-A15 
w. 
G 

PIN NAMES 

Address Inputs 
. . . . . Write Enable 

Output Enable 
ET-E4 . . ... Byte Enables 
DQO-DQ31 . . . . . . . . . . . . . . . . . . . Data lnpuVOutput 
V cc ..... + 5 V Power Supply 
Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... Ground 
PDO-PD1 ..... Package Density 
NC . No Connection 

All power supply and ground pins must be connected for proper 
operation of the device. 

OuickRAM !s a trademark of Motorola, Inc. 

MCM3264 
PIN ASSIGNMENT 

64-LEAD ZIG-ZAG IN-LINE MODULE 
TOP VIEW 

PDQ Vss 
DOO PD1 

D01 D04 

D02 DOS 

D03 10 D06 

Vee 12 11 DO? 

A1 14 13 AO 

A3 16 1S A2 

AS 1S 17 A4 

DOS 20 19 D012 

D09 22 21 D013 

D010 24 23 0014 

D011 26 2S D01S 

w 2S 27 Vss 
A? 30 29 A6 

Ef 32 31 E2 

E3 34 33 E4 

NC 36 3S NC 

Vss 3S 37 G 

D016 40 39 0020 

D017 42 41 0021 

D01B 44 43 D022 

D019 46 4S D023 

A9 4S 47 AS 

A11 so 49 A10 

A13 52 S1 A12 

A14 S4 S3 Vee 
D024 S6 SS AtS 

D02S SB S? D02S 

D026 60 S9 0029 

D027 62 61 0030 

Vss 64 63 D031 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 
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000-003 

Ef 

008-0011 

004-007 

E2 

0012-0015 

w -----e---t----i 

G-----e---1 
Vcc--------i 
Vss--------i 

FUNCTIONAL BLOCK DIAGRAM 

000-003 0016--0019 000-003 

AO-A15 AO-A15 

E E 

w w 

E3 

0024-0027 

0020-0023 

w w • E4 

0028-0031 

MOTOROLA MEMORY DATA 
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MCM3264 TRUTH TABLE 

Ex G w Mode Vee Current Output Cycle 

H x x Not Selected l1ss1. lss2 High-Z -
L H H Read iccA High-Z -
L L H Read iccA Daul Read Cycle 

L x L Write Ice A Dm.. Write Cycle 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -a.5 to 7.a v 
Voltage Relative to Vss Vin· Vaut - a.5 to Vee+ o.5 v 
Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA= 70°C, Vee= 5 V, Po 1.5 w 
tAVAV = 20 ns) 

Temperature Under Bias Tbias -1ato+85 oc 

Operating Temperature TA o to+ 70 oc 

Storage Temperature Tstg -55to + 125 oc 

NOTE: Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 
taken to avoid application of any 
voltage higher than maximum rated 
voltages to these high impedance 
circuits. 

These CMOS memory circuits have 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 50a linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
'Input High Voltage V1H 2.2 3.0 Vee +o.3 v 
Input Low Voltage VJ!. -OS 0.0 0.8 v 
• V1L (min) = - 3.0 V ac (pulse width$ 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin= 0 to Vee) llkg(I) - - ±8 µA 

Output Leakage Current (G, Ex= VIH· Vaut = o to Vccal l1kg(O) - - ±8 µA 

AC Supply Current (G, Ex= VIH• MCM3264-20: tAVAV = 2a ns iccA - 960 1240 mA 

All Inputs= V1L =a.a V and V1H;;, 3.0, MCM3264-25: tAVAV = 25 ns - 880 1160 
lout= 0 mA, Cycle Times;;, tAVAV min) MCM3264-30: tAVAV = 30 ns - 800 1080 

Standby Current (Ex= VIH· MCM3264-20: tAVAV = 20 ns 1ss1 - 240 400 mA 
All Inputs= VIL and V1H) MCM3264-25: tAVAV = 25 ns 240 360 

MCM3264-30: tAVAV = 30 ns 240 320 

CMOS Standby Current (Sf;;, Vee - a.2 V, SO$ 0.2 V, 1ss2 - 160 24a mA 

All Inputs;;, Vee - 0.2 v or S 0.2 V) 

Output Low Voltage (loL = + 8.0 mA) Vol - - 0.4 v 
Output High Voltage (IQ_H = - 4.0 mA) VJJi 2.4 - - v 

NOTE: Good decoupling of the local power supply should always be used. 

CAPACITANCE (I = 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Pins Expect DQO-DQ31 and E1-E4 Cin 32 48 pF 
ET-E4 10 14 

Input/Output Capacitance (DQO-DQ31) CJLQ_ 8 9 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to+ 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . ....... 1.5 V Output Timing Reference Level . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . ... O to 3.0 V Output Load ............ See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time . . . . . . . . . . . . . . . . 5 ns 

READ CYCLE TIMING (See Notes 1 and 2) 

Symbol MCM3264-20 MCM3264-25 MCM3264-30 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRC 20 - 25 - 30 - ns 3 

Address Access Time tAVOV tAA - 20 - 25 - 30 ns 

Enable Access Time tELQV tACS - 20 - 25 - 30 ns 

Output Enable Access Time tGLQV toE - 10 - 12 - 14 ns 

Output Hold from Address Change tAXQX toH 4 - 4 - 4 - ns 

Enable Low to Output Active tELQX tcLZ 4 - 4 - 4 - ns 4, 5, 6 

Output Enable to Output Active tGLQX toLZ 0 - 0 - 0 - ns 4, 5, 6 

Enable High to Output High·Z tEHOZ tcHZ 0 8 0 10 0 12 ns 4,5, 6 

Output Enable High to Output IGHOZ to HZ 0 8 0 10 0 12 ns 4, 5, 6 
High-Z 

Power Up Time tEUCCH tpu 0 - 0 - 0 - ns 

Power Down Time tEHICCL .!ell - 20 - 25 - 30 ns 

NOTES: 
1. Wis high for read cycle. 
2. E1-E4 are represented by E in these timing specttications, any combination of Exs may be asserted. 
3. All read cycle liming is referenced from the last valid address to the first transitioning address. 
4. At any given voltage and temperature, tEHQZ max is less than tELOX min, and IGHOZ max is less than IGHOX min, both for a given device 

and from device to device. 
5. Transition is measured± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E =VIL• G = V1L). 
8. Addresses valid prior to or coincident with E going low. 

AC TEST LOADS 

Figure IA 

+5V 

-= 
Figure 18 

5pf 
(INCLUDING 
SCOPE AND JIG) 

MOTOROLA MEMORY DATA 
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TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limtt for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (a-i though most 
devices do not require tt). On the Olher 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 

• 
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READ CYCLE 1 (See Note) 

IAVAV ------------i 

A(ADDRESS) 

Q(DATAOUT) DATA VALID 

NOTE: Device is continuously selected (E =VIL· G = VtL). 

READ CYCLE 2 (See Note) 

t----------- IAVAV ------------i 

A(ADDRESS) ----JI''-------------------------'' 

• Ex (BYTE ENABLE) -----1---'""' 1 

IEHQZ 
G (OUTPUT ENABLE) -----t----.i 

IGHQZ 

NOTE: Addresses valid prior to or coincident with E going low. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 

Symbol MCM3264-20 MCM3264·25 MCM3264-30 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time IAVAV twc 20 - 25 - 30 - ns 3 

Address Setup Ti me IAVWL IAS 2 - 2 - 2 - ns 

Address Valid to End of Write IAVWH IAW 15 - 20 - 25 - ns 

Write Pulse Width IWLWH twp 15 - 20 - 25 - ns 

Write Pulse Width, G High IWLWH twp 12 - 15 - 20 - ns 

Data Valid to End of Write tovwH tow 8 - 10 - 12 - ns 

Data Hold Time IWHDX toH 0 - 0 - 0 - ns 

Write Low to Data High-Z IWLQZ twz 0 8 0 10 0 12 ns 4, 5, 6 

Write High to Output Active IWHQX tow 4 - 4 - 4 - ns 4, 5, 6 

Write Recovery Time 'WHAX .!w._R 0 - 0 - 0 - ns 

NOTES: 

1. A write occurs during the overlap of E low and W low. 

2. Ef-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don't care when Wis low. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 

6. At any given time voltage and temperature, IWLQZ max is less than IWHQX min both for a given device and from device to device . 

IAVAV ---------~~ .. WRITE CYCLE 1 

A(ADDRESS) 

IAVWH -----------+- twHAX 

Ex (BYTE ENABLE) 

~------twLwH---------~ 

W (WRITE ENABLE) 

D(DATAIN) 

Q(DATAOUT) 

MOTOROLA MEMORY DATA 

8-15 



• 

MCM3264 

WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 

Symbol MCM3264-20 MCM3264-25 MCM3264-30 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 20 - 25 - 30 - ns 3 

Address Setup Time tAVEL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVEH tAW 15 - 20 - 25 - ns 

Enable to End of Write tELEH tcw 12 - 15 - 20 - ns 4, 5 

Enable to End of Write tELWH tcw 12 - 15 - 20 - ns 

Write Pulse Width twLEH twp 15 - 20 - 25 - ns 

Data Valid to End of Write tovEH tow 8 - 10 - 12 - ns 

Data Hold Time tEHDX toH 0 - 0 - 0 - ns 

Write Recovery lime tEfjA_X tw..B. 0 - 0 - 0 - ns 
NOTES: 

1. A write occurs during the overlap of E low and W low. 
2. ET-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don't care when Wis low. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 

A(ADDAESS) 

Ex (BYTE ENABLE) 

W (WAITE ENABLE) 

D(DATAIN) 

Q(DATAOUT) 

WRITE CYCLE 2 

tAVAV 

tAVEH 

tAVEL 

twLEH 

HIGH-Z 

ORDERING INFORMATION 
(Order by Full Part Number) 

tELEH 
tELWH 

It 

tEHAX 

ll 

tEHDX 

MCM 

Motorola Memory Prefix_T T r t -"'"', .. ,,.,, ... ,.,.,. .. , 
Part Number----------~ ~---------Package (Z =ZIP Module) 

Full Part Number- MCM3264Z20 MCM3264Z25 MCM3264Z30 

MOTOROLA MEMORY DATA 
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• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
256K x 8 Bit Static Random 
Access Memory Module 

The MCM8256 is a 2M bit static random access memory module organized 
as 262,144 words of 8 bits. The module is a 64-lead zig-zag in-line package 
(ZIP) consisting of eight MCM6207 fast static RAMs packaged in 24 J-lead 
small outline package (SOJ) and mounted on a printed circuit board along with a 
decoupling capacitor for each FSRAM. 

The MCM6207 is a high performance CMOS fast static RAM organized as 
262, 144 words of 1 bit, fabricated using high performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM8256 is equipped with separate chip enable (Ef-E2) control 
inputs for each nibble, allowing for greater system flexibility. The Ex input, 
when high, will force the outputs of nibble x to high impedance. 

PDO and PD1 are reserved for density expansion. PDQ is open and 
PD1 is connected to ground. These pins can be used to identify the 
density of the memory module. 

• Single 5 V ± 1 0% Power Supply 
• Fast Access Time: 20/25/30 ns 
• Equal Address and Chip Enable Access Time 
• Three State Outputs 
• Full TTL Compatible 
• JEDEC Standard Pin Out 
• Power Operation: 1200/1120/1040 mA Maximum, Active AC 
• High Board Density ZIP Module 
• Nibble Operation: Two Separate Chip Enables, One for Each Four Bits 
• High Quality Multi-Layer FR4 PWB with Separate Internal Power and Ground 

Planes 
• Custom Marking Available 
• Incorporates Motorola's State-of-the-Art QuickRAM Fast Statics 

PIN NAMES 

AO-A 17 . . Address Inputs 
W1 . . . . Write Enable 
ET-E2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Byte Enables 
DQO-DQ7 .............................. Data lnpuVOutput 
V CC . . ................... + 5 V Power Supply 
Vss . . Ground 
PDO-PD1 ...... Package Density 
NC . . . . . .. . . . . . . . . . . No Connection 

All power supply and ground pins must be connected for proper 
operation of the device. 

QuickRAM is a trademark of Motorola, Inc. 

MCM8256 
PIN ASSIGNMENT 

60-LEAO ZIG-ZAG IN-LINE MODULE 
TOP VIEW 

PDO Vss 

NC 
PD1 

NC 
01 

Vee 
DO 

01 

NC 
00 10 

AO 12 

A2 14 A1 

A4 16 A3 

A6 18 A5 

A7 

03 
Vss 20 

02 22 

02 24 03 

w 26 Vee 
A9 28 AS 

ET 30 
NC 

NC 32 E2 

NC 34 NC 

NC 

05 
Vee 36 

04 38 

04 40 05 

A10 42 Vss 
A12 44 A11 

A14 46 A13 

A16 48 A15 

NC 50 A17 
07 

07 
06 52 

06 54 
Vee 
NC 

NC 56 

NC 58 

Vss 60 
NC 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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04 

II 
06 

w 
Ef 

Vee 
Vss 

AO-A17 

AO-A17 

w 

AO-A17 

w 

AO-A17 

w 

AO-A17 

w 
E 

0 

FUNCTIONAL BLOCK DIAGRAM 

00 

02 

04 05 

06 07 

E2 
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MCM8256 TRUTH TABLE 

Ex w Mode Vee Current Input Output Cycle 

H x Not Selected 11ss1. lss2 High-Z High-Z -
L H Read Ice A High-Z Dout Read Cycle 

L L Write kA Din High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee - 0.5 to 7.0 v 
- ---1 

Voltage Relative to Vss Vin· Vout - o.5 to Vee+ o.5 v 
Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 70°C, Vee= 5 V, Po 1.5 w 
tAVAV = 20 ns) 

Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto+ 70 oc 

Storage Temperature Tstg -55 to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 
taken to avoid application of any 
voltage higher than maximum rated 
voltages to these high impedence 
circuits. 

These CMOS memory circuits have 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 
r-----

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 3.0 Vee+ o.3 v 
Input Low Voltage V1L -0.5' 0.0 0.8 v 
• V1L (min)= - 3.0 V ac (pulse width S 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - - ±8 µA 

Output Leakage Current (E1 and E2 = VIH· V0 ut = 0 to Vee) l1kg(O) - - ±8 µA 

AC Supply Current (E1 and E2 =Vil• MCM8256-20: tAVAV = 20 ns ice A - 960 1200 mA 

All Inputs= Vil= 0.0 V and V1H 2'. 3.0, MCM8256-25: tAVAV = 25 ns - 880 1120 
lout= O mA, Cycle Times 2'. tAVAV min) MCM8256-30: tAVAV = 30 ns - 800 1040 

Standby Current (E1 and E2 = VIH· All Inputs= Vil and V1H) ls91 - 240 320 mA 

C~OS Standby Current (V CC = Max, f = 0 MHz, ls92 - 160 240 mA 
E ~Vee - 0.2 V, Vin<; Vss + 0.2 V or~ Vee - 0.2 V) 

Output Low Voltage (lol = + 8.0 mA) Vol - - 0.4 v 
Output High Voltage (loH = - 4.0 mA) V1H 2.4 - - v 

NOTE: Good decoupling of the local power supply should always be used. 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance W and Address Gin 45 54 pF 
E1-E2 25 30 

D0-07 6 7 

Input/Output Capacitance Q0-07 C110 8 9 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto+ 70°e, Unless Otherwise Noted) 

Input .Timing Measurement Reference Level ................ 1.5 V Output Timing Reference Level .......................... 1.5 V 
Input Pulse Levels .................................. o to 3.0 V Output Load ............ See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time . . .. . .. . . . . . .. . . .. . .. . .. . . . .. . . . . . .. . 5 ns 

READ CYCLE TIMING (See Notes 1 and 2) 

Symbol MCM8256·20 MCM8256-25 MCM8256-30 

Parameter' Standard Alternate Min Max Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRc 20 - 25 - 30 - ns 3 

Address Access Time IAVQV IAA - 20 - 25 - 30 ns 

Enable Access Time tELQV IACS - 20 - 25 - 30 ns 

Output Hold from Address Change IAXQX toH 4 - 4 - 4 - ns 

Enable Low to Output Active IELQX tcLZ 4 - 4 - 4 - ns 4,5, 6 

Enable High to Output High-Z IEHQZ tcHZ 0 8 0 10 0 12 ns 4,5,6 

Power Up Time tEUCCH tpu 0 - 0 - 0 - ns 

Power Down Time !E!:iJCCL !ell - 20 - 25 - 30 ns 

NOTES: 
1. W is high for read cycle. 
2. Ef-E2 are represented by E in these timing specifications, any combination of Eis may be asserted. 
3. All read cycle timing is referenced from the last valid address to the first transitioning address. 
4. At any given voltage and temperature, tEHQZ max is less than tELQX min both for a given device and from device to device. 
5. Transition is measured± 500 mV from steady-state voltage wtth load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E = V1L>· 
8. Addresses valid prior to or coincident wtth E going low. 

AC TEST LOADS 

Figure 1A 

+SV 

Figure 18 

5pF 
(INCLUDING 
SCOPE AND JIG) 

MOTOROLA MEMORY DATA 

TIMING LIMITS 
The table of timing values shows either 

a minimum or a maximum limit for each 
parameter. Input requirements are speci­
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi­
mum since the module never provides 
data later than that time. 



MCM8256 

READ CYCLE 1 (See Note) 

IAVAV -----------

A(ADDRESS) 

tAvax---~ 

PREVIOUS DATA VALID DATA VALID 

NOTE: Device is continuously selected (E = V1Ll· 

READ CYCLE 2 (See Note) 

IAVAV ------------1 

A(ADDRESS) 

IELQV----i 

IEHQZ 

Ex (BYTE ENABLE) -----+----. .. 
Q (DATA OUT) -----+---+-------{ DATA VALID 

-i:=====~ 

Vee SUPPLYeURRENT lsB _________ _,, 

NOTE: Addresses valid prior to or coincident with E going low. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 

Symbol MCM8256·20 MCM8256-25 MCM8256·30 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 20 - 25 - 30 - ns 3 

Address Setup Time tAVWL tAS 2 - 2 - 2 - ns 

Address Valid to End of Write tAVWH tAW 15 - 20 - 25 - ns 

Write Pulse Width twLWH twp 12 - 15 - 20 - ns 

Data Valid to End of Write tovwH tow 8 - 10 - 12 - ns 

Data Hold Time twHDX toH 0 - 0 - 0 - ns 

Write Low to Data High-Z twLOZ twz 0 8 0 10 0 12 ns 4, 5, 6 

Write High to Output Active twHOX tow 4 - 4 - 4 - ns 4, 5, 6 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns 
NOTES: 

1. A write occurs during the overlap of E low and W low. 
2. ET-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 
3. All write cycle timing is referenced from.the last valid address to the first transitioning address. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 
6. At any given time voltage and temperature, twLOZ max is less than twHOX min both for a given device and from device to device. 

WRITE CYCLE 1 

IAVAV -----------.& 
A(ADDRESS) 

tAVWH -----------i- twHAX 

Ex (BYTE ENABLE) 

i-------- twLWH _______ _.., 

W (WRITE ENABLE) 

D(DATAIN) 

Q(DATAOUT) 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 

Symbol MCM8256-20 MCM8256-25 MCM8256-30 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 20 - 25 - 30 - ns 3 

Address Setup Time IAVEL IAS 2 - 2 - 2 - ns 

Address Valid to End of Write IAVEH IAW 15 - 20 - 25 - ns 

Enable to End of Write IELEH tcw 12 - 15 - 20 - ns 4, 5 

Enable to End of Write IELWH tcw 12 - 15 - 20 - ns 

Write Pulse Width IWLEH twp 15 - 20 - 25 r.s 

Data Valid to End of Write tovEH tow 8 - 10 - 12 - ns 

Data Hold Time tEHDX toH 0 - 0 - 0 - ns 

Write Recovery Time .!E._HAX IWR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. ET-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedence condition. 
5. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 

WRITE CYCLE 2 

tAVAV 

A(ADDRESS) 

IAVEH 

Ex (BYTE ENABLE) v 
IAVEL IELEH IEHAX 

IELWH 

W (WRITE ENABLE) 1 
twLEH - tEHDX 

D (DATA IN) x~""""' ~ 
tovEH-

Q(DATAOUT) HIGH·Z 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Mem-o-ry-P-re-fi_x ___ M_C_' M ___ J_S~~· 1 __ T_X_X _______ Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 

Part Number - - Package (Z =ZIP Module) 

Full Part Number - MCM8256Z20 MCM8256Z25 MCM8256Z30 

MOTOROLA MEMORY DATA 
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MOTOROLA MEMORY DATA 

9-1 



APPLICATION SPECIFIC STATIC RAMs 
Motorola Address/ Operating 

Organl- Part Pin Cycle Time Current Tech-
Descr~lon zatlon Number Count Pack!9J'!.9. .i_ns Ma& J_mA ma& nol!!lll. 

Cache~RAM 4Kx4 MCM4180 24/22 300 mil SOJ/PDIP 18/20/25 140 1-CMJS 
Cache Tag RAM 4Kx4 MCM62350 24 300 mil SOJ/PDIP 18/20/25 140 1-CMJS 
with Status Bit 
R~sters MCM62351 24 300 mil SOJ/POIP 18/20/25 140 1-0Ja) 

SynchronQus 16Kx4 MCM6293 28 300 mil SOJ/PDIP 20/25 140 1-CMJS 
Static RAM MCM6294 28 300 mil SOJ/PDIP 20/25 140 1-CMJS 

MCM6295 28 300 mil SOJ/PDIP 25/30 140 1-0Ja) 

64Kx4 MCM62980 28 300 mil SOJ 15/20 170 1-CMJS 
MCM62982 28 300 mil SOJ 12115 170 1-0Ja) 

16Kx16 MCM62990 52 PLCC 17/20 360 1-CMJS 
4x64Kx1 MCM62981 32 300 mil SOJ 15/20 170 1-0Ja) 

MCM62983 32 300 mil SOJ 12115 170/130 1-0Ja) 

4Kx10 MCM62963 44 PLCC 18/20/25 170 1-0Ja) 

4Kx12 MCM62973 44 PLCC 18/20/25 170 1-CMJS 
MCM62974 44 PLCC 18/20/25 170 1-CMJS 
MCM62975 44 PLCC 25/30 170 1-CMJS 

32Kx9 MCM62940 44 PLCC 19/24 250 1-CMJS 

• MCM62950 44 PLCC 20/25 250 1-CMJS 
MCM62960 44 PLCC 17/20/25 180 1-0Ja) 

MCM62486 44 PLCC 19/24 250 1-0Ja) 

MCM62110 52 PLCC 15/20 250 1-0Ja) 

OSPRAM 8KX24 MCM56824 52 PLCC 25/30/35 250/210/180 1-0Ja) 

Latched Address 8Kx20 MCM62820 52 PLCC 23/30 240/185 1-0Ja) 

SAAM 16Kx16 MCM62995 52 PLCC 17/20/25 360 1-0Ja) 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

4K x 4 Bit Cache Address Tag 
Comparator 

The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 
bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. The de­
vice integrates a 4K x 4 SRAM core with an on-board comparator for efficient implementa­
tion of a cache memory. 

The device has a CLR pin for flash clear of the RAM, useful for system initialization. 
The MCM4180 compares RAM contents with current input data. The result is either an 

active high MATCH level for a cache hit, or an active low level for a cache miss. 
The MCM4180 is available in 22 lead plastic DIP and 24 lead SOJ packages. 

• Single 5 V ± 10% Power Supply 
e Fast Address to MATCH Time: 
e Fast Data to MATCH Time: 

18/20/22/25 ns max 
10/10/10/12 ns max 

• Fast Read of Tag RAM Contents: 20/22/25/'30 ns max 
e Flash Clear of the Tag RAM (CLR Pin) 
• Pin and Function Compatible with MK41H80 

BLOCK DIAGRAM 

ROW ROW 
AO-A6 ADDRESS DECODER 

BUFFER 

CLR 
CLEAR 

BUFFER 

WRITE WRITE 
Vi ENABLE CONTROL 

BUFFER 
DATA 
INPUT 

BUFFER 
DOO-D03 

ATA 
OUTPUT 
BUFFER 

ii 

MEMORY 
MATRIX 

12B ROWS 
x 12B COLUMNS 

4-BIT 
COMPARATOR 

COLUMN 1/0 

COLUMN 
DECODER 

PIN NAMES 

AO-A 11 . . • . • • • • . • • Address Inputs 
W. . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . Output Enable 
CLR ............ Flash Clear Input 
MATCH ....... MATCH (Hit) Output 
DQ0-003 ....... Data Input/Output 
Vee ......... + 5 v Power Supply 
Vss ................ Ground 
NC .· ............ No Connection 

MOTOROLA MEMORY DATA 
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MCM4180 

-. ...... 
PLASTIC 

CASE 736A .,,,, 
J PACKAGE 
300 MIL SOJ 
CASE 810A 

PIN ASSIGNMENT 

DUAL-IN-LINE 

A4 1. 22 vcc 
A5 21 A3 

A6 20 A2 

19 Al 

AB lB AO 

A9 17 CLR 

AlO 16 D03 

All 15 D02 

ii 14 DOl 

Vi 10 13 DOO 

Vss 11 12 MATCH 

SMALL OUTLINE 

A4 1 • 24 Vee 
A5 23 A3 

AB 22 A2 

A7 21 Al 

AB 20 AO 

A9 19 NC 

NC lB CLR 

A10 17 D03 

All 16 D02 

G 10 15 DOl 

Vi 11 14 DOO 

Vss 12 13 MATCH 



MCM4180 

TRUTH TABLE 

w G ~ DQO-DQ3 MATCH Mode 

H H H Compare Din Valid Compare 
L x H Din Assert Write 
H L H Dout Assert Read 
x x L High-Z Assert Clear 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=O V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to Vss for Any Pin Vin!Vout -0.5 to Vcc+0.5 v 
Except Vee 

Output Current MATCH Output lout ±40 mA 
1/0 Pins, Per 1/0 ±20 

Power Dissipation (TA =25°C) Po 1.0 w 
Operating Temperature TA Oto+70 •c 

Storage Temperature T s.!lL -55to +125 •c 

Temperature Under Bias Tbias -10to+85 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped­
ance circuit. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - vcc+o.a v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L min= -0.5 V dc;V1L min= -3.0 V ac (pulse width :s;20 ns) 

DC CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

Input Leakage Current (All Inputs Vin=O to Vee> l11<gll) - ±1.0 µA 

Output Leakage Current, Except MATCH Output (G=V1H. Vout=O to Vee> l1k~O) - ±1.0 µA 

AC Supply Current Uout=O mA, All lnputs=V1L or V1H. Cycle Time "<:.tAVAV min) ICCA - 140* mA 

Output Low Voltage (1/0 Pins: IOL =8.0 mA, MATCH Output: IOL = 12.0 mA) VOL - 0.4 v 

Output High Voltage (1/0 Pins: IOH = -4.0 mA, MATCH Output: IOH = -10.0 mA) VOH 2.4 - v 

*Ice active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the local power supply should always be used. 

CAPACITANCE If= 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 5 pF 

1/0 Capacitance Cout 5 7 pF 

MATCH Output Capacitance Cmatch 6 7 pF 

MOTOROLA MEMORY DATA 
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MCM4180 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V 
Input Rise/ Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . 5 ns 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load (l/O Pins) . . . . . . . . . . . . . . . . . See Figure 1a 
Output Load (MATCH Output) • . . . . . . . . . . . . See Figure 1c 

READ CYCLE !See Note 11 

Symbol MCM4180-18 MCM4180-20 MCM4180-22 MCM4180-2& 
Characteriatlc Unit No-

Standard Alternate Min Max Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 20 - 22 - 25 - 30 - ns 

Address Access Time tAVOV IAA - 20 - 22 - 25 - 30 ns 

G Access Time IGLOV to EA - 11 - 12 - 12 - 12 ns 

Output Hold from Address Change tA)(Q)( toH 0 - 0 - 0 - 0 - ns 

G Low to Output Active tGLOX to EL 3 - 3 - 5 - 5 - ns 2 

G High to Output High·Z tGHOZ toEZ - 7 - 8 - 8 - 10 ns 2 

G Low to MATCH Assert tGLMX tcH 0 8 0 10 0 10 0 12 ns 

NOTES: 
1. c:iJi=V1H• W=V1H continuously during read cycles. 
2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

A !ADDRESS) 

G (OUTPUT ENABLE) 

Q !DATA OUT) 

MATCH 

255 

Figure 1a 

READ CYCLE 

!ADDRESS CONTROLLED) 

IAVAV 

~ .. ~ IAVQV 

!ASSERTED I 

+5V 

30 pf 
!INCLUDING 
SCOPE AND JIGI 

255 

IGLOX 

DATA VALID --HIGH·Z 

VALID 

AC TEST LOADS 

Figure 1b 

+5V 

5 pf 
!INCLUDING 
SCOPE ANO JIG) 

MOTOROLA MEMORY DATA 
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130 

ii !CONTROLLED) 

IAVAV 

IGLMX 

Figure 1c 

k 

+5V 

50 pf 
{INCLUDING 
SCOPE AND JIG) 



MCM4180 

COMPARE CYCLE (See Note 11 
Symbol MCM4180-18 MCM418D-al MCM41~ MCM4180-2& 

Characteristic Unit N-
Standard Alternate Min Max Min Max Min Max Min Max 

Compare Cycle Time tAVAV tc 20 - 22 - 25 - 30 - ns 

Addrea Valid to MATCH VaHd tAVMV tACA - 18 - 20 - 22 - 26 .,,. 
G' High to MATCH Valid tGHMV tGCA - 15 - 15 - 16 - 18 ns 

Data Valid to MATCH Valid tovMv toCA - 10 - 10 - 10 - 12 ns 

MATCH Hold from G' Low tGLMX tcH 0 10 0 10 0 10 0 12 ns 

MATCH Hold from Addrea Change tAXMX tACH 6 - 5 - 5 - 5 - ns 

MATCH Hold from Data Invalid toxMX tocH 3 - 3 - 3 - 3 - ns 

G' Low to Output Ac:tl\le tGLOX tiz 3 - 3 - 6 - 6 - ns 2 

G' High to 0Utput Hlgh-Z tGHOZ tHz - 8 - 8 - 8 - 10 ns 2 

NOTES: 
1. A compare cycle is pafformed when fil, iii, and G' are all high. 
2. Transition is measured ± 500 mV from steady state voltage with load of Figure lb·. Thi& parametar is sampled and not 100% tasted. 

COMPARE CYCLE 

(ADDRESS CONTROLLED) 

----IAVAV---....r 

A (ADDRESS! 

IAXMX 

ii (OUTPUT ENABLEI ----------------­
IG=Y1Hl 

(G CONTROLLED) 

-----IAVMV 

-----'i.--tGHMV 

D (DATA INI 

IGHDZ 

0 (DATA oun --------+ HIGH·Z-------

MATCH MATCH VALID 

MOTOROLA MEMORY DATA 
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WRITE CYCLE !See Note 11 

Symbol MCM4180-18 MCM4180-20 MCM4180-22 MCM4180-2& 
Charactarletlc Unit Notes 

Standard Ahern ate Min Max Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 20 - 22 - 25 - 30 - ns 

Write Pulse Width '-WLWH twEW 12 - 14 - 18 - 20 - ns 

Address Setup to Beginning of Write tAVWL tAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 16 - 16 - 18 - 20 - ns 

Data Valid to End of Write tDvwH tDs 10 - 10 - 10 - 12 - ns 

Data Hold from Write End twHDX tDH 0 - 0 - 0 - 0 - ns 

Write Low to Output High-Z twLaz tHz 0 8 0 8 0 9 0 10 ns 2 

Address Hold from Write End twHAX '-WAH 0 - 0 - 0 - 0 - ns 

Write Low to MATCH Assert twLMX twCH 0 12 0 15 0 15 0 15 ns 

Write High to MATCH Valid twHMV twCA - 20 - 20 - 22 - 25 ns 

Write High to Output Active twHOX tLZ 3 - 3 - 5 - 5 - ns 2 

NOTES: 
1. A write occurs during the overlap of W low and CLR high. 
2. Transition is measured ±500 mV from steady stats voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

WRITE CYCLE 

!FROM A READ CYCLE} 

----- tAVAv------. 

A !ADDRESS} 

ii !OUTPUT ENABLE} 

IAVWL 

IWLWH 
W !WRITE ENABLE} 

D !DATA IN}-----+---< 

~·rtwLQZ 
Q !DATA Dun____)-

i...i--twHOX 
HIGH·Z---C 

MATCH !ASSERTED} 

!FROM A COMPARE CYCLE} 

------ IAVAV-------t~ 

IAVWL 

------1---HIGH-Z---1-----

twLMX 

MOTOROLA MEMORY DATA 
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CLEAR CYCLE (See Note 1l 

Symbol MCM4180-18 MCM4180-20 MCM4180-22 MCM4180-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max Min Max 

a:R Low to Inputs Recognized A tcLAY tcR - 70 - 70 - 70 - 70 ns 2 
(Clear Cycle Time) G tcLGY ICR 

w tCLWY ICR 
D tcwv tcR 

a:R Pulse Width ICLCH ICLP 20 - 22 - 25 - 30 - ns 2 

CCTi Low to Inputs Don't Care A tcLAX tcx 0 - 0 - 0 - 0 - ns 
G tcLGx tcx 
D ICLDX tcx 
w ICLWX tcx 

CLR Low to MATCH Assert ICLMX tMH 0 15 0 15 0 15 0 18 ns 

CLR Low to Output High-Z ICLOZ tcz - 15 - 15 - 15 - 18 ns 3 

NOTES: 
1. The address, data, W, and G inputs are a don't care during a clear cycle. 
2. The clear cycle is initiated at the falling edge of CLR. 
3. Transition is measured ±500 mY from steady state voltage with load of Figure lb. This parameter is sampled and not 100% tested. 

CLEAR CYCLE 

!FROM A READ CYCLE) (FROM A COMPARE CYCLE) 

_ _._tt_CLAX~ -

AIADDRESSI -~ 
i.---- tcu:. ~ -

ICLGX 

G !OUTPUT ENABLE) 

CLR !CLEAR) 

tcLwx 

W !WRITE ENABLE) 

0 (DATA IN) -----+----< 

0 !DATA OUT) 

tcLOz :! ____ _ 
)- HIGH·Z----

--------' 
-----t-----HIGH·Z--------

MATCH !ASSERTED) 

MOTOROLA MEMORY DATA 
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Figure 15. Data Setup Time versus Temperature 
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Figure 17. Input Low Voltage versus Supply Voltage 
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Figure 19. Output Sink Current versus Output Voltage 
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MCM4180 

ORDERING INFORMATION 
(Order by Full Pert Number) 

4180 x xx xx J I T T-Shipping Method IR2=Tape & Reel, Blank=Railsl 

Part Number----------'- ~Speed(18=18ns,20=20ns,22=22ns,25=26nsl 

Motorola Memory Prefix 

Full Part Numbers-MCM4180P18 
MCM4180J18 
MCM4180J18R2 

MCM4180P20 
MCM4180J20 
MCM4180J20R2 

Package IP= Plastic DIP, J =Plastic SOJI 

MCM4180P22 
MCM4180J22 
MCM4180J22R2 

MCM4180P25 
MCM4180J26 
MCM4180J25R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

1 &K x 4 Bit Synchronous Static RAM 
with Transparent Outputs 

The MCM6292 is a 66,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-genaration high-performance 
silicon-gate CMOS (HCMOS 1111 tachnology. The davice integrates input registers, high 
speed SRAM, and high-drive capebtlity output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli­
cations. The MCM6292 is well suited for applications involving the MC60030, MC68040, 
and AMD29K microprocessors. It is ideal for burst mode or pipelined bus applications. 

Synchronous design allows precisa cycle control with the use of an external clock IKI, 
while CMOS circuitry reduces the ovarail power consumption of the integrated functions 
for greater reliability. 

The address (A0-A13), data (00-031. write (WI, and chip enable IEI inputs are all clock 
(Kl controlled, positive-edga-triggared, noninverting registers. 

The MCM6292 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

Writa operations are internally self-timed and initiated by tha rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibirity for incoming signals. 

The MCM6292 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access and Cycle Times: 25/30 ns Max 
• Address, Data Input, E, and Vii Registers On-Chip 
• Transparent Output Latch for Access Within tha Sarne Cycle 
e High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Date Input and Data Output Pins 
e High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storaga, Writeable Control Store, Data 

Cache, or Cache Tag 

ADDRESS 1----...;~ 
REGISTERS 

BLOCK DIAGRAM 

ROW 
DECODERS 

16Kx4 
MEMORY MATRIX 

126 ROWS x 
512 COLUMNS 

Vee 
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no 

QI 

Q2 

Q3 

MCM6292 

~ 
300 MIL PLASTIC 

CASE710A 

~PAt;KAGE 
300 MIL 80J 
CASE8108 

PIN ASSIGNMENT 

A5 I • 

AB 

A7 3 

AB 4 

AS 5 

AID 

All 

A12 

A13 

DD ID 

DI II 

l 12 

13 

28 

27 

25 

23 

22 

21 

20 

19 

18 

17 

16 

Vee 
A4 

A3 

A2 

Al 

AD 

03 

02 

03 

02 

Q1 

no 
i 

Vss 14 15 Vssn* 
*For proper operation of the 

device, both Vss and Vssa 
must be connected to ground. 

PIN NAMES 

AO-A13 ••••••••• Add111111 Inputs 
W. . . . . . . . . . . . . Write Enable 
E .............. Chip Enable 
00-03 . . . . . . . . . . . Data Inputs 
00-03 . . . . . . . . • . Data Outputs 
K . • . • . . . . • . . • . • Clock Input 
Vee ....... +6 v Power Supply 
Vss .............. Ground 
Vssa ..... Output Buffer Ground 



MCM6292 

TRUTH TABLE 

E w Operation 00-03 

1. L Write High Z 

L H Read Dout 

H x Not Selected High Z 

NOTE: The values of 'E and W are valid inpulS for the setup and hold times relative to 
, the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vssa=O VI 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to +7.0 v 

Voltage Relative to Vsstvssa for Anv Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except Vee 

OutpUt Current (per 1/0) lout ±20 mA 

Power Dissipation <TA= 25°CI Po 1.0 w 
Temperature Under Blas Tbias -10to+85 •c 

Operating Temperature TA Oto +70 •c 

Storage Temperature !ttii. -55to +125 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extandad periods of time could affect device reliablllty. 

This device contains circuitry to protact the 
lnpulS against damage due to high static 
voltages or alec:tric: flalda; howewr, it ls ad­
vised that nonnal precautions be taken to 
avoid appllcation of any voltage higher than 
msxlmum retad voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous Inputs must meat the specified 88tUp 
and hold times with stable logic levels for 
ALL rising edges of clock (Kl while the de­
vice ls 881actad. 

This device contains circuitry that wll en­
sure the output devices are In High Z at 
power up. Cara should be taken by the u­
to ensure that au clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 v ±10%, TA=D to 70"C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDmONS <Voltages referenced to Vsss~sa=O VI 

Para- Symbol Min Typ Mex Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.6 6.0 5.6 v 

Input High Voltage V1H 2.2 - vcc+o.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (mini= -0.5 V de; V1L (mini= -3.0 V ac (pules width :S20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Mex Unit 

Input Leakage Current (All Inputs, Vin =Oto Vccl IJ!!m!L - ±1.0 ,.A 

Output Leakage Currem (E=V1H• V0 ut=O to Vee. OutpulS must be hlgh-ZI IJ!!e!QL - ±1.0 ,.A 

AC Supply Current l'E=V1L.> lout•O mA, All lnpu1S=V1L or V1H. Cycle lcCA - 140 mA 
Timn:tKHKH mini 

Standby Currem <'E=V1H; Other lnpu1S=V1H2:3.0 V or V1L:S0.4 V; 10 ut=O mA, •se1 - 55 mA 
Cycle nmn: lKHKH mini 

Output Low Voltage OoL = 12.0 mAI VoL - 0.4 v 

OutpUt High Voltage UoH = -10.0 mAI VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, .W =3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Taatadl 

Cheracterlatlc Symbol Typ Mex Unit 

Input Capacitance C;n 4 8 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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MCM6292 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
IV cc= 5.0 V ± 10%, TA= o to + 70°C, Unless Otherwise Noted} 

Input Timing Messurement Reference Leval . • • . . . • • . . 1.5 V 
Input Pulse Levals • . . . . . . . . • . • . . . . . . . . . . . 0 to 3.0 V 
Input Rise/Fall nme ...•.•..•..•..•..••...... 5 ns 

Output Timing Measurement Reference Level • . . . . . . • . 1.5 V 
Output Losd •....•.•.. See Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 11 

MCMl292-2& MCMl292-30 
Parameter Symbol Unit N-

Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - ns 2 

Clock Access nme tKHQV - 25 - 30 ns 4, 6 

Oats Valid from Clock Low tKLQV - 10 - 13 ns 5, 6 
Output Hold from Clock Low tKLQX 0 - 0 - ns 3, 6 

Clock Low to Q High Z (E=V1H> tKLQZ - 10 - 13 ns 3, 6 

Clock Low Pulae Width tKLKH 5 - 5 - ns 

Clock High Pulae Width tKHKL 5 - 5 - ns 

Setup nmes for: E tEVKH 5 - 5 - ns 7 
A tAVKH w twHKH 

Hold Timas for: E tKHEX 3 - 3 - ns 7 
A tKHAX w tKHWX 

NOTES: 
1. A raad is defined by W high and E low for the setup and hold times. 
2. All raad cycle timing is referenced from K. 
3. Transition is measurad ±500 mV from steady-stats voltage with load of Figure 18. This parameter is sampled not 100% tasted. 
4. For Read Cycle 1 timing, clock high pulse width «tKHav- tKLQV). 
5. For Read Cycle 2 timing, clock high pulse width i!:(tKHav-tKLav>. 
6. K must be st a low level for outputs to transition. 
7. This is a aynchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) while the device is selected. 

130 

Figure 1A 

AC TEST LOADS 

+5V 

130 pf 
!INCLUDING 
SCOPE AND JIG) 

130 
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MCM6292 

READ CYCLE 1 (See Note 1) 

IKHKL---i---IKLKH 

A (ADDRESS! 

w 

00-03 ----- PREVIOUS HIGH Z 

READ CYCLE 2 (See Note 2) 

A (ADDRESS) 

w 

-
_____ ~_·_-_-_~-~f-:_•_KL_ov _____ ·_K_Lnz __ --_~_·_-_-_~ .... • .. 1 

00-03 -------PREVIOUS HIGH Z ~ 0,, _)--

NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <llKHQV-IKLQVl· 
2. For Read Cycle 2 timing, clock high pulse width i!:llKHav-•KLOvl. 

MOTOROLA MEMORY DATA 
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MCM6292 

WRITE CYCLE (W Controlled, See Note 1l 

MCM6292-26 MCM6292-30 
Parameter Symbol Unit Notes 

Min Max Min Max 
Write Cycle Time tKHKH 25 - 30 - ns 2 

Clock Low to Output High Z tKLOZ - 10 - 13 ns 3 

Setup Times for: E tEVKH 5 - 5 - ns 4 
A tAVKH w twLKH 
D tovKH 

Hold Times for: E tKHEX 3 - 3 - ns 4 
A tKHAX w tKHWX 
D tKHDX 

NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. K must be at a low level for outputs to transition. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. 

lKHKL--------tKLKH 

IEVKH-"4----t*°'>-'*-IKHEX 
r -----t-t---IKHEX 

w 

lKLOZ ~ 

~ 00-03 lln-1 HIGH Z 
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MCM6292 

1.40 

~ :: 1.20 T I 
1.20 r--..---.--.,---.---,--.---.---.--~ 

1.15 t----1C---1T--t--t~-t--r--r--t---t 

vcc=5 v 

1--
Vcc=5 v 
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~ 
.... 1.00 
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lj 
[5 
!£ 
ffi 1.10 I _,.., 

L rz: 
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Figure 2. Active Supply Current versus Frequency Figure 3. Active Supply Current versus Temperature 
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Figure 4. Standby Current versus Frequency 
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a Y 
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~ v 
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Vout• OUTPUT VOLTAGE !VOLTS! 

Figure 5. Output Source Current versus Output Voltage Figure 6. Output Sink Current versus Output Voltage 
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MCM6292 

1.4 --------------~---~ 1 .3 r--.---.---.----,--.---,----,--,.--...., 
s 
~ 1.3 1---+--T+---+----f---+---+--+---+--~ 

;! Vcc=5V vld 
~ 1.2 f---'---+--+--+---+---+------+---t 

~ 
"' 1.1 f----l--+--+---+---+v-L'.1 ........ --+---+---< 

~ L 
Q 1.0 l---+---f--+v---,jo~-t--t---1----,f----i 

~ ../'" J 0.9 r--·-+-

ia 
~ 1 .2 ,___.,__ _ _,_ _ _,_ _ _,__-r----r---__,v,_,,...d-,____, 
~ Vcc=5V V1 
.., 1.1 t--t--+--+--+----t----7"-r----+---+---1 

~ ~ 
~ 1.0 v 
'.;i L'.'.'.J 
~ 0.91--+---~-f---+--+---+---+---+---1 

~ 
~ 0.8 i----r----r-----r-----r----r----r-----r---r--, 
p 

0.8 ....__..__...__...__...__...__..._ _ _._ _ _._ _ _, 0.7 ..__...__...__...__..._ _ _._ _ _._ _ _.__~-~ 
-75 -50 -25 25 50 75 100 125 150 -75 -50 -25 25 50 75 100 125 150 

TA. AMBIENT TEMPERATURE i°C) TA, AMBIENT TEMPERATURE (°C) 

Figure 7. Reed Cycle Time versus Temperature Figure 8. Clock Access Time versus Temperature 

ORDERING INFORMATION 
(Order by Full Part Number) 

x xx xx 
Motorola Memory Prefix ____ T_M..,CM T6292 

Part Number -

I T T_Shipping Method (R2=Tape & Reel, Blank=Rails) 

~Speed (25=25 ns, 30=30 ns) 

Package (P =Plastic DIP, NJ= Plastic SOJ) 

Full Part Numbers-MCM6292P25 
MCM6292P30 

MCM6292NJ25 
MCM6292NJ30 
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MCM6292 

APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy S18ndard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operetion of the input registers 
and output latches, and provides a direct means of synchro­
nizing the SRAM to a system clock. 

The MCM6292 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

L_14 
/ 

}'14 

AO-A13 

L...+i K 

*-+I l 
MCMB292 

·-w 
r--1 DO-D3 

x 00-03 

_LIB , 
(4 

.LIB , 

*From read/write controller. 

}',4 

AO-A13 

~K 

*--I l 
MCMB292 

·-w 
r-' OO-D3 

~ 00-03 

~ 

be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (Kl signal, the output data for 
the previous cycle is latched untD the next falling clock edge. 
When the clock (Kl signal is low, the output is allowed to 
transition relative to the most recent rising clock (Kl edge. 

Figure 9 shows a typical system configuration using four 
MCM6292 chips. The system addresses are tied to the 
MCM6292s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/ 0 con­
figuretion of the MCM6292. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (Kl signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

_,f'14 Y,4 

AO-A13 AO-A13 

i.....iK L..+. K 

*--I l *-E 
MCMB292 MCMB292 

·~w *-W 

~ DO-D3 .. DO-D3 

~ 00-03 ,I 4 00-03 

/4 V4 

Figure 9. Typical Configuration for a 16-Bit Bua 
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~ 
JJ 
0 
s;: 

~ ~I 
JJ 
-< 
~I 
);! 

I 

SYSTEM-GEIERATED 
SIGllALS 0 20 40 60 80 100 120 160 200 240 

SYSTEM cLocK_J I j I I j I I I I I I r---1 ---.L 
ADDRESS 

CONTROL 

WRITE DATA 

MCM8292 COITROL 
AID OUTPUT SIGIALS 10 30 50 70 I 90 110 I 150 ___ ...,190 ,_ __ _,230 

K (CLOCK) 

I WRITE CYCLE --t-READ CYCLE 
__ ___, ___ w-------

W !WRITE ENABLE) 

E !CHIP ENABLE) 

00-03 (DATA OUT) °'1+5 

I 
80 120 160 240 

NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 10. Nonplpeline System Timing 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

16K x 4 Bit Synchronous Static RAM 
with Output Registers 

The MCM6293 is a 66,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli­
cations. It is well suited for telecommunications switches and test equipment. 

Synchronous design allows precise Lycle control with the use of an external clock (Kl, 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address IAO-A13), data (D0-D3), write (Wl, and chip enable (El inputs are all clock 
(Kl controlled, positive-edge-triggered, non inverting registers. 

The MCM6293 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully pipe­
lined applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6293 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 20/25 ns Max 
• Fast Clock (Kl Access Times: 10 ns Max 
• Address, Data Input, E, and iiii Registers On-Chip 
• Output Registers for Fully Pipelined Applications 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 

ADDRESS 
REGISTERS 

BLOCK DIAGRAM 

ROW 
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MEMORY MATRIX 
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MCM6293 

~ 
300 MIL PLASTIC 

CASE 710A 

fl!!//ll/l'!:PACKAGE 
300 MILSOJ 
CASE 8108 

PIN ASSIGNMENT 

A5 1. 28 Vee 
AB 27 A4 

A7 26 A3 

AS 4 25 A2 

A9 5 24 Al 

A10 23 AO 

All 22 03 

A12 8 21 02 

A13 9 20 03 

DO 10 19 Q2 

01 11 18 Ql 

E 12 17 QD 

13 16 w 
Vss 14 15 Vssn* 

*For proper operation of the 
device, both Vss and Vssa 
must be conected to ground. 

PIN NAMES 

AO-A 13 ......... Address Inputs 
W. . . . . . . . . . . . . Write Enable 
E . . . . • . . . . . . . . . Chip Enable 
D0-03 . . • • . . . . . . . Oats Inputs 
Q0-03 . . . . . • . . . . Data Outputs 
K . . . . . . . . • . . . . . Clock Input 
Vee ....... +5 v Power Supply 
Vss .............. Ground 
V SSQ . . . . . Output Buffer Ground 



MCM6293 

TRUTH TABLE 

E w Operation Q0-03 

L L Write High Z 

L H Read Dout 

H x Not Selected High Z 

NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vssa=O Vl 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 
Voltage Relative to Vsstvssa for Any Vin• Vout -o.5 to Vcc+0.5 v 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation IT A= 25°C) Po 1.0 w 
Temperature Undar Bias Tbias -10to+85 •c 

Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.!ll -55to +125 •c 

NOTE: Permanent device damage may occur H ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device rellability. 

This device contains circuitry to protect the 
inputs against damage due to high stetic 
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid applicetion of any voltage higher than 
maximum rsted voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specified setup 
and hold times with steble logic levels for 
AU rising edges of clock (K) while the de­
vice is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vssa=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+0.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.5 V de; V1L (min)= -3.0 V ac (pulse width :s20 ns) 

DC CHARACTERISTICS 

Para mater Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to Vee> i!l!s.m - ±1.0 p.A 

Output Leakage Current (E=V1H. Vout=O to Vee. Outputs must be high-Zl l1]!gjOI - ±1.0 p.A 

AC Supply Current IE= VIL• lout= 0 mA, All Inputs= V1H or V1L. Cycle iccA - 140 mA 
Time;,:tKHKH min) 

Standby Current (E=V1H; Other lnputs=V1H"=3.0 Vor V1Ls0.4 V; lout=O mA, Cycle lse1 - 55 mA 
Time;,:tKHKH min) 

Output Low Voltage llOL = 12.0 mAJ VoL - 0.4 v 
Output High Voltage llOH = -10.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Testadl 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= o to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . • • . • • • • . . 1.5 V 
Input Pulse Levels ••..•••...•....••...... 0 to 3.0 V 
Input Rise/Fall Time .....•....•.......••...•. 5 ns 

Output Timing Measurement Reference Level . • . . . . • . • 1.5 V 
Output Load . • • • . • • . • • See Figure 1 A Unless Otherwise Noted 

READ CYCLE (See Note 11 

MCM6293-20 MCM6293-25 
Parameter Symbol Unit Notes 

Min Max Min Max 
Read Cycle Time tKHKH 20 - 25 - ns 2 
Clock Access Time tKHOV - 10 - 10 ns 3 

Output Active from Clock High tKHOX 0 - 0 - ns 4 

Clock High to Q High Z IE= V1Hl IKHOZ - 10 - 10 ns 4 

Clock Low Pulse Width tKLKH 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - ns 

Setup Times for: E tEVKH 5 - 5 - ns 5 
A tAVKH w twHKH 

Hold Times for: E tKHEX 3 - 3 - ns 5 
A tKHAX w tKHWX 

NOTES: 
1. A read is defined by W high and E low for the setup and hold times. 
2. All reed cycle timing is referenced from K. 
3. Valid data from K high will be the data stored at the address of the last valid read cycle. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHOZ max is less than tKHOX min for a given device. 
5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) while the device is selected. 

13D 

Figure 1A 

AC TEST LOADS 

+sv 

130 pf 
(INCLUDING 
SCOPE AND JIG) 

a--.------. 

130 

Figure 18 
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K (CLOCK) 

A (ADDRESS! 

W !WRITE ENABLE) 

Q (DATA OUT) 

K ICLDCKJ 

E (CHIP ENABLE) 

A IAODRESSJ 

W !WRITE ENABLE) 

Q (DATA OUT) 

NOTE: 

READ CYCLE 1 (See Note 1) 

•-~-1----a-.-_-2 ___ 1_KH_mJ-~.,~ 

IKHQV? 1 

Dn-3 -*-

READ CYCLE 2 (See Note 1) 

Dn-2 
IKHOVJ ______ Dn_-_, ____ IK-HQ-Vk 

1. The outputs On-3 and On-2 are derived from two previous read cycles where iiii=V1H and E=V1L for those cycles. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE (W Controlled, See Note 1) 

MCM6293-20 MCM6293-25 
Parameter Symbol Unit Notes 

Min Max Min Max 

Write Cycle Time tKHKH 20 - 25 - ns 2 

Clock High to Output High Z <W=V1Ll tKHQZ - 10 - 10 ns 3 

Setup Times for: 'E tEVKH 5 - 5 - ns 4 
A tAVKH w twLKH 
D tovKH 

Hold Times for: E tKHEX 3 - 3 - ns 4 
A tKHAX w tKHWX 
D tKHDX 

NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHQZ max is less than tKHOX min for a given device. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. 

WRITE CYCLE 

1+-----IKHKH------+1 

K (CLOCK! 

tEVKH 

E !CHIP ENABLE! 

tAVKH 

A !ADDRESS! 

IWLKH 

W (WRITE ENABLE! 

D !DATA INI 

Q !DATA OUTI lln-2 ._ ______ a. ___ , ______ .,~--tK_H_nz ____ HIGH z ------

MOTOROLA MEMORY DATA 
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Figure 2. Active Supply Current versus Frequency 
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Figure 3. Active Supply Current versus Temperature 
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Figure 4. Standby Current versus Frequency 
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Figure 5. Output Source Current versus Output Voltage Figure &. Output Sink Current versus Output Voltage 
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! ..d 1.11----+---+--+----+---<17---+---+----<>---I 

~ / 
"' 1.01--1---11--lv--,.j."'--+--+--+--+--l 

~ / j 0.9 

I 
e 1.0 
... 
c 

"" 0.9 ... ; 
i5 0.8 
= 
"' 0.8 L-'-'----''----'---'---'---'----'---'--.... 0.7 

-75 -50 -25 25 50 75 100 125 150 -75 -50 -25 25 50 75 100 125 150 
TA, AMBIENT TEMPERATURE 1°Cl TA• AMBIENT TEMPERATURE 1°CI 

Figure 7. Raad Cycle Time versus Temperature Figure 8. Clock Access Time versus Tempereture 

MCM 

Motorola Memory Prefix T 

ORDERING INFORMATION 
(Order by Full Part Number) 

6293 x xx xx T 11 T Sh; __ ,,,_T.,.•-•••=Ro•I 
Part Number ------------' Speed (20=20 ns, 25=25 nsl 

Package (P=Plastic DIP, NJ=300 mil SOJI 

Full Part Numbers-MCM6293P20 
MCM6293P25 

MCM6293NJ20 
MCM6293NJ25 

MOTOROLA MEMORY DATA 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn­
chronizing the SRAM to a system clock. 

The MCM6293 offers registered output operation. On the 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

SYSTEM 
DATA 

14 

14 

AO-A 13 

MCM6293 

DO-D3 

00-03 

14 

AO-AlJ 

MCM6293 

* w 

00-D3 

4 OD-03 

rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four 
MCM6293 chips. The system addresses are tied to the 
MCM6293s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 1/0 con­
figuration of the MCM6293. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data. and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

14 14 

AO-A13 AO-A13 

E 
MCM6293 MCM6293 

* w 

DO-D3 DO-D3 

Q0-03 QO-Q3 

IN _,.. __ ,.__~~~-+~~~~ .... ~~~-+~~~~..-~~~--t~~~~ 

OUTPUT_,.--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
DATA 

BUS 

*From read/write controller. 

Figure 9. Typical Configuration for a 16-Bit Bus 
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SYSTEM-GEIERATED 
SIGIALS 0 20 40 60 80 100 120 160 200 240 

SYSTEMCLOCK_J I I I I I I I I I I II.---L 
ADDRESS 

CONTROL 

WRITE DATA 

llCll8Z93 CGITROL 
AID OUTPUT SIGIALS 

K ICLOCKI 

10 30 50 70 90 110 150 ___ ._19.0 230 

-------WRITE CYCLE-t--READ CYCLE R R w-------

i !WRITE ENABLE) 

E IClllP ENABLEl 

00-03 IDATA oun------------------< Dn+l Dn+2 Dn+3 ------<lln+5 

120 160 200 

NOTES: 
1. The system supplies address, data, and control information and accepts data from mamory on the rising edga of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagata to the memory chips. 

Figure 10. Pipeline System Timing 
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(') 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

16K x 4 Bit Synchronous Static RAM 
with Output Registers and Output Enable 

The MCM6294 is a 66,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS IHCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli­
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func­
tions for greater reliability. It is well suited for telecommunications switches and test 
equipment. 

The address (A0-A13), data IDO-D3), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6294 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is wall suited to fully pipe­
lined applications. 

The output enable (G) provides asynchronous bus control for common 1/0 or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6294 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 20/25 ns Max 
• Fast Clock (K) Access Times: 10 ns Max 
• Address, Data Input, and W Registers On-Chip 
• Output Enable for Asynchronous Bus Control 
• Output Registers for Fully Pipelined Applications 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 

AO-A 13 

00-03 

OUTPUT 
ENABLE 
BUFFER 

BLOCK DIAGRAM 

16K x 4 
ROW MEMORY MATRIX 

128 ROWS x 

Vee 

Vss 
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~ 
300 MIL PLASTIC 

CASE710A 

~CKAGE 
300 MIL SOJ 
CASE810B 

PIN ASSIGNMENT 

AS 1 • 

A6 

A7 

AB 

A9 

A10 

All 

A12 

A13 

00 10 

01 11 

il 12 

13 

v55 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 
~---~ 

Vee 
A4 

A3 

A2 

Al 

AO 

DJ 

02 

03 

02 

01 

00 

w 
Vsso* 

*For proper operation of the 
device, both Vss and Vssa 
must be connected to ground. 

PIN NAMES 

AO-A 13 ......... Address Inputs 
W. . . . . . . . . . . . Write Enable 
G . . . . . . Output Enable 
00-D3 ........... Data Inputs 
00-03 .......... Data Outputs 
K . . . . . . . . . . . . . . Clock Input 
Vee ....... + 5 V Power Supply 
Vss .............. Ground 
Vssa ..... Output Buffer Ground 

.. 
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TRUTH TABLE 

G w Operation QO-Cl3 

x L Write High Z 

L H Read Dout 
H H Output Disable High Z 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. The value n is an asynchronous input. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vssa=O Vl 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to VsslVssa for Any Vin· Vout -0.5 to vcc+0.5 v 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°Cl Po 1.0 w 
Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto+70 oc 

Storage Temperature Ts.lll.. -55to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (Kl while the de­
vice is seJected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vssa=O Vl 

Parameter Symbol Min Typ Max 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 

Input High Voltage V1H 2.2 - Vcc+0.3 

Input Low Voltage V1L -0.5* - 0.8 

*VIL (mini= -0.5 V de; V1L (mini= -3.0 V ac (pulse width s20 ns) 

DC CHARACTERISTICS 

Unit 

v 

v 
v 

Para mater Symbol Min Max Unit 

Input Leakage Current (All Inputs, V;n=O to Vccl ll!sl!lll - ±1.0 p.A 

Output Leakage Current (G=V1H. Vout=O to Vee. Outputs must be high-Zl ll!sl!!Ol - ±1.0 p.A 

AC Supply Current (G=V1L. lout=O mA, Cycle Time=.tKHKH min) lccA - 140 mA 

Output Low Voltage !loL = 12.0 mAI VoL - 0.4 v 

Output High Voltage !loH = -10.0 mAl VoH 2.4 - v 

CAPACITANCE (f= 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance C;n 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to +70"C, Unless Otherwise Notedl 

Input Timing Measurement Reference Level • . • . . . . . . . 1.5 V 
Input Pulse Lewis . . . • . • . • . • . • . • . • . • • . • . . 0 to 3.0 V 

Output Timing Measurement Reference Level • • • • • • • • • 1.5 V 
Output Load .••.••.•.. See Figura 1A Unless Othetwiee Noted 

Input Rise/Fall Tima .•..•.•.•...•...••.•..••. 5 ns 

READ CYCLE (See Note 11 

MCMl294-20 MCM8284-21i 
Parameter Symbol Unit N-

Min Mex Min Max 

Read Cycle Time tKHKH 20 - 25 - ns 2 

Clock Access Tima tKHQV - 10 - 10 ns 3 

Output Active from Clock High tKHQX 0 - 0 - ns 4 

Clock Low Pulse Width tKLKH 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 6 - ns 

Setup Timas for: A tAVKH 5 - 5 - ns 5 
w twHKH 

Hold Tomes for: A tKHAX 3 - 3 - ns 5 
w tKHWX 

'G' High to Q High Z tGHaz - 10 - 10 ns 4,6 

'G' Low to Q Active tGLQX 0 - 0 - ns 4, 6 

'G' Low to Q Valid tGLQV - 10 - 10 ns 

NOTES: 
1. A raad is defined by W high for the setup and hold times. 
2. All raad cycle timing Is raferenced from K or from 'G'. 
3. Valid data from K high will be the data storad at the addrass of the last valid raad cycle. 
4. Transition is measurad ± 500 mV from steady-state voltage with loed of Figura 1 B. This parametar is sempled not 100% tasted. 
5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. · 
6. At any given voltage arid tamperatura, tGHQZ max is less than tGLQX min for a given device. 

0-+------

130 

Figure 1A 

AC TEST LOADS 

+5V 

305 

a--------4 
130 pf 

!INCLUDING 
SCOPE ANO JIGI 

130 
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READ CYCLE 1 (See Note 1) 

IKHKL IKLKH 

K !CLOCK) 

IKHKH 

ii !OUTPUT ENABLE) 

A !ADDRESS) 

W !WRITE ENABLE) 

0 !DATA OUT) Dn-3 
~·1 

Dn-2 f'"" 
READ CYCLE 2 (See Note 1) 

IKHKL IKLKH 

K ICLDCKI 

IKHKH .. ii !OUTPUT ENABLE) 

A !ADDRESS) 

W !WRITE ENABLE) 

0 !DATA OUT) 0.-3 

IKHOV~ 
0.-2 

IKHOVl 

0.-1 

NOTE: 
1. The outputs On -3 and On -2 are derived from two previous read cycles, where W = V1H for those cycles. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE IW Controlled, See Note 11 

MCM8294-20 MCM8294-21i 
Parameter Symbol Unit Not• 

Min Max Min Max 
Write Cycle Time tKHKH 20 - 25 - ns 2 

Clock High to Output High Z IW = V1Ll tKHOZ - 10 - 10 ns 3 

~ High to a High z tGHOZ - 10 - 10 ns 4 

Setup Times for: A tAVKH 5 - 5 - ns 5 
w IWLKH 
D tovKH 

Hold Times for: A tKHAX 3 - 3 - ns 5 
w tKHWX 
D tKHDX 

NOTES: 
1. A write is perfonned when W is low for the specified setup and hold times. 
2. All write cycle timing is referenced from K or from ~-
3. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. At any given voltage and temperature, tKHOZ max is 

less than IKHOX min for a given device. 
4. ~becomes a don't care signal for successive writes after the first write cycle. 
5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. 

WRITE CYCLE 1 

(SEPARATE 110 MOOE) (COMMOI 110 MOOE) 

K (CLOCK) 

ii !OUTPUT ENABLE) 

A IAOORESS) 

W (WRITE ENABLE) 

0 !DATA IN) 

Q (DATA OUT) 

~rlGHOZ 

~HIGH·Z-------

MOTOROLA MEMORY DATA 

9-35 



MCM6294 
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Figure 2. Active Supply Current versus Frequency 
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Figure &. Read Cycle Time versus Temperature 
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Figure 3. Active Supply Current versus Temperature 
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Motorola Memory Prefix 
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Figure 8. Output Enable Time versus Temperature 
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ORDERING INFORMATION 
(Order by Full Part Numberl 

6294 x xx xx J 1 T T ................. R2-T• ......... ,._ .. _, 

Part Number-----------'- Speed (20=20 ns, 25=25 ns) 

Package IP= Plastic DIP, NJ= 300 mil SOJ) 

Full Part Numbers- MCM6294P20 
MCM6294P25 

MCM6294NJ20 
MCM6294NJ25 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn­
chronizing the SRAM to a system clock. 

The MCM6294 offers registered output operation. On the 

SYSTEM 14 
ADDRESSES 

SYSTEM 
14 

CLOCK 

14 

AO-A 13 AO-Al 3 

il 

MCM6294 MCM6294 

w 

OO-D3 DO-D3 

00-03 00-03 

SYSTEM 
DATA 16 

IN 

OUTPUT 16 

DATA 
BUS 

*From read/write controller. 

rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four 
MCM6294 chips. The system addresses are tied to the 
MCM6294s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 1/0 con­
figuration of the MCM6294. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

14 14 

AO-A 13 AO-A13 

il il 
MCM6294 MCM6294 

w w 

DO-DJ D0-03 

00-03 00-03 

Figure 9. Typical Configuration for a 16-Bit Bus 
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SYSTEM-GENERATED 
SIGNALS 0 20 40 60 80 100 120 160 200 240 

SYSTEM CLOCK _J I I I I I I I I I I I ,--------L 
ADDRESS 

CONTROL 

WRITE DATA 

MCM6294 COURDL 
AND OUTPUT SIGNALS 

K (CLOCK) 

10 30 50 70 90 110 150 ___ .,190 
.----.230 

-------WRITE CYCLE+ READ CYCLE --+--- -+----1~--w--+--+----

W (WRITE ENABLE) 

G (OUTPUT ENABLE) 

00-03 (DATA oun--------------------l 00 + 1 00 +2 00 +3 

120 160 200 

NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 10. Pipeline System Timing 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

1&Kx4 Bit Synchronous Static RAM 
whh Transparent Outputs and Output Enable 

The MCM6296 is a 66,636 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's sscond-generation high-performance 
silicon-gate CMOS IHCMOS Ill) technology. The device integrates input registenl, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache dats RAM and writeabla control store appli­
cations. The MCM6295 is well suited for applications involving the MC68030, MC68040, 
and AMD29K microprocessors. It is ideal for burst mode or pipelined bus applications. 

Synchronous design allows precise cycle control with the uile of an external clock IKI, 
while CMOS circuitry reduces the overell power consumption of the integreted functions 
for greater reliability. 

The address IAO-A131, dats (D0-D31, and write !WI inputs are all clock IKI controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6295 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

The output enable (GI provides asynchronous bus control for common 1/0 or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6295 is available in a 300-mil, 28-pin plsstic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access and Cycle Times: 25/30 ns Max 
• Address, Data Input, and W Registers On-Chip 
• Transparent Output Latch for Access Within the Same Cycle 
• Output Enable for Asynchronous Bus Control 
e High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Bosrd Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Csche, or Cache Tag 

AO-A13 

DO-D3 

OUTPUT 
ENABLE 
BUFFER 

BLOCK DIAGRAM 

Vee 

Vss 

MOTOROLA MEMORY DATA 

DD 

01 

02 

03 

MCM6295 

300 MIL PLASTIC 
CASE710A 

~PACKAGE 
300MILSOJ 
CASE810B 

PIN ASSIGNMENT 

A5 1 • 

AB 2 

A7 3 

AB 4 

AB 5 

AID 8 

All 

A12 

A13 

DO 10 

DI 11 

6 12 

13 

Vss 14 

28 

27 

28 

25 

24 

23 

22 

21 

20 

19 

18 

17 

18 

15 .__ __ ___, 

Yee 
A4 

A3 

A2 

Al 

AO 

D3 

02 

03 

02 

01 

00 

i 

Yssn* 
*For proper operation of the 

device, both Vss and Vssa 
must be connec11ld to ground. 

PIN NAMES 

AO-A 13. . . . . . . . . Address Inputs 
W. . . . . . . . . . . . . Write Enable 
G .. .. . . .. . . .. Oulput Enable 
00-03 . . . . . . . . . . . Data Inputs 
QO-Q3 • • . • • . • • . • Data OU1puts 
K • . . • • . . . . . . • • • Clock Input 
Vee •.•..•. +5VPowerSupply 
Vss ...••.•.••.•.• Ground 
Vssa .••.. OU1put Buffer Ground 
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TRUTH TABLE 

G w Operation QO-Q3 

x L Write High Z 

L H Read Dout 

H H Output Disabled High Z 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. The value G is an asynchronous input. 

ABSOLUTE MAXIMUM RATINGS !Voltages referenced to Vss=Vsso=O VI 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 
Voltage Relative to Vss!Vsso for Any Vjn, Vout -0.5 to Vcc+0.5 v 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10to +86 oc 

Operating Temperature TA 0 to +70 oc 

Storage Temperature T'!!ll -55to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de­
vice is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS !Voltages referenced to Vss =Vsso=O VI 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - vcc+o.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -0.5 V de; V1L (min)= -3.0 V ac (pulse width s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= 0 to Vccl 11~1) - ± 1.0 p.A 

Output Leakage Current (S=V1H. Vout=O to Vee. Outputs must be in high-Z) 11~(01 - ± 1.0 µ.A 

AC Supply Current (G=V1L• lout=O mA, Cycle Time;;:tKHKH min) lccA - 140 mA 

Output Low Voltage !loL = 12.0 mA) VoL - 0.4 v 

Output High Voltage OoH = - 10.0 mA) VoH 2.4 - v 

CAPACITANCE (f = 1.0 MHz, dV =3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=S.O V ± 10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level • • • • . • • • . . 1.5 V 
Input Pulse Levels . • . . . • • . . . • • . . • • • . • • • . . 0 to 3.0 V 
Input Rise/Fall Tima •...••••.•••.••••••••..•. 5 ns 

Output Timing l\lleasuremant Reference Level . . . • . . . . • 1.5 V 
Output Load . . . • . . . • . . Sea Figure 1 A Unless Otherwise Noted 

READ CYCLE (Sea Note 1) 

MCM6296-2& l\llCM6296-30 
Parameter Symbol Unit Notes 

Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - ns 2 
Clock Access Time tKHQV - 25 - 30 ns 4,6 

Data Valid from Clock Low tKLQV - 10 - 13 ns 5, 6 

Output Hold from Clock Low tKLQX 0 - 0 - ns 3, 6 

Clock Low Pulse Width IKLKH 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - ns 

Setup Times for: A tAVKH 5 - 5 - ns 7 
w twHKH 

Hold Times for: A tKHAX 3 - 3 - ns 7 
w tKHWX 

G High to Q High Z tGHQZ - 10 - 13 ns 8 

G Low to Q Active tGLQX 0 - 0 - ns 8 

G Low to Q Valid tGLQV - 10 - 13 ns 

NOTES: 
1. A read is defined by W high for the setup and hold times. 
2. All read cycle timing is referenced from K or from G. 
3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 18. This parameter is sampled not 100% tested. 
4. For Read Cycle 1 timing, clock high pulse width «tKHav-tKLQVI· 
5. For Read Cycle 2 timing, clock high pulse width :. (tKHQV- tKLQVI. 
6. K must be at a low level for outputs to transition. 
7. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl. while the device is selected. 
8. At any given voltage and temperature, tGHQZ max is less than tGLQX min, both for a given device and from device to device. 

130 

Figure 1A 

AC TEST LOADS 

+5V 

130 pf 
(INCLUDING 
SCOPE AND JIGJ 

130 
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READ CYCLE 1 (See Note 1) 

--""""--IKLKH 

A IADDRESSI 

w 

IGHQZ 

00-03 ---PREVIOUS HIGH z-----c. 0,,+1 

READ CYCLE 2 (See Note 2) 

A !ADDRESS! 

w 

00-03 ----- PREVIOUS HIGH Z --------1 0,, 

NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <ltKHav-tKLQVI· 
2. For Read Cycle 2 timing, clock high pulse width "'(IKHav-tKLavl. 
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WRITE CYCLE !W Controlled, See Note 11 

MCM112116-211 MCM12111i-311 
Pa ram- Symbol Unit No-

Min Max Min Max 

Write Cycle Time tKHKH 25 - 30 - 118 2 

Clock Low to Output High Z !W = V1LI tKLOZ - 10 - 13 118 3 

'a High to Q High Z lGHOZ - 10 - 13 ns 4 

Satup Timas for: A tAVKH 5 - 5 - 118 5 
w twLKH 
D tovKH 

Hold limes for: A tKHAX 3 - 3 - 118 5 
w tKHWX 
D tKHDX 

NOTES: 
1. A write is performed when W is low for the specified setup and hold times. 
2. All write cycle timing is raferenced from K. 
3. K must be at a low level for outputs to transition. 
4. 'a becomes a don't care signal for auccasalve writes after the first write cycle. 
5. This is a synchronous davica. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. 

IKHKL------IKLKH 

K 

-------IKHKH------~ 

A (ADDRESS) 

00-03 

w 

---ij~-IKLoz 

llO-Q3 ______ PR_E_vi_ous_o_AT_A ______ ~>--------HIGH z-------
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Figure 6. Read Cycle Time versus Temperature 
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Motorola Memory Prefix 
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Figure 8. Output Enable Time versus Temperature 
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ORDERING INFORMATION 
(Order by Full Part Number) 

6295 x xx xx J 111 '"''"' M""""' IR2=T•,. & ""'· -=R ... 
Part Number -------------' Speed (25=25 ns, 30= 30 ns) 

Full Part Numbars-MCM6295P25 
MCM6295P30 

Package (P=300 mil Plastic DIP, NJ =300 mil SOJI 

MCM6295NJ25 MCM6295NJ25R2 
MCM6295NJ30 MCM6295NJ30R2 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SAAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (Kl input controls the operation of the input registers 
and output latches, and provides a direct means of synchro­
nizing the SAAM to a system clock. 

The MCM6295 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

L14 
/ 

,(14 

AO-A 13 

._.., K 

·-ii 
MCM6295 

·-w 
r+ DO-D3 

~ 
Q0-03 

L16 
7 

~ _L_l6 
/ 

*From read/write controller. 

{14 

t 
AO-A 13 

4K 

..... ii 
MCM6295 

·-w 
r* D0-03 

t 00-03 

(4 

be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (Kl signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (Kl edge. 

Figure 9 shows a typical system configuration using four 
MCM6295 chips. The system addresses are tied to the 
MCM6295s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 1/0 con­
figuration of the MCM6295. The clock (Kl signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (Kl signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

{14 };4 

AO-A13 AO-A13 

~K ~K 

•--Iii •-+ill 
MCM6295 MCM6295 

•--IW •-+!W 

r--1 DO-D3 r--1 DO-D3 

~ Q0-03 ,f4 Q0-03 

~ v4 

Figure 9. Typical Configuration for a 16-Bit Bus 
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SYSTI:ll-GEIERATEll 
SIGIAl.ll 0 20 40 60 80 100 120 160 200 240 

SYSTEM CLOCK_J I I I I I I I I I I II...--___,L 
ADDRESS 

CONTROL 

WRITE DATA 

MCM&295 CDITROL 
AID OUTPUT SIGIALS 10 30 50 70 I 90 110 150 ___ ..,190 230 

K {CLOCKI 

I WRITE CYCLE-+- READ CYCLE R --1---1..---w---+----

Yi {WRITE ENABlEI 

ii {OUTPUT ENABLE) 

00-03 {DATA OUTI o,.+5 

V'I , y 'I 
80 120 160 240 

NOTES: 
1. The system supplies 8ddress, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns {for this example) to allow input information to propagate to the memory chips. 

Figure 10. Nonpipeline System Timing 
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TECHNICAL DATA 

Product Preview 
DSPRAM® 
SK x 24 Bit Fast Static RAM 

The MCM56B24 is a 196,60B bit static random access memory organized as 
B, 192 words of 24 bits, fabricated using Motorola's high-performance silicon­
gate CMOS technology. The device integrates an BK x 24 SRAM core with 
multiple chip enable inputs, output enable, and an externally controlled single 
address pin multiplexer. These functions allow for direct connection to the 
Motorola DSP56001 Digital Signal Processor and provide a very efficient means 
for implementation of a reduced parts count system requiring no additional 
interface logic. This device can also be used as three BK x B SRAMs by holding 
vis low. 

The availability of multiple chip enable (E1 and E2) and output 
enable (G) inputs provides for greater system flexibility when 
multiple devices are used. With either chip enable input 
unasserted, the device will enter standby mode, which is useful in 
low-power applications. A single on-chip multiplexer selects A12 
or XiY as the highest order address input depending upon the 
state of the VIS control input. This feature allows one physical 
static RAM component to efficiently store program and vector or 
scalar operands. By connecting DSP56001 program memory select 
(PS) to the VECTOR/SCALAR (V/S) MUX control pin, such 
partitioning can occur with no additional components. This allows 
efficient utilization of the RAM resource regardless of operand 
type. Refer to the application diagrams at the end of this 
document for additional information. 

002 10 

Multiple power and ground pins have been utilized to minimize 
effects induced by output noise. 

• Single 5 V ± 10% Power Supply 

• Fast Access and Cycle Times: 25/30/35 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Times 

• On-Chip Single Address Multiplexer 

• Active High and Active Low Chip Enable Inputs 

• Output Enable Controlled Three-State Outputs 

• High Board Density PLCC Package 

• Low-Power Standby Mode 

• Fully TIL Compatible 

DSPRAM is a trademark of Motorola, Inc. 

V55 11 

D03 12 
D04 13 
DOS 14 

D06 15 
007 16 
DOB 17 

V55 18 

D09 19 
0010 20 

MCM56824 

FN PACKAGE 
52-LEAD PLCC 

CASE 778 

PIN ASSIGNMENT 

7 6 5 4 3 2 1 52 51 so 49 48 47 • 

21 22 23 24 25 26 27 28 29 30 31 32 33 

PIN NAMES 

46 0023 

0022 
0021 

V55 
0020 
0019 

0018 

0017 
0016 

0015 

V55 
0014 

0013 

AO·-A 11 ........... Address Inputs 
A 12,XiV ..... Multiplexed Address 
VIS ... Address Multiplexer Control 
W ................... Write Enable 
El, E2...... . ... Chip Enable 
G . . . ........ Output Enable 
DQO-DQ23 ..... Data Input/Output 
Vee .......... + 5 V Power Supply 
Vss ...................... Ground 
NC ................ No Connection 

For proper operation of the device, 
all Vss pins must be connected to 
ground. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 

VIS 

Xf{ 

A12 Vee 
MEMORY ARRAY 

AfJ Vss 

I ROW 
DECODER 512ROWSX 

384COLUMNS 
AS 

A10 

A11 

... 
000 

COLUMNl/O 

0023 

E1 
E2 COLUMN DECODER 

! 
(LSB) 

A6 A9 

(MSB) 

TRUTH TABLE 

E1 E2 G w VIS Mode Supply Current 1/0 Status 

H x x x x Not Selected 

x L x x x Not Selected 

L H H H x Output Disable 

L H L H H Read Using X/Y 

L H L H L Read Using A 12 

L H x L H Write Using xR 
L H x L L Write Using A12 

NOTE: X = don't care. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=O V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 V v 

Voltage Relative to Vss Vin· Vout -o.5 to Vcc+0.5 v 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 70°C, Po 1.25 w 
Vcc=5 V, tAvAv=50 ns) 

Temperature Under Bias Tbias -10to+85 •c 

Operating Temperature TA 0 to +70 ·c 

Storage Temperature Ts!l!_ -55 to + 125 ·c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to RECOM­
MENDED OPERATING CONDITIONS. Exposure to higher than recom­
mended voltages for extended periods of time could affect device reliability. 

ise 

ISB 

ice 

ice 

Ice 

ice 

ice 
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High-Z 

High-Z 

High-Z 

Data Out 

Data Out 

Data In 

Data In 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; how­
ever, it is advised that normal precau­
tions be taken to avoid application of 
any voltage higher tha.n maximum rated 
voltages to this high-impedance circuit. 

This CMOS memory circuit has been de­
signed to meet the de and ac specifica­
tions shown in the tables, after thermal 
equilibrium has been established. The 
circuit is assumed to be in a test socket 
or mounted on a printed circuit board 
with at least 300 LFPM of transverse air 
flow being maintained. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0V±10%, TA=O to + 70'C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=O VI 

Parameter Symbol Min 

Supply Voltage (Operating Voltage Range) Vee 4.5 

Input High Voltage V1H 2.2 

Input Low Voltage V1L -0.5* 

*VIL (mini= -3.0 V ac (pulse width "20 ns) 

DC CHARACTERISTICS 

Parameter Symbol 

Input Leakage Current (All Inputs, Vin= Oto Vee! 11~11 

Output Leakage Current (G=V1H. E1 =V1H. E2=V1L. V0 ut=O to VccJ 11~01 

AC Supply Current (G=V1H. E1 =V1L. E2=V1H. lout=O mA, iccA 
All Other lnputs=V1L =0.0 V or V1H=3.0 V) 

MCM56824-25: Cycle Time "' 25 ns 
MCM56824-30: Cycle Time "' 30 ns 
MCM56824-35: Cycle Time "' 35 ns 

Standby Current (El= VIH· E2 =VIL· All Inputs= V1L or V1HI IS81 

CMOS Standby Current (E1 "' Vee -0.2 V, E2 " 0.2 V, ls92 
All Inputs "' Vcc-0.2 V or " 0.2 VI 

Output Low Voltage UoL = + 8.0 mA) VoL 

Output High Voltage UoH= -4.0 mA) VoH 

CAPACITANCE (1=1 O MHz dV=3 O V TA=25'C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol 

Input Capacitance All Pins Except 000-0023 Cin 

Input/Output Capacitance 000-0023 C110 

AC TEST LOADS 

+5V 

4SOQ 

Typ Max 

5.0 5.5 

3.0 vcc+o.3 

0.0 0.8 

Min Max 

- ±1.0 

- ±1.0 

- 250 
- 210 
- 180 

- 15 

- 10 

- 0.4 

2.4 -

Typical Max 

4 6 

6 8 

+5V 

480Q 

Do-+-----• Do------

255Q 

Figure 1A 

30 pF (INCLUDING 
SCOPE AND JIG) 255Q 
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Figure 18 

5 pF (INCLUDING 
SCOPE AND JIG) 

Unit 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

mA 

v 

v 

Unit 

pF 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 V±10%, TA=O to +70'C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ............. 1.5 V Output Timing Reference Level ......................... 1.5 V 
Input Pulse Levels ................................. Oto 3.0 V Output Load .......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .................................. : .. 3 ns 

READ CYCLE TIMING !See Notes 1, 2, 3) 

Symbol MCM56824-25 MCM56824-30 MCM56824-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time IAVAV tRC 25 - 30 - 35 - ns 

Address Access Time IAVQV !AA - 25 - 30 - 35 ns 

MUX Control Valid to Output Valid tvsvov !AA - 25 - 30 - 35 ns 

Chip Enable to Output Valid IE1LQV IAC1 - 25 - 30 - 35 ns 4 
IE2HQV IAC2 

Output Enable to Output Valid IGLOV !OE - 12 - 15 - 15 ns 

Output Active from Chip Enable tE1LOX ICLZ 2 - 2 - 2 - ns 4,5 
IE2HOX 

Output Active from Output Enable tGLOX tOLZ 2 - 2 - 2 - ns 5 

Output Hold from Address Change IAXQX tOH 5 - 5 - 5 - ns 

Output Hold from MUX Control tvsxox tvsoH 5 - 5 - 5 - ns 
Change 

Chip Enable to Output High Z IE1HQZ tCHZ 0 12 0 15 0 15 ns 4, 5 
IE2LOZ 

Output Enable High to Output High Z IGHQZ tOHZ 0 12 0 15 0 15 ns 5 

NOTES: 
1. A read cycle is defined by W high. _ _ 
2. All read cycle timjrlgs are referenced from the last vfiljd address or V/S transition to the first address or V/S transition. 
3. filldresses and V/S valid prior to or coincidfil!! with E1 goi1J9..low or E2 going high. 
4. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 
5. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. This parameter is sampled and not 100% 

tested. At any given voltage and temperature, IE1 HQZ max is less than IE1 LOX min, IE2LQZ max is less than IE2HQX min, and 
IGHQZ max is less than IGLQX min for a given device and from device to device. 

READ CYCLE 

AiADDRESS) 

VIS iMUX CONTROL) 

Ei !CHIP ENABLE) 

G (OUTPUT ENABLE) 

O(DATAOUT) 
HIGH-Z 

DATA VALID 

IE1LOX 

MOTOROLA MEMORY DATA 
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WRITE CYCLE TIMING, WRITE ENABLE INITIATED (See Note 1) 

Symbol MCM56824-25 MCM56824-30 MCM56824-35 
Unit Notes Parameter 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time IAVAV twc 25 - 30 - 35 - ns 

Address Setup Time tAVWL tAS 0 - 0 - 0 - ns 2 

MUX Control Setup Time tvsvwL tvss 0 - 0 - 0 - ns 

Address Valid to End of Write IAVWH tAW 20 - 25 - 30 - ns 

MUX Control Valid to End of Write tvsvwH tvsw 20 - 25 - 30 - ns 

Write Pulse Width twLWH twp 15 - 18 - 20 - ns 3 

Write Enable to Chip Enable Disable twLE1H tcw 15 - 18 - 20 - ns 3,4 
tWLE2L 

Chip Enable to End of Write tE1LWH tcw 15 - 18 - 20 - ns 3,4 
tE2HWH 

Data Valid to End of Write tovwH tow 10 - 12 - 15 - ns 

Data Hold Time tWHDX toH 0 - 0 - 0 - ns 5 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns 2 

MUX Control Recovery Time tWHVSX tVSR 0 - 0 - 0 - ns 

Write High to Output Low Z twHOX tow 2 - 2 - 2 - ns 6 

Write Low to Output High Z tWLOZ tWHZ 0 12 0 15 0 15 ns 6 

NOTES: 
1. 8._write cycle starts at the latest transition of ET low, W low, or E2 high. A write cycle ends at the earliest transition of ET high, 

W high, or E2 low. 
2. Wfile must be high for all address and V/§_transitions. 
3. !f_W goes low coincident with or prior to EUow or E2 high_!_he outputs will remain in a high-impedance state. 
4. El in the timing diagrams represents both E1 and E2 with El asserted low and E2 asserted high. 
5. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at 

this time. 
6. Transition is measured ±500 mV from steady-state voltage with load of Figure 16. This prameter is sampled and not 100% 

tested. At any given voltage and temperature, tElHOZ max is less than IE1LOX min, tE2LOZ max is less than IE2HOX min, and 
IGHOZ max is less than tGLOX min for a given device and from device to device. 

W INITIATED WRITE CYCLE 

~--------------~vAv--------------.i 

A. (ADDRESS) 

VIS (MUX CONTROL) 

El (CHIP ENABLE) ""'E------ IE1LWH -------~ 

W (WRITE ENABLE) 

D(DATAIN) 

O(DATAoun 

MOTOROLA MEMORY DATA 

9-53 

.. 



MCM56824 

WRITE CYCLE TIMING, CHIP ENABLE INITIATED (See Note 1) 

Symbol MCM56824-25 MCM56824-30 MCM56824-35 
Unit Notes Parameter 

Symbol Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 30 - 35 - ns 

Address Setup Time tAVE1L tAS 0 - 0 - 0 - ns 2 
tAVE2H 

MUX Control Setup Time tVSVE1L tvss 0 - 0 - 0 - ns 2 
tvSVE2H 

Address Valid to End of Write tAVE1H tsw 20 - 25 - 30 - ns 2 
tAVE2L 

MUX Control Valid to End of Write tvSVE1H tvsw 20 - 25 - 30 - ns 2 
tvSVE2L 

Chip Enable to End of Write tE1LE1H tcw 15 - 18 - 20 - ns 2,3 
tE2HE2L 

Data Valid to End of Write tDVE1H tow 10 - 12 - 15 - ns 2 
tDVE2L 

Data Hold Time tE1HDX toH 0 - 0 - 0 - ns 2,4 
tE2LDX 

Write Recovery Time tE1HAX IWR 0 - 0 - 0 - ns 2 
tE2LAX 

MUX Control Recovery Time tE1HVSX tvSR 0 - 0 - 0 - ns 2 
tE2LVSX 

NOTES: 
1. [!_write cycle starts at the latest transition of Ef low, W low, or E2 high. A write cycle ends at the earliest transition of Ef high, 

l!Y. high, or E2 low. _ _ 
2. EUn the timing diagrams represents b6t'1.!'1 and E2 with E1 asserted low and E2 asserted high. 
3. If W goes low coincident with or prior to E1 low or E2 high the outputs will remain in a high-impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at 

this time. 

A(AODRESS) 

ViS (MUX CONTROL) 

El (CHIP ENABLE) 

W (WRITE ENABLE) 

D(DATAIN) 

fi OR E2 INITIATED WRITE CYCLE 

i+----+--- IVSVE1H -----+1-oo-- IE1HVSX 
------t--t-----. l""E-----IE1LE1H ---~ ,--------------

IVSVE1L 

IAVE1L 

'>VE1H IE1H>X~ xx DATA VALID 

HIGH-Z 
Q (DATAOUT) ---------------------------------

MOTOROLA MEMORY DATA 
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DSP56001 

DSP56001/MCM56824 One-Chip Memory Solution 
(4K Program/2K X-Data/2K Y-Data) 

MCM56824 

OO-D23 f4E---•"f OO-D23 
AO-A10 AO-A10 

A11 
A11 1----+-~-t A12 
PS 1-----~-i Vi§ 

xiY xii 
E1 
E2 

WR W 
Ri5 o 

2KX24 
XDATA 
SPACE 

2KX24 
PROGRAM 

SPACE 
~ -

2KX24 
YDATA 
SPACE 

2KX24 
PROGRAM 

SPACE 

BLOCK DIAGRAM MEMORY MAP 

DSP56001 

00-023 

AO-A11 

A12 

05 
P5 
xii 
-
WR 

RD 

DSP56001/MCM56824 Two-Chip Memory Solution 
(BK Program/4K X-Data/4K Y-Data) 

MCM56824 

- OO-D23 - _,,, 
AO-A11 --,.. 

_,,, 
A12 ~ 

GND-> viS 
1--- +5~ xiY 

E1 
4 E2 

_,,, w ~ 

--3' G 

RAMO 

MCM56824 

00-D23 _.., 
AO-A11 ,.. A12 

+5V ~ viS 
_,, xiY _: -

E1 

~ E2 

w 
_ .... G 

RAM1 

BLOCK DIAGRAM 

8KX24 
PROGRAM 

SPACE 

4KX24 
XDATA 
SPACE 

4KX24 
YDATA 
SPACE 

MEMORY MAP 

NOTE: E2 may be connecllld to a DSP56001 high-order address bit to eliminate internal/external memory overlap. 
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DSP56001 

DC>-D23 

AO-A11 

91K X 24 
XDATA 
SPACE 

A12 

A15 

xiV 

WR 

Fili 

MCM56824 

- ... DC>-D23 - -... AO-A11 

A12 
__,,, 

VIS -... xiV --,,. 

GND~ E1 
+SV~ E2 

__,,, w 
__,,, G -

BLOCK DIAGRAM 

91KX24 t PROGRAM 
SPACE 

i--------1 

91K X 24 
Y DATA 
SPACE 

,;BKX24 
XDATA 
SPACE 

,;BK X 24 
PROGRAM 

SPACE 91K X 24 
PROGRAM 

SPACE 

VIS="1" 

~ 

VIS="O" 

MEMORY MAPS 

The DSPRAM may be dynamically repartitioned by connecting DSP56001 address A15 to VJS. 
This allows for software control of the relative sizes of the program and X and/or Y data spaces. 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM -r xx xx 
Motorola Memory Prefix --------' r T L Speed (25=25 ns, 30=30 ns, 35=35 ns) 

L_ Package (FN=PLCC) Part Number 

Full Part Numbers - MCM56824FN25 MCM56824FN30 MCM56824FN35 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
32K x 9 Bit Synchronous Dual 1/0 
Fast Static RAM with Parity Checker 

The MCM62110 is a 294,912 bit synchronous static random access memory organized 
as 32, 768 words of 9 bits, fabricated using Motorola's high--performance silicon-gate 
CMOS technology. The device integrates a 32K x 9 SRAM core with advanced peripheral 
circuitry consisting of address registers, two sets of input data registers, two sets of out­
put latches, active high and active low chip enables, and a parity checker. The RAM 
checks odd parity during RAM read cycles. The data parity error (OPE) output is an open 
drain type output which indicates the result of this check. This device has increased out­
put drive capability supported by multiple power pins. In addition, the output levels can be 
either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power supply. 

The device has both asynchronous and synchronous inputs. Asynchronous 

MCM62110 

FN PACKAGE 
PLASTIC 
CASE778 

PIN ASSIGNMENT 

inputs include the processor output enable (POE), system output enable (SOE}, liil l:i'. I~ I~ 13! ~ gl I* ~ :;/' 
and the clock (K}. ,....~==~~~~===~~~~~~"',_, 

The address (AO-A14} and chip enable (ET and E2} inputs are 
synchronous and are registered on the falling edge of K. Write enable 
(W), processor input enable (PIE} and system input enable (SIE} are 
registered on the rising edge of K. Writes to the RAM are self-timed. 

All data inputs/outputs, PDOO-PDO?, SDOO-SD07, POOP, and 
SOOP have input data registers triggered by the rising edge of the 
clock. These pins also have three-state output latches which are 
transparent during the high level of the clock and latched during the low 
level of the clock. 

This device has a special feature which allows data to be passed 

5007 II 

Vsso 12 

PD05 13 

through the RAM between the system and processor ports in either P003 16 
direction. This streaming is accomplished by latching in data from one 5003 17 
port and asynchronously output enabling the other port. It is also 
possible to write to the RAM while streaming. 

Additional power supply pins have been utilized for maximum 
performance. The output buffer power (Vcco} and ground pins 
(Vssol are electrically isolated from Vss and Vee, and supply power 
and ground only to the output buffers. This allows connecting the 
output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels 
are chosen, the output buffer impedance in the "high" state is 
approximately equal to the impedance in the "low" state thereby 
allowing simplified transmission line terminations. 

POOi 

SDOI 

The MCM62110 will be available in a 52 pin plastic leaded chip carrier (PLCC}. 
This device is ideally suited for pipelined systems and systems with multiple 

data buses and multiprocessing systems, where a local processor has a bus 
isolated from a common system bus. 

Single 5 V ± 1 0% Power Supply 
Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility 

• Fast Access and Cycle Times: 15/20 ns Max 
• Self-Timed Write Cycles 
• Clock Controlled Output Latches 
• Address. Chip Enable, and Data Input Registers 
• Common Data Inputs and Data Outputs 
• Dual 1/0 for Separate Processor and Memory Buses 
• Separate Output Enable Controlled Three-State Outputs 
• Odd Parity Checker during Reads 
• Open Drain Output on Data Parity Error (OPE} Allowing Wire-ORing of Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density 52 Lead PLCC Package 
• Active High and Low Chip Enables for Easy Memory Depth Expansion 

PIN NAMES 

POOP 

SDQP 

Vsso 
PDQ6 

5006 

Vcco 
POQ4 

SDQ4 

POQ2 

5002 

Vsso 
POQO 

SDQO 

AO-A 14 ..... Address Inputs 
K . . Clock Input 
W . . . . ...... Write Enable 
ET .... Active Low Chip Enable 
E2 . Active High Chip Enable 
PIE Processor Input Enable 
SIE . System Input Enable 
POE ... Processor Output Enable 
SOE ..... System Output Enable 
OPE Data Parity Error 
PD00-DP07 . Processor Data 1/0 
POOP . Processor Data Parity 
SDOO-SD07 System Data 1/0 
SOOP . . ....... System Data Parity 
V cc + 5 V Power Supply 
V CCO . Output Buffer Power Supply 
V sso . . ..... Output Buffer Ground 
Vss Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee:> Vcco at all times including power up. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this prod_uct without notice. 

MOTOROLA MEMORY DATA 
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FUNCTIONAL TRUTH TABLE (See Notes 1 and 8) 

PDQO-PDQ7, SDQO-SDQ7, 
w PIE SIE POE SOE Mode Memory Subsystem Cycle PDQP Output SDQP Output OPE Notes 

1 1 1 0 1 Read Processor Read Data Out High-Z Parity Out 2, 3 

1 1 1 1 0 Read Copy Back High-Z Data Out Parity Out 2, 3 

1 1 1 0 0 Read Dual Bus Read Data Out Data Out Parity Out 2,3 

1 0 0 x x NIA NOP High-Z High-Z 1 4 

1 x x 1 1 Read NOP High-Z High-Z 1 

0 0 0 x x NIA NOP High-Z High-Z 1 4 

0 0 1 1 1 Write Processor Write Hit Data In High-Z 1 5 

0 1 0 1 1 Write Allocate High-Z Data In 1 

0 0 1 1 0 Write Write Through Data In Stream Data 1 6 

0 1 0 0 1 Write Allocate With Stream Stream Data Data In 1 6 

1 0 1 1 0 NIA Cache Inhibit Write Data In Stream Data 1 6 

1 1 0 0 1 NIA Cache Inhibit Read Stream Data Data In 1 6 

0 1 1 x x NIA NOP High-Z High-Z 1 4 

x 0 1 0 0 NIA Invalid Data In Stream 1 7 

x 0 1 0 1 NIA Invalid Data In High-Z 1 7 

x 1 0 0 0 NIA Invalid Stream Data In 1 7 

x 1 0 1 0 NIA Invalid High-Z Data In 1 7 
NOTES: 

1. A 'O' represents an input voltage~ V1L and a '1' represents an input voltage;:: V1H· All inputs must satisfy the specified setup and hold times for 
the falling or rising edge of K. Some entries in this truth table represent latched values. This table assumes thatthe chip is selected (i.e., ET= 0 
and E2=1) and Vee current is equal to lccA· If this is not true, the chip will be in standby mode, the Vee current will equal lss1 or lss2 DPE 
will default to 1 and all RAM outputs will be in High-Z. Other possible combinations of control inputs not covered by this note or the table above 
are not supported and the RAMs behavior is not specified. 

2. A read cycle is defined as a cycle where data is driven on the internal data bus by the RAM. 
3. OPE is registered on the rising edge of K at the beginning of the following clock cycle 
4. No RAM cycle is performed. 
5. A write cycle is defined as a cycle where data is driven onto the internal data bus through one of the data 110 ports (PDQO--PDQ? and PDQP 

or SDQO--SDQ? and SPDQ), and written into the RAM. 
6. Data is driven on the internal data bus by one 110 port through its data input register and latched into the data output latch of the other 110 port. 
7. Data contention will occur. 
8. If either TE signal is sampled low on the rising edge of clock, the corresponding OE is a don't care, and the corresponding outputs are High-Z. 

MOTOROLA MEMORY DATA 
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PARITY CHECKER 

Parity Scheme OPE 

E1 = V1H and/or E2 = V1L 1 
RAMP= RAMO GJ RAM1 GJ. GJRAM7 1 
RAMP t' RAMO GJ RAM1 GJ . . . ®RAM? 0 

NOTE: RAMP, RAMO, RAM1 ... , refer to the data that is present on the RAMs internal bus, 
not necessarily data that resides in the RAM array. OPE is always delayed one clock, and is 
registered on the rising edge of K at the beginning of the following clock cycle (see AC 
CHARACTERISTICS). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssa = 0 V) 

Rating Symbol Value Unit 

Power Supply Vee -0.5 to 7.0 v 
Vol.tage Relative to V ssN SSQ for Any Vin• Vout - o.5 to Vee+ o.5 v 

Pin Except Vee and Vcco 
Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA= 70°C) Po 1.2 w 

Temperature Under Bias Tbias -10 to+ 85 oc 
Operating Temperature TA Oto+ 70 oc 
Storage Temperature Tstg -55to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt 

X~ +fl-4V 
Vout 

425ns--1 I 85 pF 

i = c x(dVout)= B5x 10-12 x (--4-v_\ =80 mA 
di 4.25 x 10-9) 

85 pF load is equivalent to a 50 Q termination 

MOTOROLA MEMORY DATA 
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This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 
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MCM62110 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, V eea = 5.0 V or 3.3 V ± 10%, TA= Oto + 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vssa = 0 V) 

Parameter Symbol Min Typ Max 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.a 5.5 

Output Buffer Supply Voltage Vcco 
(5.a V TTL Compatible) 4.5 5.a 5.5 

(3.3 V 50 Q Compatible) 3.a 3.3 3.6 

Input High Voltage V1H 2.2 3.a Vee+ a.3 

Input Low Voltage ~ -0.5' a.a 0.8 

• V1L (min)= 3.0 V ac (pulse width S 2a ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max 

Input Leakage Current (All Inputs, Vin= 0 to Vee) l1kg(I) - - ±1.0 

Output Current (G = V1H) l1kg(O) - - ± 1.a 

AC Supply Current (SOE= POE= VIL• All Inputs= V1L or VIH• iccA 
VIL= 0.0 V and V1H <: 3.a V, lout= 0 mA, MCM62110-15: tKHKH = 15 ns - 22a 250 
Cycle Time <: tKHKH min) MCM62110-20: tKHKH = 20 ns - 200 250 

TTL Standby Current (Vee= Max, E1 = V1H or E2 = V1L) lss1 - - 40 

CMOS Standby Current (Vee= Max, I= 0 MHz, E1 = V1H or E2 =VIL· lss2 - - 30 
Vin s Vss + a.2 v or<: Vee -0.2 V) 

Output Low Voltage (loL = + 8.0 mA, DPE: loL = +32.a mA) Vol - - 0.4 

Output High Voltage (_IQ_H = - 4.a mA) ~ 2.4 - -

CAPACITANCE (I= 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic 

Input Capacitance (all .Pins Expect I/Os) 

Input/Output Capacitance (PDQa-PDQ7, SDQO--SDQ7, PDQP, SDQP) 

Data Parity Error Output Capacitance (OPE) 

255 

+SV 

85 pF 
(INCLUDING 

.__ ___ .. SCOPE AND JIG) 

= 
Figure 1A 

AC TEST LOADS 

255 

+SV 

5 pF 
(INCLUDING 

.__ ___ .. SCOPE AND JIG) 

= 

Figure 18 
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Symbol Typ Max 

Cin 4 6 

C110 8 10 

Cout{DPEl_ 6 7 

= 

Figure 1C 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

mA 

v 

v 

Unit 

pF 

pF 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veea = 5.0 V or 3.3 V ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 
Input Pulse Levels .. 

.... 1.5 v 
Oto 3.0 V 

3 ns 

Output Measurement Timing Level . . . . . . . 1.5 V 
Output Load . . . . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 

Read Cycle (See Note 1) 

MCM62110-15 MCM62110-20 

Parameter Symbol Min Max Min Max Unit Notes 

Read Cycle Time Clock High to Clock High IKHKH 15 - 20 - ns 2 

Clock Low Pulse Width tKLKH 5 - 5 - ns 

Clock High Pulse Width tKHKL 7 - 7 - ns 

Clock Access Time Clock Low to Output Valid tKLQV - 15 - 20 ns 3, 4 

Clock High to DPE Valid 1KHDPEV - 8 - 10 ns 5 

Clock High to Output Valid tKHOV - 8 - 10 ns 4, 6 

Output Hold from Clock High tKHQX 2 - 2 - ns 4, 7 

Clock High to a High-Z (E1 or E2 =False) tKHQZ - 8 - 10 ns 7 

Setup Times: A tAVKL 3 - 3 - ns 
w twHKH 

Ef,E2 tEVKL 
PIE tp1EHKH 
SIE ts1EHKH 

POE tpoEVKH 8 
SOE tsoEVKH 8 

Hold Times: A tKLAX 2 - 2 - ns 
w tKHWX 

ET, E2 tKLEX 
PIE tKHPIEX 
SIE tKHSIEZ 

POE tKHPOEX 8 
SOE tKHSOEX 8 

Output Enable High to Q High-Z tpoEHQZ 0 8 0 9 ns 7 
tsoEHQZ 

Output Enable Low to Q Active tpoELQX 0 - 0 - ns 7 
tsoELQX 

Output Enable Low to Output Valid tpoELQV - 6 - 8 ns 

tsOELQV 
NOTES: 

1. A read is defined by W high for the setup and hold times. 
2. All read cycle timing is referenced tram K, SOE, or POE. 
3. For Read Cycle t timing, clock low pulse width< (tKLQV -tKHQV). 
4. K must be at a high level tor outputs to transition. 
5. DPE is valid exactly one clock cycle after the output data is valid. 

6. For Read Cycle 2 timing, clock low pulse width~ (tKLOV - tKHQV). 

7. Transition is measured± 500 mV tram steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tKHQZ is less than tKHOX· tpoEHQZ is less than tpoELQX tor a given device, and tsoEHQZ is less than 
tsoELOX tor a given device. 

8. These read cycle timings guarantee proper parity operation. 

MOTOROLA MEMORY DATA 
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.. 

A0-14 

E2 

w 

READ CYCLE (See Note) 

14---- t J<HKH 

t KLKH -il"'"•>-----4-----1~"11-t KHKL 

I ,__I ----1 

I 

~1 

i 
i __ ,.....+ t POEHQZ 

I 
I 

PDQO-PDQ7, PDQP ___ _,_ __ --< 

SDQO-SDQ7, SDQP ---........ ---.....----< 
"->L.lL.Jf 1''--_J1"--"Wf I 

DPE 

NOTE: OPE is valid exactly one clock cycle after the output data is valid. 
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WRITE CYCLE (See Note 1) 

MCM62110-15 MCM62110-20 

Parameter Symbol Min Max Min Max Unit Notes 

Write Cycle Times tKHKH 15 - 20 - ns 2 

Clock Low Pulse Width tKLKH 5 - 5 - ns 

Clock High Pulse Width tKHKL - 7 - 7 ns 

Clock High to OPE Valid tKHOPEV - 8 - 10 ns 3 

Clock High to Output High-Z (W = V1L and SIE = PIE = V1H) IKHOZ - 8 - 10 ns 4, 5 

Setup Times: A tAVKL 3 - 3 - fi5 

w twLKH 
Ef,E2 IEVKL 

PIE tp1EVKH 
SIE tslEVKH 

SOOO-S007, SOOP, POOO-POQ7, POOP tovKH 

Hold Times: A tKLAX 2 - 2 - ns 
w IKHWX 

Ef,E2 tKLEX 
PIE tKHPIEX 
SIE tKHSIEX 

SOOO-S007, SOOP, POOO-P007, POOP tKHOX 

Write with Streaming (PIE= SOE= VIL or SIE = POE= V1L) tKHOV - 8 - 8 ns 6 
Clock High to Output Valid 

NOTES: 

1. AwriteisperformedwithW =VIL· ET= VIL· E2 = V1Hforthespecified setup and holdtimesandeitherPIE = V1L or SIE =VIL· If both PIE= V1L 
and SIE = V1L or PIE= V1H and SIE = VIH· then this is treated like a NOP and no write is performed. 

2. All write cycle timings are referenced from K. 

3. OPE is valid exactly one clock cycle after the data is written. 

4. K must be at a high level for the outputs to transition. 

5. Transition is measured± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tKHOZ is less than tKHOX for a given device. 

6. A write with streaming is defined as a write cycle which writes data from one data bus to the array and outputs the same data onto the other data 
bus. 

MOTOROLA MEMORY DATA 
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K 

E2 

PDQO-PDQ7, POOP 

SDQO-SDQ7, SOOP 

WRITE CYCLE (See Note) 

, ., r:· ~-- tKHKH 
t K~~H _,· i""•t----l-'"i·""-1----1•'"ijf-t KHKL 

NOTE: OPE is valid exactly one clock cycle after the output data is written. 
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STREAM CYCLE (See Note 1) 

MCM62110-15 MCM62110-20 

Parameter Symbol Min Max Min Max Unit Notes 

Stream Cycle Time lKHKH 15 - 20 - ns 2 

Clock Low Pulse Width lKLKH 5 - 5 - ns 

Clock High Pulse Width lKHKL 7 - 7 - ns 

Stream Access Time !KHOV - 8 - 8 ns 

Clock High to DPE Valid lKHDPEV - 8 - 10 ns 3 

Setup Times: A lAVKL 3 - 3 - ns 
w twHKH 

E1, E2 tEVKL 
PIE tp1EVKH 
SIE ts1EVKH 

SDQO-SDQ7, SDQP, PDQO-PDQ7, PDQP toVKH 

Hold Times: A tKLAX 2 - 2 - ns 
w lKHWX 

ET, E2 tKLEX 
PIE tKHPIEX 
SIE lKHSIEX 

SDQO-SDQ7, SDQP, PDQO-POQ7, PDQP lKHDX 

Output Enable High to Q High-Z lPOEHOZ 0 8 0 9 ns 4 
tsoEHOZ 

Output Enable Low to Q Active tpoELQX 0 - 0 - ns 4 
tsoELOX 

Output Enable Low to Output Valid tpoELOV - 6 - 8 ns 

tsoELQV 

NOTES: 

1 . A stream cycle is defined as a cycle where data is passed from one data bus to the other data bus. 

2. All stream cycle timing is referenced from K. 
3. OPE is valid exactly one clock cycle after the data outputs are valid. 

4. Transition is measured± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tpoEHOZ is less than tpoELOX· tsoEHQZ is less than tsoELOX· and tKHOZ is less than IKHOX for a 
given device. 

MOTOROLA MEMORY DATA 

.. 



MCM62110 

• 

K 

A0-14 

E2 

PIE 

w 

POOO-PD07, POOP 

SOOO-S007, SOOP 

STREAM CYCLE (See Note) 

r:---- t KHKH 
t KLKH -1j .... l----i1t..i .. 1----i1t..ij>-t KHKL 

NOTE: OPE is valid exactly one clock cycle after the output data is valid. 

ORDERING INFORMATION 
(Order by Full Part Number) 

Full Part Number-MCM62110FN15 MCM6211 OFN20 

MOTOROLA MEMORY DATA 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

4K x 4 Bit Cache Address Tag 
Comparator 
with System Status Bit Functions 

The MCM62350 is a 16,384 bit cache addresa tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valld and svstem status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microproceseora, or any other environment 
where efficient implementation of external cache memory is required. The MCM62350 is 
available in 24 lead plastic DIP and SOJ packages. 

The device has a reset (RI pin for flash clear of the RAM within two minimum cycles. 
This .function is useful for svstem initialization. Individual bits within a tag field can be 
set or cleared via the BSET and BCLR control input pins for valid bit updates. 

The MCM62350 has two configurable comparator modee. The comparator can be con­
figured as standard XNOR (exclusive NORI for addresa tag comparison, or AOI IAND­
OR-lnvertl for determining whether specific bits in the 4-bit word are set (for svstem 
status bit applications). In addition, the MATCH output can be programmed as true high 
or true low for potential logic delay savings. Tha configuration of these modes is accom­
plished by performing a write cycle with the R pin held low. 

• Single 5 V ± 10% Power Supply 
e Fast Addresa to MATCH Tirne; 
• Fast Data to MATCH Time; 
e Fast Read of Tag RAM Contents; 
e Flash Clear of the Tag RAM 

'JD/'12.125 ns max 
10/10/12 ns max 
'12./25/'JIJ ns max 

e Programmable Activa Output Level of MATCH 
. e Bit Manipulation of Tags via BSET and BCLR Writes 
• Configurable Comparator Modes: 

XNOR Mode for Addresa Tag Comparison 
AOI Mode for System Valid Bit Comparison 

AO-A&---;...._,~ MEMORY 
MATRIX 

128 ROWS 

MATCH 

MOTOROLA MEMORY DATA 
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MCM62350 

----300 MIL PLASTIC 
CASE724 

~ JPACKAGE ~- 300 MILSOJ 

CASE810A 

PIN ASSIGNMENT 

A4 1 •. 24 Vee 
A5 23 A3 

22 A2 

4 21 Al 

AB 5 20 AO 

A9 6 19 ii 
18 Vss 

A11 17 003 

s 16 DD2 

i 10 15 001 

14 000 

BSET 12 

PIN NAMES 

AO-A 11 • • . . • • • • • • • Addniaa lnputa 
W. . . . . . . . . . . . . . . Wrile Enable 
! . . . . . . . . . . . . . . . . Chip Select 
~ .•.....• Bit Clear Control Input 
BSEi'. . . . . . . . . Bit Set Control Input 
'II . . . . . . . . R- !l'lash Claerllnput 
MATCH ...•.•• MATCH (Hit) Output 
DQ0-003 .••.•.• Dets Input/Output 
Vee ......... +& v Power Supply 
Vss ................ Ground 



MCM&2350 

SIGNAL DESCRIPTIONS 

AO-A11-ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQO-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

BSET-BIT SET CONTROL INPUT 

This control signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appropriate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 

BcLR-BIT CLEAR CONTROL INPUT 

This control signal is used for ANDing the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask, 

FUNCTIONAL TRUTH TABLE 

s w BCLR ISE'i' ii DQO-DQ3 

L H H H H Compare Din 
L H L x H Read Dout 
L H x L H Read Dou! 
L L H H H Write Din 
L L L H H Bit Clear Mask 
L L H L H Bit Set Mask 
x H x x L High-Z 
L L x x L Config Din* 
H x x x H High-Z 

*DQ2 and D03 are don't cares during a configuration cycle. 

COMPARATOR BEHAVIORAL TABLE 

Type oao DQ1 DQ2 DQ3 RAMQO RAMQ1 

XNOR 00 01 Q2 03 00 01 
XNOR "QO 01 Q2 03 00 01 
AOI 00 01 02 03 00 01 
AOI L 01 02 03 x 01 
AOI H 01 02 03 L 01 

BIT CLEAR TRUTH TABLE (See Note) 

Data Initial Final 
In Stored Data Stored Data 

0 0 0 Bit 
0 1 1 Unchanged 

1 0 0 Bit Cleared 
1 1 0 to "Zero" 

NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 

CONfiGURA'fiON TABLE 

DQO DQ1 Comparator Match 
Type True Level 

L L XNOR Low 
L H XNOR High 
H L AOI Low 
H H AOI High 

as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of 
the BSET /BCLR signals must be asserted to trigger a read 
cycle). 

R-RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP SELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH-MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-003 
inputs with the contents of the tag RAM addressed by AO­
A 11. 

MATCH 

Valid 
Assert 
Assert 
Assert 
Assert 
Assert 
Assert 
Assert 
Assert 

RAMQ2 

Q2 
02 
02 
02 
02 

Cycle 

Compare 
Read 
Read 
Write 
Jim Write 
irn"E'f Write 
Clear {Reset) 
Configuration 
Deselect 

RAMQ3 MATCH 

03 1 
03 0 
03 1 
03 1 
03 0 

L=Low 
H=High 
O=False 
1 =True 
X = Don't Care 

BIT SET TRUTH TABLE (See Note) 

Data Initial Final 
In Stored Data Stored Data 

0 0 0 Bit 
0 1 1 Unchanged 

1 0 1 Bit Set 
1 1 1 to "One" 

AOI COMPARATOR LOGIC DIAGRAM 

MOTOROLA MEMORY DATA 
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MCM62350 

ABSOLUTE MAXIMUM RATINGS !Voltages referenced to Vss=O V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to Vss for Any Pin Vin!Vout -0.5 to Vcc+0.5 v 
Except Vee 

Output Current MATCH Output lout ±40 mA 
1/0 Pins, Per 1/0 ±20 

Power DiBBipation IT A= 25°C) Po 1.0 w 
Operating Temperature TA 0 to +70 oc 

Storage Temperature Ts_!g_ -56to + 125 oc 

Temperature Under Bias Tbias -10to +85 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against demege due to high static 
voltagee or electric f10lds; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage highl9r than 
maximum rated voltagee to this high imped­
ance circuit. 

The power supply (V eel should be stable 
for at least 100 µs before operating the de­
vice. During this inverval, thl9 part will in­
ternally configure itself for XNOR comparee, 
with the MATCH output active high. In ad­
dition, thl9 memory array of RAM bita will 
be cleared. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= 0 to 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - vcc+o.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L min= -0.5 V de; V1L min= -3.0 V ac (pulse width :S20 ns) 

DC CHARACTERISTICS 

Characteristic Symbol Min Mex Unit 

Input Leakage Current IAll Inputs Vin= 0 to V eel l1!!ell) - ±1.0 ,,.A 

Output Leakage Current, Except MATCH Output l~=V1H. Vout=O to Vccl lncg!OI - ±1.0 ,,.A 

AC Supply Current IAll lnputs=V1L or V1H. lout=O mA, Cycle Time<!:tAVAV min) ICCA - 140* mA 

Output Low Voltage (1/0 Pins: IOL =8.0 mA, MATCH Output: loL = 12.0 mA) VOL - 0.4 v 

Output High Voltage 11/0 Pins: IOH = -4.0 mA, MATCH Output: IOH = -10.0 mAI VOH 2.4 - v 

*Ice active current for thl9 clear cycle exceeds this specification. However, this is a transient phl9nomenon and will not affect thl9 power 
diaaipation of the device. Good decoupling of the local power supply should always be used. 

CAPACITANCE (f = 1.0 MHz, dV =3.0 V, TA =26°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic 

Input Capacitance 

1/0 Capacitance 

MATCH Output Capacitance 

255 

Figure 1a 

+5V 

481 

30 pF 
!INCLUDING 
SCOPE AND JIG) 

255 

Symbol 

C;n 

Cout 

Cmetch 

AC TEST LOADS 

Figure 1b 

+5V 

5 pF 
llNCLUDIN6 
SCOPE AND JIGI 

130 

MOTOROLA MEMORY DATA 

Typ Mex Unit 

4 

6 

8 

Figure 1c 

5 pf 

7 pF 

7 pF 

+5Y 

50 pF 
ONCLUDING 
SCOPE AND JIG) 
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MCM62350 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5 V ± 10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . • . . 1.5 V 
Input Pulse Levels . • . . . . . . • . . . . . • . . . • . • • • 0 to 3.0 V 
Input Rise/Fall Time ••....................... 5 ns 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load (1/0 Pins) . • . . • . . . . . . . . . . . . See Figure 1a 
Output Load (MATCH Output) . • . . . . . . . . • . . See Figure 1c 

READ CYCLE (See Notas 1 and 21 

Symbol MCM62360-211 MCM62360-22 MCM623&0-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV IRC 22 - 25 - 30 - ns 

Address Access Time tAVOV IAA - 22 - 25 - 30 ns 

Select Access Time tSLOV tACS - 11 - 12 - 15 ns 

ea:R Access Time tBCLOV 'ABC - 22 - 25 - 30 ns 3 

BSET Acceas Time tBSLOV tABS - 22 - 25 - 30 ns 3 

Output Hold from Address Change tAXQX toH 0 - 0 - 0 - ns 

Select Low to Output Active ISLOX tcsL 5 - 5 - 5 - ns 4 

BSE'f I BCLR Low to Output Active tBsLaxltBcLax ILZ 7 - 10 - 10 - ns 4 

S High to Output High·Z tsHaz tcsz - 8 - 9 - 10 ns 4 

BSE'f/BCLR High to Output High·Z tBsHazltecHaz !Hz - 8 - 9 - 10 ns 4 

BSE'i' /BCLR Low to MATCH Assert IBSLMxltBCLMX ICH 0 15 0 15 0 18 ns 

NOTES: 
1. Fi= V1H. W = V1H continuously during read cycles. One of either lrnE'f or BCLR pins must be asserted low to activata the outputs. The 

MATCH output becomes aseerted when either the lrnE'f or ea:R pin trensitions low. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent lrnE'f transitions. 
4. Transition is measured ±500 mV from steady state voltage with loed of Figure 1b. This peremetar is ssmpled and not 100% tested • 

A !ADDRESS) 

S !CHIP SELECTI 

BSET IBIT SETI 

iiCiJi IBIT CLEAR) 

MATCH 

!ADDRESS CONTROLLEDI 

----- IAVAV -----.-t 

IAVOV----

IBSLMX 

IBCLOX -+---tt"I 

IBCLMX 

MATCH VALID (ASSERTED} 

READ CYCLE 

IAXOX 

ISLOX 

-HIGH·Z 

MOTOROLA MEMORY DATA 
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IS CONTROLLED! 

tsHOZ 

IBSHOZ 

IBCHOZ 

OUTPUT VALID 

!ASSERTED} 
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COMPARE CYCLE !See Notes 1 and 2) 

Symbol MCM62360-20 MCM62360-22 MCM62350-25 
Characteristic Unit Not as 

Standard Alternate Min Max Min Max Min Max 

Compare Cycle Time tAVAV tc 22 - 25 - 30 - ns 

Address Valid to MATCH Valid tAVMV tACA - 20 - 22 - 25 ns 

BCLR High to MATCH Valid tBCHMV tsCCA - 15 - 15 - 18 ns 3 

BS'Ef High to MATCH Valid tBSHMV ts SCA - 15 - 15 - 18 ns 3 

Data Valid to MATCH Valid tDVMV tDcA - 10 - 10 - 12 ns 

S Low to MATCH Valid tSLMV tcscA - 12 - 15 - 18 ns 

MATCH Hold from Address Change tAXMX tACH 5 - 5 - 5 - ns 

MATCH Hold from Data Change tDXMX tDcH 3 - 3 - 3 - ns 

S High to MATCH Assert tSHMX tcH 0 10 0 10 0 12 ns 

BCDi High to Output High-Z ts CH OZ tscz - 8 - 9 - 10 ns 4 

BS'Ei' High to Output High-Z t9sHoz tssz - 8 - 9 - 10 ns 4 

NOTES: 
1. Fi= V1H. W = V1H continuously during compare cycles. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. For brevtty in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 
4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

COMPARE CYCLE 

(ADDRESS CONTRDllEDI IS CONTROLLED! 

----- IAVAV-----~ 

A !ADDRESS! 

S !CHIP SELECT! .. 
BSET (BIT SETI 

BCLR (BIT CLEAR! 

D (DATA INI --------< 
tovMv 

0 (DATA DUTI >-----HIGH·Z---+-- -----HIGH·Z------11-------1--

MATCH (ASSERTED I (ASSERTED! 

MOTOROLA MEMORY DATA 
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STANDARD WRITE CYCLE !See Notes 1 and 2l 

Symbol MCM62360-20 MCM62350-22 MCM62350-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 22 - 25 - 30 - ns 

Write Pulse Width twLWHilSLSH twp 14 - 18 - 20 - ns 
twLSHitSLWH twP 

Address Setup to Beginning of Write IAVWLilAVSL IAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWHitAVSH IAW 16 - 18 - 20 - ns 

Data Valid to End of Write tovwHitovsH tow 10 - 10 - 12 - ns 

Data Hold from Write End twHox/tsHDX toH 0 - 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz - 8 - 9 - 10 ns 3,4 

Address Hold from Write End twHAXitSHAX twR 0 - 0 - 0 - ns 

Write Low to MATCH Assert twLMX twCH 0 15 0 15 0 15 ns 4 

BSET/BCLR Setup to Beginning of Write IBSHWLitesHSl tess -1 - -1 - -1 - ns 

tscHwLitecHSL ts cs 

BSET laa:A Hold Time from Write Start twLBsxitsLBSX tesH 10 - 10 - 10 -- ns 

twLecxitsLBCX ts CH 

Write High to MATCH Valid twHMV twCA - 20 - 22 - 25 ns 4 

Write High to Output Active twHQX tow 3 - 5 - 5 - ns 3,4 

NOTES: 
1. A standard write occura during the overlap of Wand Slow and BSE'f and BCDi high. The R pin is high continuously during a write cycle. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. Transition is measured ±500 mV from steady state voltage with load of Figure lb. This parameter is sampled and not 100% tested. 
4. Both the MATCH output and 00-03 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, 

only one of either MATCH or 00-03 can be valid at one time, as determined by BSETand BCLR inputs. 

A (ADDRESS) 

S (CHIP SELECT) 

W !WRITE ENABLE) 

BSET (BIT SETI 

BCLR (BIT CLEAR! 

STANDARD WRITE CYCLE 
(W CONTROLLED} 

-----tAVAV------

D !DATA IN)------+----< 

~1.-tavwH 

(S CONTROLLED! 

14---- tsLWH 

0 (DATA OUTI __)---HIGH-Z ---------HIGH·Z---------

MATCH (ASSERTED) 

MOTOROLA MEMORY DATA 
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BSET/BCLR WRITE CYCLE (See Notes 1and21 

Symbol MCM62360-20 MCM62360-22 MCM62360-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 22 - 25 - 30 - ns 

Write Pulse Width twLWHltsLSH twP 14 - 18 - 20 - ns 
twLSHitSLWH twP 

Address Setup to Beginning of Write tAvwLitAVSL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWHitAVSH tAW 14 - 18 - 20 - ns 

Data Setup to Beginning of Write tDvwLftDvSL tDs 0 - -1 ~- 1 -~ ns 3 

Data Hold from Write End twHDxltsHDX tDH 0 - 0 - 0 - ns 

Address Hold from Write End twHAXitsHAX twR 0 - 0 - 0 - ns 

W Low to MATCH Assert twLMX twCH 0 15 0 15 0 15 ns 

BSET /BCLR Setup to Beginning of Write tssLWLitssLSL tsss -1 - -1 - -1 - ns 3 
tscLwLltscLSL ts cs 

BSET /BCLR Hold Time from Write Start twLBsxltsLBSX tssH 10 - 10 - 10 - ns 
twLBcx/tsLBCX tscH 

Write High to MATCH Valid twHMV twCA - 20 - 22 - 25 ns 

NOTES: 
1. A BSET/BCLR write occurs during the overlap of Wand Slow and BSET or BCLR low. The Fi pin is high continuously during a write 

cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. Data output buffer must be in high-Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 

avoid excessive setup time of BSET /BCLR to avoid bus contention. Data must be set up for tDvwLitDVSL time to ensure the data integrity 
of non-modified bits during BSEf /BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSEf I 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 

A (ADDRESS) 

S !CHIP SELECT) 

W (WRITE ENABLE) 

BSET (BIT SETI 

BCLR (BIT CLEAR) 

0 (DATA IN) 

BSET WRITE CYCLE 

(W CONTROLLED) 

14-----IAVAV-----1~ 

DATA VALID 

BCLR WRITE CYCLE 

(S CONTROUEOJ 

-----IAVAV ------

Q (DATA OUT)-------- HIGH·Z ----t------- --------HIGH·Z--------

IWLMX 

MATCH VALID !ASSERTED I (ASSERTED) 

MOTOROLA MEMORY DATA 
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MCM62350 

CLEAR CYCLE (See Notes 1 and 21 

Symbol MCM62350-20 MCM62350-22 MCM62350-26 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

R Low to Inputs Recognized A IRLAV !CR - 70 - 70 - 70 ns 
(Clear Cycle Time) s tRLSV tcR 

BSE'i' tRLBSV tcR 
BCLR IRLBCV ICR 

D IRLDV tcR 

R Pulse Width IRLRH !CLP 22 - 25 - 30 - ns 

Read Setup to R Low twHRL IRS 5 - 5 - 5 - ns 3 

Write Hold from R High IRHWL twH 0 - 0 - 0 - ns 3 

R Low to Inputs Don't Care A IRLAX tcx 0 - 0 - 0 - ns 4 
s IRLSX tcx 

BSE'i' IRLBSX tcx 
~ IRLBCX tcx 

D IRLDX tcx 

R Low to MATCH Assert tRLMX tMH 0 15 0 15 0 18 ns 

R Low to Output High-Z IRLQZ tcz - 15 - 15 - 18 ns 5 

NOTES: 
1. The addrass, BSET, and ~ inputs are don't cares during a clear cycle. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. The clear cycle is initiated at the falling edge of R. The twH RL and IRHWL parameters must be satisfied to prevent an undesired configuration 

cycle. 
4. "Inputs" for this parameter refers to all inputs except W. 
5. Transition is measured ±500 mV from steady stete voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

A (ADDRESS) 

IRLAX 

S (CHIP SELECT) 
IRLSX 

ii (RESET) 

W (WRITE ENABLE) 

IRLBSX 
BSET (BIT SETI 

IRLBCX 

iil!lii (BIT CLEARI 

D (DATA IN! 

MATCH 

Q (DATA oun 

(FROM READ CYCLE! 

(ASSERTED) 
---11.+-IRLOZ 

CLEAR CYCLE 

1-----HIGH·Z -----

(FROM COMPARE CYCLE) 

IRLAX -i.11--..i 

.. ---- IRLAV-----lo-i 

--------HIGH·Z--------

MOTOROLA MEMORY DATA 
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MCM62350 

CONFIGURATION CYCLE !See Notes 1 and 2) 

Symbol MCM62350-20 MCM62350-22 MCM623&0-26 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Configuration Control Pulse Width s tsLSH tsp 20 - 22 - 25 - ns 3 
R tRLRH tsp 

Data Setup to End of Configuration s tDVSH tDs 10 - 10 - 12 - ns 
Cycle R tDvRH tDs 

w tDvwH tDs 

Data Hold from End of Configuration s tSHDX tDH 0 - 0 - 0 - ns 
Cycle R 'RHDX 1DH w twHDX tDH 

R High Pulse Width tRHRL tcp 5 - 5 - 5 - ns 

Write Setup to R Low twLRL rws 5 - 5 - 5 - ns 

S Setup to End of Configuration tsLWH tsws 20 - 20 - 25 - ns 4 
tSLRH ts cs 

R Setup to End of Configuration IRLWH tsR 20 - 20 - 25 - ns 

R Setup to S Low tRLSL tcss 5 - 5 - 5 - ns 3 

S Setup to Beginning of Write tsHWL twss 0 - 0 - 0 - ns 

S High to Output High-Z tsHaz tHz - 9 - 9 - 10 ns 5 

W Low to Output High-Z twLQZ tHz - 9 - 9 - 10 ns 5 

NOTES: 
1. A configuration cycle is performed during the overlap of W low, R low, and Slow. Address, D02, D03, BSET, and BCLR inputs are don't 

cares during configuration cycles. 
2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than V1H· 
3. A valid configuration can be performed with S asserted prior to Rand W low transitions. Be aware, however, that array data may be altered 

under this condition. 
4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 
5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

CONFIGURATION CYCLE 

(ARRAY PROTECTEOI !ARRAY UNPROTECTED) 

S (CHIP SELECTI 

ii (RESET! 

W !WRITE ENABLE) 

0 IOATA OUT) J-------HIGH·Z--------

IWLOZ:l __ 

~ HIGH·Z-----------

MOTOROLA MEMORY DATA 
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MCM623&0 

MCM 

Motorola Memory Prefix T 

ORDERING INFORMATION 
(Order by Full Part Number) 

623&0 x xx xx T 1 T T ·-....... ("2=T•,,.. """· ....... ~, 
Part Number -------------' Speed (20=20 ns, 22=22 ns, 25=25 nsl 

Package (P=300·mil Plastic DIP, J=300 mil SOJ) 

Full Part Numbers-MCM62350P20 
MCM62360J20 
MCM62360J20R2 

MCM62350P22 
MCM62360J22 
MCM62360J22R2 

MOTOROLA MEMORY DATA 
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MCM62350P25 
MCM62360J25 
MCM62360J25R2 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

4K x 4 Bit Cache Address Tag 
Comparator 
with System Status Bit Functions 

The MCM62351 is a 16,384 bit cacha addresa tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS tachnology. 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessora, or any other environment 
whera efficient implementation of external cache memory is required. 

The device has a reset (RI pin for flash clear of the RAM, which is useful for· system 
initialization. Individual bits within a tag can be set or cleared via the BSET and BCLR .' 
control input pins for valid bit updates. 

The MCM62361 has two configurable comparator modes. The comparator can be con­
figured as standard XNOR (exclusive NORI for address tag comparison, or AOI (AND­
OR-Invert) for detarmining whether specific bits in the 4-bit word are set (for system 
status applications). The configuration of the comparator is accomplished by parforming 
a writa cycle with the ii pin held low. _The MATCH output is opan drain, allowing effi­
cient combination of multiple MATCH outputs using a wired-OR connection. 

• Single 5 V ± 10% Power Supply 
e Fast Address to MATCH Time; 
• Fast Data to MATCH Time; 
e Fast Read of Tag RAM Contents; 
e Flash Clear of the Tag RAM 
e Opan Drain MATCH Output 

20122.125 ns max 
10/10/12 ns max 
22.125/'JfJ ns max 

e Bit Manipulation of Tags vis BSET and BCLR Writas 
• Configurable Comparator Modes: 

XNOR Moda for Address Tag Comparison 
AOI Moda for Systam Valid Bit Comparison 

• High Board Density SOJ Package Available 

BLOCK DIAGRAM 

AO-AB--'-~ MEMORY 
MATRIX 

128 ROWS 
1--------.-~x 128 COLUMNS 

w----;~ 

s 
m---..i 
iCiii 

MATCH 

MOTOROLA MEMORY DATA 
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MCM62351 

~ 
~m~ ~ ~-~ACKAGE 

300 MIL PLAmc 
CASE 724 

J PACKAGE 
300MILSOJ 

CASEB10A 

PIN ASSIGNMENT 

A4 1. 24 Vee 
A5 23 A3 

A6 22 A2 

A7 21 A1 

AS 20 AO 

A9 19 ii 
A10 18 Vss 
A11 17 003 

s 18 002 

w 10 15 001 

iiC[jj 11 14 DQO 

&SET 12 13 MATCH 

PIN NAMES 

AG-A 11 •.•......•. Add.- lnpulll 
W. . . . . . . . . . . . . . . Write Enable 
~ . . • . . . . • . • • • • • . . Chip Select 
~ •.•..... Bit Clear Control Input 
BSn'. . . . . . . . . Bit Set Control Input 
ii ........ Reset (Flash Clear) Input 
MATCH .•.•.•. MATCH (Hitl Output 
DQO-D<l3 ....•.• 08111 lnput/OUtput 
Vee . . . . . . . • . + 5 v Powar Supply 
Vss ................ Ground 



MCM62361 

SIGNAL DESCRIPTIONS 

AO-A11-ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQO-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

BSET - BIT SET CONTROL INPUT 

This control signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appropriate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 

BCLR-BIT CLEAR CONTROL INPUT 

This control signal is used for ANDing the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask, 

FUNCTIONAL TRUTH TABLE 

s w RD!' 'RE'i' R DOO-D03 

L H H H H Compare 01n 
L H L x H Read Dout 
L H x L H Read Dout 
L L H H H Write OJn 
L L L H H Bit Clear Mask 
L L H L H Bit Sat Mask 
x H x x L High-Z 
L L x x L Conf111 01n* 
H x x x H High-Z 

*001, 002; and 003 are don't cares during a configuration cycle. 

COMPARATOR TRUTH TABLE 

Type OQO OQ1 OQ2 003 RAMQO RAMQ1 

XNOR 00 01 02 03 00 01 
XNOR (jjj 01 02 03 00 01 
AOI 00 01 02 03 00 01 
AOI L 01 02 03 x 01 
AOI H 01 02 03 L 01 

BIT CLEAR TRUTH TABLE (See Notel 

Data Initial Final 
In Stored Data Stored Data 

0 0 0 Bit 
0 1 1 Unchanged 

1 0 0 Bit Cleared 
1 1 0 to "Zero" 

NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tsg can all be set or cleared In tandem, 
or bits within the tsg can be independently set or cleared 
with the appropriate mask. 

CONFIGURATION TABLE 

DQO 
Comparator 

Type 

L XNOR 
H AOI 

as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of 
the BSET /BCLR signals must be asserted to trigger a read 
cycle). 

ft-RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP SELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH-MATCH (HIT! OUTPUT 

This output signal is used to indicate a match of DCl0-003 
inputs with the contents of the tag RAM addressed by AO­
A11. 

MATCH Cycle 

Valid Compare 
Asaert Read 
Asaert Read 
Assert Write 
Asaert BCI!iWrita 
Asaert !°mWrite 
Asaert Claar IResatl 
Assert Configuration 
Asaert Deaelect 

RAM02 RAM03 MATCH 

02 03 1 
02 03 0 
02 03 1 
02 03 1 
02 03 0 

BIT SET TRUTH TABLE (See Note) 

Data lnitlal Final 
In Stored Data Stored Data 

0 0 0 
0 1 1 

1 0 1 
1 1 1 

L=Low 
H=High 
O=Falae 
1 =True 
X=Don't Care 

Bit 
Unchanged 

Bit Sat 
to "Ona" 

AOI COMPARATOR LOGIC DIAGRAM 

MOTOROLA MEMORY DATA 
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MCM62351 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=O VI 

Rating Symbol Valua Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 

Voltage Relative to Vss for Any Pin Vin!Vout -o.5 to Vee +0.5 v 
Except Vee 

Output Current MATCH Output lout ±40 mA 
1/0 Pins, Per 1/0 ±20 

Power Dissipation (TA = 25°CI Po 1.0 w 
Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.m. -55 to +125 •c 

Temperature Under Bias Tbias -10to +85 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER­
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

This device contains circuitry to protect tha 
inputs against damage due to high static 
voltages or electric fields; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to thia high imped­
ance circuit. 

The power supply <Vccl should be stable 
for at least 100 pa before operating the de­
vice. During this interval, the part will in­
ternally configure itself for XNOR compares. 
In addition, tha memory array of RAM bits 
will be cleared. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ± 10%, TA=O to 70°C, Unless Otherwise Noted} 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=O VI 

Paramatar Symbol Min Typ Max Unh 

Supply Voltage (Operating Voltage Rangel Vee 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - vcc+0.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L min= -0.5 V de; V1L min= -3.0 V ac (pulse width :S20 ns) 

DC CHARACTERISTICS 

Characterlatlc Symbol Min Max Unit 

Input Leekage Current (All Inputs Vin=O to Vccl 111!11111 - ±1.0 ,A 

Output Leakage Current (S=V1H. Vout=O to Vccl lll!gjO) - ±1.0 ,A 

MATCH Output Leakage Current (MATCH Asserted) IJ!!s!MI - ±2.0 ,A 

AC Supply Current (All lnputs=V1L or VIH• 10 ut=O mA, Cycle Time;;i:tAVAV mini ICCA - 140* mA 

Output Low Voltage (1/0 Pins: loL =8.0 mA, MATCH Output: IOL =25.0 mAI VOL - 0.4 v 

Output High Voltage (1/0 Pins: loH=4.0 mAI VoH 2.4 - v 

*Ice active current for tha clear cycle exceeds this specification. Howevar, this is a transient phenomenon and will not affect the power di18ipation 
of the device. Good decoupling of the local power supply should always be used. 

CAPACITANCE (f=1.0 MHz, dV=3.0 V, TA=25°C, Periodically Sampled Rather Than 100% Tl8tedl 

Chara-ietlc Symbol 

Input Capacitance Cin 

1/0 Capacitance Cout 

MATCH Output Capacitance cmstch 

AC TEST LOADS 

+5V +5V 

481 481 

a-.... ----- 0-..... -----
MATCH 

255 

Figure ta 

30 pf 
PNCLIJDIN& 
SCOPE AND Jl6) 

255 

Figura tb 

5 pf 
(INCWDING 
SCOPE AND JI&) 

MOTOROLA MEMORY DATA 
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Typ 

4 

5 

6 

Max 

5 
7 

7 

+5V 

184 

Unh 

pF 

pF 

pF 

50 pf I llNCWDING 
SCOPE AND JIG) 

Figura tc 
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MCM62351 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vee = 5 v ± 10%, TA =0 to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level • . . . . . . • • • 1.5 V 
Input Pulse Levels .•........•.•.....•.... O to 3.0 V 
Input Rise/Fall Time . . • . . . • . . . . . . . • . . . . . . • . . . 5 ns 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load (1/0 Pins) .....•.•...•...•. See Figure 1a 
Output Load (MATCH Output) •......•..... Sas Figure 1c 

READ CYCLE !Sas Note 11 

Symbol MCM623&1-ZO MCM623&1-22 MCM623&1-25 
Characteristic Unit Notes 

Sta11dard Alternate Min Max Min Max Min Max 

Read Cycle Time IAVAV tRC 22 - 25 - 30 - ns 

Address Access Time IAVQV IAA - 22 - 25 - 30 ns 

Select Access Time ISLQV IACS - 10 - 12 - 15 ns 

'i3CUi Access Time teCLQV IABC - 22 - 25 - 30 ns 2 

BSEi' Access Time IBSLQV IABS - 22 - 25 - 30 ns 2 

Output Hold from Address Change IA)(QX toH 0 - 0 - 0 - ns 

Select Low to Output Active ISLQX !CSL 5 - 5 - 5 - ns 3 

BSEi' /BCLR Low to Output Active tesLaxltecLax ILZ 7 - 10 - 10 - ns 3 

S High to Output High-Z tsHaz tcsz - e. - 9 - 10 ns 3 

BSET/'BCLJi High to Output High-Z tesHazltecHaz !Hz - 8 - 9 - 10 ns 3 

BSET /'BC[Ji Low to MATCH Assert tesLMxltecLMX tcH 0 15 0 15 0 18 ns 

NOTES: 
1. R = V;H, W = V1H continuously during read cycles. One of either BSEi' or 'i3CUi pins must be asserted low to activate the outputs. The 

MATCH output becomes asserted when either the BSET or BCLR pin transitions low. 
2. For brevity in signal names, BC is used to represent 'i3CUi trans~ions, while BS is used to represent BSE'f transitions. 
3. Transition is measured ±500 mV from staady state voltage with load of Figure 1b. This parameter is sampled and not 100% testad • 

READ CYCLE 

!ADDRESS CDNTRDUEDI IS CONTROLLED) 

14----- IAVAV -----!...t 

A !ADDRESS) 

IAVOV---- IAXOX 

S (CHIP SELECT! 

ISLOX 
tsHOZ 

iIBE'i' !BIT SETI 

IBSLMX tesHoz 

iiCLii (BIT CLEAR) 

teCLOX --1---1- tecHoz 

tecLMX 

---HIGH·Z OUTPUT VALID 

MATCH MATCH VALID 

MOTOROLA MEMORY DATA 
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MCM62351 

COMPARE CYCLE !See Note 11 

Symbol MCMl2351-20 MCMl2351-22 MCMl2351-25 
Characteristic Unit Nata 

Standard Alternate Min Max Min Max Min Max 

Compare Cycle Time tAVAV tc 22 - 25 - 30 - ns 

Address Valid to MATCH Valid tAVMV tACA - 20 - 22 - 25 ns 

~High to MATCH Valid tBCHMV tBcCA - 15 - 15 - 18 ns 2 

BSET High to MATCH Valid tBSHMV tBsCA - 15 - 15 - 18 ns 2 

Data Valid to MATCH Valid tDvMv tDCA - 10 - 10 - 12 ns 

S Low to MATCH Valid ISLMV tcsCA - 12 - 15 - 18 ns 

MATCH Hold from Address Change tAXMX tACH 5 - 5 - 5 - ns 

MATCH Hold from Data Change tDxMx tDcH 3 - 3 - 3 - ns 

°S High to MATCH Assert tSHMX tcH 0 10 0 10 0 12 ns 

BCLR High to Output High-Z tBcHoz tBcz - 8 - 9 - 10 ns 3 

BSET High to Output High-Z tBsHoz tBsz - 8 - 9 - 10 ns 3 

NOTES: 
1. ii=V1H• W=V1H continuously during compare cycles. 
2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent iraE'I' transitions. 
3. Transition is maasurad ±500 mV from steady state voltage with load of Figure lb. This parameter is sampled and not 100% tested. 

A !ADDRESS) 

l! !CHIP SELECT) 

mT !BIT SETI 

&mi !BIT CLEAR) 

Cl !DATA DUTI 

MATCH 

COMPARE CYCLE 

!ADDRESS CONTROLLED! 

14----- IAVAV ----~ 

l4----IAVMV---­

IS=V1LI 

IAXMX 

ill CONTROllEDl 

----HIGH-z-----+------

MOTOROLA MEMORY DATA 
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MCM62351 

STANDARD WRITE CYCLE (See Note 11 

Symbol MCM62351-20 MCM62351-22 MCM62351-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 22 - 25 - 30 - ns 

Write Pulse Width twLWHltsLSH twP 14 - 18 - 20 - ns 

twLSHllSLWH twp 

Address Setup to Beginning of tAvwLltAVSL tAS 0 - 0 - 0 - ns 
Write 

Address Valid to End of Write IAVWHllAVSH IAW 16 - 18 - 20 - ns 

Data Valid to End of Write tovwHltovsH tow 10 - 10 - 12 - ns 

Data Hold from Write End twHox/tsHDX toH 0 - 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz - 8 - 9 - 10 ns 2,3 

Address Hold from Write End twHAXltSHAX twR 0 - 0 - 0 - ns 

Write Low to MATCH Assert twLMX twCH 0 15 0 15 0 15 ns 3 

BSET /BCLR Setup to Beginning of teSHWLltsSHSL tsss -1 - -1 - -1 - ns 
Write tecHwLltecHSL ts cs 

BSET /BCLR Hold Time from Write twLesxitsLBSX tssH 10 - 10 - 10 - ns 
Start twLBcx/tsLBCX tscH 

Write High to MATCH Valid twHMV twCA - 20 - 22 - 25 ns 3 

Write High to Output Active twHQX tow 3 - 5 - 5 - ns 2, 3 

NOTES: 
1. A standard write occurs during the overlap of Wand Slow and BSET and BCLR high. The R pin is high continuously during a write cycle. 
2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 
3. Both the MATCH output and 00-03 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, 

only one of either MATCH or 00-03 can be valid at one time, as determined by BSETand BCLR inputs. 

A (AOORESSI 

S (CHIP SELECTI 

W (WRITE ENABLE} 

BSET (BIT SETI 

iiIDi (BIT CLEAR} 

STANDARD WRITE CYCLE 

IW CONTROLLEOI 

14-----IAVAV ------+! 
(S CONTROLLED) 

,..._-----IAVAV-----~ 

0 (OATA INJ ------+----< 
i-.1ovsH_J 

Q (DATA OUT) --------HIGH·Z---------
twLMX 

MATCH (ASSERTED! 

MOTOROLA MEMORY DATA 



MCM62351 

BSET/BCLR WRITE CYCLE !See Note 1l 

Symbol MCM62351-20 MCM62351-22 MCM62351-25 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 22 - 25 - 30 - ns 

Write Pulse Width twLWHitSLSH twP 14 - 18 - 20 - ns 

twLSHitSLWH twp 

Address Setup to Beginning of tAVWLitAVSL tAS 0 - 0 - 0 - ns 
Write 

Address Valid to End of Write tAVWHitAVSH tAW 14 - 18 - 20 - ns 

Data Setup to Beginning of Write tDvwLitDVSL tDs 0 - -1 - -1 - ns 2 

Data Hold from Write End twHDxitSHDX tDH 0 - 0 - 0 - ns 

Address Hold from Write End twHAXitSHAX twR 0 - 0 - 0 - ns 

W Low to MATCH Assert twLMX twCH 0 15 0 15 0 15 ns 

BSET/BCLR Setup to Beginning of tBSLWLitBSLSL tBss -1 - -1 - -1 - ns 2 
Write tBCLWLitecLSL tees 

BSET /BCLR Hold Time from Write twLBSxitSLBSX tesH 10 - 10 - 10 - ns 
Start twLBCxitsLBCX tBcH 

Write High to MATCH Valid twHMV twCA - 20 - 22 - 25 ns 

NOTES: 
1. A BSET/BCLR write occurs during the overlap of Wand Slow and BSET or BCLR low. The R pin is high continuously during a write 

cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 
2. Data output buffer must be in high-Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 

avoid excessive setup time of BSET /BCLR to avoid bus contention. Data must be set up for tDvwLitDVSL time to ensure the data integrity 
of non-modified bits during BSET /BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET I 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 

A !ADDRESS! 

S (CHIP SELECT) 

W !WRITE ENABLE! 

BSET !BIT SETI 

BCLR (BIT CLEAR! 

D !DATA INI 

BSET WRITE CYCLE 

IW CONTROLLED! 

-----IAVAV------

DATA VALID 

BCLR WRITE CYCLE 

IS CONTROLLED! 
-----IAVAV ____ __,., 

0 !DATA OUT) --------HIGH·Z --------- --------HIGH·Z ---------

IWLMX 

MATCH VALID !ASSERTED! 

MOTOROLA MEMORY DATA 
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MCM62351 

CLEAR CYCLE <See Note 1) 

Symbol MCMl23&1-20 MCMl23&1-22 MCMl23&1-2& 
Characteristic Unit Notes 

Standard Alternate Min Max Min Max Min Max 

R Low to Inputs Recognized A tRLAV tcR - 70 - 70 - 70 ns 
(Clear Cycle Time) ~ tRLSV tcR 

BSE'i' tRLBSV tcR 
~ tRLBCV tcR 

D IRLDV tcR 

'It Pulse Width tRLRH tcLP 22 - 25 - 30 - ns 

Read Setup to R Low twHRL tRS 5 - 5 - 5 - ns 2 
Write Hold from ii High tRHWL twH 0 - 0 - 0 - ns 2 

'It Low to Inputs Don't Csra A tRLAX tcx 0 - 0 - 0 - ns 3 
~ tRLSX tcx 

B§ET IRLBSX tcx 
~ IRLBCX tcx 

D tRLDX tcx 

R Low to MATCH Assert tRLMX tMH 0 15 0 15 0 18 ns 

R Low to Output High-Z tRLQZ tcz - 15 - 15 - 18 ns 4 

NOTES: 
1. The address, 1i!Ei', and Bl:m inputs are don't cares during a clear cycle. 
2. The cleer cycle is Initiated at the falling edge ofR. The twHRL and IRHWL parameters must be satisfied to prevent an undesired configuration 

cycle. 
3. "Inputs" for this parameter refers to all Inputs except W. 
4. Transition is measured ±500 mV from steedy state voltage with load of Figura 1b. This parameter is sampled and not 100% tested. 

CLEAR CYCLE 
(FROM READ CYCLE) !FROM COMPARE OR WRITE CYCLE) 

A IAOORESS) 

S !CHIP SELECTI 

II tRESETl 

W !WRITE EIWILE) 

lftLBSX 
lllE'f (BIT SETI 

IRLBCX 

iiroi l8IT CLEAR) 

D !DATA IN 

MATCH 
IRLOZ 

0 (DATA OUT) HIGH-Z -------Hl6tt-z--------

MOTOROLA MEMORY DATA 



MCM62351 

CONFIGURATION CYCLE (See Notes 1 and 21 

Symbol MCM623&1-20 MCM623&1-22 MCM623&1-26 
Characteristic Unit Not ea 

Standard Alternate Min Max Min Max Min Max 

Configuration Control Pulse s tSLSH tsp 20 - 20 - 25 - ns 3 
Width ii tRLRH tsp 

Data Setup to End of s tovsH tos 10 - 10 - 12 - ns 
Configuration Cycle ii tovRH tos w tovwH tos 

Data Hold from End of s ISHDX toH 0 - 0 - 0 - ns 
Configuration Cycle R tRHDX toH w twHDX toH 

R High Pulse Width IRHRL tcp 5 - 5 - 5 - ns 

Write Setup to R Low twLRL tws 5 - 5 - 5 - ns 

S Setup to End of Configuration tSLWH tsws 20 - 20 - 25 - ns 4 
tsLRH ts cs 

R Setup to End of Configuration tRLWH tSR 20 - 20 - 25 - ns 

R Setup to S Low tRLSL tcss 5 - 5 - 5 - ns 3 

S Setup to Beginning of Write ISHWL twss 0 - 0 - 0 - ns 

S High to Output High-Z tsHOZ IHZ - 9 - 9 - 10 ns 5 

W Low to Output High-Z twLOZ tHz - 9 - 9 - 10 ns 5 

NOTES: 
1. A configuration cycle is performed during the overlap of W low, ii low, and Slow. Address, 001, 002, 003, BSE'i', and BCLR inputs are 

don't cares during configuration cycles. 
2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than V1H· 
3. A valid configuration can be performed with S asserted prior to ii and W low transitions. Be aware, however. that array data may be altered 

under this condition. 
4. Note that terrnineting the cycle with ii while leaving Wand S asserted may cause array data to be altered. 
5. Transition is measured ± 500 mV from steady state voltage with load of Figure lb. This parameter is sampled and not 100% tested. 

CONFIGURATION CYCLE 

!ARRAY PROTECTED) !ARRAY UNPROTECTED! 

! (CHIP SELECT! 

il (RESET) 

W !WRITE ENABLE) 

ISHOZ 

0 (DATA OUT) >-------HIGH·Z--------

twLOZ :I ___ _ 
} HIGH·Z----

-------' 

MOTOROLA MEMORY DATA 



.. 

MCM62361 

Motorola Memory Prefix 

MCM 

T 

ORDERING INFORMATION 
(Or.der by Full Part Number) 

T x xx xx 

1 T T --1"2=T ... ·----
Part Number -----------~ Speed (20=20 ns, 22=22 ns, 25=25 nsl 

Pa~kage IP=300 mil Plastic DIP, J=300 mil SOJI 

Full Part Numbers-MCM62361P20 MCM62351P22 
MCM62361J20 MCM62351J22 
MCM62361J20R2 MCM62361J22R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
32K x 9 Bit BurstRAM™ 
Synchronous Static RAM 
With Burst Counter and Self-Timed Write 

The MCM62486 is a 294,912 bit synchronous static random access memory 
designed to provide a burstable, high performance, secondary cache for the 
i486 microprocessor. It is organized as 32,768 words of 9 bits, fabricated with 
Motorola's high-performance silicon-gate CMOS technology. The device 
integrates input registers, a 2-bit counter, high speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts count 
implementation of cache data RAM applications. Synchronous design allows 
precise cycle control with the use of an external clock (K). CMOS circuitry 
reduces the overall power consumption of the integrated functions for greater 
reliability. 

Addresses (AO-A14), data inputs (DO-D8), and all control signals except 
output enable (G) are clock (K) controlled through positive-edge-triggered 
noninverting registers. 

Bursts can be initiated with either address status processor (ADSP) or 
address status cache controller (ADSC) input pins. Subsequent burst 
addresses can be generated internally by the MCM62486 (burst sequence 
imitates that of the i486) and controlled by the burst address advance (ADV) 
input pin. The following pages provide more detailed information on burst 
controls. 

Write cycles are internally self-timed and are initiated by the rising 
edge of the clock (K) input. This feature eliminates complex off-chip 
write pulse generation and provides increased flexibility for incoming 
signals. 

The MCM62486 will be available in a 44 pin plastic leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DOO-DOB to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 10% Power Supply 

• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output 
Level Compatibility 

• Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Data, Control) 

• Internally Self-Timed Write Cycle 

• ADSP, ADSC, and ADV Burst Control Pins 

• Asynchronous Output Enable Controlled Three-Slate Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per 1/0 

• High Board Density PLCC Package 

• Fully TTL Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 

BurstRAM is a trademark of Motorola, Inc. 
i486 is a trademark of Intel Corp. 
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MCM62486 

FN PACKAGE 
44--LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

>1~13; (.) ~I~ ~ !ii ~ {; ~ ~ ~ 
0 

< 
5 4 3 2 1 44 43 42 41 

A11 • A12 

A13 

A14 

Vss 
007 

DQ6 

Vssa 
Vcca 
DQ5 

19 20 21 22 23 24 25 26 27 DQ4 

g gi 13: (.) gi I(!) 5j lcn 13 g 
~> ~ > 0 en 

> 

PIN NAMES 

AO--A 14 ............... Address Inputs 
K ............................. Clock 
W ....................... Write Enable 
G ·..:..:..· . . . . . . . . . . . . . . . . . Output Enable 
SO,S1 ................... Chip Selects 
ADV . . . . . . . . . . Burst Address Advance 
ADSP, ADSC ......... Address Status 
DQ0--008 . . . . . . . . . . Data lnpuVOutput 
Vee ............. + 5 V Power Supply 
Vcca ..... Output Buffer Power Supply 
Vss ........................ Ground 
Vssa ........... Output Buffer Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
V cc 2: V cca at all times including power up. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM (See Note) 

1--+-~+-~~ ...... --1CLR 

AO-A14--+----t 

WRITE 
REGISTER 

~====D ENABLE 
REGISTER 

15 

G~~~~~~~~~~~~~~~~~__, 

BURST LOGIC 

A1-AO 2 
A2-A14 

32K x 9 
MEMORY 
ARRAY 

DATA-IN 
REGISTERS 

OUTPUT 
BUFFER 

DQ0-008 ... --...... """"-----------------------..ia..---~ 

NOTE: All registers are positive-edge triggered. The ADSC or ADSP signals control the duration of the burst and the start of the 
next burst. When ADSP is sampled low, any ongoing burst is interrupted and a read (independent of W and ADSC) is 
performed using the new external address. When ADSC is sampled low (and ADSP is sampled high), any ongoing burst 
is interrupted and a read or write (dependent on W) is performed using the new external address. Chip selects (SO, S1) 
are sampled only when a new base address is loaded. After the first cycle of the burst, ADV controls subsequent burst 
cycles. When ADV is sampled low, the internal address is advanced prior to the operation. When ADV is sampled high, 
the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. Upon completion of 
a burst, the address will wrap around to its initial state. See BURST SEQUENCE TABLE. 

BURST SEQUENCE TABLE (See Note) 

External Address 

1st Burst Address 

2nd Burst Address 

3rd Burst Address 

A14-A2 

A14-A2 

A14-A2 

A14-A2 

A1 

A1 

A1 

A1 

AO 

Ali 
AO 

AO 

NOTE: The burst wraps around to its inltial state upon 
completion. 

MOTOROLA MEMORY DATA 
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SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 

s ADSP ADSC ADV w K Address Used 

F L x x x L-H NIA 

F x L x x L-H NIA 

T L x x x L-H External Address 

T H L x L L-H External Address 

T H L x H L-H External Address 

x H H L L L-H Next Address 

x H H L H L-H Next Address 

x H H H L L-H Current Address 

x H H H H L-H Current Address 
NOTES: 

1. X means Don't Care 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 
3. S represents SO and Sf. T implies Sf= Land SO= H; F implies Sf= H or SO= L. 

4. Wait states are inserted by suspending burst. 

ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 

Operation G llOStatus 

Read L Data Out (000-008) 

Read H High-Z 

Write x High-Z - Data In (000-008) 

Deselected x High-Z 

NOTES: 
1. X means Don't Care 
2. For a write operation following a read operation, G must be high before the input 

data required setup time and held high through the input data hold time. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Output Power Supply Voltage Vcco -o.5 to Vee v 
Voltage Relative to Vss Vin· Vout -0.5 to Vee+ o.5 v 
Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 70°C, Vee= 5 V, Po 1.2 w 
tKHKH = 20 ns) 

Temperature Under Bias Tbias -10to;-85 oc 

Operating Temperature TA Oto+ 70 oc 

Storage Temperature Tstg -55to+125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

MOTOROLA MEMORY DATA 
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Operation 

Deselected 

Deselected 

Read Cycle, Begin Burst 

Write Cycle, Begin Burst 

Read Cycle, Begin Burst 

Write Cycle, Continue Burst 

Read Cycle, Continue Burst 

Write Cycle, Suspend Burst 

Read Cycle, Suspend Burst 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meetthe de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

• 



MCM62486 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veea = 5.0 V or 3.3 V ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range Vee 4.5 5.0 5.5 v 
Output Buffer Supply Voltage Vcca v 

(5.0 V TTL Compatible) 4.5 5.0 5.5 
(3.3 V 50 Q Compatible) 3.0 3.3 3.6 

Input High Voltage V1H 2.2 3.0 Vee+ o.3 v 
Input Low Voltage V1L -0.5. 0.0 0.8 v 
• V1L (min) = - 3.0 V ac (pulse width$ 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - ±1.0 µA 

Output Leakage Current (G, S1 = VIH· so= VIL· V0 ut =Oto Vcca) l1kg(O) - ±1.0 µA 

AC Supply Current (G, S1, = VIH· SO= VIL· lccA - 185 mA 
All Inputs= VIL= 0.0 V and V1H ~ 3.0 V, lout= 0 mA, 
Cycle Time~ tKHKH min) 

Standby Current (S1 = VIH• SO= VIL• All Inputs= V1L and V1H Cycle Time 2' tKHKH min) lss1 - 40 mA 

CMOS Standby Current (Sf~ Vee - 0.2 V, SO$ 0.2 V, All Inputs~ Vee -0.2 V or$ 0.2 V, lss2 - 30 mA 
Cycle Time 2' tKHKH min) 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 v 
Output High Voltage \!Q_H = - 4.0 mA) ~H 2.4 - v 

NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible i486 bus cycles. 

CAPACITANCE (I= 1.0 MHz, dV = 3.0 V, TA= 25°e, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance (All Pins Except DQO-DQ8) Cin 4 5 pF 

Input/Output Capacitance (DQO-DQ8) C1LQ_ 8 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 v ± 10%, Veeo = 5.0 v or 3.3 V ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 
Input Pulse Levels . 

1.5 v 
Oto 3.0 V 

.. 3 ns 

Output Timing Reference Level 1.5 V 
Output Load . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 

READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 

Symbol MCM62486-14 MCM62486-19 MCM62486-24 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Cycle Time lKHKH tcvc 20 - 25 - 30 - ns 

Clock Access Time tKHQV tcD - 14 - 19 - 24 ns 4 

Output Enable to Output Valid tGLQV toE - 7 - 8 - 9 ns 

Clock High to Output Active tKHQX1 tDc1 3 - 3 - 3 - ns 

Clock High to Output Change tKHQX2 tDc2 3 - 3 - 3 - ns 

Output Enable to Output Active tGLQX toLZ 0 - 0 - 0 - ns 

Output Disable to Q High-Z tGHQZ to Hz - 7 - 8 - 9 ns 5 

Clock High to Q High-Z tKHQZ tcz - 10 - 12 - 15 ns 

Clock High Pulse Width tKHKL tcH 8 - 9.5 - 11 - ns 

Clock Low Pulse Width tKLKH tcL 8 - 9.5 - 11 - ns 

Setup Times: Address tAVKH tAS 3 - 3 - 3 - ns 6 
Address Status tADSVKH tss 

Data In tDvKH tDs 
Write twvKH tws 

Address Advance tADVVKH 
Chip Select tsoVKH 

ts1VKH 

Hold Times: Address tKHAX tAH 2 - 2 - 2 - ns 6 
Address Status tKHADSX tsH 

Data In tKHDX toH 
Write tKHWX twH 

Address Advance tKHADVX 
Chip Select tKHSOX 

tKHS1X 

NOTES: 
1. A read cycle is defined by W high or ADSP low for the setup and hold times. A write cycle is defined byW low and ADSP high for the setup and 

hold times. 
2. All read and write cycle timings are referenced from Kor G. 
3. G is a don't care when Wis sampled low. 
4. Maximum access times are guaranteed for all possible i486 external bys cycles. 
5. Transition is measured± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tGHQZ max is less than tGLQX min for a given device and from device to device. __ 
6. This is a synchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever ADSP 

and ADSC is low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for ALL rising edges of K 
when the chip is selected.Chip select must be true (ST low and SO high) at each rising edge of clock for the device (when ADSP or ADSC is low) 
to remain enabled. Timings for ST and SO are similar. 

+5 v 

85 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 1A 

AC TEST LOADS 

255 
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+5 v 

= 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 18 
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WRITE CYCLES 
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so JX1 · toooo<Y '<XXXXXXXXXXXXXXXXXXXXXXXXXXY 'OO@<XXXXXX (SJ" V1LI xxxx 
ADV 

G 

DATA IN---------+---< 

DATAOUT ''t' 'V' / 

- BURST READ "'I '" SINGLE WRITE BURST WRITE EXTENDED BURST WRITE -

I 

s: 
n 
s: 

I 



I 
s:: 
Q 
01 
::0 
0 
~ 

; ifi I 
s:: 
0 
~I 
0 
~ 
)I' 

I 
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NOTE: This diagram does not show typical processor cycles, but is intended to show the functionality of the SAAM. 
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i486 

APPLICATION EXAMPLE 

DATA BUS 

DATA f--------------------, 
ADDRESS BUS 

ADDRESS f---------, 

CLK .-1----11----t-

ADDA 

CACHE 
CONTROL LOGIC 

ADS >---------___,>--__.,~---------~ 

CONTROL 

128K BYTE BURSTABLE, SECONDARY CACHE USING 
4 MCM62486FN24s WITH A 33 MHz i486 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Mem-o-ry-Pr-ef-ix ___ M_C_I M __ J_6_.~· r ... __ t_x _______ Speed (14 = 14 ns, 19 = 19 ns. 24 = 24 ns) 

Part Number - - Package (FN = PLCC) 

Full Part Number - MCM62486FN14 MCM62486FN19 MCM62486FN24 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
BK x 20 Bit Fast Static RAM 

The MCM62820 is a 163,840 bit static random access memory organized as 8, 192 
words of 20 bits, fabricated using Motorola's'fiigh-'performance silicon-gate CMOS 
technology. The device integrates an 8Kx2o SRAM core with address and chip enable 
input latches, multiple chip enable inputs, andan putput enable input. 

The availability of output enable (G) arid 'rnl!ltiple chip enable (E'f and E2) inputs 
provide for greater system flexibility when multiple devices are used. With either chip 
enable input negated, the device will enter standby mode, useful in low power 
applications. All address 
(AO-A 12) and chip enable (E'f, E2) inputs propagate through level-sensitive 
on-chip latching controlled by LE. This feature alleviates the need for external 
address and chip enable latching. This device was designed specifically to 
operate as cache memory with the R3000 RISC Microprocessor (see 
Figure 2), but it will also be very adaptablewherever wide and fass 
SRAMs are needed. 

Vss 
DOO 

The MCM62820 will be available in ·<t 52' pin plastic leaded 
chip-carrier. Multiple power and ground pins have been 
utilized to minimize effects induced by output noise. 

• Single 5 V ±10% Power 

• Fast Access and Cycle Times: 23/30 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Tinles 

• On Chip Address and Chip Enable Latches 

• Active High and Active Low Chip Ehable Inputs 

• Output Enable Controlled Three State Outputs 

• High Board Density PLCC Package 

• Low Power Standby Mode 

• Fully TTL Compatible 

BLOCK DIAGRAM 

AO·AS, A10·A12 

AO·A12 

w WRITE 
BUFFER 

OUTPUT 
ENABLE 
BUFFER 

000 

0019 

D02 

D03 13 

D04 14 

DOS 15 

006 16 

D07 17 

Vss 1a 
DOB 19 

009 

BK x 20 
MEMORY MATRIX 

512 ROWS x 
320 COLUMNS 

COLUMN 110 

MCM62820 

• FNPACKAGE 
PLASTIC 
CASE778 

PIN ASSIGNMENT 

PIN NAMES 

Vss 
0019 

0018 

Vss 
0017 

0016 

0015 

0014 

0013 

0012 

Vss 
0011 

0010 

AO-A 12 ... , , Address Inputs 
LE .. . .. .. . .. . Latch Enable 
W . . . . . . . . . . . Write Enable 
Ef, E2 ......... Chip Enable 
G .. .. .. .. . .. Output Enable 
DQO-DQ19 Data lnpuVOutput 
Vee ... , +5 v Power Supply 
Vss . . . . . . . . . Ground 
NC ..... , ... No Connection 

For proper operation of the device, 
all Vss pins must be connected to 
ground. 

This document contains information on a project und_er development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

E1 E2 G w LE Mode Supply Current l/OStatus 

H x x x x Not Selected lsB High-Z 

x L x x x Not Selected lsB High-Z 

L H H H x Output Disabled Ice High-Z 

L H L H H Read with Transparent Inputs ice Data Out 

L H L H L Read with Latched Inputs ice Data Out 

L H x L H Write with Transparent Inputs ice Data In 

L H x L L Write with Latched Inputs Ice Data In 

NOTE: X means don't care. Inputs AO-A 12, E1, E2 are latched or transparent depending upon the state 
of latch enable (LE). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to ~ss=O V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.Sto +7.0 v 

Voltage Relative to Vss Vin· Vout -0.5 to Vee +o.5 v 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA=70°C, Vcc=5 V, Po 2.5 w 
tAvAv=23 ns) 

Temperature Under Bias Tbias -10to +85 oc 

Operating Temperature TA o to +70 oc 

Storage Temperature Tstg -55to+125 oc 

NOTE: Permanent device damage may occur 11 ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however it is advised that nor­
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is assumed 
to be in a test socket or mounted on 
a printed circuit board with at least 
300 LFPM of transverse air flow be­
ing maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ±10%, TA=O to +70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (V It I d t V 0 V) o ages re erence o~ 
Parameter Symbol Min 

Supply Voltage (Operating Voltage Range) Vee 

Input High Voltage 

Input Low Voltage 

·v1L (min)=-3.0 V ac (pulse width $20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin=O to Vee) 

Output Leakage Current (G=VIH• E1=VIH· E2=VIL· V0 ut=0 to Vee) 

AC Supply Current (G=VIH· Ef=VIL· E2=VIH· All lnputs=V1L =0.0 V and V1H~3.0, louFO mA) 
Cycle lime~23 ns 
Cycle lime~30 ns 

Standby Current (E1 =VIH· E2=VIL• All lnputs=V1L or V1H) 

CMOS Standby Current (Ef~Vcc-0.2 V, E2$0.2 V, All Inputs ~Vcc-0.2 V or $0.2 V) 

Output Low Voltage (loL =+8.0 mA) 

Output High Vollage (low-4.0 mA) 

V1H 

V1L 

CAPACITANCE (f=1.0 MHz, dV=3.0 V, T A=25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic 

Input Capacitance All Pins Except D00-0019 

lnpul/Output Capacitance D00-0019 

MOTOROLA MEMORY DATA 
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4.5 

2.2 

-0.5" 

Symbol 

l11<g(I) 

l11<g(O) 

lccA 

1sB1 

1sB2 

Vol 

VoH 

Symbol 

Gin 

Cvo 

Typ Max Unit 

5.0 5.5 v 

3.0 Vcc+0.3 v 
0.0 0.8 v 

Min Max Unit 

- ±1.0 µA 

- ±1.0 µA 

mA 

- 240 
- 185 

- 15.0 mA 

- 10.0 mA 

- 0.4 v 

2.4 - v 

Typ Max Unit 

4 6 pF 

6 8 pF 

• 



-

MCM62820 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.D V ±10%, TA=D to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ..... . 
Input Pulse Levels . 

.... 1.5V 
Oto 3.0 V 

.. 3 ns 

Output Measurement Reference Level . . . . . . . . . . . . . . . . . . 1 .5 V 
Output Load . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time ... 

READ CYCLE TIMING (See Notes 1, 2, 3) 

Symbol MCM62820-23 MCM62820-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Read Cycle Time tAVAV tRC 23 - 30 - ns 

Address Access Time tAVQV IM - 23 - 30 ns 

Chip Enable to Output Valid te1LQV 
IE2HQV 

IAC1 - 23 - 30 ns 4 

Latch Enable High to Output Valid tLEHQV 25 - 30 - ns 

Output Enable to Output Valid tGLQV toe - 10 - 12 ns 

Output Active from Chip Enable IE1LQX 
IE2HQX 

tcLZ 2 - 2 - ns 4, 5 

Output Active from Output Enable tGLQX toLz 2 - 2 - ns 5 

Output Active from Latch Enable High ILEHQX 2 - 2 - ns 5 

Output Hold from Address Change IAXQX 'OH 3 - 3 - ns 

Setup Times For: _A tAVLEL IAS 4 - 4 - ns 4, 6 
E1 te1VLEL tcs 
E2 te2VLEL tcs 

Hold Times for: _A ILELAX IAH 3 - 3 - ns 4, 6 
E1 tLELE1X tcH 
E2 ILELE2X tcH 

Chip Enable High to Output High Z IE1HQZ 
te2LQZ 

ICHZ 0 9 0 10 ns 4, 5 

Latch Enable High to Output High Z ILEHQZ ICHZ 0 9 0 10 ns 5 

Output Enable to Output High Z IGHQZ IOHZ 0 8 0 10 ns 5 

NOTES: 
1. A read cycle is defined by W high. 
2. All read cycle timings are referenced from the last valid address to the first transitioning address. 
3. Addresses must be.valid prior to or coincident with ET going low or E2 going high. 
4. ET in the timing diagrams represents both ET and E2 with ET asserted low and E2 asserted high. 
5. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, te1 HQZ max is less than te1 LOX min, te2LQZ max is less than te2HQX min and IGHQZ max is less than 
tGLQX min for a given device and from device to device. 

6. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 

AO A (ADDRESS) 

tAVLEL--+<I~~~~ 

READ CYCLE 

A1 

LE (LATCH ENABLE) 
l'-~~~~~~~~~~~~~~~-'l-4--~~>'>f-I· tLEHOV 

tLEHQX 

E1 (CHIP ENABLE) 

G (OUTPUT ENABLE) 

QO 
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MCM62820 

WRITE CYCLE TIMING, Write Enable Initiated (See Note 1) 

Symbol MCM62820-23 MCM62820-30 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time tAVAV twc 23 - 30 - ns 

Address Setup Time tAVWL tAS 0 - 0 - ns 2 

Address Valid to End of Write tAVWH tAW 20 - 25 - ns 

Write Pulse Width twLWH twp 15 - 18 - ns 3 

Write Enable to Chip Enable Disable twLE1H 
twLE2L 

tcw 15 - 18 - ns 4 

Chip Enable to End of Write tE1LWH 
tE2HWH 

tcw 15 - 18 - ns 3, 4, 5 

Data Valid to End of Write tovwH tow 7 - 10 - ns 

Data Hold Time twHDX toH 0 - 0 - ns 6 

Write Recovery Time twHAX twR 0 - 0 - ns 2 

Setup Times for: A tAVLEL tAS 4 - 4 - ns 4, 5 
E1 tE1VLEL tcs 
E2 tE2VLEL tcs 

LE Hold to End of Write twHLEH tLEH -2 - -2 - ns 

Hold Times for: _}, tLELAX tAH 3 - 3 - ns 4, 5 
E1 tLELE1X tcH 
E2 tLELE2X tcH 

Write Low to Output High Z twLOZ twHZ 0 9 0 10 ns 7 

Write High to Output Low Z twHOX twLZ 2 - 2 - ns 7 

NOTES: 
1. A write cycle starts at the latest transition of E1 low, W low, or E2 high. A write cycle ends at the earliest transition of a E1 high W high, or E2 

low. 
2. Write must be high for all address transitions. 
3. If W goes low coincident with or prior to E1 low or E2 high the outputs will remain in a high impedance state. 
4. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 
5. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 
6. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 
7. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tE1 HQZ max is less than tE1 LOX min, tE2LQZ max is less than tE2HQX min and IGHOX max is less than 
tGLQX min for a given device and from device to device. 

WRITE ENABLE INITIATED WRITE CYCLE 

A (ADDRESS) 
~~~-J'l'-~~~~~~~JJ 

LE (LATCH ENABLE) 

Ei (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

14----tE1LWH ---+I 
~~~~r-~---,,1._~-twLwH~~~ . .-~~~~-t-~~~~~~~~~-

HIGH-Z 

MOTOROLA MEMORY DATA 

9-99 



MCM82820 

WRITE CYCLE TIMING, Chip Enable Initiated (See Notes 1 and 2) 

Symbol MCM62820-23 MCM628~ 

Parameter Standard Alternate Min Max Min Max Unit Notes 

Write Cycle Time IAVAV twc 23 - 30 - ns 

Address Setup Time IAVE1L 
IAVE2H 

IAS 0 - 0 - ns 

Address Valid to End of Write IAVE1H IAW 20 - 25 - ns 
IAVE2L 

Data Valid to End of Write IOVE1H 
IDVE2L 

tow 7 - 10 - ns 

Chip Enable to End of Write IE1LE1H tcw 15 - 18 - ns 3 
IE2HE2L 

Data Hold nme IE1HDX 
IE2LDX 

IOH 0 - 0 - ns 4 

Write Recovery nme IE1HAX 
IE2LAX 

IWR 0 - 0 - ns 

LE Hold to End Of Write IE1HLEH ~E1HLEH -2 - -2 - ns 
IE2LLEH E2LLEH 

Setup Times for: _}, IAVLEL IAS 4 - 4 - ns 5 
E1 IE1VLEL ~~ E2 IE2VLEL 

Hold Times for: _}, ILELAX IAH 3 - 3 - ns 5 
E1 ILELE1X ICH 
E2 ILELE2X tcH 

NOTES: 
1. A write cycle starts atthe latest transition of Ef low, W low, or E2 high. A write cycle ends at the earliest transition of a Ef high, W high, or E2 low. 
2. E!ln the timing diagrams represents bo!!!._Ef and E2 with Ef asserted low and E2 asserted high. 
3. II W goes low coincident with or prior to E1 low or E2 high the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 
5. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 

CHIP ENABLE INITIATED WRITE CYCLE 

A(ADDRESS) 
~~~--''1'-~~~~~'l~~~~~~~~~Jl~U<.""-'<..j{..-"-'"-"..Jl...3 

LE (LATCH ENABLE) 

E1 (CHIP ENABLE) 

W (WRITE ENABLE) 
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AC TEST LOADS 

+5 v +5 v 

480 480 

oa----...----.. DO--<..----_. 

255 255 5 pF 30 pF 
(INCLUDING 

.___ ___ .. SCOPE AND JIG) 
(INCLUDING 

~---.. SCOPEANDJIG) 

Figure 1A 

MCM62820 

INSTRUCTION CACHE 
(BK x 60) 

ADDRESS LOW (12:0) 

13 60 

DATA (31:0) 
DATA P (3:0) 

R3000 PROCESSOR 

MCM62820 

DATA CACHE 
(8Kx60) 

TAG(19:0) 
TAG P(2:0) 
TAGV 

Figure 2. R3000 Application Example with 641( Byte 
Segregated Instruction/Data Cache Using 
Six Motorola MCM62820 Latched SRAMs 

ORDERING INFORMATION 
(Order by Full Part Number) 

62820 x xx 

Figure 18 

DFiD 
1iWR 
DCLK 

MCM 

Motorola Memory Prefix_I 

Part Number T T T - d (23=23 ns, 30=30 ns) 

~ Package(FN=PLCC) 

Full Part Numbers - MCM62820FN23 MCM62820FN30 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
32K x 9 Bit BurstRAM™ 
Synchronous Static RAM 
With Burst Counter and Self-Timed Write 

The MCM62940 is a 294,912 bit synchronous static random access 
memory designed to provide a burstable, high performance, secondary 
cache for the MC68040 microprocessor. It is organized as 32,768 words of 9 
bits, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. The device integrates input registers, a 2-bit counter, high speed 
SAAM, and high drive capability outputs onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM applications. 
Synchronous design allows precise cycle control with the use of an external 
clock (K). CMOS circuitry reduces the overall power consumption of the 
integrated functions for greater reliability. 

Addresses (AO-A14), data inputs (DO-D8), and all control signals, 
except output enable (G), are clock (K) controlled through 
positive-edge-triggered noninverting registers. 

Bursts can be initiated with either. transfer start processor (TSP) or 
transfer start cache controller (TSC) input pins. Subsequent burst 
addresses are generated internally by the MCM62940 (burst sequence 
imitates that of the MC68040) and controlled by the burst address 
advance (BAA) input pin. The following pages provide more detailed 
information on burst controls. 

Write cycles are internally self-timed and are initiated by the rising edge 
of the clock (~) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

The MCM62940 is packaged in a 44 pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQO-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility 
• Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min 
• Internal Input Registers (Address, Data, Control) 
• lntern~elf-Timed Write Cycle 
• TSP, TSC, and BAA Burst Control Pins 
• Asynchronous Output Enable Controlled Three-State Outputs 
• Common Data Inputs and Data Outputs 
• High Output Drive Capability: 85 pF per 1/0 
• High Board Density PLCC Package 
• Fully TTL Compatible 
• Active High and Low Chip Select Inputs for Easy Depth Expansion 

BurstRAM is a trademark of Motorola, Inc. 

A2 
A3 

A4 

A5 10 

A6 11 

Vss 12 

000 13 

001 14 

MCM62940 

FNPACKAGE 
44-LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

1:$ 0 0.. 0 0 

:o: ~ a I~ I~ "" ~ !< ::2 ~ < 
6 5 4 3 2 1 44 43 42 41 

• 

Vsso 15, . 
vcco 1a 

A11 

A12 

A13 

A14 

Vss 
007 

006 

Vssa 
Vcca 
005 

DQ4 002 17 18 19 20 21 22 23 24 25 26 27 

8 ~ 8 I;: 8 ~ 'Cl lil I;;; ~ ~ 
o>> >> cs> 

PIN NAMES 

AO-A 14 ............... Address Inputs 
K ............................. Clock 
W ....................... Write Enable 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
SO, Sf .................. Chip Selects 
BAA . . . . . . . . . . Burst Address Advance 
TSP, TSC .............. Transfer Start 
· DQ0-008 . . . . . . . . . . Data Input/Output 
Vee .. . . . . . . . . . . . + 5 v Power Supply 
Vcco ..... Output Buffer Power Supply 
Vss ........................ Ground 
Vsso ........... Output Buffer Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee~ Vcco at all times including power up. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product wtthout notice. 
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MCM62940 

BLOCK DIAGRAM (See Note) 

BURST LOGIC 

BAA~~~~~~~~~~~~~--<OI 

K~~~~~--<10--~~~~~~--..-~ 

EXTERNAL 
A14-AO __ A..,D..,DR..,E.,.s .. s --i 

w 

so 
Sf 

i3 
DOO-DOS 

9 

BINARY 
COUNTER 

,__.~--;,___~~--<.-~~--1LOAD 

ADDRESS 
REGISTERS 

WRITE 
REGISTER 

ENABLE 
REGISTER 

15 

D1 DO 

A1 AO 

02 

01 
A1' 

00 

A14-A2 

INTERNAL 
ADDRESS 

15 

DATA-IN 
REGISTERS 

32K x 9 
MEMORY 

ARRAY 

9 

NOTE: All registers are positive-edge triggered. The TSC or TSP signals control the duration of the burst and the start of the next burst.When 
TSP is sampled low, any ongoing burst is interrupted and a read (independent of W and TSC) is performed using the new external 
address. When TSC is sampled low (and TSP is sampled high), any ongoing burst is interrupted and a read or write (dependent on W) 
is performed using the next external address. Chip selects (SO, Sf) are sampled only when a new base address is loaded. After the first 
cycle of the burst, BAA controls subsequent burst cycles. When BAA is sampled low, the internal address is advanced prior to the 
operation. When BAA is sampled high, the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. 
Upon completion of a burst, the address will wrap around to its initial state. See BURST SEQUENCE GRAPH. 

BURST SEQUENCE GRAPH (See Note) 

A1', AO'= 

(0,0--. 

\__1,0J
1 

NOTE: The external two values for A 1 and AO 
provide the starting point for the burst 
sequence graph. The burst logic advances 
A 1 and AO as shown above. 

MOTOROLA MEMORY DATA 

9-103 

.. 



MCM62940 

SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 

s TSP TSC BAA w K Address 

F L x x x L-H NIA 

F x L x x L-H NIA 

T L x x x L-H External Address 

T H L x L L-H External Address 

T H L x H L-H External Address 

x H H L L L-H Next Address 

x H H L H L-H Next Address 

x H H H L L-H Current Address 

x H H H H L-H Current Address 

NOTES: 

1 . X means Don't Care 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 
3. S represents SO and Sf. T implies SO = H and Sf= L; F implies SO = L or Sf = H. 
4. Wait states are inserted by suspending burst. 

ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 

Operation G llOStatus 

Read L Data Out (DQO-DQS) 

Read H High-Z 

Write x High-Z - Data In (DQ0-008) 

Deselected x High-Z 

NOTES: 

1. X means Don't Care 

2. For a write operation following a read operation, G must be high before the input data required 
setup time and held high throughout the input data hold time. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to 7.0 v 
Output Power Supply Voltage Vcca -0.5toVcc v 
Voltage Relative to V ss Vin• Vout - o.5 to Vee+ 0.5 v 
Output Current (per 110) lout ±20 mA 

Power Dissipation (TA= 70°C, Vee = 5 V, Po 1.2 w 
tKHKH = 20 ns) 

Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto+ 70 oc 

Storage Temperature Ts.!g_ -55to+ 125 oc 

NOTE: Permanent device damage may occur 11 ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

MOTOROLA MEMORY DATA 
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Operation 

Deselected 

Deselected 

Read Cycle, Begin Burst 

Write Cycle, Begin Burst 

Read Cycle, Begin Burst 

Write Cycle, Continue Burst 

Read Cycle, Continue Burst 

Write Cycle, Suspend Burst 

Read Cycle, Suspend Burst 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
appUcation of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 



MCM62940 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 v ± 10%, Veeo = 5.o v or 3.3 v ± 10%, TA= o to+ 10°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Output Buffer Supply Voltage Vcca v 
(5.0 V TIL Compatible) 4.5 5.0 5.5 
(3.3 V 50 IJ Compatible 3.0 3.3 3.6 

Input High Voltage V1H 2.2 3.0 vcc+0.3 v 

Input Low Voltage V1L -o.5· 0.0 0.8 v 
• V1L (min)= - 3.0 V ac (pulse width,; 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) llkg(I) - ±1.0 µA 

Output Leakage Current (G, S1 = VIH· SO= VIL· Vout = o to Vccal llkg(O) - ±1.0 µA 

AC Supply Current (G, S1 = VIH· SO= VIL• MCM62940-14: ii<HKH = 20 ns Ice A - 185 mA 
All Inputs= V1L = 0.0 V and V1H « 3.0 V, lout= 0 mA, MCM62940-24: tKHKH = 25 ns - 175 
Cycle Time« tKHKH min) MCM62940-19: tKHKH = 30 ns - 165 

Standby Current (S1 = VIH• SO= VIL• All Inputs= V1L and VIH• Cycle Time« tKHKH min) ls01 - 40 mA 

CMOS Standby Current (S1 "Vee -0.2 V, so,; 0.2 V, All Inputs;, Vee - 0.2 v or,; 0.2 v, ls02 - 30 mA 
Cycle Time« tKHKH min) 

Output Low Voltage UoL = + 8.0 mA) VOL - 0.4 v 

Output High Voltage (loH = - 4.0 mA) VoH 2.4 - v 

NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible MC68040 bus cycles. 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA s 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance (All Pins Except DQ0-008) C;n 4 5 pF 

Input/Output Capacitance (DQ0-008) cvo 8 10 pF 

MOTOROLA MEMORY DATA 
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MCM62940 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veea = 5.0 V or 3.3 v ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

Input liming Measurement Reference Level . . . . . . . . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O to 3.0 V 

Output Timing Reference Level . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 V 
Output Load ............ See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time ..................................... 3 ns 

READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 

Symbol MCM62940-14 MCM62940-19 MCM62940-24 

Parameter Standard Alternate Min Max Min Max Min Max Unit Notes 

Cycle Time tKHKH tcvc 20 - 25 - 30 - ns 

Clock Access Time tKliQY tco - 14 - 19 - 24 ns 4 

Output Enable to Output Valid tGLQV toE - 7 - a - 9 ns 

Clock High to Output Active lf<HOX1 toc1 3 - 3 - 3 - ns 

Clock High to Output Change tKHQX2 toc2 5 - 5 - 5 - ns 

Output Enable to Output Active IG!.Q.X toLZ 0 - 0 - 0 - ns 

Output Disable to Q High-Z tGHQZ to Hz - 7 - a - 9 ns 5 

Clock High to Q High-Z tKHQZ tcz - 10 - 11 - 12 ns 

Clock High Pulse Width tKHKL tcH a - 9.5 - ,, - ns 

Clock Low Pulse Width tKLKH tcL a - 9.5 - 11 - ns 

Setup Times: Address tAVKH tAS 3 - ·3 - 3 - ns 6 
Address Status trSVKH tss 

Data In toVKH tos 
Write twVKH tws 

Address Advance teAVKH 
Chip Select tsOVKH 

ts1VKH 

Hold Times: Address tKHAX tAH 2 - 2 - 2 - ns 6 
Address Status tKHTSX tsH 

Data In tKHDX toH 
Write tKHWX twH 

Address Advance tKHBAX 
Chip Select tKHSOX 

tKHS1X 
NOTES: 

1. A read cycle is defined by W high or TSP low for the setup and hold times. A write cycle is defined by W low and TSP high for the setup and 
hold times. 

2. All read and write cycle timings are referenced from Kor G. 
3. G is a don't care when Wis sampled low. 
4. Maximum access times are guaranteed for all possible MC68040 external bus cycles. 
5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tGHQZ max is less than tGLQX min for a given device and from device to device. 
6. This is a synchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever IBP 

or TSC are low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for ALL rising edges of K 
when the chip is selected.Chip select must be true (Sf low and SO high) at each rising edge of clock for the device (when TSP or TSC is low) 
to remain enabled. Timings for Sf and SO are similar. 

255 

+SV 

85 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 1A 

AC TEST LOADS 

255 

+5V 

5pF 
(INCLUDING 

~---• SCOPE AND JIG) 

Figure 18 
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MCM62940 

READ CYCLE 

K 

81 "'" "' "'"" ,, ~ 
(SO= V1H) DJ.~~~~~-1--4~~~~~.l....-....D.~~"P'~"-:.L.~£:.£~£:.£~"-:.L.~DI 

I• READ 

NOTE: 01 (A2) represents the first output from the external address A2; 02(A2) represents the next output data in the burst sequence 
with A2 as the base address. 
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K 

ADDRESS 

w 

so 
(Sf= V1L) 

DATA_ 

WRITE CYCLE 

IN ---------<"-"'-'---'--"-'.._--'-"-U---U.><.->----1.-><-.._ __ _,_"-'---J 

NOTE:G=V1H 

SINGLE 
WRITE 

MOTOROLA MEMORY DATA 
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MC68040 

APPLICATION EXAMPLE 

BCLK t->--_>--_-1 K 

ADDR 

CACHE 
CONTROL 

LOGIC 

....... ..,.....,.-... , 'l!t. 'ii.:::.___ 
BAA 

'fSi---------+----------~---~ 
CONTROL->------------------------

128K BYTE BURSTABLE, SECONDARY CACHE 
USING FOUR MCM62940FN24'S WITH A 33 MH~ MC68040 

ORDERING INFORMATION 
(Order by Full Part Number) 

Full Part Number - MCM62940FN14 MCM62940FN19 MCM62940FN24 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
32K x 9 Bit Synchronous 
Static RAM 

The MCM62950 is a 294,912 bit synchronous static random access 
memory organized as 32, 768 words of 9 bits, fabricated using Motorola's 
high-performance silicon-gate CMOS technology. The device integrates 
input registers, high-speed SAAM, and high drive capability outputs onto a 
single monolithic circuit for reduced parts count implementation of cache 
data RAM applications. Synchronous design allows precise cycle control 
with the use of an external clock (K). Asynchronous controls consist of 
asynchronous write enable (AW) and output enable (G). CMOS circuitry 
reduces the overall power consumption of the integrated functions for 
greater reliability. 

Addresses (AO-A 14) and control signals, except output enable (G) and 
asynchronous write enable (AW), are sampled through 
positive-edge-triggered noninverting registers. Data outputs are 
asynchronously controlled by G. 

Write cycles are differentiated from read cycles by the state of the 
synchronous write enable pin (SW) at the rising edge of K. Write cycles 
are completed only if AW is asserted within the specified setup time to the 
following rising edge of K. Write cycles may be aborted by negating the 
AW signal prior to the low going edge of K. Data for the write may be 
delayed until the latter half of the write cycle. 

A2 

A3 

A4 

AS 10 

AS 11 

Vss 12 

000 13 

001 14 

v550 1s 
Vcco 1s 

~ u < z 

MCM62950 

FNPACKAGE 
. 44-LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

12u u 0 u ~ ~ ~ >Z ""> < 
3 2 1 44 43 42 41 

• 

The MCM62950 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQO-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

002 17 18 19 20 21 22 23 24 25 26 27 

A11 

A12 

A13 

A14 

Vss 
007 

006 

Vsso 
Vcco 
DOS 

004 

• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility 
• Fast Access Times: 20/25 ns Max and Cycle Times: 20/25 ns Min 
• Internal Input Registers (Address, Control) 
• Late Write Abort Feature 
• Output Enable Controlled Three-State Outputs 
• Common Data Inputs and Data Outputs 
• High Output Drive Capability: 85 pF per 1/0 
• High Board Density PLCC Package 
• Fully TTL Compatible 
• Active High and Low Chip Select Inputs for Easy Depth Expansion 

§ ~I~ lil5 8 12 •C!J lil 1;;; 13 ~ 
> > > 0 > 

PIN NAMES 

AO-A 14 ............... Address Inputs 
K ............................. Clock 
SW ................ Synchronous Write 
AW .............. Asynchronous Write 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
SO, Sf .................. Chip Selects 
DQQ-008 . . . . . . . . . . Data lnpuVOutput 
Vee .............. +5 V Power Supply 
Vcca ..... Output Buffer Power Supply 
Vss ........................ Ground 
V ssa . . . . . . . . . . . Output Buffer Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee;, Vcca at all times including power up. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62960 

BLOCK DIAGRAM 

AO-A14 --.. 111-1 

sw---1..--1 WRITE 
REGISTER 

Aiii~-----------+------~ 

ENABLE 
REGISTER 

G~---------------' 

15 32K x 9 
MEMORY ARRAY 

OUTPUT 
BUFFER 

DOO-DQB ..... 11--------.P.---""""-----------l~ .... I----"""' 

SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 

s SW AW G K Operation 

F x x x L-H Deselected 

T L x x L-H Write 

(T) (L) L x L Write 

(T) (L) H x L Aborted Write (No Action) 

T H x - L-H Read Initiated 

(T) (H) x H x Read 

(T) (H) x L x Read 
NOTES: 

1. X means Don't Care 
2. SO, Sf, and W mus1 mee1 setup and hold times for the low-10-high transition of clock (K). 
3. S represents SO and S1. T implies Sf= Land SO= H; F implies Sf= Hor SO= L. 
4. W = (L) implies W = L for the last clock transition from low to high. Similarly for S = (T). 

AC TEST LOADS 
+5V 

480 

DQ---<..----... 

255 255 

l/OS!atus 

High-Z 

High-Z 

Data-In 

High-Z 

-
High-Z 

Data Out 

+5V 

5pF 
(INCLUDING 

85pF 
(INCLUDING 

----• SCOPE AND JIG) ..._ ___ .. SCOPE AND JIG) 

= 
Figure 1A Figure 18 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Output Power Supply Voltage Vcco -o.sto Vee v 
Voltage Relative to Vss Vin• Vout -o.5 to Vee+ o.5 v 
Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA = 70°C, V cc = 5 V, Po 1.2 w 
tKHKH = 20 ns) 

Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA 0 to+ 70 oc 

Storage Temperature Tstg -55 to+ 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables. 
after thermal equilibrium has been 
established. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= Veeo = 5.0 V ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Output Buffer Supply Voltage Vcco v 
(5.0 V TIL Compatible) 4.5 5.0 5.5 
(3.3 V 50 Q Compatible 3.0 3.3 3.6 

Input High Voltage V1H 2.2 3.0 Vee +0.3 v 

Input Low Voltage V1L -OS 0.0 0.8 v 
• V1L (min) = - 3.0 Vac (pulse width,; 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - ± 1.0 µA 

Output Leakage Current (G, S1 = VIH· so= VIL· V0 ut = o to Vcco) l1kg(O) - ± 1.0 µA 

AC Supply Current (G, SO= VIH· S1 =VIL· MCM62950-20: tKHKH = 20 ns ice A - 185 mA 
All Inputs= V1L = 0.0 V and V1H <: 3.0 V, lout= 0 mA, MCM62950-25: tKHKH = 25 ns - 175 
Cycle Time<: tKHKH min) 

Standby Current (S1 = VIH• SO= VIL• All Inputs= V1L and V1H) 1sB1 - 40 mA 

CMOS Standby Current (S1 <:Vee - 0.2 V, so,; 0.2 V, All Inputs" Vee - 0.2 v or,; 0.2 V, 1sB2 - 30 mA 
Cycle Time" tKHKH min) 

Output Low Voltage (loL = + 8.0 mA) Vol 0.1 0.4 v 
Output High Voltage (IOH = - 4.0 mA) VoH 2.4 - v 

NOTE: Good decoupling of the local power supply should always be used. 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance (All Pins Except 000-008) Cin 4 5 pF 

lnpuVOutput Capacitance (000-008) Cuo 8 10 pF 
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MCM62950 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= Veea = 5.0 V ± 10%, TA= o to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ................ 1.5 V Output Timing Reference Level . . . . . . . . . . . . . . . . .. 1.5 V 
Input Pulse Levels . . . . ....... O to 3.0 V Output Load ............ See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time . . . . .......... 3 ns 

READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 

MCM62950-20 MCM62950-25 

Parameter Symbol Min Max Min Max Unit Notes 

Clock Control: ns 
Cycle Time tKHKH 20 - 25 -
Clock High Pulse Width tKHKL 8 - 11 -
Clock Low Pulse Width tKLKH 8 - 11 -

Read Access Times: ns 
Clock Access Time tKHQV - 20 - 25 
Output Enable to Output Valid tGLQV - 8 - 9 

Aborted Write Cycles: ns 
Clock Low to Asynchronous Write High tKLAWH - 0 - 0 
Clock High to Asynchronous Write Invalid tKHAWX 2 - 2 -

Write Cycles: ns 
Asynchronous Write Low to Clock High tAWLKH 6 - 6 -
Clock High to Asynchronous Write Invalid tKHAWX 2 - 2 -
Data-In Valid to Clock High (Transparent Data) tDvKH 6 - 6 -
Clock High to Data Invalid (Transparent Data) tKHDX 2 - 2 -

Output Buffer Control: ns 
Clock High to Output Low-Z after Write tKHOX1 8 - 8 -
Clock High to Output Change tKHQX2 5 - 5 -
Output Enable to Output Active tGLQX 0 - 0 -
Output Disable to Q High-Z tGHQZ - 8 - 9 4 
Clock High to Q High-Z tKHOZ - 10 - 10 4 

Registe Setup Times for: Address tAVKH 3 - 3 - ns 5 
Synchronous Write twVKH 

Chip Select tsoVKH 
ts1VKH 

Register Hold Times for: Address tKHAX 2 - 2 - ns 5 
Synchronous Write tKHWX 

Chip Select tKHSOX 
tKHS1X 

NOTES: 
1. A read cycle is defined by SW high tor the setup and hold times. A write cycle is defined by SW low for the setup and hold times. 
2. All read and write cycle timings are referenced from K or G. 
3. G is a don't care when SW is sampled low. 
4. Transition is measured± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tGHQZ max is less than tGLQX min for a given device and from device to device. 
5. This is a synchronous device. All address inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) when the device is selected. All synchronous inputs must meetthe specified setup and hold times with stable logic levels for 
ALL rising edges of clock (K) when the device is selected. Timings tor Sf and SO are similar. 
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-
READ 

READ CYCLE 

READ-WRITE-READ CYCLE 

WRITE READ 

ORDERING INFORMATION 
(Order by Full Part Number) 

Full Part Number - MCM62950FN20 MCM62950FN25 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
32K x 9 Bit Synchronous 
Static RAM 

The MCM62960 is a 294,912 bit synchronous static random access 
memory designed to provide a high-performance, cache for the SPARC™ 
Family of microprocessors. Ii is organized as 32,768 words of 9 bits, 
fabricated using Motorola's high-performance silicon-gate CMOS 
technology. The device integrates input registers, high-speed SRAM, and 
high drive capability outputs onto a single monolithic circuit for reduced 
parts count implementation of cache data RAM applications. 

Synchronous design allows precise cycle control with the use of an 
external clock (K). CMOS circuitry reduces the overall power consumption 
of the integrated functions for greater reliability. 

Output enable (G) is an asynchronous control input. Addresses 
(AO-A 14) and chip select inputs (SO, S1) are sampled through 
positive-edge-triggered, noninverting registers on the rising edge of the 
clock input (K). Write enable (W) and data-in are sampled on the following 
edge of K through negative-edge-triggered, noninverting registers. 

The MCM62960 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DOO-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

A2 

A3 

A4 

AS 10 

A6 11 

Vss 12 

DQO 13 

DQ1 14 

v5sa 15 

Vcca 1s 

< ~ 
6 

MCM62960 

FNPACKAGE 
44--LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

'-' 0 '-' '-' '-' '-' ~ ~ ~ < zzz ""> 

4 3 2 1 44 43 42 41 

• A11 

A12 

A13 

A14 

Vss 
DQ7 

DQ6 

• Single 5 V ± 10% Power Supply DQ2 17 18 19 20 21 22 23 24 25 26 27 

Vssa 
Vcca 
DQ5 

DQ4 

• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility 

• Fast Access Times: 17/20/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Control, Data) 

• Internally Self-Timed Write Cycle 

• Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per 1/0 

• High Board Density PLCC Package 

• Fully TTL Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 

SPARC is a trademark of Sun Corp. 

8 &l '-' I~ 8 ill IC!> lil I;;; )!i &l 
O.g!z >> Ci~ 

PIN NAMES 

AO-A 14 ............... Address Inputs 
K ............................. Clock 
W ....................... Write Enable 
G ..................... OutputEnable 
SO, Sf .................. Chip Selects 
DQQ-008 . . . . . . . . . . Data Input/Output 
Vee .............. +5VPowerSupply 
Vcca ..... Output Buffer Power Supply 
Vss ........................ Ground 
V ssa ................. Output Ground 
NC .................... No Connection 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee;, Vcca at all times including power up. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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AO-A14 -------..i 

w--------il-

so 
S1 

DATA-IN 
REGISTER 

BLOCK DIAGRAM 

15 32K x 9 
MEMORY ARRAY 

DATA-IN 
BUFFER 

OUTPUT 
BUFFER 

DQO-DQB--_,,-------------------------------' 

TRUTH TABLE (See Notes 1, 2, 3, and 4) 

s w G lnpuVOutput Operation 

F x x High-Z Deselected 

T H L Data Out Read Cycle 

T H H High-Z Read Cycle 

T L H Write Data In WriteCycle 
NOTES: 

1. X means Don't Care 
2. All address and chip select inputs must meet setup and hold times for ALL low-to-high transitions of clock 

(K). W input must meet setup and hold times for ALL high-to-low transitions of cl.eek (K). 
3. S represents SO and Sf. T implies Sf= Land SO= H; F implies Sf= Hor SO= L 
4. During a write cycle, G must be high before the input data required setup time and held high throughout 

the data hold time. 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 

Output Power Supply Voltage Vcco -o.5 to Vee v 

Voltage Relative to Vss Vin· Vout - o.5 to Vee+ o.5 v 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA= 70°C, Vee= 5 V, Po 1.2 w 
tKHKH = 20 ns) 

Temperature Under Bias Toias -10to+85 oc 

Operating Temperature TA Oto+ 70 oc 

Storage Temperature Tstg -55to + 125 oc 

NOTE: Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = V CCQ = 5.0 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 

Output Buffer Supply Voltage Vcco v 
(5.0 V TTL Compatible) 4.5 5.0 5.5 
(3.3 V 50 n Compatible) 3.0 3.3 3.6 

Input High Voltage V1H 2.2 3.0 Vee+ o.3 v 

Input Low Voltage V1L -0.5' a.a 0.8 v . V1L (mm) = - 3.0 Vac (pulse widths 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to Vee) l1kg(I) - ±1.0 µA 

Output Leakage Current (G, Sf= VIH· so= VIL· V0ut =Oto Vccol l1kg(O) - ±1.0 µA 

AC Supply Current (G, SO= VIH· Sf= VIL· MCM62960-20: tKHKH = 25 ns ice A - 175 mA 
All Inputs= V1L =a.av and V1H ~ 3.0 V, lout= O mA, MCM62960-24: tKHKH = 30 ns - 165 
Cycle Time~ tKHKH min) 

Standby Current (S1 = VIH· SO= VIL• All Inputs= V1L and V1H, Cycle Time~ tKHKH min) 1sB1 - 40 mA 

CMOS Standby Current (S1 ~Vee -0.2 V, SO s.0.2 V, All Inputs~ Vee - 0.2 V ors 0.2 V, lsB2 - 30 mA 
Cycle Time~ tKHKH min) 

Output Low Voltage (loL = + 8.0 mA) Vol - 0.4 v 

Output High Voltage (loH = - 4.0 mA) VoH 2.4 - v 

NOTE: Good decoupling of the local power supply should always be used. 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance (All Pins Except D00-008) Cin 4 6 pF 

lnpuUOutput Capacitance (D00-008) C110 8 10 pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= Veeo = s.o v ± 10%, TA= o to+ 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level .... 1.5 v 
o to 3.0 V 

3 ns 

Output Timing Reference Level . . . . . . . . . .. . . . . ....... 1.5 V 
Input Pulse Levels ... . Output Load . . . . . . . . . See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time .......... . 

READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 

MCM62960·17 MCM62960·20 MCM62960·24 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Clock Control: ns 
Cycle Time IKHKH 20 - 25 - 30 -
Clock High Pulse Width IKHKL 8 - 10 - 12 -
Clock Low Pulse Width IKLKH 8 - 10 - 12 -

Read Cycles: ns 
Clock Access Time IKHQV - 17 - 20 - 24 
Output Enable to Output Valid IGLOV - 7 - 8 - 9 

Output Buffer Control: ns 
Clock High to Output Low-Z tKHQX1 3 - 3 - 3 -
Clock High to Output Change tKHQX2 5 - 5 - 5 -
Clock High to Q High-Z tKHQZ 10 - 11 - 12 -
Output Enable to Output Active tGLQX 0 - 0 - 0 -
Output Disable to Q High-Z IGHQZ - 7 - 8 - 9 3 

Register/Latch Setup Times: Address tAVKH 2 - 2 - 2 - ns 4 
Data tDvKL 3 - 3 - 3 -

Write Enable twvKL 2 - 2 - 2 -
Chip Select tsoVKH 2 - 2 - 2 -

ts1VKH 2 - 2 - 2 -

Register/Latch Hold Times: Address tKHAX 3 - 3 - 3 - ns 4 
Data tKLDX 2 - 2 - 2 -

Write Enable tKLWX 3 - 3 - 3 -
Chip Select tKHSOX 3 - 3 - 3 -

tKHS1X 3 - 3 - 3 -
NOTES: 

1. A read cycle is defined by W high for the setup and hold times. A write cycle is defined by W low for the setup and hold times. 
2. All read and write cycle timings are referenced from Kor G. 
3. Transition is measured± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, IGHQZ max is less than tGLQX min for a given device and from device to device. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising (or 

falling in the case of Wand Data In) edges of clock (K) when the device is selected. To select or deselect the device, both chip selects must be 
valid at the rising edge of K. Timings for Si' and SO are similar. 

oa-.-----
255 

Figure 1A 

AC TEST LOADS 
+5V 

480 

85 pF 
(INCLUDING 
SCOPE AND JIG) 
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READ - WRITE CYCLE 

K 

ADDRESS 

G 

DATAOUT ------« 
1~'----'1.l'-l~---'1 

READ 

ORDERING INFORMATION 
(Order by Full Part Number) 

Full Part Number - MCM62960FN17 MCM62960FN20 MCM62960FN24 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

Product Preview 
4K x 10 Bit Synchronous Static RAM 
with Output Registers 

The MCM62963 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabrlcatad using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS 1111 technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit. 
This alloW& reduced parts count implementation of cache data RAM. writeable control 
store applications, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (Kl. 
while CMOS circuitry reduces the overall power consumption of the integratad functions 
for greater reliabHity. 

The address (A0-A111, data (D0-091, write !WI. and chip enable (El in­
puts are all clock (Kl controlled, positive-edge-triggered, noninvertlng 

MCM62963 

• FN PACKAGE 
44-LEAD PLCC 

CASE717 

PIN ASSIGNMENT 

registers. 8 5 4 3 2 1 " u ~ ~ ~ 
The chip enable (El input is a synchronous input clock that places the 

device In a low power mode when high at the rising edge of the clock (Kl. 
The MCM62963 provides output register operation. At the rising edge of 

clock (Kl, the RAM data from the previous clock (Kl high cycle is 
presented. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (Kl input. This feature eliminates complex off-chip write pulse 02 12 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle nmes: 18/20/25/30 ns Max 
• Fast Clock (Kl Ace- Times: 10/10/10/13 ns Max 
• Address, Data Input, E, and W Registers On-Chip 
• Output Registers for Fully Pipelined Applications 
• High Output Drive Cspebiftty 
• Internally Self-Timed Write Pulse Generation 
• Separate Date Input and Data Output Pins 

BLOCK DIAGRAM 

ADDRESS 1--..._,~ 
RESISTERS 

ROW • 
DECODERS : 

MS8 

4KX10 
MEMORY MATRIX 

128 ROWS x 
320 COLUMNS 

Vee 

Vss 

A9 17 

00 

09 

39 AO 

38 09 

18 19 20 21 22 23 24 25 28 27 28 

PIN NAMES 

AO-A11 ....•.... Addraa lnpuls 
W. . . . . . . . . . . . . Write Enable 
'E • • • . • . • • • • • . • • Chip Enable 
DO-D9 ........... Data lnpula 
00-09 • . . . . . . . . . 0818 Outputs 
K . • . • • . • • • • • • • • Clock Input 
Vee .••.••• +5VP~rsupp1y 
Vss •.•..•••.••••• Ground 
Vssa . • • . • Output Buffer Ground 
NC • • • • • • • • • . • No Connection 

For proper operation of the device Vss 
and both Vssa leads 111U111 be con­
nected to ground. 

This document contains Information on a product·-~. - ,_,_ lhe right to chllnga or clocontfnU9 lhlo product without.-. 

MOTOROLA MEMORY DATA 

9-120 



MCM62963 

TRUTH TABLE 

E w Operation QO-Q9 Current 

L L Write High Z ice 

L H Read Dout ice 

H x Not Selected High Z lsB 

NOTE: The values of E and W are valid inputs for the aetup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vsso=O VI 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 v 

Voltage Relative to Vss!Vsso for Any Vin• Vout -o.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA =25°C) Po 1.5 w 
Temperature Under Bias Tbias -10to +85 •c 

Operating Temperature TA Oto+70 •c 

Storage Temperature Ts.!!L -55to +125 •c 

NOTE: Permanent device damage may occur ij ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specttied aetup 
and hold times with stable logic levels for 
ALL rising edges of clock (Kl ..;hile the de­
vice is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the uaer 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vsso=O VI 

Parameter Symbol Min Typ Max Unit 

Supply Voltage !Operating Voltage Rangel vcc 4.5 5.0 5.5 v 

Input High Voltage V1H 2.2 - Vcc+o.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (mini= -3.0 V ac (pulae width s20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current !All Inputs, V;n=O to Vccl 11!9.UI - ± 1.0 ,..A 

Output Leakage Current (E=V1H. Vout=O to Vee. Outputs must be high-ZI ll!gjO) - ±1.0 ,..A 

AC Supply Current (E=VIL• All lnputs=V1L or VIH• lout=O mA, Cycle ICCA mA 
Time:!:tKHKH min) MCM62963-18: tKHKH=18 ns - 180 

MCM62963-20: tKHKH =20 ns - 170 
MCM62963-25: tKHKH = 25 ns - 170 
MCM62963-30: tKHKH = 30 ns - 150 

Standby Current (E=V1H. V1H:.:3.0 V, V1Ls0.4 V, lout=O mA, Cycle ISB - 30 mA 
Time:. =tKHKH min) 

Output Low Voltage UoL = 12.7 mAI Vol - 0.4 v 

Output High Voltage UoH = - 1.8 mAI VoH 2.8 - v 

CAPACITANCE If= 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Testedl 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 5 7 pF 
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MCM62963 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, TA= Oto + 10°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels . • . • • . . . . . . . . . . . . • . . . . . 0 to 3.0 V 
Input Rise/Fall Time ••••.•.•......••......... 5 ns 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load ......•... See Figure 1A Unless Otherwise Noted 

READ CYCLE !See Note 1l 

MCM62963-18 MCM62983-20 MCM62963-2& MCM62963-30 
Parameter Symbol Unit Notaa 

Min Max Min Max Min Max Min Max 

Read Cycle Time tKHKH 18 - 20 - 25 - 30 - ns 2 

Clock Access Time IKHOV - 10 - 10 - 10 - 13 ns 3 

Output Active from Clock High tKHOX 3 - 3 - 3 - 3 - ns 4 

Clock High to a High Z (E=V1HI tKHOZ - 10 - 10 - 10 - 13 ns 4 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - 5 - ns 

Setup Timas for: 'E tEVKH 5 - 5 - 5 - 5 - ns 5 
A tAVKH 
w twHKH 

Hold Times for: E tKHEX 3 - 3 - 3 - 3 - ns 5 
A tKHAX w tKHWX 

NOTES: 
1. A read is defined by W high and E low for the setup and hold times. 
2. All read cycle timing is referenced from K. 
3. Valid data from K high will be the data stored at the address of the last valid read cycle. 
4. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHQZ max is less than tKHQX min for a given device. 
5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected • 

330 

Figure 1A 

AC TEST LOADS 

+sv 

85 pf 
(INCLUDING 
SCOPE ANO JIGI 

330 
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MCM62963 

READ CYCLE 1 !See Note 1) 

K (CLOCK) 

E !CHIP ENABLE) 

A IADORESS) 

W (WRITE ENABLE) 

D !DATA OUT) On-3 

READ CYCLE 2 (See Note 1) 

IKHEX • K (CLOCK! 

E (CHIP ENABLE) 

IKHAX 

A IAODRESSI 

W (WRITE ENABLE) 

D (DATA OUT) Dn-3 Dn-2 
IKHQVJ _______ 0n_-_1 ___ l_KH_Q_VE 

NOTE: 
1. The outputs On- 3 and On -2 are derived from two previous read cycles where iiii = V1H and E = V1L for those cycles. 
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MCM62963 

WRITE CYCLE !W Controlled, See Note 1l 

MCM629113-18 MCM629113-20 MCM1129113-2& MCM82983-30 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max Min Max 

Write Cycle Time tKHKH 18 - 20 - 26 - 30 - ns 2 

Clock High to Q High Z !W=V1Ll tKHOZ - 10 - 10 - 10 - 13 ns 3 

Setup Times for: ~ tEVKH 5 - 5 - 5 - 5 - ns 4 
A tAVKH w twLKH 
D tovKH 

Hold Times for: E tKHEX 3 - 3 - 3 - 3 - ns 4 
A tKHAX 
w tKHWX 
D tKHDX 

NOTES: 
1. A write is perfonned when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenoed from K. 
3. Transition ls measured ±500 mV from steady-state voltage with load of Figure 18. This parameter is sampled not 100% tasted. At any 

given voltage and temperature, tKHQZ max is less than tKHQX min for a given device. 
4. This is a synchronous device. All synchronous inputs must meet the specifiad setup and hold times with stable logic levels for ALL rising 

edges of clock (Kl while the device is selected. 

K !CLOCK) 

E !CHIP ENABLE) 

A !ADDRESS) 

W !WRITE ENABLE) 

0 !DATA OUTl 0.-2 

WRITE CYCLE 

------IKHKH-----li"'t 

IAVKH 

______ Dn_-_1 _____ _,~11r-1-KH_oz ___ HIGH Z ------

MCM 

T 

ORDERING INFORMATION 
(Order by Full Part Number) 

82963 x xx 

Motorola Memory Prefix T T L_Speed (18= 18 ns, 20=20 ns, 25=25 ns, 30=30 nsl 

Part Number-------------' L_Package IFN=PLCCI 

Full Part Numbers-MCM62963FN18 MCM62963FN20 MCM62963FN25 MCM62963FN30 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
4Kx 10 Bit Synchronous Static RAM 
with Output Registers and Output Enable 

The MCM62964 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica­
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (00-09), and write (iii/) inputs are all clock 
(Kl controlled, positive-edge-triggered, noninverting registers. 

The MCM62964 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

The output enable (G) provides asynchronous bus control for common 
I/ 0 or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: '11)/'JS/'JfJ ns Max 
• Fast Clock (K) Access Times: 10/10/13 ns Max 
• Address, Data Input, and iii/ Registers On-Chip 
• Output Enable for Asynchronous Bus Control 
• Output Registers for Fully Pipelined Applications 

OS 

NC 

NC 

MCM62964 

• FN PACKAGE 
44-LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

44 43 42 41 40 
39 AO 

38 a9 
37 as 
36 a1 
3S Vssa 
34 a6 
33 as 
32 NC 

31 NC 

30 a4 
29 aa 

• High Output Drive Capability 18 19 20 21 22 23 24 2S 26 27 28 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 

AO-All 

00-09 

OUTPUT 
ENABLE 
BUFFER 

BLOCK DIAGRAM 

ROW AS, A4, A3. A2, Al, AD, A6 
COL A7, All, AlO, A9, AB 

MSB LSB 

Vee 

Vss 

ao 

"' ..... C> 
"' ..... Cl > > 

PIN NAMES 

AO-A 11 . . . . . . . . • Address Inputs 
W. . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . Output Enable 
DO-D9 .......•..• Data Inputs 
Q0-09 . . . . . . . . • • Data Outputs 
K .............. Clock Input 
Vee ....... +5 v Power Supply 
Vss .............. Ground 
V SSQ . . . . . Output Buffer Ground 
NC • . . . . . . . . . . No Connection 

For proper operation of the device Vss 
and both V SSQ leads must be con-

a9 nected to ground. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62964 

TRUTH TABLE 

w Operation OD-09 Currant 

L Write High Z ICCA 

H Read Dout le CA 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS !Voltages referenced to Vss=Vssa=O Vl 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 
Voltage Relative to Vss!Vssa for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 110) lout ±20 mA 

Power Dissipation IT A = 25°C) Po 1.5 w 
Temperature Under Biaa Tbias -10to+B5 •c 

Operating Temperature TA Oto+70 •c 

Storage Temperature !fila. -56 to + 125 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extanded periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputa against damage due to high static 
voltages or electric fields; however. It is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
AU rising edges of clock (K) while the de­
vice Is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the uaer 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de­
sigrled to meet the de and ac specifications 
shown in the tables, after thermal equilib­
rium has been established. The circuit Is in 
a test socket or mounted on a printed circuit 
board and trensverae air flow of at least 500 
linear feet per minute Is maintairled. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 v ±10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS !Voltages referenced to Vss=Vssa=O Vl 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+0.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -3.0 V ac (pulse width :s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to V eel ll!!a!ll - ±1.0 p.A 

Output Leakage Current IG=VfH· V0 u1=0 to Vee. Outputs must be high-Z) lll!!IJOl - ±1.0 p.A 

AC Supply Current (G=Vu_. All lnputs=V1L or V1H. lout=O mA, Cycle ICCA mA 
Time;olKHKH min) MCM62964-20: IKHKH =20 ns - 170 

MCM62964-25: tKHKH =25 ns - 170 
MCM62964-30: IKHKH =30 ns - 150 

Output Low Voltage lloL = 12.7 mA) Vol - 0.4 v 
Output High Voltage lloH = - 1 .8 mA) VOH 2.8 - v 

CAPACITANCE If= 1 .0 MHz, dV =3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Charactarlstlc Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM62964 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 v ±10%, TA=O to +70"C, Unless Otherwise Noted) 

Input Timlng Meaaurement Reference Level • . • • • • • • • . 1.5 V 
Input Pulse L8vela • • • . • • • • • . . . • . • • • • • • . . . 0 to 3.0 V 

Output Timlng Meaaurament Reference Level . • • • • • • • • 1.5 V 
Output Load ••..••••.• Sea Flgura 1A Un- OthelWiea Nomd 

Input Rise/Fall nme • • . . . • . . • . . • • • • • • . . • . • • • . 5 118 

READ/WRITE CYCLE 

MCM112814-211 MCM1121843 MCMll2!JIM.a 
Parameter Symbol Unit N-

Min Max Min Max Min Max 

Read Cycle Time tKHKH zo - 26 - 30 - na 1, 3 

Write Cycle nma tKHKH zo - 25 - 30 - na 2, 3 

Clock High Acea. Time !KHOV - 10 - 10 - 13 118 3, 4 

~ Low to Output Valid IGLOV - 10 - 10 - 13 118 3 

Output Active from Clock High tKHQX 0 - 0 - 0 - 118 

Output Active from ~ Low IGLQX 0 - 0 - 0 - 118 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - 118 

Clock High Pulse Width tKHKL 5 - 5 - 5 - 118 

Setup nmes for: A tAVKH 5 - 5 - 5 - ns 1, 2, 5 
D tovKH w twvKH 

Hold nmaa for: A tKHAX 3 - 3 - 3 - ns 1, 2, 5 
D IKHDX w IKHWX 

Clock High to Output High Z CW s V1LI tKHQZ 0 10 0 10 0 13 118 3, 8 

~ High to Output High Z IGHQZ 0 10 0 10 0 13 118 3, 8, 7 

NOTES: 
1. A read is delinad by W high fQr the specified setup and hold timaa. 
2. A write la daflnad by W low for the apecfflad setup and hold times. 
3. All read and write cycle timing Is raferanced from K or from ~. 
4. Valid data from K high wlll be tha data atorad at the addrase of the last valid read cycle. 
5. Thia la a synchronous device. All synchronous inputs must meet the specified setup and hold timaa with stable logic levels for ALL rising 

edgea of clock (K) while the device is eelectad. 
8. Transition la meaeurad ±500 mV from steady-.-voltage with load of Figura 18. Thia parameter la sampled and not 100% teatad. At any 

given voltage and temperature, tKHQZ mex is Iese than tKHQX min and IGHOZ mex la lees than IGLQX min for a given device. 
7. ~ becornaa a don't cera signal for aucceaalw wrltee after the first write cycle. 
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MCM62964 

K ICLOCKJ 

G !OUTPUT ENABLE) 

A !ADDRESS) 

W !WRITE ENABLE) 

Q IDATA DUTI 

K ICLOCKI 

ii (OUTPUT ENABLE) 

A !ADDRESS) 

W (WRITE ENABLE) 

D (DATA IN) 

G (DATA OUT) 

READ CYCLE 

WRITE CYCLE 
(SEPARATE UD llODEI ICOllllOI UD llODEI 

~r'sHaz 
~HIGH·Z-------

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix-----T~CM T r T~------Speed (20=20 ns, 25=25 ns, 30=30 ns) 

Part Number---------------' '----------Package (FN = PLCC) 

Full Part Numbers-MCM62964FN20 MCM62964FN25 MCM62964FN30 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
4K x 10 Bit Synchronous Static RAM 
with Transparent Outputs and Output Enable 

The MCM62966 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica­
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (Kl, 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A11), data (00-09), and write (W) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62966 provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
I/ 0 or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 25/30/35 ns Max 
• Fast Clock (K) Access Times: 10/13/15 ns Max 
• Address, Data Input, and iiii Registers On-Chip 
• Transparent Output Latch for Access Within the Same Cycle 
• Output Enable for Asynchronous Bus Control 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 

AO-All 

00-09 

w 

K 

ROW A5, A4, A3, A2, A I, AO, AB 
COL A7, All, AIO, A9, AB 

MSB LSB 

Vee 

Vss 

05 

NC 

NC 

04 

03 

02 

01 

DO 

A7 

AB 

A9 

no 

09 

4 

MCM62965 

• FN PACKAGE 
44-LEAD PLCC 

CASE777 

PIN ASSIGNMENT 

44 43 42 41 40 

22 23 24 25 2B 27 28 

PIN NAMES 

39 AO 

3B 09 

37 QB 

3B Q7 

35 Vssn 

34 QB 

33 Q5 

32 NC 

31 NC 

30 Q4 

29 Q3 

AO-A 11 • • • • • • • • • Address Inputs 
W. . . . . . . . . . . . . Write Enable 
l3 . . . . . . . . . . . . Output Enable 
00-09 ........... Data Inputs 
00-09 . . • . . . . • . . Data Outputs 
K . . • • . . . . . . . . . • Clock Input 
Vee . . . . . . . + 5 v Power Supply 
Vss .............. Ground 
Vssa ..... Output Buffer Ground 
NC . • . • . • . • • • • No Connection 

For proper operation of the device Vss 
and both Vssa leads must be con­
nectad to ground. 

This document contains Information on a product under development. Motorola reseNeS the right to change or discontinue this product without notice. 
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MCM62966 

TRUTH TABLE 

w Operation QO-Q9 Current 

L Write High Z iccA 

H Read Dout lcCA 
-NOTE: The value Wis a valid input for the setup and hold times relative to the K rising 

edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vssa=O Vl 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 
Voltage Relative to VsslVssa for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA =25°C) Po 1.5 w 
Temperature Under Bias Tbias -10to +85 oc 

Operating Temperature TA Oto+70 oc 

Storage Temperature Ts_!g_ -55to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (Kl while the de­
vice is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de­
signed to meet the de and ac specifications 
shown in the tables, after thermal equilib­
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS !Voltages referenced to Vss=Vssa=O Vl 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+o.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -3.0 V ac (pulse width s20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to Vee! ll!sl!lll - ±1.0 µA 

Output Leakage Current (G=V1H, Vout=O to Vee, Outputs must be high-Z) ll!sl!lOl - ± 1.0 µA 

AC Supply Current (G=V1L, All lnputs=V1L or V1H, lout=O mA, Cycle ICCA mA 
Time2:lKHKH min) MCM6296S-25: tKHKH = 25 ns - 170 

MCM6296S-30: tKHKH = 30 ns - 170 
MCM6296S-35: tKHKH = 35 ns - 150 

Output Low Voltage lloL = 12.7 mA) VoL - 0.4 v 
Output High Voltage llOH = -1.8 mA) VoH 2.8 - v 

CAPACITANCE (f= 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM62966 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ± 10%, TA=O to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels .......•...•......•.... 0 to 3.0 V 
Input Rise/ Fall Time . . • • . • • . . • • . . . . . . . . . • . . • . 5 ns 

Output Timing Measurement Reference Level . . . . . . . . • 1.5 V 
Output Load . . . • . . . . . . See Figure 1 A Unless Otherwise Noted 

READ/WRITE CYCLE 

MCM82966-2& MCM62966-30 MCM829111>-36 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - 35 - ns 1, 3 

Write Cycle Time tKHKH 25 - 30 - 35 - ns 2, 3 

Clock High Access Time tKHOV - 25 - 30 - 35 ns 3, 4, 5 

Clock Low to Output Valid tKLOV - 10 - 13 - 15 ns 3, 4, 5 

~ Low to Output Valid tGLOV - 10 - 13 - 15 ns 3 

Output Active from Clock Low tKLOX 0 - 0 - 0 - ns 

Output Active from ~ Low tGLOX 0 - 0 - 0 - ns 

Clock Low Pulse Width tKLKH 5 - 5 - ' 
5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - ns 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 1, 2, 6 
D tovKH w IWHKH 

Hold Times for: A tKHAX 3 - 3 - 3 - ns 1, 2, 6 
D tKHDX w tKHWX 

Clock Low to Output High Z (W = V1Ll tKLOZ 0 10 0 13 0 15 ns 5, 7 

G High to Output High Z tGHOZ 0 10 0 13 0 15 ns 3, 7, 8 

NOTES: 
1. A read is defined by W high for the specified setup and hold times. 
2. A write is defined by W low for the specified setup and hold times. 
3. All read and write cycle timing is referenced from K or from~. 
4. Access time is controlled by tKLOV if the clock high pulse width "'(tKHOv-tKLOVl; otherwise it is controlled by tKHOV· 
5. K must be low for the outputs to transition. 
6. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) while the device is selected. 
7. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tKHOZ max is less than tKHOX min and tGHOZ max is less than tGLOX min for a given device. 
8. G becomes a don't care signal for successive writes after the first write cycle. 

a-..... -----.. 
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Figure 1A 
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MCM62965 

K !CLOCK) 

ii !OUTPUT ENABLE) 

A !ADDRESS) 

i¥ (WRITE ENABLE) 

K !CLOCKI 

ii (OUTPUT ENABLE) 

A !ADDRESS) 

i¥ !WRITE ENABLE) 

0 (DATA IN) 

Q !DATA OUT) 

READ CYCLE 

IKHKL 

WRITE CYCLE 

-------IKHKH------oM 

IKHKL --..... -- IKLKH 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix-----T~CM T r xx~-----Speed (25=25 ns, 30=30 ns, 35=35 ns) 

Part Number-------------__, '----------1Package (FN = PLCCJ 

Full Part Numbers-MCM62965FN25 MCM62965FN30 MCM62965FN35 
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MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

Product Preview 
4K x 12 Bit Synchronous Static RAM 
with Output Registers 

The MCM62973 is a 49, 152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica­
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (Kl, 
while CMOS circuitry reduces tha overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A11), data (D0-D11), write (W), and chip enable (El 
inputs are all clock (Kl controlled, positive-edge-triggered, noninverting 
registers. 

The chip enable (El input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (Kl. 

The MCM62973 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (Kl high cycle is 
presented. 

Write operations are Internally self-timed and initiated by the rising edge 
of the clock (Kl input. This feature eliminates complex off-chip write pulse 
generation and pro\/ides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 18/20/25/30 ns Max 
• Fast Clock (Kl Access Times: 10/10/10/13 ns Max 
• Address, Data Input, E. and W Registers On-Chip 
• Output Registers for Fully Pipelined Applications 
e High Output Drive Capability 

D7 

DB 

m 
Cl 

.. 
;; 

MCM62973 

• FN PACKAGE 
44-LEAD PLCC 

CASEm 

PIN ASSIGNMENT 

... ~: N ;; ... ~ ~ c 

44 43 42 41 

• 

:c 
40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

AO 

n11 
DID 

ne 
Vssn 
ne 
07 

ne 
05 

Q4 

03 • Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 19 20 21 22 23 24 25 28 27 2B 

ADDJIESS 
REGISTERS 

BLOCK DIAGRAM 

4Kx 12 
ROW MEMORY MATRIX 

DECODERS • 128 ROWS x 
384 COLUMNS 

A3, A2, A1, AO, AB 
A7, A11,A10, A9, AB 

MSB LSB 

Vee 

Vss 

no 

011 

PIN NAMES 

AO-A 11 . • • • . • . • • Address Inputs 
W. . . . . . . . . . . . . Write Enable 
E . . . . . . . . . . . . . . Chip Enable 
DO-D11 .•..•..•.• Data Inputs 
Q0-011 • • . . • . . • • Data Outputs 
K . . . . • . . . • . . . . . Clock Input 
Vee ......• +5 v Power Supply 
Vss .............. Ground 
Vssa ..... Output Buffer Ground 

For proper operation of the device Vss 
and both Vssa leads must be 
connected to ground. 

Thia document contain& Information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62973 

TRUTH TABLE 

r w Operation 00-011 Current 

L L Write HighZ ice 
L H Read Doot •cc 
H x Not Selected HighZ lsB 

NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOWTE MAXIMUM RATINGS (Voltages lllferencecl V V O VI to ss- ~so-

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.&to +7.0 v 

Voltage Relative to Vsstvsso for Any V1n. Vout -o.&tovcc+o.& v 
Pin Except Vee 

Output Currant (per l/Ol lout ±20 mA 

Power Diletpatfon CT A= 25"Cl Po 1.5 w 
Temperature Under Blas Tblae -10to +86 •c 

Operating Temperature TA Oto +70 •c 
Storage Temperature ~ -66to +126 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functlonal operation ehoukl be ~ to RECOMMENDED 
OPERATING CONDITIONS. Expoeure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contalna circuitry to pfotec:t Iha 
inputs agalnet damage dua to high llletic 
voltagee or elec:bic flelde; '-'· it is ad­
vised that normal ~ be taken to 
avoid application of any voltage higher than 
maximum reted voltagee to this hlgh­
inpedance circuit. 

This is a aynchronoua device. Al synchron­
ous inputs must mast the speclfiad eatup 
and hokl timea with 8l8bla logic level& for 
ALL riling edges of the clock CK) whle the 
device is selec:ted. 

This device contslna circuitry that will en­
eure Iha output davlcas are in High Z at 
pcMMr up. Care should be taken by the uasr 
to enaure that all clocks are II V1L or V1H 
during power up to prevent spurioua read 
cycles from occurring. 

This CMOS memory circuit has bean de­
signed to mast the de and ac specifications 
shown in the tablas, aftar thermal equilb­
rium has belln asmbllshecl. The circuit Is In 
a - sock8t or mounted on a printed circuit 
board and trenaveres air flow of at least 600 
linear fall per minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

!Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vsso=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.6 5.0 6.6 v 

Input High Voltage V1H 2.2 - vcc+0.3 v 

Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -3.0 V ac (pulse width :s20 ns) 

DC CHARACTERlmCS 

Paremetsr Symbol Min Max Unit 

Input lelkage Current (All Inputs, V1n•O to Vee> lt!!aill. - ±1.0 ,.A 
Output Leakage Current (EmVIH• Voot=O to Vee. OutputB must be in High Zl ~0) - ±1.0 ,.A 
AC Supply Current cE=Vn,, All lnputs=V1L orV1H, lout=O mA, Cycle ICCA mA 
Tinn:tKHKH min) MCM82873-18: tKHKH= 18 na - 180 

MCM82973-20: IKHKH•20 na - 170 
MCM82873-26: tKHKH = 26 na - 170 
MCM82973-30: tKHKH = 30 ns - 160 

Standby Current (f=VIH• V1H:a:3.0 V, V1L:s0.4 V, 10 ut•O mA, Cycle lsB - 30 mA 
Tina:a: =tKHKH min) 

Output Low Voltage llOL = 12.7 mAl VOL - 0.4 v 

Output High Voltage lloH = -1.8 mAl VoH 2.8 - v 

CAPACITANCE (f = 1.0 MHz, dV=3.0 V, TA =25°C, Periodically Sampled Rather Than 10091> T~l 

Characterlatlc Symbol Typ Max Unit 

Input Capacitance C1n 4 8 pf 

Output Capacitance Coot 6 7 pf 

MOTOROLA MEMORY DATA 
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MCM62973 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 v ±10%, TA=O to +70"C, Unless Otherwise Noted) 

Input 11rning M&Murament Reference Leval • . • . • . • • • • 1.5 V 
Input Pulse l.evela • • • . • • . • • • • . • • • • • • • • • • • 0 to 3.0 V 

Output 11ming Measurement Reference Level • • • • . • • . • 1.5 V 
Output Load •••••.••.• Saa Figura 1A Unlees Othenvisa Notad 

Input Riae/Fall 11rna •••.•.••.•.••.•..•.•.•••• 5 ns 

READ CYCLE ISaa Nota 1l 

MCMl2973-18 MCMG173-31 MCM121173-211 MCMIZ973-3D 
Parameter Symbol Unit N-

Min Max Min Max Min Max Min Max 

Reed Cycle 11rna IKHKH 18 - 20 - 26 - 30 - ns 2 

Clock Accesa 11me IKHOV - 10 - 10 - 10 - 13 na 3 

Output Active from Clock High IKHQX 3 - 3 - 3 - 3 - ns 4 

Clock High to 0 High Z fE=V1Hl IKHQZ - 10 - 10 - 10 - 13 na 4 

Clock Low Pulse Width IKLKH 6 - 6 - 5 - 5 - na 
Clock High Pulse Width IKHKL 5 - 5 - 6 - 6 - na 

Satuprirnasfor: E IEVKH 5 - 6 - 5 - 5 - na 6 
A IAVKH w IWHKH 

Hold 11msa for: E IKHEX 3 - 3 - 3 - 3 - na 5 
A IKHAX w IKHWX 

NOTES: 
1. A raad 18 dallned by W high and E low for the satup and hold timsa. 
2. All raad cycle timing 18 referenced from K. 
3. Valid data from K high will be Iha data stored at the addrasa of thl last valkl read cycle. 
4. Tranaltlon la measured ±600 mV from staady-stata voltage with load of Figura 18. Thia parametar la sampled not 100% tastad. At any 

givwl voltage and tamparatura, IKHQZ max is laea than IKHQX min for a given davica. 
6. Thia la a synchronous device. All synchronous inputs must maet tha speciflad satup and hold times with stable logic levels for ALL rising 

adgsa of clock CKl while the device is aalactad. 

330 

Figura 1A 

AC TEST LOADS 

+5V 

85 pf 
UNCWlllN6 
SCOPE AND JIGI 

330 
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MCM62973 

READ CYCLE 1 (See Note 1) 

K ICLOCKI 

E !CHIP ENABLEI 

A !ADDRESS) 

ii IWRITE ENABLE) 

Q !DATA OUTI Cln-3 

_-1 .... r;-1 
Cln-2 _)---HIGHZ~ 

READ CYCLE 2 (See Note 1) 

K ICLOCKI 

'KHEX 

E !CHIP ENABLE) 

'KHAX 

A IADORESSI 

ii !WRITE ENABLE) 

a !DATA oun Cln-3 

IKHQVi 

Cln-2 

IKHQVj 

NOTE: 
1. The outputs 0,,-3 and On-2 are derived from two previous read cycles where W=V1H and E=V1L for thoaa cycles. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE IW Controlled, See Note 11 

MCM62973-18 MCM62973-20 MCM62973-26 MCM62973-30 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max Min Max 

Write Cycle Time tKHKH 18 - 20 - 25 - 30 - ns 2 

Clock High to Output High Z IW=V1Ll tKHOZ - 10 - 10 - 10 - 13 ns 3 

Setup Times for: E tEVKH 5 - 5 - 5 - 5 - ns 4 
A tAVKH w twLKH 
D tovKH 

Hold Times for: E tKHEX 3 - 3 - 3 - 3 - ns 4 
A tKHAX w tKHWX 
D tKHDX 

NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. Transition is measured ±500 mV from steady-state voltage with load of Figure 18. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHOZ max is less than tKHOX min for a given device. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) while the device is selected. 

K (CLOCK) 

E (CHIP ENABLE) 

A !ADDRESS) 

W !WRITE ENABLE) 

Q !DATA OUT) 

WRITE CYCLE 

~-----tKHKH-----~ 

tEVKH 

tAVKH 

twLKH 

tDVKH 

------0,,_-_1 ______ ~11-t-K-HDZ ____ HIGH Z ------

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix------T--'CM T62973 

Part Number -

x xx 

T l__ Speed (18= 18 ns, 20=20 ns, 25=25 ns, 30=30 ns) 

L___Package (FN=PLCCl 

Full Part Numbers-MCM62973FN18 MCM62973FN20 MCM62973FN25 MCM62973FN30 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
4K x 12 Bit Synchronous Static RAM 
with Output Registers and Output Enable 

The MCM62974 is a 49, 152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica­
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-All), data (DO-D11), and write (W) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62974 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

The output enable (G) provides asynchronous bus control for common 
1/0 or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (Kl input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 18/20/25/30 ns Max 
• Fast Clock (K) Access Times: 10/10/10/13 ns Max 
• Address, Data Input, and iii.i Registers On-Chip 
• Output Enable for Asynchronous Bus Control 
• Output Registers for Fully Pipelined Applications 

07 

DB 

05 

04 

03 

02 

Dl 

DD 

A7 

AB 

AB 

"' Cl 

0 

Ci 

4 

MCM62974 

• FN PACKAGE 
44-LEAD PLCC 

CASE777 

PIN ASSIGNMENT .. ... .. N Ci ~ ...... :;;: "' > "' "' "' 
44 43 42 41 40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

AO 

011 

010 

09 

Vsso 
OB 

07 

OB 

05 

04 

03 

-
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 

lB 19 20 21 22 23 24 25 2B 27 2B 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 

AO-All 

DO-Dll 

OUTPUT 
ENABLE 
BUFFER 

ROW A5, A4, 
COL 

!!SB 

4Kx12 
MEMORY MATRIX 

128 ROWS x 
384 COLUMNS 

COLUMN 
DECODERS 

A3, A2, Al, AO, 
A7, Al 1, AlO. AB, 

Vee 

Vss 

AS 
AB 
lSB 

.. 
:;;: :;;: 

Vsso 

00 

011 

'"'IS: "" gi ... 8 Ci 1:1 Cl ... gi > > ... 
PIN NAMES 

AO-A 11 .....•••• Address Inputs 
W . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . Output Enable 
00-011 . . . • . • • . • . Date Inputs 
00-011 ....•..•• Data Outputs 
K . . . . . . . . . . . . . . Clock Input 
Vee ....... +5 v Power Supply 
Vss .............. Ground 
Vssa ..... Output Buffer Ground 

For proper operation of the device Vss 
and both Vssa leads must be con­
nected to ground. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62974 

TRUTH TABLE 

w Operation QO-Q9 Current 

L Write High Z ICCA 

H Read Dout le CA 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS !Voltages referenced to Vss = Vssa=O VI 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 "~ 
Voltage Relative to Vss!Vssa for Any Vin• Vout -0.5 to Vcc+0.5 v 
Pin Except V cc 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (TA =25°C) Po 1.5 w 
Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto+70 oc 

Storage Temperature TS!ll... -55 to + 125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric f18lds; however. it is ad­
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

This is a synchronous device. All synchron­
ous inputs must meet the specifl8d setup 
and hold times with stable logic levels for 
ALL rising edges of clock (Kl while the de­
vice is selected. 

This device contains circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de­
signed to meet the de and ac specifications 
shown in the tables, alter thermal equilib­
rium has been established. The circuit is in 
a test sockat or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
!Vcc=5.0 V ± 10%, TA=O to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vssa=O Vl 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Opereting Voltage Rangel Vee 4.5 5.0 5.5 v 
Input High Voltage V1H 2.2 - Vcc+o.3 v 
Input Low Voltage V1L -0.5* - 0.8 v 

*V1L (min)= -3.0 V ac (pulse width s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to Vccl ~I) - ±1.0 p.A 

Output Leakage Current (G=V1H. Vout=O to Vee. Outputs must be high-Zl l1l!gjOI - ±1.0 p.A 

AC Supply Current (G=V1L. All lnputs=V1L or V1H. lout=O mA, Cycle le CA mA 
Time2::1KHKH min) MCM62974-18: tKHKH = 18 ns - 180 

MCM62974-20: tKHKH =20 ns - 170 
MCM62974-25: tKHKH =25 ns - 170 
MCM62974-30: tKHKH = 30 ns - 150 

Output Low Voltage lloL= 12.7 mAl Vol - 0.4 v 
Output High Voltage llOH = - 1.8 mA) VoH 2.8 - v 

CAPACITANCE If= 1.0 MHz. dV = 3.0 V, TA= 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM62974 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 V ±10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . • . . . . . . . • 1.6 V 
Input Pulse l..evals • • • • . • . • . • • . • • • . • . • • . • • 0 to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load ..•...•••. See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time •••••••.....••...•.•..•.• 5 ns 

READ/WRITE CYCLE 

MCM82974-18 MCM82974-ZO MCM82974-.21i MCM82974-30 
Parameter Symbol Unit Notae 

Min Max Min Max Min Max Min Max 

Raad Cycle TKl18 tKHKH 18 - 20 - 25 - 30 - ns 1, 3 

Write Cycle T""8 tKHKH 18 - 20 - 25 - 30 - ns 2, 3 

Clock High Access Time tKHOV - 10 - 10 - 10 - 13 ns 3, 4 

G Low to Output Valid lGLOV - 10 - 10 - 10 - 13 ns 3 

Output Active from Clock High tKHOX 0 - 0 - 0 - 0 - ns 

Output Active from ?; Low tGLOX 0 - 0 - 0 - 0 - ns 
Clock Low Pulse Width tKLKH 6 - 6 - 6 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 6 - 5 - ns 

Setup Times for: A tAVKH 5 - 5 - 5 - 5 - ns 1, 2, 5 
D tovKH w twvKH 

Hold Times for: A tKHAX 3 - 3 - 3 - 3 - ns 1, 2, 5 
D tKHDX w tKHWX 

Clock High to Output High Z tW = V1tl tKHOZ 0 10 0 10 0 10 0 13 ns 3, 6 

G High to Output High Z lGHOZ 0 10 0 10 0 10 0 13 ns 3, 6, 7 

NOTES: 
1. A read is defined by W high for the specified setup and hold times. 
2. A write Is defined by W low for the apecified setup and hokl times. 
3. All reed and write cycle timing Is referenced from Kor from?;. 
4. Valid data from K high wlll ba the data stored at the address' of the last valid read cycle. 
5. This is a synchronous device. All synchronous inputs must meat the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K) whUe the device la selected. 
6. Tranaition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% testad. At any 

given voltage and temperature, tKHOZ mex Is less than tKHOX min and tGHOZ max is lesa than fGLOX min for a given device. 
7. G becomes a don't care signal for su~ writes after the first write cycle. 

33D 

Figura 1A 

AC TEST LOADS 

+5V 

85 pf 
llNCWDING 
SCOPE AND JIGI 

330 
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5 pf 
PNCLUlllNG 
SCOPE AND JIG) 



MCM62974 

K ICLOCKl 

ii toUTPUT ENABLEI 

A IAllllRESSI 

i !WRITE ENABLEI 

Q IDATA IJUTI 

K !CLOCK! 

ii (OUTPUT ENABLE! 

A IAllllRESSI 

i (WRITE ENABLEI 

0 !DATA INI 

Q (DATA OUTI 

READ CYCLE 

WRITE CYCLE 

(Sll'AIUITE 110 MODEi ICOMMOI UO llOllEI 

~ilGHQZ 

~HIGH·Z------

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 82974 X XX 

Motorola Memory Prafix-----T--' I 1 T Speed (18=18 ns, 20=20 ns, 25=25 ns, 30=30 nsl 

Part Number------------~ Package (FN = PLCCI 

Full Part Numbers-MCM62974FN18 MCM62974FN20 MCM62974FN25 MCM62974FN30 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
4K x 12 Bit Synchronous Static RAM 
with Transparent Outputs and Output Enable 

The MCM62975 is a 49, 152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 
speed SAAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica­
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 

while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A11), data (D0-D11), and write (W) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62975 provides transparent output operation when clock (Kl is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
1/0 or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 25/30/35 ns Max 
• Fast Clock (K) Access Times: 10/13/15 ns Max 
• Address, Data Input, and iiii Registers On-Chip 
• Transparent Output Latch for Access Within the Same Cycle 
• Output Enable for Asynchronous Bus Control 
• High Output Drive Capability 

07 

06 

05 

... 
Cl 

MCM62975 

• FN PACKAGE 
44-LEAD PLCC 

CASE TT7 

PIN ASSIGNMENT 
C> 

"' ::;? 8 ... M N :;;: Ci Ci "' > "' .. "' 
44 43 41 40 

• 39 

37 

AO 

011 

010 

09 

Vsso 
08 

07 

06 

05 

04 

03 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins Ill 18 19 20 21 22 23 24 25 26 27 28 

AO-A11 

K 

OUTPUT 
ENABLE 
BUFFER 

BLOCK DIAGRAM 

4Kx12 
MEMORY MATRIX 

128 ROWS x 
384 COLUMNS 

... 
COLUMN 1/0 

COLUMN 
DECODERS 

ROW A5, A4, A3, A2. A 1, AO. AB 
COL A7. A11,A10, A9, AB 

MSB lSB 

Vee 

Yss Ysso 

00 

011 

PIN NAMES 

AO-A11 ......... Address Inputs 
W. . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . Output Enable 
D0-011 •..••.•.•. Oats Inputs 
00-011 . . . . . . . . . Data Outputs 
K • . • • . . . • • . • . • • Clock Input 
V cc . . . . . . . + 5 V Power Supply 
Vss .............. Ground 
V SSQ . . . . . Output Buffer Ground 

For proper operation of the device V SS 
and both Vssa leads must be con­
nected to ground. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62975 

TRUTH TABLE 

w Operation QO-Q11 Current 

L Write HighZ lcCA 

H Read Dout ICCA 

NOTE: The value-W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS {Voltages referenced to Vss=Vssa=O V) 

Retlng Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 v 

\foltsge Relative to VsslVssa for Any V1n. Vout -o.5 to Vcc+o.5 v 

Pin Except V CC 

Output Current {per 1/0) lout ±20 mA 

Power Dissipetion {TA= 26°Cl Po 1.5 w 
Temperature Undar Bias Tbias -!Oto +B5 •c 

Operating Temperature TA Oto +70 •c 

Storage Temperature ~ -56to +126 •c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

Thia device contsina circuitry to protect the 
inputs against demege due to high static 
voltages or electric fields; 00-, it is ad­
vised that normal precautiona be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 

Thia is a synchronous device. All synchron­
ous inputs must meet the specified eatup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de­
vice Is selected. 

This device contslna circuitry that will en­
sure the output devices are in High Z at 
power up. Care should be taken by !ha uaer 
to ensure that all clocks are at V1L or V1H 
during power up to prevent spurious read 
cycles from occurring. 

Thia CMOS memcxy circuit has bean de­
signed to meat !ha de and ac specifications 
shown In the tablas, after thermal equlHb­
rium has been established. The circuit Is In 
a teat socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feat per minuts is maintained. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
1Vcc=5.0 V ±10%, TA=O to 70°C, Unless OthelWise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vssa=O V) 

Pllrem- Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel Vee 4.6 6.0 6.6 v 

Input High Voltage V1H 2.2 - vcc+0.3 v 

Input Low Voltage V1L -0.5* - O.B v 

*VIL {min)= -3.0 V ac {pulse width :s20 ns) 

DC CHARACTERISTICS 

Pllrem- Symbol Min Max Unit 

Input Leakage Current (All Inputs, V1n=O to Vee> '•!!all> - ±1.0 ,.A 

Output Leakage Current {~=V1H. V0 ut=O to Vee. Outputs must be high-Zl 'l!!e!.q - ±1.0 ,.A 

AC Supply Current (i;=Vn •• All lnputs=V1L or VIH• lout=O mA, Cycle lcCA mA 
Tlme2:1KHKH min) MCM62975-26: tKHKH = 26 ns - 170 

MCM62975-30: tKHKH = 30 ns - 170 
MCM62975-36: tKHKH = 36 ns - 160 

Output Low Voltage lloL = 12. 7 mAl VOL - 0.4 v 

Output High Voltage lloH = -1.8 mA) VoH 2.8 - v 

CAPACITANCE (f=t.O MHz, dV=3.0 V, TA=26°C, Periodically Sampled Rather Than 100% Testadl 

Charecterllltlc Symbol Typ Max Unit 

Input Capecltanos C1n 4 8 pF 

Output Capecitance Cout 6 7 pF 

MOTOROLA MEMORY DATA 
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MCM62975 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V ±10%, TA=O to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . • • • . • . • . 1.5 V 
Input Pulse Levels . . • . • . . . . . . . . . . • . . . . . • . O to 3.0 V 
Input Risa/Fall Time .•........•.•.•.......•.. 5 ns 

Output Timing Measurement Reference Level • • • • • • • • • 1.5 V 
Output Load •.•....... See Figure 1A Unleas Otherwise Noted 

READ/WRITE CYCLE 

MCM12111&-2& MCM82915-30 MCMl291&-3& 
Parameter Symbol Unit Notee 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 26 - 30 - 35 - ns 1, 3 

Write Cycle Time tKHKH 25 - 30 - 35 - ns 2, 3 

Clock High ACC888 Time tKHQV - 26 - 30 - 35 na 3, 4, 6 

Clock Low to Output Valid tKLQV - 10 - 13 - 15 ns 3, 4, 6 

~ Low to Output Valid IGLOV - 10 - 13 - 16 na 3 

Output Active from Clock Low tKLQX 0 - 0 - 0 - ns 

Output Active from ~ Low tGLOX 0 - 0 - 0 - ns 

Clock Low Pulse Width tKLKH 5 - 6 - 5 - ns 
Clock High Pulse Width tKHKL 6 - 5 - 6 - ns 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 1, 2, 6 
D tovKH w twHKH 

Hold Times for: A tKHAX 3 - 3 - 3 - na 1,2,6 
D tKHDX w tKHWX 

Clock Low to Output High Z IW = V1Ll tKLOZ 0 10 0 13 0 15 ns 5, 7 

~ High to Output High Z IGHOZ 0 10 0 13 0 15 na 3, 7, 8 

NOTES: 
1. A read is defined by W high for the specified setup and hold times. 
2. A write is defined by W low for the specified setup and hold times. 
3. All read and write cycle timing is referenced from K or from ~-
4. ACC888 time is controlled by tKLOV if the clock high pulse width :.:ltKHav-tKLav>; otherwise it is controlled by tKHOV· 
5. K must be low for the outputs to transition. 
6. Thia is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock IK) while the device is selected. 
7. Transition is measured ± 600 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 

given.voltage and temperature, tKHOZ max is less than tKHOX min and tGHOZ max is less than fGLOX min for a given device. 
8. ~ becomes a don't care signal for suCC888ive writes after the first write cycle. 

330 

Figure 1A 

AC TEST LOADS 

+5V 

85 pF 
!INCLUDING 
SCOPE AND JIG) 

330 
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Figure 18 

+5V 

l 

5 pf 
ONCLUDIN6 
SCOPE AND Jl6) 



MCM62975 

READ CYCLE 

K {CLOCK) 

IKHKL 

G iOUTPUT ENABLE) 

A {ADDRESS) 

W {WRITE ENABLE) 

WRITE CYCLE 

------IKHKH-----....i 

K tCLOCKJ 

IKHKL-----'KLKH 

G {OUTPUT ENABLE) 

A (ADDRESS) 

W {WRITE ENABLE) 

D tDATA IN) 

0 IDATA OUT) 
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MCM62975 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix _____ j-~CM T r ... _f _______ Speed (25=25 ns, 30=30 ns, 35=35 ns) 

Part Number - - Package (FN = PLCCI 

Full Part Numbers-MCM62975FN25 MCM62975FN30 MCM62975FN35 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
64K x 4 Bit Fast Synchronous 
Static RAM 

The MCM62980 is a 262, 144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola's high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered regisiers on 
address and synchronous write enable inputs. Asynchronous controls consist of 
asynchronous write strobe and output enable (G). This device has increased 
output drive capability supported by multiple power pins. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if asynchronous write strobe (AW) is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the "high" state is approximately 
equal to the impedance in the "low" state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62980 will be available in a 28 pin 300 mil plastic SOJ. 
Applications for this device include cache data and tag RAMs. See Figure 2 for 

applications information. 

• Single 5 V ±10% Power Supply 

• Choice of 5.0 V or 3.3 V ±10% Power Supplies for Output Buffers 
• Fast Access and Cycle Times: 15/20 ns Max 
• Fully Synchronous Operation, Single Clock Control 
• Clock Timed Writes with Asynchronous Late Write Abort 
• Registered Address Inputs 

• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density 300 mil PSOJ Package 

MCM62980 

K 

AO 

A1 

A2 

A3 

A4 

A5 

AB 

A7 

AS 

A9 

SW 

G 

J PACKAGE 
300 MIL SOJ 
CASE 8108 

PIN ASSIGNMENT 

t• Vee 
27 At5 

26 A14 

25 A13 

A12 

23 A11 

A10 

21 Veeo 
20 Vsso 

to 000 

11 001 

12 002 

13 003 

14 AW 

PIN NAMES 

AO-A 15 ..... Address Inputs 
AW ........ Asynchronous Write Strobe 
SW Synchronous Write Enable 
K ............................. Clock 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
DQ0-003 . Data Input/Output 
V CC . +5 V Power Supply 
V CCQ . Output Buffer Power Supply 
Vssa ........... Output Buffer Ground 
Vss Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee~ Vcca at all times including power up. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62980 

BLOCK DIAGRAM 

...-----., DQO-D03 

16 

ADDRESS _ _._.,.. 
(AO-A15) 16 

cc 
w 

SW 
.... en 
(3 
w 
cc 

K 

TRUTH TABLE (See Note) 

SW AW G Mode 

H x L Read Cycle 

H x H Read Cycle 

L L x Write Cycle 

L H x Aborted Write Cycle 

MEMORY ARRAY 
64Kx4 

256ROWS 
256COLUMNS 

WRITE AMPLIFIER 

CONTROL 

Alfi 

Supply 
Current 

ice 

ice 

Ice 

Ice 

OUTPUT 
BUFFER 

G 

1/0 
Status 

Data Out 

High-Z 

High-Z 

High-Z 

NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssa = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to VsslVssa for Any Pin Except Vin· Vout -o.s to Vee +0.5 v 

Vee and Vcca 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA 0 to +70 oc 

Storage Temperature Tstg -55 to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higherthan recommended voltages for extended periods of time could affect device 
reliability. 

AC TEST LOADS 

DO-.-----

255 

Figure 1A Figure 1B 
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This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 

+5 v 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 



MCM62980 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, V cca = 5.0 V or 3.3 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

R ECO 0 MMENDED PERATING CONDITIONS (Voltages referenced to Vss = Vsg; = 0 V) 

Parameter 

Supply Voltage (Operating Voltage Range) 

Our.ut Buffer Supply Voltage 
( .0 V TTL Compatible) 
(3.3 V 50 Q Compatible) 

Input High Voltage 

Input Low Voltage 

'Vcco must be S Vee at all trmes, rncludrng power up . 
.. VIL (min)= -3.0 V ac (pulse width$ 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin= Oto Vee) 

Output Leakage Current (G = V1H) 

AC Supply Current (G = VIH· 
All Inputs= V1L = 0.0 V and V1H <". 3.0 V, 
lout= O mA, Cycle Times<". tKHKH min) 

Output Low Voltage (IOL = +B.O mA) 

Output High Voltage (ioH = -4.0 mA) 

Symbol 

Vee 

Vcca· 

V1H 

V1L 

Symbol 

l1kg(I) 

l1kg(O) 

iccA 

Vol 

VoH 

Min 

4.5 

4.5 
3.0 

2.2 

-as· 

Min 

-

-

-

-
2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance (All Pins Except DQO-DQ3) Cin 

lnpuVOutput Capacitance (DQO-DQ3) C110 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i=CxdV/dt 

X[v 
4.25ns-j F ·~=-± ~-

- -- -
i = C x (dVout\ = 85 x 10-12 x (--4-v_\ = 80 mA 

dt ) 4.25 x 10-9) 

85 pF load is equivalent to a 50 Q termination 

MOTOROLA MEMORY DATA 
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i=.L .i. =80mA 
R 50 

Typ Max 

5.0 5.5 

5.0 5.5 
3.3 3.6 

3.0 Vee+ o.3 

0.0 0.8 

Typ Max 

- ± 1.0 

- ± 1.0 

130 170 

- 0.4 

- -

Typ Max 

4 6 

B 10 

Unit 

v 
v 

v 
v 

Unit 

µA 

µA 

mA 

v 
v 

Unit 

pF 

pF 

.. 



MCM62980 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 v ± 10%, Veea = 5.0 Vor 3.3 v ± 10%, TA= o to+ 70°e. Unless Otherwise Noted) 

Input Timing Measurement Reference Level ... 
Input Pulse Levels 

. ...... 1.5 v 
.. o to 3.0 v 
...... 3 ns 

Output Timing Reference Level ........................... 1.5 V 
Output Load . . . . . . . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 

READ AND WRITE CYCLE TIMING (See Note 1) 

MCM62980-15 MCM62980-20 

Parameter Symbol Min Max Min Max Unit Notes 

Cycle Times: ns 
Clock High to Clock High tKHKH 15 - 20 -

Access Times: ns 
Clock High to Output Valid tKHQV - 15 - 20 2 
Output Enable Low Output Valid tGLQV - 6 - 8 2 

Aborted Write Cycles: ns 
Clock Low to Asynchronous Write Strobe High tKLAWH - 0 - 0 
Clock High to Asynchronous Write Strobe Invalid tKHAWX 2 - 2 -

Output Buffer Control: ns 
Output Enable High to Output High-Z tGHQZ 2 6 2 8 3 
Output Enable Low to Output Low-Z tGLQX 2 - 2 - 3 

Reads: 
Clock High to Output Low-Z after Write tKHQX1 8 - 8 - 3 
Clock High to Output Invalid tKHQX2 5 - 5 -

Writes: 
Clock High to Output High-Z after Read tKHQZ 3 10 3 10 3 

Clock: ns 
Clock High Time tKHKL 4 - 4 -
Clock Low Time tKLKH 8 - 10 -

Setup Times: ns 
Address Valid to Clock High tAVKH 2 - 2 -
Synchronous Write Enable Valid to Clock High tswVKH 2 - 2 -

Writes: 
Data In Valid to Clock High tDvKH 6 - 6 -
Asynchronous Write Strobe Low to Clock High tAWLKH 6 - 6 -

Hold Times: ns 
Clock High to Address Invalid tKHAX 2 - 2 -
Clock High to Synchronous Write Enable invalid tKHSWX 2 - 2 -

Writes: 
Clock High to Data In Invalid tKHDX 0 - 0 -
Clock High to Asynchronous Write Strobe High tKHAWH 2 - 2 -

NOTES: 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K). 
2. Into rated load of 85 pF equivalent resistive load (see Figure 1 ). 
3. Transition is measured± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, tKHQZ is less than tKHQX1 and tGHQZ is less than tGLQX for a given device. 
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MCM62980 

DATA OUT 

G 

K 

ADDRESS 

SW 

DATA IN 

DATA OUT 

AW 
READ 

READ CYCLES 

'KHKH---

READ - WRITE - READ CYCLES 

.. 

WRITE READ ABORTED WRITE 
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MCM62980 

ADDRESS BUS· 

CA(3:2) 
Sns 

~I 74F258 
MULTIPLEXER 

RA(3:2) 

RA(17:2) 

DATA BUS 

MCM62980 
64Kx4 

SYNCHRONOUS 
SAAM 

t 

Figure 2. Burstable 64K x 32 Memory Array 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 

Motorola Memory Prefix_T J 
x xx xx 

T L_ Shipping Method (R2 =Tape & Reel, Blank= Rails) 

L_ Speed (15 = 15 ns, 20 = 20 ns) Part Number 

'--------- Package (J = 300 mil SOJ) 

Full Part Numbers - MCM62980J15 
MCM62980J20 

MCM62980J15R2 
MCM62980J20R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
64K x 4 Bit Fast Synchronous 
Parity Ram™ 

The MCM62981isa262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola's high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 
asynchronous write strobes and output enable (G). This device has increased 
output drive capability supported by multiple power pins. Four asynchronous write 
strobes (AWO-AW3) are provided to allow each bit position to be written 
individually, thereby simplifying the task of supporting byte parity. This x4 
organized SRAM is ideally suited for parity on 32 bit words.The device is 
functionally similar to the MCM62980 and MCM62990 with the only difference 
being the individual bit write capablilty. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of the following rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the "high" state is approximately 
equal to the impedance in the "low" state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62981 will be available in a 32 pin 300 mil plastic SOJ. 
Applications for this device include parity RAMs for fast data caches. 

Single 5 V ±1 0% Power Supply 
• Choice of 5.0 Ver 3.3 V ±10% Power Supplies for Output Buffers 
• Fast Access and Cycle Times: 15/20 ns Max 
• Fully Synchronous Operation, Single Clock Control 
• Clock Timed Writes with Asynchronous Late Write Abort 
• Each Bit Position Individually Writeable for Simple Parity Support 
• Registered Address Inputs 

• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 

ParityRAM is a trademark of Motorola Inc. 

MCM62981 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

A9 

SW 

G 

Vss 
NC 

AWO 

JPACKAGE 
300MILSOJ 

CASE857 

PIN ASSIGNMENT 

16 

PIN NAMES 

Vee 
A15 

A14 

A13 

A12 

A11 

A10 

Vcco 
Vsso 
DQO 

001 

002 

003 

AW3 

AW2 

AW1 

AO-A 15 . . . . .... Address Inputs 
AWO-AW3 . Asynchronous Write Strobes 
SW Synchronous Write Enable 
K . . . . .. Clock 
G . . . Output Enable 
DQ0-003 Data lnpuVOutput 
Vee .. +5 v Power Supply 
V CCQ . . Output Buffer Power Supply 
Vsso . . .. Output Buffer Ground 
Vss .......... Ground 
NC . . . . . No Connect 

All power supply and ground pins must be 
connected tor proper operation of the device. 
V cc~ V CCQ at all times including power up. 

This document contains information on a new porduct. Specifications and information herein are subject to change without notice. 
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MCM62981 

BLOCK DIAGRAM 

ADDRESS_..,..___,.,. 

MEMORY ARRAY 
64Kx4 

256ROWS 
256COLUMNS 

OUTPUT 
BUFFER 

(AO-A15) 16 

a: WRITE AMPLIFIER 
UJ 
f-

SW U) 

i3 
UJ CONTROL a: 

K 
AWO AW1 AW2 AW3 

TRUTH TABLE (See Note) 

Supply 110 
SW AWx G Mode Current Status 

H x L Read Cycle ice Data Out 

H x H Read Cycle ice High-Z 

L L x Write Cycle Ice High-Z 

L H x Aborted Write Cycle Ice High-Z 

NOTE: SW and AWx satisfy the specified setup and hold times for the rising edge of clock (K). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vsso = 0 VJ 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to VsslVsso for Any Pin Except Vin· Vout -o.5 to Vee +0.5 v 

Vee and VccQ 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA= 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA Oto +70 oc 

Storage Temperature Tstg -55 to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higherthan recommended voltages for extended periods of time could affect device 
reliability. 

AC TEST LOADS 

G 

DQO-D03 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 

t5V 

Figure 1A 

~ 480 DQq 
255 5 pF 

(INCLUDING 
SCOPE AND JIG) 

Figure 1B 
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MCM62981 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, Vcca = 5.0 V or 3.3 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vssa = 0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v 
Output Buffer Supply Voltage Vcco v 

(5.0 V TTL Compatible) 4.5 5.0 5.5 
(3.3 V 50 Q Compatible) 3.0 3.3 3.6 

Input High Voltage V1H 2.2 3.0 Vcc+0.3 v 
Input Low Voltage V1L --OS 0.0 0.8 v 
V1L (mm) = -3.0 V ac (pulse width:> 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin= Oto Vee) l1kg(I) - - ± 1.0 µA 

Output Leakage Current (G = V1H) l1kg(O) - - ± 1.0 µA 

AC Supply Current (G = VIH· Ice A - 130 170 mA 
All Inputs= V1L = 0.0 V and V1H ~ 3.0 V, 
lout = o mA, Cycle nmes ~ tKHKH min) 

Output Low Voltage (loL = +8.0 mA) Vol - - 0.4 v 
Output High Voltage (loH = -4.0 mA) VoH 2.4 - - v 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Typ Max Unit 

Input Capacitance (All Pins Except 000-003) Cin 4 6 pF 

lnpuVOutput Capacitance (000-003) C110 8 10 pF 

CAPACITIVE LOAD EQUIVALENT RESISTANCE • i; ex dV/dt 

XFE +Fl-4V 
Vout 

4.25ns-j I 85 pF 

"":"" ~ 

85 pF load is equivalent to a 50 Q termination 

MOTOROLA MEMORY DATA 
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MCM62981 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
{Vee = 5.0 V ± 10%, V eea = 5.0 V or 3.3 V ± 10%, TA = o to + 70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ................ 1.5 V 
Input Pulse Levels .................................. 0 to 3.0 V 

Outpu!Timing Reference Level . . . . . . .. . . . . . .. . . .. . . . . . . . . 1.5 V 
Output Load . . . . . . . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time .. . . .. . .. .. . . . . . . .. . . . . .. .. . . .. . . . .. . 3 ns 

READ AND WRITE CYCLE TIMING (See Note 1) 

MCM62981-15 MCM62981-20 

Parameter Symbol Min Max Min Max Unit Notes 

Cycle Times: ns 
Clock High to Clock High tKHKH 15 - 20 -

Access Times: ns 
Clock High to Output Valid tKHQV - 15 - 20 2 
Output Enable Low Output Valid tGLQV - 6 - 8 2 

Aborted Write Cycles: ns 
Clock Low to Asynchronous Write Strobe High tKLAWxH - 0 - 0 
Clock High to Asynchronous Write Strobe Invalid tKHAWxX 2 - 2 -

Output Buffer Control: ns 
Output Enable High to Output High-Z tGHQZ 2 6 2 8 3 
Output Enable Low to Output Low-Z tGLQX 2 - 2 - 3 

Reads: 
Clock High to Output Low-Z after Write tKHQX1 8 - 8 - 3 
Clock High to Output Invalid tKHQX2 5 - 5 -

Writes: 
Clock High to Output High-Z after Read tKHQZ 3 10 3 10 3 

Clock: ns 
Clock High Time tKHKL 4 - 4 -
Clock Low Time tKLKH 8 - 10 -

Setup Times: ns 
Address Valid to Clock High tAVKH 2 - 2 -
Synchronous Write Enable Valid to Clock High tswvKH 2 - 2 -

Writes: 
Data In Valid to Clock High tDvKH 6 - 6 -
Asynchronous Write Strobe Low to Clock High tAWxLKH 6 - 6 -

Hold Times: ns 
Clock High to Address Invalid tKHAX 2 - 2 -
Clock High to Synchronous Write Enable Invalid tKHSWX 2 - 2 -

Writes: 
Clock High to Data In Invalid tKHDX 0 - 0 -
Clock High to Asynchronous Write Strobe High tKHAWxH 2 - 2 -

NOTES: 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K). 
2. Into rated load of 85 pF equivalent resistive load (see Figure 1 ). 
3. Transition is measured± 500 mV from steady•state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, tKHQZ is less than tKHQX1 and IGHOZ is less than IGLOX for a given device. 
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MCM62981 

READ CYCLES 

---- IKHKH---

READ 

READ - WRITE - READ CYCLES 

WRITE READ 

ORDERING INFORMATION 
(Order by Full Part Number) 

ABORTED WRITE 

MCM 

Motorola Memory Prefix~ T 
x xx xx 

T L_ Shipping Method (R2 =Tape & Reel, Blank= Rails) 

L_ Speed (15 = 15 ns, 20 = 20 ns) Part Number 

~-------- Package (J = 300 mil SOJ) 

Full Part Number- MCM62981J15 
MCM62981J20 

MCM62981J15R2 
MCM62981 J20R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Advance Information 
64K x 4 Bit Fast Synchronous 
Static RAM with Output Registers 

The MCM62982 is a 262, 144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola's high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs and output registers. Asynchronous 
controls consist of asynchronous write strobe and output enable (G}. This device 
has increased output drive capability supported by multiple power pins. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW} at the rising edge of clock (K}. Write cycles are completed 
only if asynchronous write strobe (AW} is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Read cycle output register operation occurs on the rising edge of clock (K} and 
provides data from the previous clock (K} high in a two cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V ii desired. II 3.3 V output 
levels are chosen, the output buffer impedance in the "high" state is approximately 
equal to the impedance in the "low" state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62982 will be available in a 28-pin 300-mil plastic SOJ. 

• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Buffers 
• Fast Access and Cycle Times: 12/15 ns Max 
• Fully Synchronous Operation, Single Clock Control 
• Clock Timed Writes with Asynchronous Late Write Abort 
• Registered Address Inputs 
• Output Registers for Fully Pipelined Applications 
• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density PSOJ Package 

MCM62982 

4' 
JPACKAGE 

PLASTIC 
CASE810B 

PIN ASSIGNMENT 

K t• 28 Vee 
AO 27 At5 

At 26 At4 

A2 25 At3 

A3 24 At2 

A4 23 A11 

AS 22 AtO 

AS 2t Veeo 
A7 20 Vsso 
AB to 000 

A9 tt OOt 

SW 12 002 

G t3 003 

14 t5 AW 

PIN NAMES 

AO-A 15 ............... Address Inputs 
AW ........ Asynchronous Write Strobe 
SW . . . . . . . . Synchronous Write Enable 
K ............................. Clock 
G .. .. .. .. .. .. .. .. .. .. . Output Enable 
000-003 . . . . . . . . . . Data lnpuVOutput 
Vee .............. +5 v Power Supply 
Vcco ..... Output Buffer Power Supply 
Vsso ........... Output Buffer Ground 
Vss ........................ Ground 

All power supply and ground pins must be 
connected for proper operation of the device. 
v cc ;, v cco at all times including power up. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MEMORY DATA 
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MCM62982 

</) WRITE AMPLIFIER a: 
w 

SW 
f-
</) 

C3 
UJ CONTROL a: 

K 
AW 

TRUTH TABLE (See Note) 

SW AW G Mode 
Supply 1/0 
Current Status 

H x L Read Cycle 'cc Data Out 

H x H Read Cycle 'cc High-Z 

L L x Write Cycle 'cc High-Z 

L H x Aborted Write Cycle 'cc High-Z 
- -

NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vsso = 0 V, See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to VssNsso for Any Pin Except Vin• Vout -0.5 to Vee +0.5 v 

Vee and Vcco 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 25°C) Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA Oto +70 oc 

Storage Temperature Tstg -55 to +125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 

255 

AC TEST LOADS 
+5V 

85 pF 
(INCLUDING 
SCOPE AND JIG) 

255 

G 

Figure 1A Figure 18 
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This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 

+5 v 

5 pF 
(INCLUDING 
SCOPE AND JIG) 
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MCM62982 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, V CCQ = 5.0 V or 3.3 V ± 10%, TA = O to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vsso = 0 V) 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) 

Output Buffer Supply Voltage 
(5.0 V TIL Compatible) 
(3.3 V 50 Q Compatible) 

Input High Voltage 

Input Low Voltage 

·vcco must be~ Vee at all times, 1nclud1ng power up. 
··v1L (min) = -3.0 V ac (pulse width::; 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin= Oto Vee) 

Output Leakage Current (G = V1H) 

AC Supply Current (G = VIH· 
All Inputs= V1L = 0.0 V and V1H ~ 3.0 V, 
lout = 0 mA, Cycle Times ~ tKHKH min) 

Output Low Voltage (IOL = +8.0 mA) 

Output High Voltage (loH = -4.0 mA) 

Vee 4.5 

Vcco· 
4.5 
3.0 

V1H 2.2 

V1L -0.5 .. 

Symbol Min 

llkg(I) -

l1kg(O) -
ice A -

Vol -
VoH 2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance (All Pins Except 000-003) Cin 

lnpuVOutput Capacitance (000-003) C110 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C xdVldt 

XFE +fl-4V 
Vout 

425ns-1 -=- l 85 pF 

i=Cx(dVou;\=85x10-12x(~\ =80mA 
dt ) 4.25 x 10-'3) 

85 pF load is equivalent to a 50 Q termination 

MOTOROLA MEMORY DATA 
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i = Y.= i- = 80 mA 
R 50 

5.0 

5.0 
3.3 

3.0 

0.0 

Typ 

-

-
150 

-
-

Typ 

4 

8 

Max 

5.5 

5.5 
3.6 

vcc+o.3 

0.8 

Max 

±1.0 

±1.0 

170 

0.4 

-

Max 

6 

10 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

v 

v 

Unit 

pF 

pF 



MCM62982 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veec:i = 5.0 V or 3.3 v ± 10%, TA= o to +70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . 
Input Pulse Levels . 

. ....... 1.5 v Output Timing Reference Level ......... 1.5 V 

. ... Oto 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time . 3 ns 

READ AND WRITE CYCLE TIMING (See Note 1) 

MCM62982-12 MCM62982-15 

Parameter Symbol Min Max Min Max Unit Notes 

I Cycle Times: ns 
Clock High to Clock High tKHKH 12 - 15 -

Access Times: ns 
Clock High to Output Valid tKHQV - 8 - 10 2 
Output Enable Low Output Valid tGLQV - 6 - 6 2 

Aborted Write Cycles: ns 
Clock Low to Asynchronous Write Strobe High tKLAWH - 0 - 0 
Clock High to Asynchronous Write Strobe Invalid tKHAWX 2 - 2 -

Output Buffer Control: ns 
Output Enable High to Output High-Z tGHQZ 0 6 2 6 3 
Output Enable Low to Output Low-Z tGLQX 0 - 2 - 3 

Reads: 
Clock High to Output Low-Z after Write tKHQX1 4 - 4 - 3 
Clock High to Output Invalid tKHQX2 5 - 5 -

Writes: 
Clock High to Output High-Z after Read tKHQZ 3 8 3 10 3 

Clock: ns 
Clock High Time tKHKL 3 - 4 -
Clock Low Time tKLKH 8 - 8 -

Setup Times: ns 
Address Valid to Clock High tAVKH 2 - 2 -
Synchronous Write Enable Valid to Clock High tswVKH 2 - 2 -

Writes: 
Data In Valid to Clock High tDvKH 5 - 6 -
Asynchronous Write Strobe Low to Clock High tAWLKH 5 - 6 -

Hold Times: ns 
Clock High to Address Invalid tKHAX 2 - 2 -
Clock High to Synchronous Write Enable Invalid tKHSWX 2 - 2 -

Writes: 
Clock High to Data In Invalid tKHDX 0 - 0 -
Clock High to Asynchronous Write Strobe High tKHAWH 2 - 2 -

NOTES: 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1 ). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tKHQZ is less than tKHQX1 and tGHQZ is less than tGLQX for a given device. 
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MCM62982 

READ AND WRITE CYCLES 

DATAIN ---------------------\ 

MCM 

READ 

ORDERING INFORMATION 
(Order by Full Part Number) 

62982 x xx xx 

READ/WRITE ABORTED 
WRITE 

Motorola Memory Prefix _T T T L__ Shipping Method (R2 = Tape & Reel, Blank = Rails) 

L_ Speed (12 = 12 ns, 15 = 15 ns) Part Number 

'---------- Package (J = 300 mil SOJ) 

Ful! Part Numbers MCM62982J12 
MCM62982J15 

MCM62982J12R2 
MCM62982J15R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
64K x 4 Bit Fast Synchronous 
ParityRAM™ with Output Registers 

The MCM62983 is a 262, 144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola's high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SAAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 
asynchronous write strobes and output enable (G). This device has increased 
output drive capability supported by multiple power pins. Four asynchronous write 
strobes (AWO-AW3) are provided to allow each bit position to be written 
individually, thereby simplifying the task of supporting byte parity. This x4 
organized SAAM is ideally suited for parity on 32 bit words. The device is 
functionally similar to the MCM62982 with the only difference being the individual 
bit write capablilty. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of the following rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Read cycle output register operation occurs on the rising edge of clock (K) and 
provides data from the previous clock (K) high in a two cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the "high" state is approximately 
equal to the impedance in the "low" state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62983 will be available initially in a 32-pin 300-mil plastic SOJ followed 
by a 300-mil 32-pin plastic DIP. 

• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Buffers 
• Fast Access and Cycle Times: 12115 ns Max 
• Fully Synchronous Operation, Single Clock Control 
• Clock Timed Writes with Asynchronous Late Write Abort 
• Each Bit Position Individually Writeable for Simple Parity Support 
• Registered Address Inputs 
• Output Registers for Fully Pipelined Applications 
• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density PSOJ Package 

MCM62983 

JPACKAGE 
PLASTIC 
CASE857 

PIN ASSIGNMENT 

K t• 32 Vee 
AO 31 At5 

A1 30 At4 

A2 29 At3 

A3 28 At2 

A4 27 At1 

A5 26 A10 

A6 25 Vcco 
A7 24 Vsso 
AB 23 000 

A9 22 001 

SW 21 002 

G 20 003 

Vss 19 AW3 

NC 18 AW2 

AWO 17 AW1 

PIN NAMES 

AO-A 15 ............... Address Inputs 
AWO-AW3 . Asynchronous Write Strobes 
SW . . . . . . . . Synchronous Write Enable 
K ............................. Clock 
G . . . . . . . . . . . . . . . . . . . . . Output Enable 
DQ0-003 . . . . . . . . . . Data Input/Output 
Vee .............. +5 v Power Supply 
V CCQ . . . . . Output Buffer Power Supply 
Vsso ........... Output Buffer Ground 
Vss ........................ Ground 
NC . . . . . . . . . . . . . . . . . . . . . . No Connect 

All power supply and ground pins must be 
connected for proper operation of the device. 

ParityRAM is a trademark of Motorola Inc. Vee" Vcco at all times including power up. 
This document contains inlormation on a new product. Specifications and inlormation herein are subject to change without notice. 
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MCM62983 

BLOCK DIAGRAM 

r--r---. DQO-DQ3 

16 

ADDRESS _ _,,.___,~ 
(AO-A15) 

a: 
w 
f-

SW Cf) 

a 
w 
a: 

TRUTH TABLE (See Note) 

SW AWx G Mode 

H x l Read Cycle 

H x H Read Cycle 

l l x Write Cycle 

L H x Aborted Write Cycle 

MEMORY ARRAY 
64Kx4 

256 ROWS 
256 COLUMNS 

WRITE AMPLIFIER 

CONTROL 

AWO AW1 AW2 AW3 

Supply 
Current 

Ice 

ice 

Ice 

Ice 

1/0 
Status 

Data Out 

High·Z 

High-Z 

High-Z 

NOTE: SW and AWx satisfy the specified setup and hold times for the rising edge of clock (K). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssa = 0 v, See Nole) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to VsslVssa for Any Pin Except Vin• Vout -0.5 to Vee +0.5 v 

Vee and Vcca 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (T A=25°C) Po 1.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA o to +70 oc 

Storage Temperature Tstg -55to+125 oc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higherthan recommended voltages for extended periods of time could affect device 
reliability. 

DQ-..-----

255 

+5 v 

480 

85 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 1A 

AC TEST LOADS 
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G 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voitages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 

+5 v 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 18 



MCM62983 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veea = 5.0 V or 3.3 V ± 10%, TA= o to +70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vssa = 0 V) 

Parameter 

Supply Voltage (Operating Voltage Range) 

Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible) 

Input High Voltage 

Input Low Voltage 

•vcca must be$ Vee at all times, including power up • 
.. VIL (min) = -3.0 V ac (pulse width $ 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin= Oto Vee) 

Output Leakage Current (G = V1H) 

AC Supply Current (G = VIH• 
All Inputs= VIL= 0.0 V and V1H 2: 3.0 V, 
lout = 0 mA, Cycle Times <: tKHKH min) 

Output Low Voltage (IOL = +8.0 mA) 

Output High Voltage (ioH = -4.0 mA) 

Symbol 

Vee 

Vcca· 

V1H 

VIL 

Symbol 

llkg(I) 

l1kg(O) 

lccA 

VoL 

VoH 

Min 

4.5 

4.5 
3.0 

2.2 

-0.5 .. 

Min 

-

-

-

-
2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance (All Pins Except OQ0-003) Cin 

lnpuVOutput Capacitance (000-003) C110 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt 

X_Ev +Cl85pF 

4.25ns~ F t ·oui J 

Typ 

5.0 

5.0 
3.3 

3.0 

0.0 

Typ 

-
-
150 

-
-

Typ 

4 

8 

i=Cx (dVout)=85x10-12x (--4-V-) =80mA 
dt 4.25 x 10-9 

i = jl= .!. = 80 mA 
A 50 

85 pF load is equivalent to a 50 Q termination 
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Max 

5.5 

5.5 
3.6 

vcc+o.3 

0.8 

Max 

±1.0 

±1.0 

170 

0.4 

-

Max 

6 

10 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

v 
v 

Unit 

pF 

pF 



MCM62983 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V cc = 5.0 V ± 10%, V cca = 5.0 V or 3.3 V ± 10%, TA = o to + 70°C, Unless Otherwise Noted) 

Input Timing Measuremenf Reference Level ................ 1.5 V Output Timing Reference Level ........................... 1.5 V 
Input Pulse Levels .................................. o to 3.0 V Output Load . . . . . . . . . . . . See Figure 1 A Unless Otherwise Noted 
Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 ns 

READ AND WRITE CYCLE TIMING (See Note 1) 

MCM62983-12 MCM62983-15 

Parameter Symbol Min Max Min Max Unit Notes 

Cycle Times: ns 
Clock High to Clock High IKHKH 12 - 15 -

Access Times: ns 
Clock High to Output Valid tKHQV - 8 - 10 2 
Output Enable Low Output Valid tGLQV - 6 - 6 2 

Aborted Write Cycles: ns 
Clock Low to Asynchronous Write Strobe High tKLAWxH - 0 - 0 
Clock High to Asynchronous Write Strobe Invalid tKHAWxX 2 - 2 -

Output Buffer Control: ns 
Output Enable High to Output High-Z tGHQZ 0 6 2 6 3 
Output Enable Low to Output Low-Z tGLQX 0 - 2 - 3 

Reads: 
Clock High to Output Low-Z after Write tKHQX1 4 - 4 - 3 
Clock High to Output Invalid tKHQX2 5 - 5 -

Writes: 
Clock High to Output High-Z after Read tKHQZ 3 8 3 10 3 

Clock: ns 
Clock High Time tKHKL 3 - 4 -
Clock Low Time tKLKH 8 - 8 -

Setup Times: ns 
Address Valid to Clock High tAVKH 2 - 2 -
Synchronous Write Enable Valid to Clock High tswVKH 2 - 2 -

Writes: 
Data In Valid to Clock High tDvKH 5 - 6 -
Asynchronous Write Strobe Low to Clock High tAWxLKH 5 - 6 -

Hold Times: ns 
Clock High to Address Invalid tKHAX 2 - 2 -
Clock High to Synchronous Write Enable Invalid tKHSWX 2 - 2 -

Writes: 
Clock High to Data In Invalid tKHDX 0 - 0 -
Clock High to Asynchronous Write Strobe High tKHAWxH 2 - 2 -

NOTES: 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 

edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1 ). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 18. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tKHQZ is less than tKHQX1 and IGHQZ is less than tGLQX for a given device. 
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MCM62983 

READ AND WRITE CYCLES 

DATA IN---------------------< 

READ READ/WRITE 

ORDERING INFORMATION 
(Order by Full Part Number) 

x xx xx 

ABORTED 
WRITE 

MCM 

Motorola Memory Prefix~ 
Part Number T T L__ Shipping Method (R2 =Tape & Reel, Blank= Rails) 

L__ Speed (12 = 12 ns, 15 = 15 ns) 

'----------- Package (J = 300 mil SOJ) 

Full Part Number - MCM62983J12 
MCM62983J15 

MCM62983J12R2 
MCM62983J15R2 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Advance Information 
16K x 16 Bit Fast Synchronous 
Static RAM 

The MCM62990 is a 262, 144 bit synchronous static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola's 
high-performance silicon-gate CMOS technology. The device integrates a 16Kx16 
SAAM core with advanced peripheral circuitry. Inputs to the device fall into two 
categories: synchronous and asynchronous. All synchronous inputs pass through 
positive-edge- triggered registers controlled by a single clock input (K). The 
synchronous inputs include all addresses, the two chip enables (SE and SE), and 
the synchronous write enable (SW). 

Asynchronous inputs include the asynchronous byte write strobes 
(AWL and AWH), output enable (G), data (DOO-D015), data latch 
enable (DL), and the clock (K). Input data.can be asynchronously 
latched by DL to provide simplified data-in timings during write cycles. 

Address and write control are registered on-<:hip which greatly 
simplifies write cycles. Dual write strobes (AWL and AWH) are 
provided to allow individually writeable bytes. AWL controls 
DOO-D07, the lower bits while AWH controls D08-D015, the 
upper bits. In addition, the AWs allow late write cycles to be aborted 
if they are "false" during the low period of the clock. Dual chip 
enables (SE and SE) are provided allowing address decoding to be 
accomplished on-chip when the device is used in a dual bank mode. 

An input data latch is provided. When data latch enable (DL) is 
high the data latches are in the transparent state. When DL is low 
the data latches are in the latched state. This data input latch 
simplifies write cycles by guaranteeing data hold time in a simple 
fashion. 

Additional power supply pins have been utilized and placed on the 
package for maximum performance. In addition one set of power 
pins is electrically isolated from the other two and supplies power 
only to the output buffers. This al.lows connecting the output buffers 
to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels are chosen, 
the output buffer impedance in the "high" state is approximately 
equal to the impedance in the "low" state which allows simple yet 
effective transmission line terminations to be achieved. 

The MCM62990 will be available in a 52 pin plastic leaded chip 
carrier (PLCC). 

Typical applications for this device are cache memory and tag 
RAMs, memory in systems which are pipelined and systems which 
require wide data bus widths and reduced parts count. 

• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V Power Supplies for Output Bullers 
• Fast Access and Cycle Times: 17/20/25 ns Max 
• Byte Writeable via Dual Write Strobes with Abort Write Capability 
• Separate Data Input Latch for Simplified Write Cycles 

DOB 

009 

Vcco 
Vsso 
0010 
0011 

0012 
0013 

Vsso 
Vcco 
0014 
0015 

NC 

• Clock Controlled Registered Address, Write Control, and Dual Chip Enables 
• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density 52 Lead PLCC Package 

MCM62990 

FNPACKAGE 
PLASTIC 
CASEna 

PIN ASSIGNMENT 

~ ~ I~ I~ I~ ~ w I~ ~ IC> ~ ~ ~ 

PIN NAMES 

NC 
007 

DOB 

Vcco 
Vsso 
005 
DQ4 

003 

002 

Vsso 
Vcco 
001 

000 

AO-A 13 . . . . . . . . . . . . . . . Address Inputs 
K ........................ Clock Input 
DL . . . . . . . . . . . . . . . . Data Latch Enable 
SW . . . . . . . . Synchronous Wrtte Enable 
AWL ... Lower Byte Async Write Strobe 
AWH ... Upper Byte Async Write Strobe 
SE .......... Synchronous Chip Enable 
SE .......... Synchronous Chip Enable 
G ........ Asynchronous Output Enable 
DQ0-0015 ......... Data lnpuVOutput 
Vee .............. +5 V Power Supply 
V cca ..... Output Buffer Power Supply 
V SSQ ........... Outpu1 Buffer Ground 

~~s.::::::::::::::::::::: ·N;;c~~~: 
All power supply and ground pins must be 
connected for proper opera1ion of the device. 
Vee;,, Vccaat all times including power up. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62990 

BLOCK DIAGRAM 

MEMORY ARRAY OUTPUT 
ADDRESS 16Kx16 BUFFER 
(AO-A13) 128 ROWS 

128COLUMNS 

16 

SE 
WRITE AMPLIFIER 

§E 16 

CONTROL 
SW 

AWL AWH 

TRUTH TABLE (See Notes) 

Supply 1/0 
SEs SW AWL AWH DL G Mode Current Status 

F x x x x x Deselected Cycle lsB High-Z 

T H x x x H Read Cycle ice High-Z 

T H x x x L Read Cycle ice Data Out 

T L L L H x Write Cycle All Bits 
Transparent Data In 

Ice High-Z 

T L H H x x Aborted Write Cycle ice High-Z 

T L L H H x Write Cycle Lower 8 Bits 
Transparent Data In 

Ice High-Z 

T L H L L x Write Cycle Upper 8 Bits 
Latched Data In 

Ice High-Z 

NOTES: 
1. X means don't care. True (T) is SE= 1 and SE= o. 
2. Registered inputs (addresses, SW, SE, and SE) satisfy the specified setup and hold times about 

the rising edge of clock (K). Data-in satisfies the specified setup and hold times for DL. 
3. A transparent write cycle is defined by DL high during the write cycle. 
4. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the 

specified setup and hold times. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssa = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 V v 
Voltage Relative to VsslVssa for Any Pin Except Vin· Vout -o.5 to Vee +0.5 v 

Vee and Vcca 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 70°C) Po 2.0 w 
Temperature Under Bias Tbias -10to+85 oc 

Operating Temperature TA Oto +70 oc 

Storage Temperature Tstg -55to+125 oc 

NOTE: Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higherthan recommended voltages for extended periods of time could affect device 
reliability. 
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G 

DOO-D015 

16 

16 

DL 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Vcca = 5.0 V or 3.3 V ± 10%, TA= o to +70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages relerenced to Vss = Vsso = 0 V) 

Parameter 

Supply Voltage (Operating Voltage Range) 

Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible) 

Input High Voltage 

Input Low Voltage 

·vcco must be~ Vee at all times, 1nclud1ng power up . 
.. VIL (min)= -3.0 V ac (pulse width~ 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, Vin= Oto Vee) 

Output Leakage Current (G = V1H) 

AC Supply Current (G = VIH· All Inputs= V1L or VIH· MCM62990-17: tKHKH = 17 ns 
VIL= 0.0 V and V1H ~ 3.0 V, lout= 0 mA, MCM62990-20: tKHKH = 20 ns 
Cycle Time~ tKHKH min) MCM62990-25: tKHKH = 25 ns 

Standby Current (E = VIH· E =VIL• All Inputs= V1L or V1H 
V1L = 0.0 V and V1H ~ 3.0 V, lout= 0 mA, Cycle Time ~·tKHKH min) 

Output Low Voltage (loL = +8.0 mA) 

Output High Voltage (loH = -4.0 mA) 

Symbol 

Vee 

Vcco· 

V1H 

V1L 

Symbol 

l1kg(I) 

l1kg(O) 

iccA 

lss 

Vol 

VoH 

Min 

4.5 

4.5 
3.0 

2.2 

-os· 

Min 

-
-

-
-
-
-

-

2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance (All Pins Except 000-0015) Cin 

lnpuVOutput Capacitance (000-0015) C110 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i=CxdV/dt 

85 pF 

i = c x(dVout\ = 85x10-12 x (--4-v_\ = 80 mA 
dt ) 425x10-9) 

i=Y.= .i. =80mA 
R 50 

85 pF load is equivalent to a 50 n termination 
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Typ Max 

5.0 5.5 

5.0 5.5 
3.3 3.6 

3.0 Vee+ o.3 

0.0 0.8 

Typ Max 

- ±1.0 

- ±1.0 

280 360 
290 360 
310 360 

50 80 

- 0.4 

- -

Typ Max 

4 6 

8 10 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

v 

v 

Unit 

pF 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(V CC = 5.0 V ± 10%, V CCQ = 5.0 V or 3.3 V ± 10%, TA = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ................ 1.5 V 
Input Pulse Levels .................................. 0 to 3.0 V 

Output Timing Reference Level .. . .. . . . . . . . .. .. .. . . .. . . . . . 1.5 V 
Output Load . . . . . . . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 3 ns 

READ AND WRITE CYCLE TIMING (See Notes 1 and 2) 

MCM62990-17 MCM62990-20 MCM62990·25 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Cycle Times 
Clock High to Clock High 

IKHKH 17 - 20 - 25 - ns 

Access Times ns 
Clock High to Output Valid tKHQV - 17 - 20 - 25 3 
Output Enable Low to Output Valid tGLQV - 6 - 8 - 10 3 

Aborted Write Cycles ns 
Clock Low to Asynchronous Write Strobes tKLAWxH - 0 ~ 0 - 0 

(AWL,AWH1.!::!!9h 
Clock High to AWx Invalid tKHAWxX 2 - 2 - 2 -

Output Buffer Control ns 
Asynchronous Output Enable (G) High to tGHQZ 2 6 2 8 2 10 4 
_Output High Z 
G Low to Output Low Z 

Reads: 
tGLQX 2 - 2 - 2 - 4 

Clock (K) High to Output Low Z After 
Deselect or Write 

tKHQX1 8 - 8 - 8 - 4 

Data Out Hold After Clock High 
Writes: 

tKHQX2 5 - 5 - 5 -

K High to Output High Z After Read tKHQZ 3 10 3 10 3 12 4 

Clock ns 
Clock High Time tKHKL 4 - 4 - 4 -
Clock Low Time tKLKH 8 - 10 - 10 -

Setup Time ns 
Address Valid to Clock High tAVKH 3 - 3 - 3 - 5 
Synchronous Write (SW) Valid to Clock High tswvKH 3 - 3 - 3 - 5 
Synchronous Enables (SE, SE) Valid to Clock tsEVKH 3 - 3 - 3 - 5 

High 
Writes: 

Data-In Valid to Clock High tDvKH 6 - 6 - 7 - 1, 5 
AWL, AWH Low to Clock High tAWxLKH 6 - 6 - 7 - 5 

Data Latch: 
Data-In Valid to DL Low tovDLL 1 - 1 - 1 - 2,5' 

Hold Times ns 
Clock High to Address Invalid tKHAX 2 - 2 - 2 - 5 
Clock High to SW Invalid tKHSWX 2 - 2 - 2 - 5 
Clock High to SE, SE Invalid tKHSEX 2 - 2 - 2 - 5 

Writes: 
Clock High to Data-In Invalid tKHDX 2 - 2 - 2 - 1, 5 
Clock High to AWL, AWH High tKHAWxH 2 - 2 - 2 - 5 
Clock High to DL High tKHDLH 2 - 2 - 2 - 2, 5 

Data Latch: 
DL Low to Data-In Invalid tDLLDX 3 - 3 - 3 - 2, 5 
DL High to Clock High tDLHKH 6 - 6 - 7 - 2,5 

NOTES: 
1. A transparent write cycle is defined by DL high during the write cycle. 
2. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the specified hold time for the rising edge of clock 

(K). 
3. Into rated load of 85 pF equivalent resistive load (see Figure 1 A). 
4. Transition is measured ±500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, tKHQZ is less than tKHQX and tGHQZ is less than IGLQX for a given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) or falling edges of data latch enable (DL). 

MOTOROLA MEMORY DATA 

9-171 



MCM62990 

READ CYCLES 

READ - UNLATCHED WRITE - READ CYCLES 

---- IKHKH----

K 

ADDRESS 

DL 

DATA IN 

DATA OUT OUT 

IAWxLKH 

IKHAWxH 
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IKHKH 

K 

ADDRESS 

SW 

AWL,AWH 

DL 

DATA IN 

DATA OUT 

G 

LATCHED 
WRITE 

+5V 

480 

Da-----.. 

255 

Figure 1A 

WRITE CYCLES 

ABORTED 
WRITE 

AC TEST LOADS 

Da-----.. 

255 

ORDERING INFORMATION 
(Order by Full Part Number) 

Figure 18 

UNLATCHED 
WRITE 

+5V 

480 

5pF 
(INCLUDING 
SCOPE AND JIG) 

Motorola Mem_o_ry_P-re_f_i· __ M_C_1_ M_T_
6
_- r ... x __ t_x ______ Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 

Part Number - - Package (FN = PLCC) 

Full Part Number - MCM62990FN17 MCM62990FN20 MCM62990FN25 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
16K x 16 Bit Asynchronous/Latched 
Address Fast Static RAM 

The MCM62995 is a 262, 144 bit latched address static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola's 
high-performance silicon-gate CMOS technology. The device integrates a 16Kx16 
SRAM core with advanced peripheral circuitry consisting of address and data input 
latches, active high and active low chip enables, separate upper and lower byte 
write strobes, and a fast output enable. This device has increased output drive 
capability supported by multiple power pins. In addition, the output levels can be 
either 3.3 V or 5 V TIL compatible by choice of the appropriate output bus power 
supply. 

Address, data in, and chip enable latches are provided. When 
latch enable (LE for address and chip enables and DL for data in) is 
high the address, data in, and chip enable latches are in the 
transparent state. If latch enable (LE, DL) is tied high the device 
can be used as a asynchronous SRAM. When latch enable (LE, 
DL) is low the address, data in, and chip enable latches are in the 
latched state. This input latch simplifies read and write cycles by 
guaranteeing address and data-in hold time in a simple fashion. 

Dual write strobes (BWL and BWH) are provided to allow 
individually writeable bytes. BWL controls DQO-DQ7, the lower 
bits. While BWH controls DQ8-DQ15, the upper bits. 

Addltional power supply pins have been utilized and placed on the 
package for maximum performance. In addition, the output buffer 
power pins are electrically isolated from the other two and supply 
power only to the output buffers. This allows connecting the output 
buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels are 
cho&en, the output buffer impedance in the "high" state is 
approximately equal to the impedance in the "low'' state thereby 
allowing simplified transmission line terminations. 

The MCM62995 will be available in a 52 pin plastic leaded.chip 
carrier (PLCC). · 

This device is ideally suited for systems which require wide data 
bus widths, cache memory, and tag RAMs. See Figure 2 for 
applications information. 
• Single 5 V ± 10% Power Supply 
• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Bullers 
• Fast Access and Cycle Times: 17/20/25 ns Max 
• Byte Wrlteable via Dual Write Strobes with Abort Write Capability 
• Separate Data Input Latch for Simplified Write Cycles 
• Address and Chip Enable Input Latches 
• Common Data Inputs and Data Outputs 
• Output Enable Controlled Three-State Outputs 
• High Output Drive Capability: 85 pF/Output at Rated Access Time 
• High Board Density 52 Lead PLCC Package 

DOB 

009 

Vcca 
Vssa 
0010 
0011 

0012 

0013 

Vssa 
Vcca 
0014 

0015 

NC 

MCM62995 

FNPACKAGE 
PLASTIC 
CASE778 

PIN ASSIGNMENT 

PIN NAMES 

NC 

007 

DOB 

Vcca 
Vssa 
DOS 

DQ4 

003 

002 

Vssa 
Vcca 
001 

DQO 

AO-A 13 ............... Address Inputs 
LE . . . . . . . . . . . . . . . . . . . . . Latch Enable 
DL . . . . . . . . . . . . . . . . Data Latch Enable 
W . . . . . . . . . . . . . . . . . . . . . . Write Enable 
BWL ........... Byte Write Strobe Low 
BWH . . . . . . . . . . Byte Write Strobe High 
£ . . . . . . . . . . . . Active High Chip Enable 
E_ • . . • • . . • • • . . Active Low Chip Enable 
G ..................... Output Enable 
DQO-DQ15 ......... Data Input/Output 
Vee . . . . . . . . . . . . . . +5 V Power Supply 
Vcca ..... Output Buffer Power Supply 
Vssa . . . . . . . . . . Otuput Buffer Ground 
Vss ......................... Ground 
NC . . . . . . . . . . . . . . . . . . . . . . No Connect 

All power supply and ground pins must be 
connected for proper operation of the device. 
Vee~ Vcca at all times including power up. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 

DOO-DQ15 

MEMORY ARRAY OUTPUT 

ADDRESS 16Kx16 16 BUFFER 16 
(AO-A13) 14 14 128ROWS 

128COLUMNS 

16 

WRITE AMPLIFIER 
E 16 

E CONTROL 

w BWL BWH 

TRUTH TABLE (See Note) 

Supply 1/0 
Es w BWL BWH LE DL G Mode Current Status 

F x x x x x x Deselected Cycle lsB High-Z 

T H x x H x H Read Cycle ice High-Z 

T H x x H x L Read Cycle ice Data Out 

T H x x L x L Latched Read Cycle Ice Data Out 

T L L L H H x Write Cycle All Bits ice High-Z 

T L H H x x x Aborted Write Cycle ice High-Z 

T L L H H H x Write Cycle Lower 8 Bits ice High-Z 

T L H L H L x Writt~~~~d u6'ft~r1~ Bits Ice High-Z 

T L L L L L x Lac~~~e';;'~~t~y;ie Ice High-Z 

NOTE: True (T) is E = 1andE=0. E, E, and addresses satisfy the specified setup and hold times for the 
falling edge of LE. Data in satisfies the specified setup and hold time for falling edge of DL. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vsso = 0 V) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 v 
Voltage Relative to VsslVsso for Any Pin Except Vin• Vout -o.5 to Vee +0.5 v 

Vee and Vcco 

Output Current (per 1/0) lout ± 20 mA 

Power Dissipation (TA = 70°C) Po 2.0 w 
Temperature Under Bias Tbias -10 to +85 oc 

Operating Temperature TA o to +70 cc 

Storage Temperature Tstg -55to+125 cc 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 
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16 

G DL 

This device contains circuitry to pro­
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor­
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 v ± 10%, Veea = 5.0 Vor 3.3 v ± 10%, TA= o to +70°e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vsso = 0 V) 

Parameter 

Supply Voltage (Operating Voltage Range) 

Output Buffer Supply Voltage 
(5.0 V TIL Compatible) 
(3.3 V 50 Q Compatible) 

Input High Voltage 

Input Low Voltage 

·vcco must be:> Vee at all times, including power up . 
.. VIL (min) = -3.0 V ac (pulse width:> 20 ns) 

DC CHARACTERISTICS 

Parameter 

Input Leakage Current (All Inputs, V;n = o to Vccl 

Output Leakage Current (G = V1Hl 

AC Supply Current (G =VIL• All Inputs= V1L or V1H, MCM62995-17: tAVAV = 17 ns 
V1L = 0.0 V and VtH ~ 3.0 V, lout= 0 mA, MCM62995-20: tAVAV = 20 ns 
Cycle Time~ tAVAV min) MCM62995-25: tAVAV = 25 ns 

Standby Current (E = VtH· E =VIL· All Inputs= V1L or V1H 
VIL= 0.0 V and V1H ~ 3.0 V, lout= 0 mA, Cycle lime ~·tAVAV min) 

Output Low Voltage (loL = +8.0 mA) 

Output High Voltage (IOH = -4.0 mA) 

Symbol 

Vee 

Vcco· 

V1H 

V1L 

Symbol 

l1kg(I) 

l1kg(O) 

ice A 

lss 

Vol 

VoH 

Min 

4.5 

4.5 
3.0 

2.2 

-0.5 .. 

Min 

-
-
-
-
-
-

-
2.4 

CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance (All Pins Except 000-0015) Gin 

lnpuVOutput Capacitance (000-0015) C110 

MOTOROLA MEMORY DATA 
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Typ Max 

5.0 5.5 

5.0 5.5 
3.3 3.6 

3.0 vcc+0.3 

0.0 0.8 

Typ Max 

- ± 1.0 

- ± 1.0 

310 360 
290 360 
280 360 

50 80 

- 0.4 

- -

Typ Max 

4 6 

8 10 

Unit 

v 

v 

v 

v 

Unit 

µA 

µA 

mA 

mA 

v 

v 

Unit 

pF 

pF 
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TEST LOADS 

+5 v +5 v 

480 480 

DQ ------It Do------. 
255 255 5 pF 85 pF 

(INCLUDING 
~----. SCOPE AND JIG) 

(INCLUDING 
----.. SCOPE AND JIG) 

Figure 1A Figure 18 

CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt 

vouir? .Fl---*' _J_ 4V 
Vout 

4.25 ns --j = I 85 pF 

i=Cx(dVout\=85x 10-12 x (-4-v_\ =80mA 
dt ) 4.25 x 10-9) 

85 pF load is equivalent to a 50 Q termination 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee= 5.0 V ± 10%, Veea = 5.0 Ver 3.3 V ± 10%, TA= o to +70°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . O to 3.0 V 

Output liming Reference Level . . . . . . . . . 1 .5 V 
Output Load .. See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall lime .. . .. . . . ............. 3 ns 

ASYNCHRONOUS READ CYCLE TIMING (See Notes 1, 2, 3, and 4) 

MCM62995-17 MCM62995-20 MCM62995-25 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Read Cycle limes IAVAV 17 - 20 - 25 - ns 5 

Access Times: ns 
AdQ.ress Valid to Output Valid IAVQV - 17 - 20 - 25 
E, E "True" to Output Valid tETQV - 17 - 20 - 25 6 
Output Enable Low to Output Valid tGLQV - 6 - 8 - 10 

Output Hold from Address Change tAXQX 4 - 4 - 4 - ns 

Outp!!) Buffer Control: ns 
£, E "True" to Output Active IETQX 2 - 2 - 2 - 7 
G [,9w to Output Active tGLQX 2 - 2 - 2 - 7 
£, E "False" to Output High-Z tEFQZ 2 9 2 9 2 10 7 
G High to Output High-Z tGHQZ 2 6 2 9 2 10 7 

Power Up Time IETICCH 0 - 0 - 0 - ns 

NOTES: 
1. LE and DL are equal to V1H for all asynchronous cycles. 
2. Write enable is equal to V1H for all read cycles. 
3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 
4. EF is defined by E going high or E going low. 
5. All read cycle timing is referenced from the last valid address to the first transitioning address. 
6. Addresses valid prior to or coincident with E going low or E going high. 
7. Transition is measured ±500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, tEFQZ is less than tETQX and IGHQZ for a given device. 

ASYNCHRONOUS READ CYCLE 

LE (LATCH ENABLE) 'ltl:Jj' '«XXXX 
A(ADDRESS) 

E (CHIP ENABLE) 

Q(DATAOUT) 

G (OUTPUT ENABLE) 

W (WRITE ENABLE) 'ltl:Jj' 

DL(DATALATCH ENABLE) 'lt/Y...'IJYX/,'IXIYXIYJX'tlXIJJJJJJY.YJJYJJJ.YXi 
BWx (BYTE WRITE ENABLE) xx 

MOTOROLA MEMORY DATA 
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ASYNCHRONOUS WRITE CYCLE TIMING (See Notes 1, 2, 3, 4, and 5) 

MCM62995-17 MCM62995-20 MCM62995-25 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Write Cycle nmes tAVAV 17 - 20 - 25 - ns 6 

Setup Times: ns 
Address Valid to End of Write tAVWH 13 - 15 - 20 -
Address Valid to End of Write tAVEF 13 - 15 - 20 -
Address Valid to W Low tAVWL 0 - 0 - 0 -
Address Valid to E, E "True" tAVET 0 - 0 - 0 -
Data Valid tow Hi_g_h tDvwH 6 - 8 - 10 -
Data Valid to E or E "False" tDvEF 6 - 8 - 10 -
Byte Write Low to W !::!igh tBwxLWH 6 - 8 - 10 -
Byte Write Low to ~E "False" tBwxLEF 6 - 8 - 10 -
Byte Write High to W Low (Abort) tBwxHWL 0 - 0 - 0 - 2 

HoldTimes: ns 
W !::!igh to Address Invalid twHAX 0 - 0 - 0 -
E, E "False" to Address Invalid tEFAX 1 - 1 - 1 -
W !::!igh to Data Invalid twHDX 0 - 0 - 0 -
E, E "False" to Data Invalid tEFDX 0 - 0 - 0 -
W !::!igh to Byte Write Invalid twHBWxX 2 - 2 - 2 -
E, E "False" to Byte Write Invalid tEFBWxX 2 - 2 - 2 -

Write Pulse Width: ns 
Write Pulse Width twLWH 13 - 15 - 20 -
Write Pulse Width twLEF 13 - 15 - 20 - 7 
Enable to End of Write tETWH 13 - 15 - 20 - 8 
Enable to End of Write tETEF 13 - 15 - 20 - 7,8 

O'dJput Buffer Control: ns 
'!!_ High to Output Valid twHQV 18 - 20 - 25 -
'!!_ High to Output Active twHOX 5 - 5 - 5 - 9 
W Low to Output High-Z twLOZ 0 9 0 9 0 10 9, 10 

NOTES: 
1. LE and DL are equal to V1H for all asynchronous cycles. 
2. A write occurs during the overlap of ET, W low, and BWx low. An aborted write occurs when BWx remains at V1H while Wis low and satisfies 

the required setup and hold times .. 
3. Write must be equal to VJH for all address transitions. 
4. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 
5. EF is defined by E going high or E going low. 
6. All write cycle timing is referenced from the last valid address to the first transitioning address. 
7. If E or E goes false coincident with or before W goes high, the output will remain in a high-impedance state. 
8. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 
9. Transition is measured± 500 mVfrom steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, twLOZ is less than twHOX for a given device. 

10. If G goes low coincident with or after W goes low, the output will reamin in a high-impedance state. 
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ASYNCHRONOUS WRITE CYCLE 

LE (LATCH ENABLE) 'Im 
A(ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

BWx (BYTE WRTIE ENABLE) 

DATA IN 

DL (DATA LATCH ENABLE) 

IWLQZ 

Q (DATA OUT) ------------__,1---f 

G (OUTPUT ENABLE) 

-

MOTOROLA MEMORY DATA 
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LATCHED READ CYCLE TIMING (See Notes 1, 2, 3, and 4) 

MCM62995-17 MCM62995-20 MCM62995-25 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Read Cycle Times lAVAV 17 - 20 - 25 - ns 5 

Access Times: ns 
Adqress Valid to Output Valid tAVQV - 17 - 20 - 25 
E, E "True" to Output Valid tETQV - 17 - 20 - 25 5 
LE High to Output Valid tLEHQV - 17 - 20 - 25 6 
Output Enable Low to Output Valid tGLQV - 6 - 8 - 10 

Setup Times: ns 
Address Valid to LE Low tAVLEL 2 - 2 - 2 - 6 
E, E "Valid" to LE Low lEVLEL 2 - 2 - 2 - 6 
AdQ_ress Valid to LE High tAVLEH 0 - 0 - 0 -
E, E "Valid" to LE High tEVLEH 0 - 0 - 0 -

Hold Times: ns 
LE Low to Address Invalid tLELAX 3 - 3 - 3 - 6 
LE Low to E, E "Invalid" tLELEX 3 - 3 - 3 - 6 

Output Hold: ns 
Address Invalid to Output Invalid lAXQX 4 - 4 - 4 -
LE High to Output Invalid tLEHQX1 4 - 4 - 4 -

Latch Enable High Pulse Width tLEHLEL 5 - 5 - 5 - ns 

Outp!!) Buffer Control: ns s E "True" to Output Active tETQX 2 - 2 - 2 - 7 
G Low to Output Active tGLQX 2 - 2 - 2 - 7 
LE J:ligh to Output Active tLEHQX2 2 - 2 - 2 - 7 
E, E "False" to Output High-Z tEFQZ 2 9 2 9 2 10 7 
h_E High to Output High-Z ILEHQZ 2 9 2 9 2 10 7 
G High to Output High-Z tGHQZ 2 6 2 8 2 10 7 

NOTES: 
1. Write enable is equal to V1H for all read cycles. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 
4. EF is defined by E going high or E going low. 
5. Addresses valid prior to or coincident with E going low and E going high. 
6. All latched inputs must meetthe specified setup and hold times with stable logic levels for All falling edges of latch enable (LE) and data latch 

enable (DL). 
7. Transition is measured± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, tEFQZ is less than tETQX and tLEHQZ is less than tLEHQX2 and tGHQZ is less than tGLQX for a given 
device. 
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LE (LATCH ENABLE) 

A(ADDRESS) 

E (CHIP ENABLE) 

IEFQZ 

Q(DATAOUT) 

G (OUTPUT ENABLE 

W (WRITE ENABLE) m 

LATCHED READ CYCLES 

DL(DATALATCHENABLE) ~'tt/XttX~ 
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LATCHED WRITE CYCLE TIMING (See Notes 1, 2, 3, and 4) 

MCM62995-17 MCM62995-20 MCM62995-25 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Write Cycle Times: ns 
Address Valid to Address Valid tAVAV 17 - 20 - 25 - 5 
LE High to LE High tLEHLEH 17 - 20 - 25 - 5 

Setup Times: ns 
Address Valid to End of Write tAVWH 13 - 15 - 20 -
Address Valid to End of Write tAVEF 13 - 15 - 20 -
E, E "Valid" to LE Low tEVLEL 2 - 2 - 2 -
Address Valid to LE Low tAVLEL 2 - 2 - 2 -
E, E "Valid" to LE High tEVLEH 0 - 0 - 0 -
Address Va_lkj to LE High tAVLEH 0 - 0 - 0 -
LE High to W Lo'!_ tLEHWL 0 - 0 - 0 -
Address Valid to W Low tAVWL 0 - 0 - 0 -
Address Valid to E, E "True" tAVET 0 - 0 - 0 -
Data Valid to DL Low tDvDLL 1 - 1 - 1 -
Data Valid to W Hill.h tDvwH 6 - 8 - 10 -
Data Valid to E or E "False" tDvEF 6 - 8 - 10 -
DL High to W !::!igh tDLHWH 6 - 8 - 10 -
DL High to E, E "F~se" tDLHEF 6 - 8 - 10 -
Byte Write Low to W !::!igh tBwxLWH 6 - 8 - 10 -
Byte Write Low to s_ E "False" tBwxLEF 6 - 8 - 10 -
Byte Write High to W Low (Abort) tBwxHWL 0 - 0 - 0 - 1 

Hold Times: ns 
LE Low to E, E "Invalid" tLELEX 3 - 3 - 3 - 5 
LE Low to Address Invalid tLELAX 3 - 3 - 3 - 5 
DL Low to Data Invalid tDLLDX 3 - 3 - 3 -
W !::!igh to Address Invalid twHAX 0 - 0 - 0 -
E, E "False" to Address Invalid tEFAX 1 - 1 - 1 -
W !::!igh to Data Invalid twHDX 0 - 0 - 0 -
E, E "False" to Data Invalid tEFDX 0 - 0 - 0 -
W !::!igh to DL High twHDLH 0 - 0 - 0 -
S E "False" to DL High tEFDLH 0 - 0 - 0 -
W !::!igh to Byte Write Invalid twHBWxX 2 - 2 - 2 -
£. E "False" to Byte Write Invalid tEFBWxX 2 - 2 - 2 -
W High to LE High twHLEH 0 - 0 - 0 -

Write Pulse Width: ns 
LE High to W High tLEHWH 13 - 15 - 20 - 6 
Write Pulse Width twLWH 13 - 15 - 20 -
Write Pulse Width twLEF 13 - 15 - 20 - 7 
Enable to End of Write tETWH 13 - 15 - 20 - 8 
Enable to End of Write tETEF 13 - 15 - 20 - 7, 8 

Latch Enable High Pulse Width tLEHLEL 5 - 5 - 5 - ns 

O'!Jput Buffer Control: ns 
'!1. High to Output Valid twHOV 17 - 20 - 25 -
'!1. High to Output Active twHOX 5 - 5 - 5 - 9 
W Low to Output High-Z twLQZ 0 9 0 9 0 10 9, 10 

NOTES: 
1. A write occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remains at V1H while Wis low and meets the 

required setup and hold times. 
2. Write must be equal to V IH for all address transitions. 
3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 
4. EF is defined by E going high or E going low. 
5. All write cycle timing is referenced from the last valid address to the first transitioning address. 
6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data 

latch enable (DL). 
7. If E or E goes false coincident with or before W goes high, the output will remain in a high-impedance state. 
a. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 
9. Transition is measured± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. At 

any given voltage and temperature, twLOZ is less than twHOX for a given device. 
10. If G goes low coincident with or after W goes low, the output will reamin in a high-impedance state. 
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LATCHED WRITE CYCLES 

LE (LATCH ENABLE) 

A(ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

BWx (BYTE WRITE ENABLE) 

DATA IN 

twHov-+---­• DL (DATA LATCH ENABLE) 

twHOX 
twLOZ 

Q(DATAOUT) -----------; 

G (OUTPUT ENABLE) 

MOTOROLA MEMORY DATA 
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--+-t-+-i DL 

~-+-+-+-<LE 

r+-H-1 w 
..-+--+-+-+-+-+-< BWL 

e-!-+~t-+-+-l BWH 

'-+-t-+-11-+-i E 

--+~1-+-+--1 E 

rl::f-i G 
....., 

DATA(15:8) ~,~--~ r--v' DATA(15:8) 

DATA (7:0) K ~ DATA (7:0) 

MCM62995 MCM62995 
16Kx16 16Kx16 

LATCHED LATCHED 
SRAM A SAAM 

ADDRESS(13:0) y--- .--- ~ ADDRESS(13:0) 

INSTRUCTION CACHE 
(16KX64) 

DATA CACHE 
(16K X 64) 

11 
ADDRESS LOW (17:0) DATA (31:0) 

DATA P (3:0) 

R3000 PROCESSOR 

11 
TAG (19:0) 
TAG P (2:0) 
TAGV 

DL >-+-<--+---e 

LE t-+-+-+-~ 

w t-+-t-h 
BWL i-+-+-+-+-+-......, 

BWH t-+-+-+-t-t--t--. 

E >-+-+--+-<>--+~ 

E t-+-+-+-+-+--

G ~ 
t-' 

Figure 2. R3DOO Application Example with 128K Byte Segregated 
Instruction/Data Cache Using Eight Motorola MCM62995 Latched SRAMs 

MCM 

Motorola Memory Prefix _I 

ORDERING INFORMATION 
(Order by Full Part Number) 

T62995 
TXX t Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 

Part Number-----------' '--------- Package (FN = PLCC) 

Full Part Number- MCM62995FN17 MCM62995FN20 MCM62995FN25 
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MOS EEPROM. 



ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORY 
Motorola Address Operating 

Organ I- Part Access Time Current Pin 
Densl!Y_ zatlon Number _tns Marr {mA Marr Count Pack'!SJ'!ll.. 

2K 256Kx8 MCM2814P 3.S_M_ 10 8 lli>lDIP 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

256x8 BIT SERIAL EEPROM 

The MCM2814 is a 2048-bit serial electrically erasable PROM. 
Designed for handling data in applications requiring both non-volatile 
memory {Ind in-system information updates. 

The MCM2814 is fabricated in an 8-pin OIL package using floating­
gate HCMOS EEPROM technology. 

Features: 
2048 bits organised as 256 bytes. 
Byte programmable. 
3 - 6V supply during read operations. 
On-chip Programming Voltage Generator. 
Two programming modes: two-wire serial access, M-bus/four­
wire serial access SPI. 
Data protection of 1/4, 1/2, or 3/4 array with EEPROM bits. 
Simultaneous programming of 1 to 4 bytes. 

• Automatic byte address increment in Read mode. 
Chip selection with separate pin. 
Single 4.5V to 6V supply during programming. 
Digital filtering on Clock and Data inputs. 
Bit program operation: no byte erase necessary. 

• Data protection after Reset. 
• Write/Erase endurance:10000 cycles over 0 to 70 DEG C. 

Typically 100,000 W/E cycles at ambient temperatures. 
Data retention: 10 years 

Field 
Oxide 

FETMOS 
(Floating-Gate Electron Tunnelling MOS) 

Poly Oxide 

' \ 
\ 

\ 

N+ 

\ 

\ 

Thin Oxide 

I 
I 

/ _,...2nd Poly 
/ 

/ 
/ 

N+ 

P - Substrate 

Field 
Oxide 
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HCMOS 
(FLOATIN<MiATE TECHNOLOGY) 

268 x8 BIT 
ELECTRICALLY ERASABLE 
PROGRAMMABLE READ 

ONLY MEMORY 

Voo: 
vss: 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-04 

PIN ASSIGNMENT 

MCM2814 

PIN DESCRIPTION 

Power Supply 
Ground (Ref) 

External/ 
Test Connected to on-chip 

Voltage Multiplier output 

Mode= 
cso 
CS1 
SDA 
SCL 

Mode= 
SPISS 
SPISO 
SPISI 
SPICK 

OM-bus 
Chip Select (Hardwired) 
Chip Select (Hardwired) 
Serial Date 1/0 
Serial Clock Input 

1 SPI 
Slave Select Input 
Serial Data Output 
Serial Data Input 
Serial Clock Input 



MCM2814 

SECTION 1. PIN DESCRIPTION 

MCM2814 

*M-bus/SPI 

Figure 1 Pinout 

1.1 Vss/Voo (Pins 4/81 

Voo and Vss are used to power the circuit. In read mode 
this supply voltage must be comprised in the VooR range. 
(See 5.2 Electrical Characteristics). In program mode this 
supply range is limited to Voop. 

1.2 External/Test (Pin 7) 

This pin is used for testing the on-chip voltage multiplier 
that generates the programming voltage required for a 
program operation, and should be left open for 5 Volt only 
operation. 
An external capacitor (Low leakage) on this pin might have 
a positive impact on the programming endurance, as the 
VPP rise time will be increased. 
Recommendations will be issued after the 
characterisation. As this on-chip generator has a high 
impedance, an external supply can be connected to this 
pin. This also allows to block any inadvertant 
programming by maintaining this pin at Voo. 

1.3 Mode (Pin 3) 

This pin is used to select one of two modes of operation: 
M-bus mode at the low logic level or SPI mode at high 
level. 
This pin is usually hardwired to Vss orVoo. ltshould only 
be changed ifthe circuit is internally in a standby state. 
This pin is high impedance when Voo is at Vss level. 

1.4 CS1 I SPISO (Pin 21 

In M-bus mode, this pin is used for selecting multiple 
identical chips on the same serial bus. The chip address is 
formed by 5 bits predefined for this chip, followed by 2 
additional chip select bits. These last two bits must 

correspond to the CS 1 I CSO code for proper chip 
selection. Up to four MCM 2814can be connected on the 
same SCL and SDA lines. (See Figure 4). 

In SPI mode this pin is a push-pull slave data output 
(SPISO). It will shift-out byte addresses and data as 
described in Section 4. 
This pin is usually connected to the data input pin of a SPI 
master (MISO). 
This pin can not be pulled higher than 0.5 V above Voo. 
even if Voo is at Vss level. 

1.5 CSO I SPISS (Pin 1) 

In M-bus mode this pin is used in conjunction with CS 1 for 
chip selection. (See above). 

In SPI mode this pin is a Slave Select input. In this mode 
the serial access is deselected when the SPISS input is 
high, and the SPISO data output pin is forced high 
impedance. Multiple chips using the same SPICK, SPISI 
and SPISO lines, can be selected via this pin as described 
in Figure 10. 
After powering up the device, a falling edge of the SPISS 
line is required to start the SPI serial access. 

This pin is high impedance when Voo is at Vss level. 

1.6 SCL I SPICK (Pin 6) 

The serial clock is supplied on pin SCL I SPICK. This pin is 
an input only, therefore the chip can only operate as a 
slave under the control of a serial bus master. 
The clock input rising edge is used to shift in data present 
on the SDA/SPISI pin, and the falling edge is used to shift 
out data on the SDA or SPISO pin. 

This pin is high impedance when Voo is at Vss level. 

1.7 SDA I SPISI (Pin 5) 

In M-bus mode, SDA pin is used to transmit data serially in 
the memory (Receiver) or from the memory (Transmitter). 
Data transmitted via this pin includes chip addresses, byte 
addresses, byte data, Read/Write and acknowledge bits. 
When SDA is in output, it operates as a pull-down only 
device (Open-drain). The protocol of this transmission is 
described in Figures 5 and 6. 

In SPI mode, this pin is a Slave data Input (SPISI) only and 
is used to receive opcodes, byte addresses and byte data. 
It is usually connected to the data output pin of a SPI 
master. (MOSI). 

This pin is high impedance when Voo is at Vss level. 

MOTOROLA MEMORY DATA 

1().4 



MCM2814 

SECTION 2. EEPROM 

N+ N+ CG D s 
(READ ov VDD OV 

Source Drain LPROG 1 OV VPP OPEN 
LPROGO VPP ov ov 

Figure 2 EEPROM Transistor 

256 Bytes of EEPROM memory are implemented in a 
floating gate double poly-silicon process. A Byte Address 
register is used to select one of the bytes. Three basic state 
of operation can be distinguished : 

• Standby state. 
•Read state 
• Program state 

2.1 EEPROM Operation 

2. 1. 1 Standby State 

In this state, neither a programming, nor a serial 
transmission occurs, and the power consumption is 
minimum. (See 3.4. 1 and 4.5). 

2.1.2 Reed State 

In read state the data of the selected byte is transferred 
from the memory array to the data shift register used for 
the serial transmission. This state is active during a serial 
transmission. 

2. 1.3 Program State 

In this state, a programming voltage higher than Voo is 
necessary. Thill voltage is generated by the on-chip 
voltage multiplier or can be supplied externally. During 
programming Voo must be within the Voop range. (See 
5.2). 

In M-bus mode, the programming starts at the end of a 
write command, when a STOP or a new START condition 
occurs. The programming is enabled at this time, as well 

a11 the on-chip voltage multiplier. If there is a capacitive 
load on the Vpp pin, the Vpp rise time should be added to 
the minimum program time tPROG· 

In SPI mode, programming could start when a write serial 
transmission is ended with an SPISS rising edge. Actual 
programming will only happen if enabled by a Vpp enable 
serial command. This command can be transmitted 
before or after the write sequence. 

2.2 EEPROM Data Protec:tlon 

Some circuitry has been included to prevent unwanted 
modification of EEPROM data, and is described below. 
However, a noisy serial link is very often the cause of bad 
data or data written to the wrong address. Besides 
measures to reduce this noise on the board, the serial 
clock and data inputs (SCL/SDA) have Schmitt triggers 
and digital filters to reject some of the noise. 

2.2. 1 Power Up Reset 

Immediately after power is applied, programming is 
inhibited to prevent EEPROM data loss during the system 
power up. 

In both modes this condition is removed when a READ 
is performed. 
In M-bus mode, this condition is removed by reading 
the data in any byte address using the normal read 
sequence. 

In SPI mode, it is sufficient to send the READ opcode 
before a new Vpp enable command and the write 
sequence. 

MOTOROLA MEMORY DATA 
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At Reset the following circuitry is initialised: 

• The circuit is in standby state. 
• In M-bus mode, it' is waiting for a start condition. 
• In SPI mode, it is waiting for a high to low SPISS 

transition. 
• The data outputs are high impedance (SDA, SPISO). 
• The programming is disabled. 
• The on-chip Vpp generator is off. 

2.2.2 Programming Voltage Enable 

In SPI mode only, an internal programming voltage enable 
flip-flop can be set or cleared with two separate opcodes, 
thus reducing the risk of unwanted EEPROM 
programming. 

2.2.3 Array Write Protect 

In both modes, byte address 255 ($FF) contains EEPROM 
bits with a special function. When one or two bits of this 
address are programmed at once, the programming of 
EEPROM sections is inhibited according to the following 
table: 

0-at P....-.cl No. of Bytes 
ADDRSFF Add- Pro-.ct 

xxxx ooxx No Write Prot. 
xxxx OtXX $CO-$FB 60 
xxxx 10XX $80-SFB 124 
xxxx 11XX $40-SFB 188 -

X = Don't care 

Table 1 EEPROM Write Protect 

This protection is reversible as address 255 ($FF) can be 
modified at any time. 

2.3 EEPROM Properties 

NO ERASE : Unlike most EEPROM's it is not necessary to 
erase a byte before writing new data to it. 
The program operation takes tPROG and must be 
externally timed. 

CUMULATIVE : As the programming operation is under 
external control, it can be done at once or at various time 
frames as long as the total programming time exceeds the 
specified minimum tPROG value. 
tPROG is defined with Vpp at its programming level. 

SELF LIMITING : Excess pogramming has no positive 
effect, as programmed EEPROM thresholds will 
asymptotically reach their nominal values. Programming 
durations above the recommended tPROG have negative 
impacts on the EEPROM programming endurance. 

2.4 EEPROM Reliability 

Reliability figures are statistical in nature. Therefore no 
minimum or maximum specifications can be applied. The 
result of re:iability tests will be published instead. These 
tests are conducted on a regular basis during the 
production life of a circuitand reports are available upon 
request. 

2.4.1 Data Retention 

Typical data retention should exceed 10 years for the 
specified operating temperature range. Data retention is 
usually tested with the device under bias, but without 
accessing the EEPROM array. 

2.4.2 Read Stress 

Unlike some non-volatile memories, there should be no 
disturbance of the stored data under continuous read of 
EEPROM bytes. The life limit under continuous read 
condition should therefore be similar to the normal 
operating life of the device. 

2.4.3 Program Endurance 

As for all EEPROM'S, there is a wearout mechanism 
associated with the programming mechanism on the 
non volatile memory. More than 10,000 programming 
cycles should be possible per memory bit, additionally 
100,000 cycles is typical for the specified temperature 
range. A programming cycle is defined as a 0 to 1 to 0 
programming. Unlike most EEPROM'S where the whole 
byte is erased before being re-programmed, if just one 
bit is modified in a byte, only this bit will see the 
programming stress. 
Some endurance experiments have shown that the 
number of programming cycles can be increased if the 
Vpp rise time is increased. This can be achieved with an 
external capacitor on Vpp when the on-chip Vpp 
generator is used. In SPI mode, the Vpp should. be 
enabled after the write command has been transmitted. 
If an external Vpp is provided, it should be ramped up 
only after the write command is transmitted. In this 
case, a Vpp above the maxim1Jm value also has a 
negative impact on the endurance. 

2.5 Vpp Voltage Multiplier 

In M-bus mode, the on-chip Vpp generator is turned on or 
off automatically during a program sequence. 

In SPI mode, it is switched on only after a serial. Vpp enable 
command has been issued, independently of write or read 
commands. 
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SECTION 3. M-BUS OPERATING MODE 

The MODE pin can be hardwired to Voo or Vss to select 
two different modes of operation. Differences are at the 
serial transmission level and in the EEPROM operation. 
They are called M-bus mode and SPI mode. 

3.1 M-bus Mode 

Only two wires are needed to control the device operation. 
The serial transmission of this mode is similar to the UC (*i 
serial communication standard. It features : 

On.ChipVpp 
Generator 

Chip 
Address 

M-Bus 
Interface 

• Up to 4 identical chips on the same 2 wire bus. 
• CS 1 I CSO pins for chip selection. 
• SCL clock line, input only. 
• SDA line used as Input and Output. 
• Data acknowledge bit generated. 
• Auto programming after reception of new data. 
• Programming time under external control. 
•Write inhibit after reset. 

•nc is a trademark of Philips 

Memory 
Arrey 

2568ytes 

Bit Drive 
and Sense 

Data Reg. 

Figure 3 M-bus Block Diagram 

3.2Lexicon 

This lexicon will describe some terms used in this serial 
interface description. 

MASTER : The device that initiates the serial transmission 
is designated as master. In general, it is the device 
generating the clock. This memory can never function as a 
master. 

SLAVE : This memory always operates as a slave. 

TRANSMITTER :ThedevicewithitsSDApininoutputisa 
data transmitter. In the case of multiple devices in output, 
the device sending a low level will win due to the Open­
Drain connection. 

RECEIVER : A device that has been properly selected by a 
chip address followed by a write bit is a receiver, and will 

MOTOROLA MEMORY DATA 

10-7 

• 



MCM2814 

shift data present on the SDA pin in internal registers. 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

START CONDITION: The start condition is defined as a 1 
to 0 transition of SDA when SCL is high. The first byte of 
data following a start condition includes the chip address 
followed by the R/W bit. All devices connected on the 
same bus receive this data to check if they are addressed. 

STOP CONDITION : The stop condition is defined as a Oto 
1 transition of SDA when SCL is high. In this circuit, the 
stop condition is never mandatory. An EEPROM 
programming can be initiated by the STOP or also by any 
following START condition. 
A STOP after a serial read sequence will put the device in 
standby state. 

CHIP ADDRESS: The first byte transmitted after a START 
contains the chip address followed by the Read/Write bit. 
The 7 bit chip address is formed of5fixed bits followed by 
2 chip select bits. 
Fixed bits are 101 OX for this device (X is a don't care bit). 

3.3 Chip Selection 

The 2 chip select bits must correspond to the 2 chip select 
inputs for proper chip selection. By this means, up to 4 
identical chips can be connected on the same SDA I SCL 
lines, in order to form a memory bank of up to 8 KBits. 

READ/WRITE BIT: The 8th bit transmitted by the master 
after the 7 bit chip address will indicate the direction of 
transfer for the next bytes. (Until a new start or stop). If 
low, the following bytes are transmitted by the master. If 
high, the following bytes are transmitted by the MCM 
2814. 

BYTE ADDRESS : The ti rst byte of data received by the 
memory after the chip address, will be latched in the byte 
address register and is used to select one of the 256 
EEPROM bytes. 

ACKNOWLEDGE BIT: This bit is sent by the selected 
receiver on the data line after a byte reception. Due to the 
open drain structure, a valid acknowledge bit corresponds 
to a low level. While operating as a transmitter, sending a 
sequence of data bits, this device will check the 
acknowledge bit generated by the master. The absence of 
this bit will stop the transmission of data. 

The 2 chip select bits transmitted in the chip address must match the status of CS 1 and CSO inputs. 

Master 
MCU 

VbD--<> 

Vss ""} 

3.4 Protocol 

SDA 

SCL 

SDA 2814 CS1 

SCL MODE cso 

SDA 2814 CS1 

SCL MODE cso 

----~SDA 2814 CS1 

SCL MODE CSO 

----~sDA 2814 CS1 

SCL MODE CSO 

At the protocol level, the transmission of data is defined in 
the form of sequences of Start (STA). Stop (STO) 
conditions, and bytes followed by acknowledge bits. 

3.4.1 Standby State 

When no serial transmission and no programming are 

Pin Status Chip .ll.ddress 

Mode CS1 cso Transmitted 

0 1 1 1010 X11 
0 1 0 1010 X10 
0 0 1 1010 X01 
0 0 0 1010 xoo 

X = Don't care 

Figure 4 M-bus Chip Selection 

made, the circuit is in standby. A STOP condition following 
a read sequence or a write; byte address sequence (without 
data write), will put the circuit in standby. A new START 
condition will wake up the device, to get the chip address. 
If the chip address is not valid, the device will return in 
standby. 
The power consumption is minimum in standby. 
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Write One Byte 

STA CHIPADDR 0 A s 

PROGRAM STA 

Write up to 4 Bytes 

STA CHIPADDR 0 A s 

BYTEADDR 

CHIPADDR 

BYTEADDR 

A 
s 

R A 
ws 

I 

DATA IN 

STOPPROG. 

A 
s DATA IN 

A STO 
S STA 

I 
STARTPROG. 

A 
s DATA IN A 

s 

(CONT.) I 
: : ~A~A1~: : 1~1~i~I 

I 
PROGRAM I STA I : ~Hl~A~D~ : 1~1~1 

I 
STARTPROG. STOPPROG. 

STA: Start Condition 
STO: Stop Condition 

R/W BIT: 1 = Read/O =Write AS: Slave Acknowledge (2814) 
INC: Increment Byte Address AM: Master Acknowledge 

Figure 5 M-bus Write Protocol 

3.4.2 Write Sequence 

The serial write to the memory includes a serial 
transmission of the byte address and the data to be 
written. When this is completed by a stop or a new start 
condition, the programming sequence is initiated. 

Programming is under control of the master. It is initiated 
by the write sequence just described, and stopped by any 
new valid selection of the chip. 
Therefore, the tpRQG time is defined as the time between 
these two operations, and is defined by the master. 

Bad chip addresses or chip addresses for other chips on 
the same bus do not suspend the programming. 

The on-chip Vpp generator is automatically turned on or 
off when needed. If an external Vpp is applied, the 
programming voltage is only allowed into the array during 
the above defined tPROG time. 

It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 

3.4.3 Read Sequence 

Reading data from the memory is made in two steps. First 
the byte address must be loaded in the byte address 
register. Then data can be read out of the memory. The 
first step is only required to define the byte address. If this 
address was predefined from a previous read this step can 
be skipped. 
The byte address is automatically incremented after each 
data byte transmitted. 
This is also valid after the last byte of a transmission. 
Therefore, the next read sequence without any byte 
address specified, will transmit data of the next byte. A 
read sequence will transmit data bytes of successive 
addresses until the absence of the acknowledge bit from 
the master. In this case the SDA output driver will switch 
off and the circuit will go to standby. 
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Read One Byte. (Inc. Write Byte Address) 

STA CHIPADDR o A s BYTEADDR 

Read One More Byte. (Byte Address Defined) 

A STA s CHIPADDR 

JsTAI : ~H1~A~o~ : / 11~1 : :oA~~o~< : / 1 l~i~I 
I "-. 

Read Many Bytes 

STA CHIPADDR 0 A s BYTEADDR 

INC OPTIONAL 

A STA s CHIPADDR 

A 
s 

A 
s 

DATA OUT 1 STO 
STA 

I 
INC 

OPTIONAL 

(CONT.) I : :D~T~O~< : 1~1 : :D~T~O~< : 1~1 : :D~T~O~T: : 

I I 

I 

I 1 l~i~/ 
I 

INC INC INC 

STA: Start Condition R/W BIT: 1 = Read/O =Write AS: Slave Acknowledge (2814) 
STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge 

Figure 6 M-bus Read Protocol 

NO MASTER 
READ ACK. 

ST~T CHIPADDRESS BIT 2814 ACK DATAOUT I ST~ 
-!-i-1 ~ - "VI 1 / r - y - Y - v - -y - r---'\ : rt-
~~ - .J.__J 1.-...1...-Jl..-..A.-.A.-.A.-J L.!.Jj 
I I 

ltLJiL _ Ji\..f8\J9\JiV2 -~ ,_ 
SDA CONTROL: --. --MASTER - - - MCM 2814 

Figure 7 M-bus Read Detail 
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3.4.4 Signal Levels 

SDA 
INPUT 

SCL 
INPUT 

IHSTA tssoA 

IFI IRI 

IHSDA tssTo 

I 
I .... __ 

IBUF 

I ... _ -
ICLL tosoA 

1-f 
START STOP START 

SDA 
OUTPUT 

tRQ tFQ 

Figure 8 M-bus Timings 

Electrical and switching characteristics are described in 
Section 5. 
During a transmission, SDA line transitions must occur 
when SCL is low. A negative transition of SDA with SCL 
high is recognised as a START condition, the positive 
transition as a STOP condition. 

The acknowledge bit is provided by the device receiving 
data. Therefore, during this time the data transmitter must 
leave the SDA line at high impedance. 
As this memory has an open drain SDA output, an external 
pull-up resistor to Voo should be included on SDA line. 

SECTION 4. SPI OPERATING MODE 

The serial transmission of this mode requires 4 wires to 
control the device operation. It features: 

• Multiple chips on same 3 wire bus with separate chip 
select lines. 

• SPISS chip selection. 
• SPICK clock line, Input only. 
• SPISI line used as Input only. 
• SPISO line used as Output only. 
• No acknowledge bit. 

• Programming under control of the master via serial 
opcodes. 

• Programming time under external control. 
• Write inhibit after reset. 
• Write enable/disable via serial opcodes. 
• Byte address output for transparency. 

This SPI mode can be used with the SPI of Motorola 
Microprocessor MC6805S2/S3, MC6805K2/L3/L8, 
MC68HC05C4 and MC68HC11. 

MOTOROLA MEMORY DATA 
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4.1 SPI Serial Interface 

SPI 
Interface 

Figure 9 SPI Block Diagram 

Data OUT (MOSI) 

Data IN (MISO) ...._ 
~I 5Pl51 

Master SPICK t-1 ~ 5PISO 

MCU ~ 5PICK 

553 SS2 SSl SSO 

~ 5PISI 

f-"1 ~ 5PISO 

5PICK 

~ 
5Pl51 

~ SPl50 

SPICK 

VDD--o ~ 
5Pl51 

v55"""J' ~ SPl50 .... SPICK 

... 
Figure 10 SPI Chip Selection 
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MCM2814 

The serial interface via pins SPICL, SPISI and SPISO is 
compatible with the SPI standard when the MODE pin is 
high. 

4.2 Leximn 

This lexicon will describe some terms used in this serial 
interface description. 

MASTER : The device that generates the serial clock on 
SPICK is designated as master. This memory can never 
funetion as a master. 

SLAVE : This memory always operate as a slave as the 
SPICK pin is always an input. 

TRANSMITTER I RECEIVER : This device has separate 
pins for data transmission (SPISOI and reception (SPISI}. 
Simultaneous data input and output can therefore occur 
when the chip is selected with SPISS and is clocked 
(SPICK). 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

CHIP SELECT: The chip is selected when pin SPISS is low. 
When the chip is not selected, no data will be input from 
pin SPISI, and output pin SPISO is high impedance. 

SPI Negative Clock 

4.3 Serial Op-Code 

The first byte transmitted after the chip is selected with 
SPISS going low, contains the opcode that defines the 
operation to be performed. 

=:smltted Opention 

1010 0111 Read byte address followed by data. 
1010 0110 Program enable. Vpp generator ON. 
1010 0100 Program disable. Vpp generator OFF. 
1010 0010 Write (Program) data. 

Table 2 SPI Opcodes 

All other codes are invalid. After an invalid code is 
received, no data is shifted in the MCM 2814 and the 
SPISO data output is high impedance until a new SPISS 
falling edge re-initialises the serial communication. 

4.4 Protocol 

The MCM2814 SPI interface accepts both a negative or 
positive clock. 
The SPI protocol for this device defines the bytes 
transmitted on the SPISI and SPISO data lines for proper 
chip operation. 

SPI Positive Clock 

SPISS \ r \ r 
SPICK 

~; SPISI 

SPISO ~= 

4.5 Standby State 

~; 
--G!iiL: 

Positive Clock Edge: Shift IN 
Negative Clock Edge: Data OUT 

Figure 11 SPI Clock Phase and Polarity 

The circuit is in standby when no serial transmission takes 
place, when no write is waiting for the Vpp enable 
command and when the Vpp generator is off. 

• A Vpp disable command. 
• A Read, providing no Vpp enable command has been 

issued previously, 
When SPISS is high, standby state will follow: 
• A power up reset. The power consumption is minimum in standby. 
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4.6 Read Sequence 

Read One or More Bytes 

SPISS 

SPISI :ss1X READCODE X BYTEADDR X\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
SPISO -{ iJm'l'b'Bi! X ,f#i¥l'bl/i~ X BYTEADDR X DATA(n) X DATA(n+1) x::: }-

Invalid Opcodes 

SPISS \ I 
SPISI SS1X BADCODE X\\\\\\\\ 
SPISO -( i!'#i¥JPclll. )~-----

Figure 12 SPI Read 

Reading the memory via the serial SPI link requires the 
following sequence. The SPISS line is pulled low to select 
the device. The read opcode is transmitted on the SPISI 
line followed by the byte address. When this is done, data 
on the SPISI line has no more influence on the memory. At 
the beginning of an SPI transaction, the SPISO buffer is 
turned on and will shift out the current byte address. This 

4. 7 Program Sequence 

Write One to Four Bytas 

SPISS 

can be used for a relative addressing of the byte address. 
The new byte address is then transmitted followed by 
corresponding data. If just one byte is read, SPISS can be 
pulled back to the high level. It is possible to continue the 
read sequence, as the byte address is automatically 
incremented. The byte address is shifted out only once, in 
the beginning of a transmission. 

SPISI 

SPISO 

........... ~w_R_IT_E_c_o_o_eJ~-BYT_E_A_o_oR_n_,, __ o_A_T_A_(n_l....1~0-A_TA_(_n_+_11_,,~ = ~ 
,__i!'_~_'\l'_Jru_'Bii __ .- . ..._.l_~_v_~_ol/i_~.__~B-YT __ E_A_o_oR __ n,,_B_.A_o_o_R_n_+_1J~-- = =:::::::r-

Vpp Enable/Disable 

SPISS \ I \ ~ 
SPISI SS1X VPPEN. X\\\\\\\\\ \\X VPPDIS. X\\\\\\\\ 
SPISO --{ i!'Nl'bl/i~ } { i!'N~ilb~ ) 

Figure 13 SPI Program 

To program a byte, two separate conditions must be 
simultaneously present. The program must be enabled via 
the Vppenable command, and a serial write must be done. 
The Vpp enable will also turn on the on-chip Vpp 
generator. At this time, the chip is obviously not in 
standby, even if SPISS is high. The program disable 
command will stop the on-chip Vppsupply and protect the 

EEPROM data against unwanted modifications. An 
external Vpp supply will also be internally enabled or 
disabled by this mechanism. 
A write serial sequence includes an SPISS high to low 
transition, followed by the write code on the SPISI line. 
The byte address followed by the corresponding data to 
be written are then shifted through the SPISI pin. At the 

MOTOROLA MEMORY DATA 
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beginning of an SPI transaction, the SPISO buffer is turned 
on and will shift out the current byte address. This can be 
used for a relative addressing of the byte to be 
programmed. The new byte address is also echoed for 
possible checking by the master. If Vpp is enabled, the 
programming will start after the SPISS line goes back to a 
high level. It is also possible to issue the Vpp enable 
command after the write sequence. 
If the Vpp enable command is issued after the serial write, 
no Read or invalid code should be transmitted in between 
as this would clear the programming latch containing the 

4.8 Signal Levels 

SPISS 
Input 

Negative 
SPICK 
Input 

SPISI 
Input 

-
l 

1t 

ts so 

tss 

ICLL 
IF! .j ~ ..... 

~ 1t 

IRI 
~i--

r-
1 't\. 

IRI 

data to be programmed. 
The programming is suspended when a new chip 
selection with SPISS low occurs. It is then possible to send 
a new write command to program new data. A Vpp enable 
or a Read command will stop the programming. 

It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 

ISSN IRI 
~ r+-

ICLH 

ISSDA 
IHSDA ~ 

-.j 1--
_'..DSD~ 101s IFI ... 14- I- ISSDA ~ 

SPISO 
Output 

Positive 
SPICK 
Input 

v 
~ 

tss 

¥r-\ 
--" 1--

( 
IRQ• ~ 

ICLH 
~1.-

IFQ 

ICLL ~I 

I\ 
1t 

-i }.-

Figure 14 SPI Timings 

Electrical and switching characteristics are described in Section 5. 
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SECTION 5. CHARACTERISTICS 

Vss= ov 

5. 1 Maximum Ratings 

Rating Symbol Value Unit 

Supply Voltage Voo -0.3to+7.0 Vdc 
Input voltage pins 1, 3, 5, 6 Vin -0.3to+7.0 Vdc 

Input voltage pin 2 Vin -0.3toVoo +0.3 Vdc 

Current on any Input lin 0.1 mA 

Sink current SDA ISDAL 10 mA 

Sink current SPISO ISOL 10 mA 

Source current SPISO ISOH 10 mA 

Operating temperature TA Oto70 'C 
Storage temperature Ts -55to 125** 'C 
Junction Temperature Tj 150** 'C 
Thermal resistance Thja 200 'C/W 

Stresses above those listed under 'Maximum Ratings' may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum operating conditions for extended periods may affect reliability. 

**In particular, continuous high temperature application may cause leakage of stored charge in EEPROM, resulting in data loss. 

5.2 Electrical Characteristics 

Characteristic Symbol Min Typ Max Unit 

Supply voltage STANDBY voos 6.0 Vdc 
Supply current STANDBY* ioos - 0.5 1.0 µA 
Supply voltage READ** VooR 3.0 6.0 Vdc 
Supply current READ* IOOR - 0.3 1.5 mA 
Supply voltage PROG • • VooP 4.5 - 6.0 Vdc 
Supply current PROG* iooP - 0.5 3.0 mA 

*Inputs at Vss or Voo· 
••A sapsrate data aheet will be available for 3.3 V :I: 10% operation. 
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5.3 Electrical Characteristics 

Characteristic Symbol Min Typ Max Unit 

SCL, SDA, SPISS, SPISI Inputs 

Input low voltage V1L -0.3 o.3*VDD Vdc 
Input high voltage V1H o.7*VDD VDD +o.3 Vdc 
Input leakage llN ±10 µA 

SDA/SPISO Pull down Outeuts 

Output low loL <10µA VOL - - 0.1 Vdc 
Output high leakage IOH - ±10 µA 
Output low IOL = 3 mA VOL - - 0.4 Vdc 

VDD= 5V 
Output low IOL = 1 mA VOL - 0.4 Vdc 

VDD= 3V 

SPISO Pull up Output 

Output high IOH = 1 .6 mA VQH VDD-o.s Vdc 
VDD = sv 

Output high IQH = 0.4 mA VQH VDD-0.3 Vdc 
VDD= 3V 

MODE, CS1, CSO Inputs 

Input low voltage V1LV -0.3 o.3*VDo Vdc 
Input high voltage V1H o.7*VDD VDD + o.3 Vdc 
Input leakage l1N ±10 µA 

Input capacitance C1N 10 pF 

5.4 SWITCHING PARAMETERS 

5.4. 1 General Characteristics 

Parameter Parameter Min Typ Max Min 

Programming time 1 byte t PROG 10 - - mS 

Programming time 4 bytes t PROG 20 - - mS 

Write/Erase at 0 to 70 DEG C cyW/E - - 10,000 cycles 

Write/Erase at ambient temperature cyW/E - 100,000 - cycles 

MOTOROLA MEMORY DATA 
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5.4.2 Serial Bus Input 

Chencterlstic Symbol 

SDA/SPISI, SCL/SPICK, SPISS lneuts 

Clock frequency FscL 
Clock High time tCLH 
Clock Low time tCLL 
Stop to Start delay teuF 
Start hold time tHSTA 
Data hold time tHSDA 
Data set-up time tssoA 
Input Rise time tRI 
Input Fall time tfl 
Stop set-up time tssTo 
SPISS Lead time tss 
SPISS Lag time tssN 

All values refer to V1H and VIL levels. 

5.4.3 Serial Bua Output 
Voo = 5Vdc ±10%. TA= Oto 70"C. CL= 200 pf. 

Cherecterlltic Symbol 

SDA/SPISO Outputs 

Data delay tosoA 
Rise time SDA tRO 
Rise time SPISO tRO 
Fall time tFQ 
SPI select time tsso 
Disable time to1s 

Voo = 3.3Vdc ± 10%. TA= Oto70"C. CL= 200 pf. 

Chehlcteristic 

SDA/SPISO Outputs 

Data delay 
Rise time SDA 
Rise time SPISO 
Fall time 
SPI select time 
Disable time 

All values referrad to V1H and V1L lavels. 
*Depends on external pull-up resistor value. 

Symbol 

tosoA 
tRO 
tRO 
tfo 

tsso 
to1s 

Min 

0.0 
4.0 
4.0 
4.0 
4.0 
0.0 
250 

-
-

4.0 
4.0 
4.0 

Min 

-
-
-
-
-
-

Min 

-
-
-
-
-
-
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Typ Mex Unit 

- 125 kHz 

- - .,.s 

- - .,.s 

- - .,.s 
- - ...s 
- - ...s 
- - nS 

- 1.0 ...s 
- 300 nS 

- - ...s 
- - ...s 
- - ...s 

Typ Max Unit 

1.5 3.5 ...s 
- * nS 

- 100 nS 

- 100 nS 

- 1.2 .,.s 
1.5 3.5 .,.s 

Typ Max Unit 

2.0 3.5 ...s 
- * nS 

200 nS 

- 200 nS 

- 1.5 ... s 
2.0 3.5 .,.s 
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MILITARY PRODUCTS 

MEMORIES 

MIL-STD-883C 

Bipolar Memories 883C Package Type and Lead Finish 

Device 883C Description Pins OIL FP CAN LCCC 

10539 /B 32 x B-Bit ECL PROM, 17 ns 16 EA FA 2A 
10545 /B 64-Bit ECL Register File, RAM, 1 B ns 16 EA FA 2A 
10549 /B 256 x 4-Bit ECL PROM, 30 ns 16 EA FA 2A 
10552 /B 256 x 1-Bit ECL RAM, 15 ns 16 EA FA 2A 
93415 /B 1024 x 1-Bit RAM, Open-Collector 16 EA FA 

93422 /B 256 x 4-Bit RAM, 3-State Output, 60 ns 22 WA 
93422A /B 256 x 4-Bit RAM, 3-State Output, 45 ns 22 WA 
93L422 /B 256 x 4-Bit RAM, 3-State Output, 75 ns, Low Power 22 WA 
93425 /B 1024 x 1-Bit RAM, 3-State Output 16 EA FA 

High Speed CMOS Ill Cache Tag Memories 883C Package Type and Lead Finish 

Device 883C Description Pins SBDIL FP CAN LCCC 

41B0-30 /B 4K x 4 Cache Tag RAM Comparators, 30 ns 22 3090 
41B0-35 /B 4K x 4 Cache Tag RAM Comparators, 35 ns 22 3090 
41B0-40 /B 4K x 4 Cache Tag RAM Comparators, 40 ns 22 3090 
62300-30 /B 4K x 4 Cache Tag RAM Comparators, 30 ns 24 Planned 
62350-35 /B 4K x 4 Cache Tag RAM Comparators, 35 ns 24 Planned 

62350-40 /B 4K x 4 Cache Tag RAM Comparators, 40 ns 24 Planned 
62351-30 /B 4K x 4 Cache Tag RAM Comparators, 30 ns 24 Planned 
62351-35 /B 4K x 4 Cache Tag RAM Comparators, 35 ns 24 Planned 
62351-40 /B 4K x 4 Cache Tag RAM Comparators, 40 ns 24 Planned 

CMOSDRAMs 883C Package Type and Lead Finish 

Device 883C Description Pins SBDIL FP CAN LCCC 

511000-BO /B 1 M x 1 High Speed DRAM, Fast Page Mode, BO ns 1B 3090 
511000-BO /B 1 M x 1 High Speed DRAM, Fast Page Mode, BO ns 20 3090 
511000-90 /B 1 M x 1 High Speed DRAM, Fast Page Mode, 90 ns 1B 3090 
511000-90 /B 1 M x 1 High Speed DRAM, Fast Page Mode, 90 ns 20 3090 
511000-110 /B 1 M x 1 High Speed DRAM, Fast Page Mode, 110 ns 1B 3090 
511000-110 /B 1 M x 1 High Speed DRAM, Fast Page Mode, 11 o ns 20 3090 

SlowSRAMs 883C Package Type and Leed Finish 

Device 883C Description Pins SBDIL FP CAN LCCC 

60256-100 /B 32K x B Slow Static RAM, 100 ns 2B 4090 
60256-110 /B 32K x B Slow Static RAM, 11 O ns 2B 4090 
60256-130 /B 32K x B Slow Static RAM, 130 ns 2B 4090 

DSPRAMs 883C Package Type and Lead Finish 

Device 883C Description Pins OIL FP CAN CLCC 

56B24-35 /B BK x 24 DSP RAM, 35 ns 52 Planned 
56B24-40 /B BK x 24 DSP RAM, 40 ns 52 Planned 
56B24-45 /B BK x 24 DSP RAM, 45ns 52 Planned 
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MILITARY PRODUCTS 

MEMORIES 

MIL·STD·883C 

High Speed CMOS Ill Static Memories 883C Package Type and Lead Finish 

Device 883C Description Pins OIL FP CAN LCCC 

6164-55 /B BK x B Fast Static RAM, 55 ns 2B XA 
6164-55 /B BK x B Fast Static RAM, 55 ns 32 UA 
6164-70 /B SK x 8 Fast Static RAM, 70 ns 28 XA 
6164-70 /B BK x B Fast Static RAM, 70 ns 32 UA 
616B-55 /B 4K x 4 Fast Static RAM, 55 ns 20 RA UA 

6168-70 /B 4K x 4 Fast Static RAM, 70 ns 20 RA UA 
6206-35 /B 32K x B Fast Static RAM, 35 ns 28 3090 
6206-35 /B 32K x B Fast Static RAM, 35 ns 32 3090 
6206-45 /B 32K x 8 Fast Static RAM, 45 ns 28 3090 
6206-45 /B 32K x 8 Fast Static RAM, 45 ns 32 3090 

6206-55 /B 32K x B Fast Static RAM, 55 ns 2B 3090 
6206-55 /B 32K x 8 Fast Static RAM, 55 ns 32 3090 
6206-70 /B 32K x B Fast Static RAM, 70 ns 2B 3090 
6206-70 /B 32K x 8 Fast Static RAM, 70 ns 32 3090 
6206-100 /B 32K x B Fast Static RAM, 100 ns 2B 3090 

6206-100 /B 32K x B Fast Static RAM, 100 ns 32 3090 
6264-35 /B BK x B Fast Static RAM, 35 ns 2B XA 
6264-35 /B BK x B Fast Static RAM, 35 ns 32 3090 
6264-45 /B BK x B Fast Static RAM, 45 ns 2B XA 
6264-45 /B BK x B Fast Static RAM, 45 ns 32 3090 

62L64-35 /B BK x B Fast Static RAM, 35 ns, Low Power 2B XA 
62L64-35 /B BK x 8 Fast Static RAM, 35 ns, Low Power 32 3090 
62L64-45 /B BK x 8 Fast Static RAM, 45 ns, Low Power 2B XA 
62L64-45 /B BK x B Fast Static RAM, 45 ns, Low Power 32 3090 
626B-35 /B 4K x 4 Fast Static RAM, 35 ns 20 RA 2090 UA 

626B-45 /B 4K x 4 Fast Static RAM, 45 ns 20 RA 2090 UA 
62B7-35 /B 64K x 1 Fast Static RAM, 35 ns, Low Power 22 XA UA 
62B7-45 /B 64K x 1 Fast Static RAM, 45 ns, Low Power 22 XA UA 
62LB7-35 /B 64K x 1 Fast Static RAM, 35 ns, Low Power 22 XA UA 
62LB7-45 /B 64K x 1 Fast Static RAM, 45 ns, Low Power 22 XA UA 

62BB-35 /B 16K x 4 Fast Static RAM, 35 ns 22 XA UA 
62BB-45 /B 16K x 4 Fast Static RAM, 45 ns 22 XA UA 
62L88-35 /B 16K x 4 Fast Static RAM, 35 ns, Low Power 22 XA UA 
62LB8-45 /B 16K x 4 Fast Static RAM, 45 ns, Low Power 22 XA UA 
6290-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns 24 LA 

6290-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns 28 3090 
6290-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns 24 LA 
6290-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns 28 3090 
62L90-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 Low Power 24 LA 
62L90-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns, Low Power 28 3090 
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MILITARY PRODUCTS 

MEMORIES 

MIL·STD-883C 

High Speed CMOS Ill Static Memories 883C Package Type and Lead Finish 

Device 883C Description Pins OIL FP CAN LCCC 

62L90-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns, Low Power 24 LA 
62L90-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns, Low Power 28 3090 
6292-30 /B 16K x 4 Synch SAAM, Transparent Output 30 ns 28 4090 
6292-30 /B 16K x 4 Synch SAAM, Transparent Output 30 ns 32 4090 
6292-35 /B 16K x 4 Synch SAAM, Transparent Output 35 ns 28 4090 

6292-35 /B 16K x 4 Synch SAAM, Transparent Output 35 ns 32 4090 
6292-40 /B 16K x 4 Synch SAAM, Transparent Output 40 ns 28 4090 
6292-40 /B 16K x 4 Synch SAAM, Transparent Output 40 ns 32 4090 
6293-30 /B 16K x 4 Synch SAAM, Synch Output, 30 ns 28 4090 
6293-30 /B 16K x 4 Synch SAAM, Synch Output, 30 ns 32 4090 

6293-35 /B 16K x 4 Synch SAAM, Synch Output, 35 ns 28 4090 
6293-35 /B 16K x 4 Synch SAAM, Synch Output, 35 ns 32 4090 
6293-40 /B 16K x 4 Synch SAAM, Synch Output, 40 ns 28 4090 
6293-40 /B 16K x 4 Synch SAAM, Synch Output, 40 ns 32 4090 
6294-30 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 30 ns 28 2090 

6294-30 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 30 ns 32 2090 
6294-35 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 35 ns 28 2090 
6294-35 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 35 ns 32 2090 
6294-40 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 40 ns 28 2090 
6294-40 /B 16K x 4 Synch SAAM, Out Reg/Out Enable, 40 ns 32 2090 

6295-30 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 30 ns 28 4090 
6295-30 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 30 ns 32 4090 
6295-35 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 35 ns 28 4090 
6295-35 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 35 ns 32 4090 
6295-40 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 40 ns 28 4090 
6295-40 /B 16K x 4 Synch SAAM, Transparent Output, Out Enable, 40 ns 32 4090 
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MILITARY PRODUCTS 

MEMORIES 

Standard Mllltary Drawings (SMD) 

BlpolarRAM SMD Package Type and Lead Finish 

Device l SMD l Description l Pins OIL l FP l CAN l LCCC 

10545 15962-BB56001 164-Bit Register File (RAM) l 16 EA l FA l l ZA 

HCMOS Ill Static RAMs SMD Package Type and Lead Finish 

Device SMD Description Pins OIL FP CAN LCCC 

6164-55 5962-B552505 BK x B Fast Static RAM, 55 ns 2B XA 
6164-55 5962-B552505 BK x B Fast Static RAM, 55 ns 32 YA 
6164-70 5962-B552504 BK x B Fast Static RAM, 70 ns 2B XA 
6164-70 5962-B552504 BK x B Fast Static RAM, 70 ns 32 YA 
616B-55 5962-B670507 4K x 4 Fast Static RAM, 55 ns 20 RA XA 

616B-70 5962-B670509 4K x 4 Fast Static RAM, 70 ns 20 RA XA 
6206-45 5962-BB66204 32K x 8 Fast Static RAM, 45 ns 28 3090 
6206-45 5962-8866204 32K x 8 Fast Static RAM, 45 ns 32 3090 
6206-55 5962-B866203 32K x 8 Fast Static RAM, 55 ns 28 3090 
6206-55 5962-8B66203 32K x 8 Fast Static RAM, 55 ns 32 3090 

6206-70 5962-BB66202 32K x 8 Fast Static RAM, 70 ns 28 3090 
6206-70 5962-8B66202 32K x B Fast Static RAM, 70 ns 32 3090 

6206-100 5962-8B66201 32K x 8 Fast Static RAM, 100 ns 28 3090 
6206-100 5962-B866201 32K x 8 Fast Static RAM, 100 ns 32 3090 

6264-35 5962-B552507 SK x S Fast Static RAM, 35 ns 2S XA 

6264-45 5962-S552506 SK x S Fast Static RAM, 45 ns 2S XA 
62L64-35 5962-S55250S SK x S Fast Static RAM, 35 ns, Low Power 2S XA 
62L64-45 5962-S552509 SK x S Fast Static RAM, 45 ns, Low Power 2S XA 
6268-35 5962-S670503 4K x 4 Fast Static RAM, 35 ns 20 RA 2090 XA 

626S-45 5962-S670505 4K x 4 Fast Static RAM, 45 ns 20 RA 2090 XA 

62S7-35 5962-S601501 64K x 1 Fast Static RAM, 35 ns 22 XA ZA 
62S7-45 5962-S601503 64K x 1 Fast Static RAM, 45 ns 22 XA ZA 

62LS7-35 5962-S601502 64K x 1 Fast Static RAM, 35 ns, Low Power 22 XA ZA 

62LS7-45 5962-S601504 64K x 1 Fast Static RAM, 45 ns, Low Power 22 XA ZA 

62SS-35 5962-S6S5924 16K x 4 Fast Static RAM, 35 ns 22 TA ZA 

6288-45 5962-8685922 16K x 4 Fast Static RAM, 45 ns 22 TA ZA 

62L88-35 5962-S685923 16K x 4 Fast Static RAM, 35 ns, Low Power 22 TA ZA 
62L88-45 5962-S685921 16K x 4 Fast Static RAM, 45 ns, Low Power 22 TA ZA 

6290-35 5962-S685918 16K x 4 FSRAM w/Chip Output Enable, 35 ns 24 LA 
6290-35 5962-86B5918 16K x 4 FSRAM w/Chip Output Enable, 35 ns 28 3090 

6290-45 5962-8685916 16K x 4 FSRAM w/Chip Output Enable, 45 ns 24 LA 
6290-45 5962-86S5916 16K x 4 FSRAM w/Chip Output Enable, 45 ns 28 3090 

62L90-35 5962-86S5917 16K x 4 FSRAM w/Chip Output Enable, 35 ns, 24 LA 
Low Power 

62L90-35 5962-8685917 16K x 4 FSRAM w/Chip Output Enable, 35 ns, 28 3090 
Low Power 

62L90-45 5962-B6B5915 16K x 4 FSRAM w/Chip Output Enable, 45 ns, 24 LA 
Low Power 

62L90-45 5962-B685915 16K x 4 FSRAM w/Chip Output Enable, 45 ns, 28 3090 
Low Power 
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MILITARY PRODUCTS 

MEMORIES 

Mll-M-38510 

Bipolar Memories JAN Package Type and Lead Finish 

Device JM38510/ Description Pins OIL FP CAN LCCC 

93L422 23112 256 x 4 Bit RAM, 3-State Output, 75 ns 22 WA 
93L422 23110 256 x 4 Bit RAM, 3-State Output, 60 ns 22 2090 

MOTOROLA MEMORY DATA 

11-8 



Reliability Information Im 
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MOTOROLA CORPORATE QUALITY GOAL 

IMPROVE PRODUCT AND SERVICES QUALITY TEN TIMES BY 1989 
AND AT LEAST ONE HUNDRED FOLD BY 1991. 

ACHIEVE SIX SIGMA CAPABILITY BY 1992. 

With a deep sense of urgency, spread dedication to quality to every facet of the 
corporation and achieve a culture of continual improvement to ASSURE TOTAL 
CUSTOMER SATISFACTION. There is only one ultimate goal: zero defects in every­
thing we do. 

signed: 

BOB GALVIN 
Chairman 

GEORGE FISHER 
Deputy to Chief 
Executive Office 

JIM LINCICOME 
Government Electronics 
Group 

JIM NORLING 
Semiconductor Products 
Sector 

JIM DONNELLY 
Personnel 

GERHARDSCHULMEYER 
Automotive & Industrial 
Electronics Group 

BILL WEISZ 
Vice Chairman 

GARY TOOKER 
Chief to Corporate 
Staff Officer 

CARL LINDHOLM 
International 
Operations 

STEVE LEVY 
Japanese Operations 

RAY FARMER 
Communications Sector 
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JOHN MITCHELL 
President 

JACK GERMAIN 
Motorola Director 
of Quality 

LEVY KATZIR 
New Enterprises 

DON JONES 
Chief Financial 
Officer 

ED STAIANO 
General Systems 
Group 



DIVISION QUALITY STATEMENT 

MOTOROLA MOS MEMORY PRODUCTS DIVISION 

COMMITMENT TO SIX SIGMA 
WORLD CLASS 

The Memory Products Division staff are pleased to announce our commitment to be a 
World Class MOS Memory supplier. This means more bullet proof designs which can tolerate 
handling, processes at the limit and beyond, and outstanding control of the manufacturing 
processes such that the integration of the design process will result in six sigma products. 

We will accomplish this through our dedication to a continuous quality improvement cul­
ture. This will ensure our success in reaching the Motorola Corporate goal of total customer 
satisfaction. 

Through our quality improvement process using SIX SIGMA methodology we can and will 
accomplish being the best memory supplier through WORLD CLASS product margins and ser­
vices in their truest sense. 

ENDORSEMENTS: 

J1~Gtor¥' 
Jim George Bud Broeker Bill Bowers 

?r'~ BJ2~ 
Mike Parks Roger Kung Bill Pfaff 
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SIX SIGMA 

tb-
®MOTOROLA 

OUR SIX SIGMA CHALLENGE 

WHAT IS SIX SIGMA? 

Six Sigma is the required capability level to approach the 
Standard. The Standard is Zero Defects. Our goal is to be 
bast-in-class in Product, Sales, and Service. 

WHY SIX SIGMA? 

The performance of a product is determined by how much 
margin exists between the process characteristics required by 
the design, and the actual value of those characteristics. These 
characteristics are produced by processes in the factory, and 
at the suppliers. 

Each process attempts to reproduce its characteristics iden­
tically from unit to unit, but within each process some variation 
does occur. For some processes, such as those which use 
real-time feedback to control the outcome, the variation is 
quite small, and for others it may be quite large. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal variation, defined as pro­
cess width, is ± 3 Sigma about the mean. 

100k ~~~,~~§l§l§m•mITTiiro-1 ~ Cp 1 • CENTERED 

1- Cpk- 0.5 +-~~.::S-.+--+--1t---+t-- • ± 1.5 SIGMA SHIFT 

lOk 3: Cp= 1.33 
Cpk 0.83 

FCp Cpk 1 

>--1---+--+- Cp = Cpk = 1.67 ....,.._.,.__..,.__.___, 

l=::±=:t=:::::t:=:::t:::=!=Cp=Cpk= 2 *=1==1 
0.001~~'---~-~-~-~-~~-~-~~ 

2 

DESIGN SPECIFICATION WIDTH !SIGMA! 

Figure 1. Standard Deviations from Mean 

Approximately 2, 700 parts par million parts/ steps will fall 
outside the normal variation of ± 3 Sigma, see Figure 1. This, 
by itself, does not appear disconcerting. However, when we 
build a product containing 1,200 parts/ steps, we can expect 
3.24 defects per unit (1200 x 0.0027), on an average. This 
would result in a rolled yiald of less than 4%, which means 
fawer than 4 units out of every hundred would go through the 
entire manufacturing process without a defect, see Table 1. 

Thus, we can see that for a product to be built virtually 
defect-free, it must be designed to accept characteristics that 
are significantly more than ±3 Sigma away from the Mean. 

It can be shown that a design that can accept twice the 
normal variation of the process, or ± 6 Sigma, can be ex­
pected to have no more than 3.4 parts per million defective 
for each characteristic, even if the process mean were to shift 
by as much as ± 1.5 Sigma, see Figure 1. To quantify this, 
Capability Index (Cp) is used, where: 

Cp design specification width 
process width 

Table 1. Rolled Yield 

TOTAL ROLLED 
DEFECTS THROUGHPUT 
PER UNIT YIELD 1%1 

5.:l 0.5 
4.6 1.0 
3.9 2.0 
3.5 3.0 
3.2 4.0 
3.0 5.0 
2.3 10 
1.9 15 
1.6 20 
1.4 25 
1.2 30 
1.0 37 
0.9 40 
0.8 45 
0.7 50 
0.6 55 
0.51 80 
0.43 65 
0.36 70 
0.29 75 
0.22 80 
0.16 85 
0.10 90 
0.05 95 
0.00 100 

ROLLED THROUGHPUT YIELD 1%1 = 100 e-dlu 
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Table 2. Overall Yield vs Sigma 
(Distribution Shifted ±1.5 ul 

IUllBER Of :t3 u :t4U :t5U :t• u 

A daalgn specification width of ± 6 Sigma and a procass 
width of ± 3 Sigma yielda a Cp of 12/6 = 2. However, as shown 
in Figure 2, the procau mean can shift. When tha procass 
mean is shifted with respect to the design target mean, tha 
Capability Index is adjusted with a factor k, and becomes Cpk. 
Cpk=Cp(1-kl, where: 

PARTS ISTEPSI ~ _1%1 ____ 1%1 ____ 1%1 __ 

procau shift 
k- design specification width/2 

Tha k factor for ± 6 Sigma design with a 1.5 Sigma procass 
shift= 1.5/(12/21=0.25, and tha Cpk=211-0.251= 1.6. 

In the aame caae of a product containing 1,200 parts/steps, 
- would now expect only 0.0041 defects per unit 
11200 x 0.00000341. This would mean that 996 units out of 
1,000 would go through tha antire manufacturing procass with­
out a defect 1- Table 21. 

It is our five year goal to achieve ± 6 Sigma capability in 
Product, Sales, and Service. 

MEAN 

1 93.32 
7 61.63 

10 50.08 
zo 25.08 
40 6.29 
60 1.58 
80 0.40 

100 0.10 
150 
zoo 
300 
400 
500 
BOO 
700 
800 
900 

1000 
1200 
3000 

17000 
38000 
70000 

150000 

-60" -50" -40" -30" -zu -10" 0 10" 20" 30" 40" 

-80" 

±FOUR SIGMA DESIGN SPECIACATION WIDTH1---­

Figure 28. Four Sigma Capability 

MEAN 

-20" -10" 0 10" zu 

99.379 99.9767 
95.733 99.839 
93.96 99.768 
88.29 99.536 
77.94 99.074 
66.81 98.614 
60.75 98.156 
53.84 97.70 
39.38 96.61 
28.77 95A5 
15.43 93.26 
8.28 91.11 
4.44 89.0Z 
2.38 88.97 
1.28 84.97 
0.69 83.0Z 
0.37 81.11 
0.20 79.24 
0.06 75.88 

50.15 
0.02 

50" 60" 

14--------- :tSIX SIGMA DESl6N SPECIACATIDN WIDTHl----------

Flgure 2b. Six Sigma Capability 
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QUALITY MONITORING 

Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside specification limits at the 
time of shipment. Motorola has continually improved its out­
going quality, and has established a goal of zero defects. This 
level of quality will lead to vendor certification programs with 
many of our customers. The program ensures a certain level 
of quality, thus allowing a customer to either reduce or elim­
inate the need for incoming inspections. 

By paying strict attention to quality at an early stage, the 
possibility of failures occurring further down the line is greatly 
minimized. Motorola's electrical parametric testing eliminates 
devices that do not conform to electrical specification. Ad­
ditional parametric testing on a sample basis provides data for 
continued improvement. 

AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 

AOQ in PPM= (Process Average) 
•(Lot Acceptance Rate)•(1o6) 

Process Average Total Projected Reject Devices* 
Total Number of Devices 

Projected Reject Devices Defects in Sample 
Sample Size 

•Lot Size 

Total Number of Devices= Sum of all the units in each 
submitted lot 

Lot Acceptance Rate= 1 
Number of Lots Rejected 
Number of Lots Tested 

1o6= Conversion to parts per million (PPM) 

MARKING PERMANENCY, HERMETICITY, AND 
SOLDERABILITY MONITORS 

Marking permanency testing is performed per Motorola 
specification. The procedure involves soaking the device in 
various solvents, brushing the markings, and then inspecting 
the markings for legibility. 

Hermeticity monitoring includes tests for both fine and gross 
leaks in the hermetic package seal. 

Solderebility testing is used to ensure that device leads can 
be soldered without voids, discoloration, flaking, dewetting, 
or bridging. Typically, the test specifies steam preconditioning 
followed by a 236° to 260°C solder dip and microscope in­
spection of the leads. 

RELIABILITY MONITORING 

Motorola recognizes the need to monitor established MOS 
Memory products to maintain the level of quality and reliability 
demonstrated through the internal and joint qualification pro­
cesses. Motorola maintains a system of monitor programa that 
provide monthly feedback on the extensive matrix of Motorola 
fabrication, assembly, and testing technologies that produce 
our products. As with qualification activity, great care is taken 
to assure the accuracy and quality of the data generated. 

*All rejects: visual, mechanical, and electrical {de, ac, and high/low 
tamparaturel. 

RELIABILITY STRESS TESTS 

The following summary gives brief descriptions of the var­
ious reliability tests included in both reliability qualification and 
monitor programs. Not all of the tests listed are performed by 
each program and other tests can be performed when appro­
priate. Refer to Table 3. 

Table 3. Stresses and Typical Stress Conditions 

Stress Typical Stress Condition 

High Temperature Operating Life, 125°C, 6.0 V 
Dynamic or Static 

Temperature Cycle -66°C to + 150°C 
Air to Air 

Thermal Shock -66°C to + 150°C 
Liquid to Liquid 

Temperature Humidity Bias 66°C, 85% RH, 5.0 V 

Autoclave 121°c, 100% RH, 15 psig 

Pressure Temperature Humidity 148°C, 90% RH, 
Bias 44 psig, 5.0 V 

Low Temperature Operating Life 0°C/25°C, 6.0 v 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms that are thermally 
activated through the application of extreme temperatures and 
the use of biased operating conditions. The temperature and 
voltage conditions used in the stress will vary with the product 
being stressed. However, the typical stress ambient is 125°C 
with the bias applied equal to or greater than the data sheet 
nominal value. All devices used in the HTOL test are sampled 
directly after final electrical test with no prior burn-in or other 
prescreening unless called out in the normal production flow. 
Testing can either be performed with dynamic signals applied 
to the device or in a static bias configuration. 

TEMPERATURE CYCLE 

Temperature cycle testing accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the mini­
mum and maximum temperatures being - 65°C and + 150°C. 
During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are 
heated to the hot dwell where they remain for another ten 
minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified 
temperature. The dwell at each extreme, plus the two transition 
times of five minutes each (one up to the hot dwell temper­
ature, another down to the cold dwell temperature), constitute 
one cycle. Test duration for this test will vary with device and 
packaging system employed. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing-to emphasize differences in 
expansion coefficients for components of the packaging sys­
tem. However, thermal shock provides additional stress in that 
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the device is exposed to a sudden change in temperature due 
to the transfer time of ten seconds maximum as well as the 
increased thermal conductivity of a liquid ambient. This test 
is typically performed per MIL-STD-883 or MIL-STD-750 with 
the minimum and maximum temperatures being -66°C and 
+ 150°C. Devices are placed in a fluorocarbon bath and cooled 
to minimum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are transferred 
to an adjacent chamber filled with fluorocarbon at the maxi­
mum specified temperature for an equivalent time. Two five­
minute dwells plus two ten-second transitions constitute one 
cycle. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRBl is an environ­
mental test performed at a temperature of 66°C and a relative 
humidity of 86%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metallization. 

AUTOCLAVE 

Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test in­
clude 121°C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. 

PTHB (PRESSURE-TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. The test 
detects similar failure mechanisms as THB but at a greatly 
accelerated rate. Conditions usually employed during the test 
are a temperature of 148°C, pressure of 44 psig or greater, a 
relative humidity of 90%, and a bias level which is the nominal 
rating of the device. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate hot carrier 
injection effects in semiconductor devices by exposing them 
to room ambient or colder temperatures with the use of biased 
operating conditions. Threshold shifts or other parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This stress 
is performed on a system level basis. The system is operated 
for millions of device hours to obtain an accurate measure of 
actual system soft error performance. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or MIL­
STD-750 and is used to examine the ability of the device to 
withstand a sudden change in mechanical stress typically due 
to abrupt changes in motion as seen in handling, transpor­
tation, or actual use. The typical test condition would be as 
follows: l!cceleration = 1500 g, orientation= Y1 plane, t = 0.5 
ms, and number of pulses = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or MIL­
STD-750 and is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. The typ­
ical test condition is: peak acceleration= 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STD-883 or MIL­
STD-750 and is used to indicate structural or mechanical weak­
nesses in a device/packaging system by applying a severe 
mechanical stress. A typical test condition used is as follows: 
stress level= 30 kg, orientation= Y1 plane, and t = 1 minute. 

QUALITY SYSTEMS 

A Global Quality System is key to achieving our goal of 
"Best In Class". Quality systems are implemented in wafer 
fabrication, assembly, final test, and distribution world wide. 
Figure 3 depicts Quality Assurance involvement and the tech­
niques applied in the general flow of product and Figure 4 
shows Memory Manufacturing locations world wide. 

QUALITY ASSURANCE TECHNIQUES 

SAMPLING SPC MONITOR AUDIT l 1NcoM1NG }-I !WAFERS, CHEMICALS, x x x x 
ETC.) 

~ 
I WAFER FAB 1- x x x x 

+ I ASSEMBLY 1-- x x x x 

~ 
I BURN-INfTEST 1-- x x x x 

~ 
I DISTRIBUTION 1-- x x x x 

Figure 3. General Product Flow 

Direct Customer interaction ensures the receipt of product 
that meets all of their requirements 100% of the time. In fact, 
the MOS Memories Reliability and Quality Assurance depart­
ment has devised a customer advocate list that assigns key 
Reliability and Quality Assurance personnel to specific cus­
tomers in order to facilitate any inquiry regarding quality, re­
liability, or any other issue they may want to discuss. 

All processes and procedures that relate to the manufac­
turing of MOS Memories are fully documented, and regular 
audits are performed to ensure continuous adherence to proper 
procedures. We are always striving to produce and reproduce 
the highest quality product available throughout the world. 

MOS Memory Products Division promotes the concept of 
statistical process controls throughout the entire manufactur­
ing process. This is exemplified by our commitment to in-depth 
statistical process control training programs for evaryone­
from the line operator to upper management. Favorable results 
have already been realized from the initial phases of imple­
mentation, with much more to follow. 
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Figure 4. Wafer Feb/Assembly/Final Test Locations 

The MOS Memory Products Division maintains a World 
Wide Quality Assurance system that is second to none. Daily 
status reports are received from remote locations, and any 
problems that arise are tackled on a timely basis. The MOS 
Memory Products Division is also a leader in accurate and 
efficient methods of quality data collection and reporting. 

Every unit that the MOS Memory Products Division pro­
duces is coded so that complete traceability is maintained, 
including visibility to the wafer and assembly lot level. The 
Quality System ensures that we can provide any specific pro­
cessing information to our customers on request. 

INTERNAL QUALIFICATION DISCIPLINE 

Motorola recognizes the need to establish that all MOS 
Memory devices, both new products as well as existing ones, 
reach and maintain a level of quality and reliability that is 
unsurpassed in the electronics marketplace. To ensure this, 
internal qualification requirements, procedures, and methods 
as well as vendor qualification specifications have been de­
veloped. These activities are intended to provide a consistent, 
comprehensive, and methodical approach to device qualifi­
cation and to improve our customer's understanding of 
Motorola's qualification results and their subsequent appli­
cation implications. 

For qualification results to be valid and acceptable, the col­
lected data must be proven accurate to the highest possible 
confidence level. Therefore, a complete device history and 
data log is kept with any lost or missing data potentially leading 
to test results that are unusable for qualification purposes. 
Testing conditions and pass/fail criteria are established before 
stressing begins. Strict adherence to these criteria and the use 
of control devices insure that the test results are valid and 
meaningful. 

New MOS Memory devices which are under development 
or in the prototype stage are subject to requirements defined 
for the three levels of the development cycle. These levels are 
the alpha, beta, and introductory phases of device develop­
ment. Each phase contains guidelines and controls concerning 

issues such as device labeling, number of customers, sample 
quantities, pricing and stocking levels, and open-order-entry 
timing. Decisions regarding these items are made jointly by 
marketing, design, product, and reliability personnel. 

JOINT QUALIFICATION 

As a result of the rigorous discipline used for internal qual­
ification of Motorola MOS Memory products, our customers 
can benefit from joint qualification activities. Motorola's clearly 
defined qualification procedures improve the customer's ability 
to comprehend the qualification results in an effective manner 
which aides in their qualification decision making process. 
Through parallel qualification activities between Motorola and 
its customers, this procedure can cut qualification costs by 
reducing duplication of effort, improving resource utilization, 
and shortening introduction cycle time. This helps to ensure 
competitive edge advantages for our customers. 

Joint Qualification activities result in a partnership type of 
interaction between Motorola and its customers on an engi­
neering level. This assists our customers in two critical areas. 
First, it allows them to understand more clearly the strengths 
and weaknesses of Motorola's products. Secondly, our cus­
tomers can make clear decisions concerning which stresses 
they need to concentrate on during their internal qualification 
activities. 

HISTORICAL PERFORMANCE 

Over the course of the last five years, significant achieve­
ments have been made on quality and delivery performance. 
The Six Sigma methodology will assist the MOS Memory 
Products Division in pursuit of our standard of zero defects 
and 100% on time delivery. 

Figure 5 indicates the product Average Outgoing Quality 
performance as measure<! in parts per million. 

As of October 1988 our average outgoing quality was below 
50 parts per million. We are striving to reach Six Sigma. 
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1988 MALCOLM BALDRIGE 
NATIONAL QUALITY AWARD 

Motorola won the first Malcolm Baldrige National Quality 
Award. The award racognizas the achiavements of U.S. man­
ufacturing and servica companies. The award was established 
in 1987 to promote quality awaraness, recognize the achieve­
ments of U.S. companies, and publicize succassful quality 
strategies. Our quality procass wes examined for corporate 
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quality leadership, information and analysis, planning, human 
rasourca utilization, quality assuranca, quality improvement 
results, and Customer Satisfaction. Our fundamental objec­
tive-Everyone's overriding responsibility is Total Customer 
Satisfaction. Six Sigma Quality is a key initiative for the 
achievement of our fundamental objective. 
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Figure 6. Motorola MOS Memory ProductB Division 
Average Outgoing Quellty-4 Week Average World Memory 
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MOTOROLA 
• SEMICONDUCTOR 

APPLICATION NOTE 

-

DRAM Refresh Modes 
DRAMs offer the lowest cost per bit of any memory, and 

for that reason are enormously popular in a wide range of 
applications. This low cost per bit is achieved with a very simple 
bit cell design, among other things, but rooted in this simplicity 
are some inherent drawbacks. One major limitation is the need 
to refresh each memory bit at regular intervals. This note 
discusses what refresh is, the reasons refresh is required for 
DRAM operation, and the various types of refresh available 
on the Motorola 1 M x 1 and 256K x 4. DRAMs. Specific com­
ments refer to the 1 M x 1 85-ns DRAM. Refer to specific device 
data sheets for analogous information on other devices. 

The heart of any memory device is the bit cell. A 1 M DRAM 
has 1,048,576 of these cells in the memory array. Each cell 
holds a single bit of information in the form of a high or low 
voltage, where high voltage=a binary "1" and low voltage=a 
binary "O". The DRAM bit cell consists of one transistor and 
one capacitor. The transistor acts as a switch, regulating when 
the capacitor will charge and discharge, while the capacitor 
stores a high or low voltage charge. 

All capacitors leak over time, slowly losing the charge stored 
in them, regardless of how carefully they are constructed. 
Junction and dielectric leakage are two capacitor discharge 
paths that are characteristic of the DRAM bit cell, and both 
are affected by temperature. The capacitor in the bit cell can 
hold a small charge, on theorderof 35-125fF (fF= 1x10-15 
farads). As this charge dissipates through leakage paths, the 
small difference between a "1" and a "O" diminishes. If nothing 
is done to restore the charge on the capacitor to its initial 
value, the sensing circuitry on the DRAM will eventually be 
unable to detect a charge difference and will read the cell as 
a "O". 

Thus, all the capacitors in the memory array must be pe­
riodically recharged, or refreshed. Refresh is accomplished by 
accessing each row in the array, one row at a time. When a 
row is accessed, it is turned on, and voltage is applied to the 
row, recharging each capacitor on the row to its initial value. 
Specified refresh time on the 1 M x 1 DRAM is 8 milliseconds; 
every row must be recharged every 8 milliseconds. This is a 
vast improvement over refresh times required for earlier gen­
erations of DRAMs. The 16K x 1 DRAM required refresh every 
2 milliseconds, the 256K x 1 DRAM requires a refresh every 4 
milliseconds. Longer refresh times mean more time available 
for access to memory, and less time required to refresh the 
device. 

Design and operation of the DRAM allow only one row to 
be refreshed at a time; 512 refresh cycles are required to refresh 
the entire 1M x 1 memory array. The array is actually 1024 
rows by 1024 columns, but it operates electrically like two half 
arrays of 512 rows by 1024 columns. During refresh, every row 
is treated as if it runs through both halves of the array, re­
freshing 2048 column locations (bit cells) per row. This design 
results in fewer refresh cycles required to recharge the entire 
array, since only 512 rows need to be accessed, rather than 
1024. 

AN987 

Refresh can be performed in either a single burst of 512 
consecutive refresh cycles (one cycle per row) every 8 milli­
seconds, or distributed over time, one refresh cycle every 15 
microseconds (8 milliseconds per 512 rows= 15.6 microse­
conds per row) on average, or some combination of these two 
extremes. As long as every row is refreshed within 8 millise­
conds, the actual method used is best determined by system 
use of the DRAM. The burst takes 84 microseconds to com­
plete ( 165 nanoseconds per row x 512 rows for 85 nanoseconds 
per device). During this burst refresh time, no memory op­
erations can be performed on the device. Distributed refresh 
disables memory access for 165 nanoseconds every 15 
microseconds. 

The 1 M x 1 DRAM can be refreshed in three ways: RAS 
only refresh, CAS before RAS refresh, and hidden refresh. In 
addition, any normal read or write refreshes all 2048 bit cells 
on the row accessed. Regardless of the refresh method used, 
the time required to refresh one row is the random read or 
write (RAS) cycle time (tRcl. When operating the device in 
page, nibble, or static column mode, only the row being ac­
cessed is refreshed. The device must be in normal random 
mode to utilize any of these specific refresh methods. 

RAS only refresh requires external row counters, to ensure 
all rows are refreshed within the specified time, and externally­
supplied row addresses. CAS before RAS relies on internal 
row counters and internally generates the address of the next 
row to be refreshed. Hidden refresh is a variation on CAS 
before RAS refresh that holds valid data at the output while 
refresh is occurring. Whenever the device is in a refresh cycle, 
neither a read nor a write operation can be performed. Hidden 
refresh allows the device to be read ahead of refresh, then 
holds the valid data at the output while refresh cycles are in 
progress. It appears that the refresh is hidden among data 
cycles because valid data is maintained at the output. 

RAS only refresh is performed by supplying row addresses 
AO-AS and completing a RAS cycle (tRcl; switching RAS 
from inactive (high) to active (low), holding RAS low (tRAS), 
then switching back to high, and holding RAS high (tRp). A9 
is ignored during RAS only refresh, since this address normally 
determines which half of the array is to be accessed. CAS 
must be held high through this RAS cycle, hence the name 
RAS only refresh. An external row counter is required for this 
refresh method. See Figure 1. 

CAS before RAS refresh is performed by switching CAS 
from high to low while RAS is high, then switching RAS low 
(tcsRl· This reversal of the usual clock order activates an 
internal row counter that generates addresses to be refreshed; 
external addresses are ignored in this cycle. CAS must be held 
low (tCHRl after RAS transitions to low. After that time it can 
either be held low or switched to high. See Figure 2. The CAS 
before RAS refresh counter test, specified on all DRAM data 
sheets that offer this type of refresh, is used to check for 
proper operation of the internal row counters and correct ad­
dress generation. 
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Hidden refresh is a CAS before RAS refresh that has been 
initiated during a read or write operation. At the end of a 
typical read cycle, CAS would be switched to high before RAS, 
turning off the output. In a hidden refresh cycle, RAS is 
switched to high, concluding the RAS cycle (tRcl. while CAS 
is held low. RAS is held high (tRpl. then switched low, be­
ginning another RAS cycle. As long as CAS is held low, data 
is valid at the output, resulting in a long read cycle. Since data 
can be read while the device is being refreshed, the refresh 
operation(s) appears to be hidden by the read cycle. The same 
refresh can be performed after a write cycle is initiated. This 

method of refresh allows refresh cycles to be mixed within 
read and write cycles. During the refresh cycle, a write op­
eration cannot be performed. See Figure 3. 

Refresh is an integral and neces&ary part of DRAM opera­
tion. Substantial improvement has been made in increasing 
the time between refresh cycles, but as long as the bit cell 
design utHizes a capacitor, periodic recharging will be required. 
Three methods of refresh are available on the 1 M x 1 DRAM: 
RAS only, CAS before RAS, and hidden refresh. The Motorola 
1 M x 1 and 256K x 4 will work In virtually all systems as a result 
of flexibility provided by this assortment of refresh methods. 

-~~---=-_-=-=---==---tRAs=~1-8c-=-_-=-=--·-F-'RP-=i-l H-
RAS 

L-

H-
m 

L-

AO-AB :~00< __ Ao_~ow_RE_ss _ _, 

Figure 1. RAS Only Refresh Cycle 
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Page, Nibble, and Static Column Modes: High­
Speed, Serial-Access Options on 1 M-Bit + DRAMs 

The 1M-bit and higher density DRAMs offered by Motorola, 
in addition to operating in a standard mode at advertised access 
times, have special operating modes that will significantly de­
crease access time. These are page, nibble, and static column 
modes. All three modes are available in the 1 M x 1 configu­
ration; page and static column modes are also available on the 
256K x 4 configuration. Read, write, and read-write operations 
can be mixed and performed in any order while these devices 
are operating in either random or special mode. 

The comments that follow refer specifically to successive 
read operations for page, nibble, and static column modes on 
the 1 M x 1 device. The read operation is chosen for sake of 
simplicity in illustrating these special operating modes. How­
ever, decreased access times wm occur for all operations, 
performed in any order, when the device is operated in any 
of these modes. General operating comments apply to the 
256K x 4 device as well. 

All of these special operating modes are useful in applica­
tions that require high-speed serial access. Typical exilmples 
include video bit map graphics monitors or RAM disks. Page 

mode is the standard, avaHable since the days of the 16K x 1 
DRAM. Static column is the latest mode to be made available 
on DRAMs, and nibble mode first appeared somewhere in 
between. Page and static column offer the same column lo­
cation access, but operate somewhat differently. Nibble is 
unlike either of the other modes, but fastar than both in its 
niche. All modes are initiated after a standard read or write is 
performed. 

Page and static column modes allow access to any of 1024 
column locations on a specific row, while nibble allows access 
to a rnsximum of four bits. The location of the first bit in nibble 
mode determines the other bits to be accessed. Nibble mode 
allows the fastest access of the three devices ltNCACl, all 
other parameters held equal, at about 1/4 the standard ltRACl 
rate. Page and static column access times ltCAc. tAAl are, 
respectively, about 1 /3 and 1 /2 the standard rete. 

Cycle time is a better indicator of relative speed improve­
ment, since it measures the minimum time between any two 
successive reads. Cycle time is approximately 1/4 for nibble 
and 1 /3 for page and static column modes, with respect to a 

Table 1. Operating Characteristic Comparison 

Parameter Page Nibble 
Static 

Random 
Column 

ACC8811 Tune (nsl* t<:Ac 25 - - -
tNCAC - 20 - -
tAA - - 46 -
tRAC - - - 85 

Cycle Time lnsl* tpc 50 - - -
tNc - 40 - -
tsc - - 50 -
tRC - - - 185 

Accelaible Bits 1024 4 1024 All 

Order of ACC8811ible Bits Random Fixed Random Random 

Conditions RAS Active Active Active Cycle 
CASorCS** Cycle Cycle Active Cycle 
Addreues Cycle N/A Cycle Cycle 
Outputa Cycle Cycle Active Cycle 

rnne to Read 4 Bits (nsl* 235 205 235 660 

Time to Read 1024 Unique Bits (nsl* 51,235 70,400 51,235 168,960 

*Valuae for a 1 M x 1 86-ns device. **CS on Static Column. 
Page: 4 bit read= tRAc + 3tpc 

1024 bit read= tRAC + 1023tpc 

Nibble: 4 bit read= tRAC + 3tNC 
1024 bit read=266•(tRAC+3tNc+tRpl 

Static Column: 4 bit read= tRAC + 3tsc 
1024 bit read=tRAc+1023tsc 

Random: 4 bit read •4tilc 
1024 bit read= 1024tRc 
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random cycle time of 165 nanoseconds. When operated in 
these high-speed modes, users will typically access most or 
all of the bits available to that mode, once the mode has been 
initiated. Thus the best measure of speed for nibble mode is 
the rate at which four bits are read, while the rate at which 
1024 bits are read is the best measure of page or static column 
mode. When the actual operating conditions are considered, 
as described elsewhere, the difference between tcAC· tNCAC. 
and tAA measurements hold relatively little significance. 

Page mode is slightly more difficult to interface in a system 
than static column mode due to extra CAS pulses that are 
required in page mode. Static column generates less noise 
than page mode, because output buffers and CS are always 
active in this mode. Noise transients, generated every time 
CAS is cycled from inactive to active, are thus eliminated in 
the static column mode. 

PAGE MODE 

Page mode allows faster access to any of the 1024 column 
locations on a given row, typically at one third the standard 
(tRACl rate for randomly-performed operations. Page mode 
consists of cycling the CAS clock from active (low) to inactive 
(high) and back, and providing a column address, while holding 
the RAS clock active (low). A new column location can be 
accessed with each CAS cycle (tpcl. 

Page mode is initiated with a standard read or write oper­
ation. Row address is latched by the RAS clock transition to 
active, followed by column address and CAS clock active. 
Performing a CAS cycle (tpcl and supplying a column address 
while RAS clock remains active constitutes the first page mode 
cycle. Subsequent page mode cycles can be performed as 
long as RAS clock is active. The first access (data valid) occurs 
at the standard rate (tRACl· All of the read operations in page 
mode following the initial operation are measured at the faster 
rate (tCAcl, provided all other timing minimums are maintained 
(see Figure 1a). Page mode cycle time determines how fast 
successive bits are read (see Figure 1b). 

NIBBLE MODE 

Nibble mode allows serial access to two, three, or four bits 
of data at a much higher rate than random operations (tRAcl. 
Nibble mode consists of cycling the GAS clock while holding 
the RAS clock active, like page mode. Internal row and column 

H-
llll 

L-

H-
CAS 

L-

H-
ADDRESSES 

L-

H-
0 (DATA OUTJ -----HIGH Z ----"\ 

L-

address counters increment at each CAS cycle, thus no ex­
ternal column addresses are required (unlike page or static 
column modes). After cycling CAS three times in nibble mode, 
the address sequence repeats and the same four bits are ac­
cessed again, in serial order, upon subsequent cycles of CAS: 

00, 01, 10, 11, 00, 01, 10, 11, •.• 

Nibble mode operation is initiated with a standard read or 
write cycle. Row address is latched by RAS clock transition 
to active, followed by column addresses and CAS clock. Per­
forming a CAS cycle (tNcl while RAS clock remains active 
constitutes the first nibble mode cycle. Subsequent nibble 
mode cycles can be performed as long as the RAS clock is 
held active. The first access (data out) occurs at the standard 
rate (tRACI. All of the read operations in nibble mode following 
the initial operation are measured at the faster rate (tNCACI, 
provided all other timing minimums are maintained (see Fig­
ure 2al. Nibble mode cycle time determines how fast succes­
sive bits are read (see Figure 2b). 

STATIC COLUMN MODE 

This mode is useful in applications that require less noise 
than page mode. Output buffers are always on when the device 
is in this mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. It allows faster access to any 
of the 1024 column addresses on a given row, typically at half 
the standard (tRACl rate for randomly performed operations. 
Static column consists of changing column addresses while 
holding the RAS and CS clocks active. A new column location 
can be accessed with each static column cycle (tscl. 

Static column mode operation is initiated with a standard 
read or write cycle. Row address is latched by RAS clock 
transition to active, followed by column addresses and CS 
clock. Performing an address cycle (tscl while RAS and CS 
clocks remain active constitutes the first static column cycle. 
Subsequent static column cycles can be performed as long as 
the RAS and CS clocks are held active. The first access (data 

out) occurs at the standard (tRACl rate. All of the read op­
erations in static column following the initial operation are 
measured at the faster rate (tAAl. provided all other timing 
minimums are maintained (see Figure 3a). Static column cycle 
time determines )low fast successive bits are read (see Fig­
ure 3b). 

COLUMN 
ADDRESS 

Figure 1a. Page Mode Read Cycle 
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Figure 2a. Nibble Mode Read Cycle 

Figure 2b. Nibble Mode Cycle Minimum Timing 
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MOTOROLA 
• SEMICONDUCTOR 

APPLICATION NOTE AN1059/D 

-

Pseudo Static RAM Simplifies 
Interfacing With Microprocessors 

INTRODUCTION 

This application note describes Motorola's 128Kx8 pseudo 
static RAM (PSRAM), the MCM518128, and its implementa­
tion in an MC68000 microprocessor system. PSRAMs provide 
the low cost, high density memory of a dynamic RAM (DRAM), 
while also having the byte wide 1/0 and non-multiplexed ad­
dressing of a static RAM (SRAM). Since the PSRAM uses the 
same bit cell structure as a DRAM, the normal memory opera­
tion must be periodically interrupted so that the memory array 
can be refreshed. 

PSRAM OPERATION 

Refresh Modes 

For the MCM518128, refreshing is accomplished by ac­
cessing each one of the 512 rows of the array, one row at a 
time. Each row must be accessed every 8 milliseconds to en­
sure data integrity. Motorola's MCM518128 PSRAM features 
three different refresh modes: chip enable only refresh, auto 
refresh, and self refresh. 

The chip enable only refresh occurs any time a valid row 
address (AO-AB) is present and the device switches from 
standby to active for a period of one chip enable pulse width 
(ICE), see Figure 1. Therefore, anytime a read or write occurs, 
a row is refreshed when the chip enable transition latches in 
the address. This makes chip enable refresh useful for a dis­
tributed refresh operation. By accessing a different row every 
15.6 microseconds (8 milliseconds per 512 rows), the entire 
array is refreshed. 

The auto refresh occurs when the part is disabled by either 
IT going high or E2 going low and then toggling the refresh pin 
F (see Figure 2). Each time the refresh pin toggles, an internal 
row address counter is incremented, and a new row is re­
freshed. This makes the auto refresh mode suitable for a burst 
refresh operation, wherein the entire array is refreshed at one 
time by clocking F 512 times. The auto refresh mode of the 
PSRAM is most versatile in that a distributed refresh can also 
be performed. If every 15.6 microseconds the device is placed 
in standby and F is clocked once, the refresh requirements of 
the PSRAM can be met. The advantage of auto refresh over 
chip enable only refresh is that no addresses need be 
supplied, addresses are kept track of by the internal counter. 
All timing parameters associated with the auto refresh mode 
must be kept for proper device operation. A burst refresh of the 
entire array would be accomplished in 66. 7 microseconds 
(tRFD+512 rowsxtfC+IRHC). A distributed refresh of a single 
row is accomplished in 185 nanoseconds (tRFD+IFC+tRHCl-

The self refresh occurs if the device is in the standby mode 
for more than 8 microseconds (!FAS), and the F pin is clocked 
low a time tRFD afterthe device is initially disabled (see Figure 
3). The device will not change from standby to self refresh un­
less this F transition occurs. After IFAS· an internal clock starts 
and a refresh cycle is performed approximately every 150 mi­
croseconds. This makes the self refresh ideal for long standby 
periods, as would occur during a battery backup. To refresh the 
entire array during a self refresh takes 76.8 milliseconds 
(tRFD+IFAS+512 rowsx150 microseconds+tFRS+IRHCl· 

Read and Write Operations 

During read and write operations, the chip enables of the 
PS RAM must latch in the valid address. This differentiates the 
pseudo static RAM from a fully static RAM. The IT and E2 chip 
enable pins of the PSRAM are therefore analogous to RAS 
and CAS ofa DRAM. But unlike a DRAM, the PSRAM has sep­
arate row and column address pins, so the address is latched 
in with a single chip enable transition. For this reason, the read 
operation of the PS RAM is comparable to the page mode oper­
ation of the DRAM (see Figure 4). During the write operation 
of the PSRAM, the chip enables operate in the same manner 
as they did for the read operation (see Figure 5). 

PSRAM SYSTEM CONFIGURATION 

Figure 6 shows the conceptualized system interface be­
tween an MC68000 microprocessor and four banks of 
MCM518128 PS RAMs that provide a one megabyte deep sys­
tem architecture. This system is interfaced much as if it were 
using DRAMs for the memory, except that the costly DRAM 
controller is not necessary. The logic necessary for the timing 
controller and refresh timer is also simpler in a PSRAM system 
than in a DRAM system. Since the state machines used in this 
logic will vary greatly depending on the specific system appli­
cation, it is left to the users to design according to their own 
needs. 

Bank Select 

In the system illustrated, addresses A 17andA18 generate 
the chip enable signals going to the E2 pin of each bank. Chip 
enable E1 is tied active low in the system shown, with E2 con­
trolling the memories. The upper and lower data strobes UDS 
and LDS are used in generating the W signals for writing data 
to the upper and lower byte. The output enable signal G, in 
combination with the chip enable signals, selects the bank be­
ing read. 
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The bank select and timing controller can be made using 
programmable logic sequencers and arrays for system flexibil­
ity. Figure 6 is drawn to illustrate that the same PAL could be 
used for both the bank select and timing controller, but the 
number of actual devices used to construct the logic will vary 
depending on the depth of the memory and the complexity of 
the state machines. 

Refresh Timer 

The refresh timer signals the timing controller whenever it is 
time to execute a refresh cycle by means of the refresh request 
signal REFREQ. The PSRAM must have each of its 512 rows 
refreshed every 8 milliseconds which implies that a row must 
be accessed every 15.6 microseconds for a distributed re­
fresh, or a minimum of 66.7 microseconds for a burst refresh. 
Therefore, during a distributed refresh, using a 12.5 MHz sys­
tem clock, the refresh timer requires a division factor of 195 to 
minimize the time the processor is in a wait state. 

During a distributed refresh, the REFREQ signal is gener­
ated every 195 clock cycles and remains active low until the re· 
fresh complete signal RFC is returned by the timing controller. 
The division factor will have to be adjusted accordingly if differ­
ent clock rates or memory sizes are used. The logic can be 
simplified if the refresh is done more frequently, but on a 2n 
clock cycle, such as 128. It is important that the refresh timer 
not stop, so that the a-millisecond PSRAM refresh require­
ment is maintained. 

The refresh timer is most easily realized using an inexpen­
sive 8-bit counter, but programmable logic may also be utilized 
depending on the system requirements. 

Timing Controller 

The timing controller arbitrates between the memory refresh 
cycles and the microprocessor access cycles. In the illustrated 
system, it also toggles the refresh pin F for use of the auto re­
fresh mode, although this could also be accomplished by 
means of a separate timer/counter. The timing controller also 
transmits the chip enable signals from the bank select. During 
a refresh cycle, the timing controller will manipulate the chip 

enables in a manner appropriate to the refresh mode being 
employed. 

For memory/MPU arbitration, the timing controller is a state 
machine, achievable through the use of a programmable se­
quencer. When the REFREQ signal is received from the re· 
fresh timer, the timing controller will perform a refresh immedi· 
ately, if the MPU is not in the middle of an access cycle. If the 
MPU is performing an access cycle, the refresh is delayed until 
the access cycle is complete. If the MPU attempts an access 
during the refresh cycle, an internal register in the timing con­
troller is set, and the access is made as soon as the refresh 
cycle is complete. 

The address strobe signal AS from the MPU tells the timing 
controller that an access has been requested. An unused high 
order address could also be used to inform the timing controller 
whether the access cycle is a memory access or an 1/0 ac­
cess. During read or write cycles, the timing controller sends 
DTACK low, telling the MPU that the data transfer is com­
pleted. 

When a refresh cycle is ready to begin, the MPU is sent into 
a wait state by the timing controller's forcing DiACK high. The 
timing controller then continues its refresh sequence, sending 
the chip enable and refresh signals to the memory array, ac­
cording to the refresh mode being used. For example, the me­
mories are placed in standby and Fis toggled if an auto refresh 
is being performed. 

After the refresh is complete, the RFC signal tells the refresh 
timer to send REFRB::i high, and normal MPU access may re· 
sume. 

SUMMARY 

The pseudo static RAM (PSRAM) offers system designers 
an affordable and easily implemented solution to their memory 
requirements. The PSRAM combines the low cost, high densi· 
ty array of the DRAM with the direct addressing and byte wide 
data transfer of the SRAM. This results in simplified control 
logic, less board space, reduced design time, and a significant 
overall cost savings. 
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Figure 1. Timing diagram for the chip enable only refresh mode of the MCM518128 PSRAM. The Illustration 
ehow8 the chip enables latching In two row addresses, thus refreshing two rows of the al'!!Y· Note that tha 
refresh pin Ji nMd not clock In this refresh mode. The device can be operated by cycling E1 (or E2) only, provided 
that E2 (or !1) la tied active high (or low). This Is true for all modes of operation, Including read and write. 
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Figure 2. Timing diagram for the auto refresh mode of the MCM518128 PSRAM. 
In the Illustration, F is clocked twice In order to refresh two rows of the array 
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Figure 3. Timing diagram for the self refresh mode of the MCM518128 PSRAM. 
The recommended operating conditions for the device must be maintained for 
proper operation In a battery backup appllcatlon. 
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Figure 4. Minimum read cycle timing for 
reeding data from two addresses of the 
MCM518128 PSRAM. In this example, 0 Is 
held at V1L and W Is held at YIH· The refresh 
pin F Is a don't care during time ICE• but 
must not clock during time tp. Regardless of 
the mode of operation, address Inputs are 
latched by E1 going low, or E2 going high. 
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Figure 5. Minimum write cycle timing for 
writing data to two addresses of the 
MCM518128 PSRAM. In this example, G Is 
held at V1H· The refresh pin F is a don't care 
during time tcE. but must not clock during 
time tp. In write cycles, the Input data Is 
latched at the earlier of W going high, Ei 
going high, or E2 going low. 
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MCM518128 PSRAM ARRANGED IN 
FOUR BANKS OF TWO DEVICES FOR 

RFC 
ONE MEGABYTE OF .RAM 

F 
E2 BANKO 
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Figure 6. Block diagram shows the necessary components to Interface an MC68000 
microprocessor to an array of MCM518128128Kx8 PSRAMs giving a total of one megabyte of RAM. 

MOTOROLA MEMORY DATA 

13-13 



MOTOROLA 
• SEMICONDUCTOR 

APPLICATION NOTE AN971 
REV1 

Avoiding Bus Contention in Fast Access 
RAM Designs 

INTRODUCTION 

When designing a bus oriented system, the possibility of 
bus contention must be taken into consideration. Bus con­
tention occurs when two or more devices try to output opposite 
logic levels on the same common bus line. 

This application note points out common causes of bus 
contention when designing with fast static random access 
memories and describes ways to eliminate or reduce 
contention. 

WHAT CAUSES BUS CONTENTION? 

The most common form of bus contention occurs when 
one device has not completely turned off (output in a high­
impedance state) before another device is turned on (output 
active). Basically, contention is a timing overlap problem that 
results in large, transient current spikes. These large current 
spikes not only generate system noise, but can also affect the 
long term reliability of the devices on the bus (see Figure 1). 

BUS CONTENTION AND FAST STATIC RAMs 

Since memory devices are primarily used in bus oriented 
systems, care must be taken to avoid bus contention in mem­
ory designs. Fast static RAMs with common 1/0 data lines (or 
any high frequency device with common 1/0 pins) are the 
most likely candidates to encounter bus contention. This is 
due to the tight timing requirements that are needed to achieve 
high-speed operation. If timing control is not well maintained, 
bus contention will occur. The most common form of bus 
contention for memories occurs when switching from a read 
mode to a write mode or vice versa. 

1 OF 4 DATA BUS LINES 

01/01 
Din 

02/02 

m: 03/03 

04/04 

w (l) 

IHI 

SWITCHING FROM A READ TO WRITE MODE 

With E low (device selected), on the falling edge of W (write 
asserted) the RAM output driver begins to turn off (high­
impedance state). Depending on the input and output logic 
levels, if sufficient time is not allowed for the output to fully 
turn off before an input driver turns on, bus contention will 
occur (see Figure 2al. 

Figure 2a shows an example of a RAM trying to drive a bus 
line low while an input driver is trying to drive the line high. 
If the situation were reversed (RAM output high and the input 
driver low), bus contention would still exist. 

Of course the obvious way to avoid this type of bus con­
tention is to make sure that the input buffer is not enabled 
until the write low to output high-impedance (twLOZ) time is 
satisfied (see Figure 2b). This specification is usually given on 
most manufacturers' data sheets. 

Another method to eliminate bus contention would be to 
use E to deselect the RAM before asserting W (low). This 
allows the RAM output extra time to go into high-impedance 
state before the input driver is enabled. E and W are later 
asserted low to begin a write cycle (see Figure 2c). 

SWITCHING FROM A WRITE TO A READ MODE 

With E set low (device selected), on the rising edge of W 
(write terminated) the address or data-in changes before the 
device has had a chance to terminate the write mode. If this 
should occur, and depending on the input and output logic 
levels, a bus contention situation could exist (see Figure 3). 
To avoid address changing type bus contention requires that 
the address not change till the write recovery specification 
(twHAXl is satisfied. To avoid bus contention caused by data 
changing requires that the data-in remains stable for the du­
ration of the data hold specification (twHDXl· Most of 

RAM WITH 
COMMON DATA 

1/0 

TO INTERNAL 
CIRCUITRY 

Figure 1. Common 1/0 Bus Contention 
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Figure 2b. Input Driver Disabled Prior to Enabllng 
RAM Output 
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Figura 2c. Using E to Avoid Bus Contention 

Motorola's fast static RAMs specify write racovery and data 
hold times of 0 ns. However, it is always a good practice to 
allow some margin to take care of possible race conditions. 

Both of these types of contention could also be avoided by 
taking E high prior to taking W high. This will give the RAM 
output driver time to go to a high-impedance state before W 
goes high. In this case Eis used to terminate the write cycle 
instead of W (see Figure 3c). 
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Agure 3a. Data Setup Time Violation 
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Agura 3b. Data Hold Time Violation 

- H 
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H 
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ADDRESS OR H 
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BUS H 

IZI 

L ---------.J 
Agura 3c. Using E to Avoid Bus Contention 

OTHER WAYS TO ELIMINATE BUS CONTENTION 

If the RAM has an output enable pin (~), synchronizing 
schemes can be incorporated to help eliminate bus contention. 
Taking G high will ensure that even when the RAM is in a read 
mode the output will be in a high-impedance state. This will 
allow the input driver to be enabled longer. 
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Figure 4a. Using G to Avoid Bus Contention Figure 4b. Timing Diagram of the MC68000 

Most advanced microprocessors, such as the MC68000 and 
MC68020, have asynchronous bus control signals that take 
advantaga of fast memory devices with output enable pins. 
Figura 4 shows one way to avoid bus contention using a 
Motorola MC68000 interfaced to a Motorola 45-ns MCM6164. 

A more obvious way to eliminate bus contention is to use 
slow memory devices. Slow memories have loose timing re­
quirements that allow devices to fully turn off before another 
device turns on. Of course this defeats the whole purpose of 
fast static memory devices. 

Another obvious way to eliminate bus contention is to use 
memory devices that have separate data 1/0 pins. In this way 
the R/W signal from the microprocessor can control a buffer 
device to eliminate bus contention (see Figure 5). However, 
the industry is demanding RAM with common 1/0 because 
these devices cost less and save system real estate. 

Common I/ 0 devices reduce package size since fewer pins 
are needed. Smaller packages result in less PCB space re' 
quiramant. Common I/ 0 devices also eliminate the need for 

R/W-----. 

D4 

01 

02 D2 
RAM 

'----! 03 D31----~ 

'-----! 04 041-----~ 

Figure 6. Saparata 1/0 Buffer 

an extra buffer with its associated expense and space raquire­
ment. In general fast static RAMs configured greater than a 
X1 will have common data 1/0 pins. 

Another popular way to reduce bus contention is to put a 
current limiting series resistor on each bus line (see Figure 6). 
The series resistor does not eliminate bus contention, but it 
helps reduce the large transient currants associated with bus 
contention. However, series rasistors increase access time as 
well as increasing component count. The added access time 
depends on the total bus capacitance (including the capaci­
tance of the devices on the bus) and the total bus resistance. 
The added delay should be added on to the point at which 
bus contention ceases. The following formulas can be used 
to determine the added access delay. 

t = R ·C •In VjnUnitial)-Vin(final) 
HL L L V1L(max) -Vin(final) 

t = R •C •In Vjn(final)-VinUnitial) 
LH L L Vin(final) - V1H(min) 

l/D 

RAM 

RAM 

l 
Figure 6. Using Series Terminating Resistors 
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Generally the value of the resistor should be around 100 
ohms. The larger the resistor the less the transient current 
generated, but the greater the delay. Using a 150-ohm resistor 
will limit the current flow to less than 20 milliamperes while 
adding approximately 3 nanoseconds extra access time. How­
ever, note that even with series resistors bus contention duty 
cycle must be minimized to reduce EMI and bus ringing. 

Although it is very important to reduce bus contention, 
CMOS memories can tolerate more bus noise generated by 
bus contention than can bipolar memories, due to the excellent 
noise immunity advantage of CMOS over bipolar technology. 
However, even when using CMOS memories, large destructive 
transient currents generated by bus contention can still occur. 

CONCLUSION 

Bus contention must be taken into consideration in most 
bus-oriented system design. The occurrence of bus contention 
generates large transient currents that produce system noise 
and could also affect the system's long term reliability. 

Fast random access memories with common data I I 0 pins 
are very susceptible to bus contention due to tight timing 
requirements. Although it is almost impossible to totally elim­
inate bus contention, it must be the goal of the system designer 
to minimize bus contention. 
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Avoiding Data Errors with Fast Static RAMs 

Microprocessors are now capable of 20-25 MHz. This places 
a great demand on SRAMs to supply super-fast access times. 
Today's sub-100-nanosecond SRAMs in production are rapidly 
moving to sub-50 nanoseconds as yesterday's prototypes ramp 
into production, and sub-25 nanoseconds is just on the ho­
rizon. This need for high-speed SRAMs is amplified by the 
fact that setup, hold times, and cycle edge accuracies do not 
usually improve at the same rate as the clock frequency. There 
is help on the way in terms of application specific SRAMs that 
put on chip some of the "glue" features that eliminate gate 
delays caused by decoders, drivers, or clock signals; but for 
now, the main burden wm fall upon SRAM designers to make 
up for the "lost time" in the shorter cycles. Some of the tools 
of the SRAM designer are improved processes, tighter design 
rules, and improved circuit techniques such as address tran­
sition detection. When you combine all of these featuras into 
a high performance SRAM, you no longer have the bistable 
flip-flop of yesterday but a highly tuned circuit that is more 
closely related to a DRAM. This is where the system designer 
can help. Although SRAM designers are doing everything 
po8Slble to make the devices stable and noise immune, there 
is no substitute for a good solid system layout and design. 
The following discussion gives system designers some insight 
into potential trouble· areas from a component engineering 
viewpoint. 

CHARACTERISTICS OF HIGH-SPEED BUSES 

When data is transmitted over long distances, the line on 
which the data travels has to be considered a transmission 
line. A long distance is relative to the rate at which data is 
being toggled. Address and data buses associated with high­
throughput microprocessors (e.g., M68000 famnyl must also 
be thought of as transmission lines, since it is not uncommon 
for these processors to run bus cycles of 40-nanosecond pe­
riods or less. 

Other features of high-end microprocessor buses are that 
they tend to operate in harsh, noisy-type environments, and 
most of these buses are ur>terminatad. A high-impedance, 
unterminated bus line acts just like an antenna. It not only 
radiates EMI, it can also receive EMI: This can result in bus 
ringing, crosstalk, and various other noise associated prob­
lems. The more transmission lines a bus has, the more an­
tennas to pick up and radiate noise. Of course, the best way 
to reduce this EMI is to ensure that the bus is properly ter­
minated into a low-impedance load. This low-impedance load 
could be in the form of a pull-up or pull-down resistor tied to 
each bus line. Ideally, the termination resistor should be equal 
to the characteristic impedance of the bus line. A transmission 
line terminated into its own characteristic impedance has the 
best incident wave switching as well as the least amount of 
reflection. 

Since an unterminated bus looks almost entirely like a ca­
pacitive load, the larger the resistor value the slower the rate 
at which data can be presented to the receiving device. This 
is due to the time it takes to charge and discharge this ca­
pacitive line through the termination resistor. If a small value 
resistor is used, the charging/discharging time delay can be 
minimized (t= RC). However, the smaller the resistor the 
greater the power consumption through the resistor. Also, if 
the resistor value is too small, its value will approach that of 
the source rasistance of the transmitting device, which could 
lead to a degradation of noise margin to the receiving devices. 
A resistor value between 1 kilohm and 10 kilohms is usually 
adequate. The actual value should be optimized through ex­
perimentation (see Figure 1). 

Vee 

AO 

Me6802D 
MEMORY 

Al 
Rx 

BOARD 
• • • • • • Rx 

AN 

Figure 1. Microproceesor Address Bus with Pull-Up 
Resistors 

HIGH SPEED SRAM DESIGN TECHNIQUES 

In order to speed up access times of high-speed RAMs, 
many new design techniques have surfaced. One of the most 
innovative techniques to emerge is known as address transition 
detection (ATD) circuitry. Since row address access times are 
typically slower than column address access times, this cir­
cuitry originally used the row addresses to trigger a clocking 
sequence that restored bit lines, shorted data lines, equalized 
sense amplifiers, and threeststed the output as the output 
buffers were equalized. This meant that many of the internal 
transistions could be completed by the time that the signals 
were decoded and propagated through the device seeking the 
proper cell and outputting data. This then made row and col­
umn access times much more equal and eliminated one of the 
speed bottlenecks. This scheme also has the added advantage 
of reducing power consumption because the static bit line 
loads can be reduced in size by utilizing a parallel equalization 
that is also generated at the ATD initiation and used to pull 
up the bit line 0 before selection of the new word line. Since 
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START EQUALIZATION 
OF TOP OF CHIP 

EQUALIZE BIT LINES 

TURNS WORD OFF 

START EQUALIZATION 
OF eanoM OF CHIP 

EQUALIZE SENSE AMP 

EQUALIZE DATA LINES 

TURNS OUTPUT OFF 

TURNS SENSE AMP OFF 

Figure 2. Address Transition Detection Timing Chain 

its inception, ATD has been expanded and is now activated 
by all addresses and chip select pins instead of just row ad­
dresses. A typical timing chain, as shown in Figure 2, applies 
to Motorola's MCM6164 8Kx8 SRAM and exemplifies the 
clock sequence dependency. 

ATD has been shown to be very effective as a performance 
enhancer and will remain a valuable tool for designers, but it 
can be seen that we now essentially have a clock-activated 
part. What happens if addresses are floated or oscillate at a 
frequency greater than the ATD response? What happens if 
addresses are skewed, thereby getting successive ATD initi­
ations? There is also the case of signals being gated from 
numerous sources, in which the address may start in one 
direction and then reverse several times before it finally seeks 
a valid high or low level. Circuit designers believe that these 
potential problems have been resolved over the last few years 
as testing techniques and circuit simulations have wrung out 
the infinite number of application variations. However, there 
is a simple, foolproof way that system designers can eliminate 
any potential for this type of a problem. Deselect the device 
during address transitions (see Figure 31. 

Since new design techniques have made chip select access 
times equal to address access times, system designers can 
take advantage of this and improve reliabilty of their system 
by increasing overall immunity to a noisy environment. This 
can cover a host of potential board-induced problems from 
oscillating multiplexer or driver units, to spurious address 
glitches put out by MPUs. 

Another design improvement is related to rise and fall times 
on the output levels, known by circuit designers as di/dt. This 
is the inductance associated with the changing current as loads 
are charging and discharging. This inductance is coupled back 
to the device, and through connections and bus resistance 
can cause the power supply or ground to change drastically. 
This is pushed to the limits as output drivers become more 
powerful, and is especially aggravated by multiple 1/0 devices 
like byte-wide SRAMs which may have all eight data lines 
switch from all Os to all 1s or vice versa. These spurious noise 
spikes on the power lines can affect the data contents of the 
device, as well as any other device sharing the same power 
and ground buses (see Figure 41. Circuit designers have de­
veloped circuitry that has a feedback loop that controls the 
rise and fall time just enough to minimize overshoot, under­
shoot, and ringing. This di/dt is the inherent reason why byte­
wide S RAMs are typically 4-5 nanoseconds slower than single 
output devices. 

CHIPENABLE ~ 

ADDRESS «XXX VALID XX)()() 
Figure 3. Deselectlon of Device During Addrna 

Transition 
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Figure 4a. MCM6164C Data Bus 
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Figure 4b. Ground Bounce When Data Switches from 
All 1s to All Os 

PCB POWER FEED CONSIDERATIONS 

Another source of noise can be inadequate power feeds and 
power supply decouplng. Large ground planes should be used 
to reduce both inductances and resistances. The resistances 
of the power supply lines should be less than 0.1 ohm. If the 
inductances or resistances of the power supply lines become 
significant, Vee or ground bounce can occur. Since all inputs 
are referenced to ground, gate input thresholds could be ex­
ceeded, causing data errors to be generated. An excellent PCB 
design is one that incorporates a multilayer board. One layer 
should be entirely devoted to a ground plane. 

The use of good-quality decoupling capacitors can help to 
keep noise off the power lines. A value between 0.01 micro­
farad and 0.1 microfarad (use 0.1 microfarad for x 8 organi­
zations) should be used for each RAM. This capacitor should 
be located as close to the RAM power pins as possible. When 

using IC sockets, it is recommended that sockets with gold­
plated copper contacts and built-in decouplng capacitors be 
used. 

A large value capacitor ( 2: 1 microfarad) should be used on 
each V cc line. The purpose of this capacitor is to provide for 
sudden current demand (current surges) from the power 
supply. 

Figure 5 illustrates a typical memory board design . 

Figure 5. Typical Memory Board 

SUMMARY 

Digital transmission line theory must be taken into account 
when designing high-frequency buses. A high-impedance, un­
terminated bus behaves much like an antenna, receiving as 
well as transmitting EMI. The use of termination resistors on 
these buses can reduce EMI. Many innovative designs have 
evolved to speed up access times of fast static RAMs. One 
of the more innovative designs is that of address transition 
detection circuitry. Most high-speed RAMs today use this 
technique to decrease access time. Good PCB power feed 
design, as well as the judicious use of decoupling capacitors, 
is essential for optimum performance from fast static RAMs. 

Much of the time, the problems caused by a marginal device, 
system layout, or pushing for the last nanosecond is an in­
termittent random type of problem that could result in either 
destroyed data or access time push-out. If you are having a 
problem, call Motorola MOS Memories in Austin, Texas, (512) 
928-SRAM (928-7726). We are on your design teaml 
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25 MHz Logical Cache for an MC68020 

Prepared by: 
Motorola - East Kilbride, Scotland 

INTRODUCTION 

As the speed of the MC6S020 processor increases it 
becomes more difficult and more expensive to provide large 
amounts of no-wait states memory. The addition of a logical 
cache in a memory management based system then 
becomes a more viable alternative to the problem. For a typi­
cal 25 MHz MC6S020 system the incorporation of a no-wait 
states cache is one of the most economical ways in which the 
true performance attainable from this particular processor 
can be achieved. 

CACHE DESCRIPTION 

The cache described in this application note is a 32K byte 
(SK long words) direct mapped logical cache. The cache is 
organized such that both supervisor and user, program and 
data accesses are stored. The entries are tagged approp­
riately with the function code lines. To avoid any stale data 
problems that may occur with the data the cache update 
logic includes a "write through' mechanism that forces any 
data writes to update both the memory and the cache. The 
cache operates with no wait states with a 2 5 MHz 
MC6S020. 

BLOCK DIAGRAM DESCRIPTION 

The cache can be broken down into several functional parts 
as follows: 

tag RAMs 
data RAMs 
control logic 
entry update mechanism 

The cache is organized as SK long word entries (see Figure 
1 ) which are referenced by a 22 bit TAG field. This TAG is 
made up of the upper address lines (TA 1 5-TA31 ), the func­
tion codes (TFC0-2) and the size pins (TSIZE0-1 ). By incor­
pbrating the size pins into the TAG field means that the data 
entry can be validated even if it were referenced as a mis­
aligned data transfer. The function codes allow the entries to 
be referenced separately with respect to user/supervisor 
and program and data entries. 

The cache mechanism will begin operation as soon as an 
address becomes valid on the logical address bus. This 
address accesses the TAG RAM within the cache and the 
corresponding entry is compared with the relevant section of 
the logical address bus (LA 1 5-LA31) and the control bus 
(FC0-2, SIZE0-1 ). 
If this comparison is valid then this gives an indication to the 

comparator logic that a valid entry may be present within the 
cache data RAMs. 
To determine whether this data entry is indeed valid a 

simultaneous access is made to the VALID bit RAM with the 
lower section of the logical address bus (LA2-LA 14). If the 
entry in this VALID RAM is a logic 0 then this indicates that 
the corresponding data entry at that cache address (LA2-
LA 14) is a valid entry. 
Access to that data item can then be made on the condition 

of several control signals (e.g. R/W*, CACHE-E*, etc.) and 
the data buffers to the system data bus will be enabled. This 
is termed as a CACHE HIT. 

Conversely, if the entry in the VALID bit RAM was a logic 1 
then this would indicate that the corresponding data item 
was not a valid cache entry and so the isolation data buffers 
would not be enabled to the system bus. This is termed as a 
CACHE MISS. 
When the cache detects a HIT then the bus cycle is com­

pleted from the data RAMs and the system operates with no 
wait states. 
If on the other hand the cache detects a MISS then the pro­

cessor has to fetch its data from external memory which by 
its nature will be slower and will incur wait states. 
To facilitate the data fetch from external memory the cache 

mechanism forces the processor to do a RETRY of the 
MISSed bus cycle. This retried bus cycle will then go out to 
external memory and fetches the relevant data item which 
will be latched by the processor and also used to update the 
cache. Subsequent accesses to this address will then find 
the data resident in the cache. 
To preserve data integrity a CACHE MISS is also generated 

by a data write cycle. On writing to an address the cache for­
ces a MISS such that the data item will be written to the 
cache in addition to the external memory. Subsequent data 
reads at this location will find that the data item is resident 
and is the most recent version. 

Forced CACHE M ISSes are also generated when the logical 
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address is detected as being a peripheral access (e.g. serial 
1/0 device) or when the processor is executing a CPU space 
cycle (e.g. interrupt acknowledge). 

CACHE CONTROL MECHANISM 

The cache hit signal (CHIT*) is generated as a result of the 
comparison of the TAG data, the VALID bit and various con­
trol signals. When the logical address from the processor 
becomes valid the cache TAG RAMs are enabled and the TAG 
data is produced for comparison. 
These TAG RAMs are addressed as an SK long word bank 

and so logical address .lines LA2 to LA 14 are used. 
The TAG RAM itself contains information relating to the bus 

status of the cached item. This bus status consists of a sec­
tion of the logical address bus (LA 1 5-LA31) and some con­
trol signals (FC0-2. SIZE0-1 ). When these TAG RAMs are 
accessed this previous bus status is compared with the 
existing bus to detect if there is a match. 

Comparators U21 5, U21 6 and U21 7 (see Figure 4) are 
used to compare this information and if there is a match the 
outputs Oa=b (pin 19) will be asserted. 
The assertion of these three comparator outputs is then 

conditioned by various other factors· to determine whether a 
cache hit signal should be generated. 
While the TAG RAMs are being accessed by logical address 

lines LA2-LA 14 a VALID bit RAM is also accessed. The infor­
mation contained in this VALID bit determines whether or 
not the cache data is valid. When the cache is enabled all the 
entries in the VALID RAM are set to logic 1 to indicate that 
there are no valid entries in the cache. 
Subsequent memory accesses then cause a cache miss 

which results in a cache entry being made. When this cache 
entry is madethestatusofthebus (LA1 5-31, FC0-2,SIZE0-
1) is saved in the TAG RAM at the location pointed to by the 
cache index (LA2-14). The information on the data bus is 
then saved in the data RAMs at address with cache index 
LA2-14 and the corresponding VALID bit entry is also set 
(i.e. the cache entry is marked as being valid). 
Subsequent accesses to that address will then cause the 

TAG address comparators to assert their outputs and the 
VALID bit to be set. The assertion of the cache hit signal 
(CH IT*) is then dependent upon the status of several other 
control signals such as cache enable (CACH E-E*), CPU space 
and peripheral access (IOEN*). Accesses to CPU space are 
not cached because of the problems that might arise when 
servicing interrupts or accessing coprocessors. In addition 
access to peripheral devices (indicated by the signal IOEN*) 
are not cached because of the read write nature of some 
peripheral device registers. 
When these signals are taken into account the resultant 

assertion of the cache hit signal (CHIT*) will then cause the 
processor to complete the bus cycle with no wait states. 
Control of the cache is facilitated by three hardware 

primitives: Cache Enable, Cache Disable and Cache Clear. 
These primitives are initiated by accessing a specific address 
within CPU space which is not used for any other CPU 
space functions. 
On requesting a cache enable function the mechanism 

causes the VALID bit RAM to be setto logic 1 's,indicating no 
valid cache entries, and then assert the CACHE-E* signal to 
the rest of the system. 

The cache disable function simply negates this CACHE­
E* signal. 
The cache clear function is included to allow the support of 

multi-tasking software. On initiation of the cache clear func­
tion all entries in the VALID bit RAM are cleared so emptying 
the cache. This is useful where the software has to perform a 
context switch. 

CACHE CONTROL LOGIC 

The Cache control logic allows the software programmer to 
enable the cache, disable the cache and to clear the cache 
contents. Accesses to the control logic can only be done 
under CPU space. This prevents accidentally writing to the 
control logic during normal operation (the SFC and DFC 
registers are programmed for CPU space with the MOVEC 
instruction, and the MOVES is used in writing to the control 
logic). Hence only the supervisor mode of operation can con­
trol the cache. 
The address lines LA24-LA26 are used to decode the 

cache control functions, these being inputs fed to an 
74LS138 U241 (see Figure 3). In addition to these 
addresses in CPU space, the programmer should also select 
an area of memory that will not cause contention with the 
normal MC68020 CPU functions. 
An example decode could be $1 070000 ($ is used to rep­

resent a hexadecimal number) for clear cache, $2070000 
for disable cache and $4070000 for enable cache. 

Cache Enable 

The cache is enabled by accessing to a CPU address similar 
to the one given above, the data being irrelevant. On enabling 
the cache all entries are made invalid. This ensures that no 
stale data problems are created from accesses when the 
cache was previously enabled. 
The output from U 11 SD (see Figure 3) is used to enable a 

sequencer consisting of three 4-bit binary counters: U246, 
U24 7 and U248. These counters are used to increment the 
address bus to set the valid bits to all 1 's (entry is invalid). 
The addresses are presented to the valid RAM U259 via the 
latches U249 and U250, the outputs from these being 
enabled at the same time as a write to enable the cache. Also 
during this sequence the logical address bus to this RAM is 
tri-stated from the RAM's address bus by U243 and 
U244. 
Under normal operation the latches U243 and U244 are 

enabled and U249, U250 are disabled allowing the valid 
RAM to be addressed from the logical address bus. The 1 2-
bit sequence clears 4 K entries in the cache (each entry is a 
long word). 
The sequence is repeated twice to clear the whole 8 K entry 

cache. The two D-type flip flops U251 B and U251A are 
used to write first to the upper 4 K then the lower 4 K 
entries. 
At the end of the cache clear sequence the cache is enabled 

via the S-R flip flop U257D and U118C. The CACHE.E* is 
then used in the comparator logic to indicate that the cache is 
enabled. In addition the DSACKO• and DSACK 1 •is returned 
to the MC68020. 
As far as the processor is concerned the cache clear 

mechanism can be thought of as a long instruction. The valid 
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RAM latches data with respect to the sequencer clock ( 40 
MHz for 25 ns SRAM's) and a logic 1 is latched on each fall­
ing edge of this clock. 
A logic 1 is written into the valid RAM when: the sequencer 

is enabled; it is the falling edge of the 40 MHz clock and the 
WRITEN* signal from the entry update mechanism is high 
(U258C, U263A and U219D). This logic is also used to 
write a logic 0 into the valid RAM during normal 
operation. 
To prevent external bus contention when the cache is being 

written to, a signal ADDBUFDIS* is generated which can be 
used to disable external address buffers. The CMISS signal 
should be used to disable the external address buffers dur­
ing a cache hit 

Cache Clear 

The cache clear mechanism is used to allow the operating 
system to perform a context switch. A cache clear command 
will produce the same output as the enable cache 
command. 
Using the 40 MHz clock gives a context switch time of 

approximately 0.025 x 1024 x 8 = 205 us. If this is unac­
ceptable the mechanism can be speeded up by using several 
valid bit RAMs of lower density in parallel, or using a RAM 
with a clear feature. 

Cache Disable 

This command produces an input into U240B to set the 
S-R flipflop to cache disable (CACHE.E* set to a logic 1 ). The 
reset signal is also fed into U240B to ensure that the cache is 
always disabled at reset. 

ENTRY UPDATE MECHANISM 

This section of logic (see Figure 2) is used to control the 
cache mechanism for updating entries in the cache. In addi­
tion, the logic will produce control signals used to latch data 
into the Tag and Data RAMs and control the isolation data 
buffers for the cache (U236 - U239 in Figure 5). 
The mechanism used to update the entries in the cache is 

only enabled on a read cycle (R/W* signal into U261 D) and 
when the cache is enabled (CACHE.E* signal into U261C). 
The control logic is required to perform three distinct 

operations: 

On a write cycle the WRITEN* signal should be asser­
ted to latch data into the RAMs to perform a write 
through operation. When the address is next accessed 
it will reside in the cache. 
On a read cycle that does not generate a cache hit, the 
logic needs to initiate a retry operation to enable the 
cache to latch the data which is being read by the 
MC68020. 
Thirdly, on a read cycle, which causes a cache hit, the 
bus cycle needs to be terminated to allow zero wait 
state operation at 2 5 MHz from the cache. 

Write Cycles 

Assuming the cache is enabled then on a write cycle the 

output from U240D produces logic 0 (the output from 
U261 C will be logic 0). This output produces a signal 
INHIBIT* which prevents the q1che returning DSACKO*, 
DSACK1 *, HALT* and BERR* (U256A, B, C, D), used for 
read cycles (see Figure 2). 
A signal FORCEW* is also generated via U258B and 

U 2 1 9C to control the output enable of the cache isolation 
buffers to allow data to be routed to the cache data RAMs 
(see Figure 5). 
The WRITEN* signal is finally generated from U258A to 

produce the W* enable for the TAG and DATA RAMs. 
WRITEN* is also used to enable the buffers: U212 - U214, 
to route the current logical address, function codes and size 
lines into the TAG RAMs (see Figure 4). 
Two banks of RAMs are used to obtain an 8 K entry long 

word cache; the lower bank of RAMs are enabled with 
LA 14* from U255C and the upper bank is enabled by LA 14. 
This is needed to allow 25 MHz operation (25 ns SRAM -
MCM6268-25 -are used as shown in Figure 4). 
On the assertion of DSACKO*, DSACK 1 *from the external 

physical memory the two D-type flip-flops U235A and 
U253B (see Figure 2) are used to negate the WRITEN* just 
after the falling edge of the processor clock S4 (just after the 
MC68020 latches data). On the negation of WRITEN*, tag 
data is written into the tag field. 
The information on the data bus is latched into the cache 

data RAM and the tag buffers and data isolation buffers iso­
late the cache from the system busses. This section together 
with the whole entry update mechanism must operate 
logically very quickly hence FAST logic is used 
throughout. 

Read Cycle with a Cache Miss 

Timing diagram 1 shows the cache sequence when a cache 
miss occurs. From this diagram it can be seen that the 
addresses on the address bus do not become stable until 5 
ns into S 1 worst case. At this point it will take 25 ns to obtain 
information from the TAG data RAMs (the RAMs are per­
manently enabled). 
In addition to this there is a delay through two levels of com­

parator (U21 5 - U21 8). This gives an absolute maximum 
propagation delay time of 46 ns after the address bus is sta­
ble before a valid CH IT* signal is generated. With the above 
conditions a valid cache hit signal (CHIT*) should be asserted 
in the middle of S3 for a TAG match. The entry update 
mechanism uses this information to determine if there is 
going to be a cache miss or a cache hit. 
In the case of a cache miss the following sequence of events 

are executed: DSACKO* and DSACK 1 *are asserted by the 
assertion of the MC68020 AS* (U255B) by U256A and 
U256Bas shown in Figure 2. The INHIBIT is set to a logic 1 
by U261 C, U261 D and U262A. U252A is then used to 
bring U252BoutofRESETonthefallingedgeofS2. This 0-
type is then used to sample the CHIT* signal in the middle of 
S3. In the case of a cache miss the D input will still remain 
high, forcing the cache miss signal CMISS to go high. This is 
used to enable external data buffers for the MC68020. This 
causes the BERR* and HALT* signal to be asserted 
simultaneously to request a retry cycle (via U261 B, U256C 
and U2560). ThistakesadvantageoftheMC68020'sability 
to recognize a late retry if spec 2 7 A is satisfied, (Note that 
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68020 inserts an additional 3 clock cycles after S5 of 
this cycle). 
On the termination of this bus cycle all signals are negated 

as shown in the timing diagram, with the exception of the 
INHIBIT. This is because on the rising edge of LAS* the out­
put from 0* of U269A is fed back to the input to produce a 
low INHIBIT signal for the following retry cycle This low 
INHIBIT signal prevents the DSACKO*, DSACK1 *, SERR* 
and HALT* lines from being asserted by the cache during the 
retry cycle. 
Timing diagram 2 shows the retry cycle. The length of this 

cycle is determined by the actual physical device being read 
so it is shown as an unknown number of wait states. The 
same cycle is repeated as above, however, during this cycle 
INHIBIT has been asserted causing FORCEW* (force a 
write to the RAMs) and WRITEN* to be asserted. This has 
the effect of updating the cache on the read cycle by forcing 
the cache to latch the addresses, function code and size 
signals to the TAG RAM and the DATA bus contents into the 
data RAMs. 
The buffers U236 - U239 are enabled by (CHIT*) ANDed 

with (FORCEW*) and the direction is controlled by CHIT*. In 
this case CH IT* is a logic 1 causing data to be written into the 
RAMs. The buffers U212 - U214 are enabled by the 
WRITEN* signal. 
On return of the DSACKO*, DSACK 1 * from the physical 

system, the WRITEN* signal is negated (via U257A, 
U255C, U253A. U253B, U219B and U258A) to latch data 
into the RAMs just after the falling edge of S4. 
In addition to this all the signals are negated at the end of 

the cycle and the INHIBIT signal returns to a logic 1 level on 
the negation of LAS* (U262A and U240D). 

Read Cycle with a Cache Hit 

When a read cycle occurs at an address which has a corres­
ponding input in the cache, a cache hit will occur. This cycle 

is similar to the one above except the CHIT* signal from the 
comparators U21 5 - U218 is asserted by the middle of S3, 
setting CMISS inactive (output from 0 of U252B is set to a 
logic low) and forcing the external data buffers to be disabled 
preventing data bus contention. The SERR* and HALT* are 
also prevented from being asserted by U261 B so no late 
retry cycle is signalled to the MC68020. 
Finally, the cache data RAM isolation buffers U236- U239 

are enabled and the direction is selected to be output from 
the RAMs to the data bus. As there is no bus activity which 
stops the recognition of DSACKO* and DSACK 1 *, this read 
cycle by the MC68020 from the cache is performed in zero 
wait states at 2 5 MHz. 
At the end of the cycle all the signals are negated for the 

next bus cycle. 

CONCLUSION 

The design of a 25 MHz logical data cache to interface bet­
ween the processor and an MMU involves the use of very 
fast logic and static RAMs for zero wait state operation. The 
RAM access speed required in this application is 25 nS to 
allow no wait states operation. 
The control logic has been designed discretely with FAST 

Schottky TTL since the use of PLAs would have a serious 
effect on gate propagation delay times. 
The MC6S020 supports a late retry cycle recognition and 

this is used in the design to take corrective action in the case 
of a cache. miss. 
As greater performance is required from the MC68020 the 

move towards high frequency zero-wait state operation 
becomes a more important requirement. If an MMU is 
placed between the processor and memory this will have an 
effect on zero-wait operation at the higher frequencies. 
If the logical data cache can be made large enough, so that a 

high hit rate can be achieved, then slower physical memory 
could be tolerated in the system. 
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A HIGH-SPEED CACHE 
FOR THE MC68030 

RICHARD CRISP, BRIAN BRANSON, AND RON HANSON 
Moto~ola MOS Memory Products Div., 
3501 Ed Bluestein Blvd., 
Austin, TX 78762; (512) 928-6141. 

o wring the best performance from the new 
breed of superfast microprocessors, sys­
tem designers frequently turn to external 
caches. Direct mapped and set-associative 
caches offer advantages, compar.ed with 
fully associative caches. In designing an ad­
dress-tag-and-comparator system for a di­
rect-mapped or set-associative cache, engi­
neers must consider issues such as the 

speed of the hit, the address-bus loading, and the data­
block size (see "What's the Cache?'?. 

Issues relating to the specific high-speed microproces­
sor also crop up. For instance, a system built around the 
MC68030 microprocessor must support two-cycle reads 
and writes related to the address-tag-comparator timing. 
Designers must also resolve questions of whether or not 
and how to support a burst mode. To support this mode, 
they must decide on address-tag and cache-data-RAM 
requirements unique to the mode, such as automatically 
incrementing addresses for the address tags and the 
cache-data RAM. They must also consider the data setup 
and hold timing requirements at the processor. 

CACHE TAG RAMs 
Matching the speed of the MC68030 microprocessor, 

the cache-tag comparators in the MCM4180, MCM62350, 
and MCM62351, organized to handle 4 kwords by 4 bits, 
compare data in the cache RAM with an external 4-bit­
wide data field. The comparison results appear on the 
devices' Match pins. Each of the cache-tag devices is bulk 
clearable and has read and write functions. Of all the 
cache-system configurations possible with this MCM 
family of RAMS, for a32-bit-by-16-kword system, a block 
of four MCM4180s as tag valid-bits comparators and 
four MCM62350s provide the fastest hardware arrange­
ment, least bus loading, and lowest cost (Fig. 1). 

The MCM4180 includes an Exclusive-Nor (XNOR) 
comparator, which matches each bit position with the 
stored data for a true result. This type of comparator 
requires that every bit position match the stored data for 
the result to be true. 

The MCM62350 and MCM62351 supply a user-confi­
gurable comparator offering the conventional XNOR 
mode and an And-Or-Invert (AOI) mode. Unlike the 
XNOR mode, the AOI comparator treats zeros in any bit 
position as don't-care bits during the compare operation. 
The AOI option is extremely useful for comparing status 
bits often stored with each address tag. The status bits 
can represent validating entry bits, which allow storing 
multiple data entries with each address-tag entry (block 
size= n), as well as individual so-called dirty bits needed 
for copy-back caching schemes. 

The MCM62350 and MCM62351 RAMs also feature bit­
set and bit-clear write cycles, which allow individual bits 
to be unconditionally set or cleared through a mask. 
Thus, any combination of the four bits in any particular 
location can be set or cleared without having to read the 
RAM, modify the data, and write it back as in a conven­
tional SRAM. This feature is useful with the AOI com-

Reprinted with permission from Electronic Design © 1988 VNU Buslne88 Publications Inc. (Vol. 38 No. 23) October 13, 1988. 
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parator for storing status bits. Also, 
both the MCM62350 and the 
MCM62351 have ground pins posi­
tioned to achieve minimum self-in­
ductance in both DIP and small-out­
line J-type packages. 

The MCM62350 differs from the 
MCM62351 in that it offers a user­
configurable Match-output active 
level. The MCM62351 has an active 
high open-drain Match output. Wire­
ORed connections of separate Match 
pins allow the comparison width to 
expand efficiently. 

The design of external caches .for 
the M C68030 involves two major tim­
ing problem areas-in the address-

With a cache, when a 
processor executes a 
new task, it fet.ches 
from the system's 

main dynamic memory the first 
instruetion and eorresponding 
data, plus the instruetions and 
dll,taforseveralsubsequentoper­
ations at adjaeent memory acl­
dresses. 

The cache's SRAM memory 
fetches the instructions and data 
from the adjacent main-memory 
addresses because they have a 
high probability of being used in 
the operatiOllS that follow. Most 
programs contain loops, and if the 
cache is large enough, the needed 
information will be present in the 
fast cache, shortening the aver­
age memory-access time. 

That's a cache hit. If the cache 
doesn't contain the information, a 
miss occurs. In this case, the main 
memory again responds, and the 
cache receives updated instruc­
tions and data. 

A cache controller circuit se­
quences the necessary functional 
steps. For normal program opera­
tion, the system doesn't directly 
address the cache. The cache sub­
system stores both the informa­
tion and its corresponding main­
memory address. The controller 
compares the stored address in 
the cache, called the address tag, 

i1iii@l·1QQllK·ili1!.;j 

CACHE SYSTEMS 

tag-comparator and in the data 
cache. Since the synchronous bus 
protocol makes it possible to use 
short bus cycles and supports burst­
mode accessing, the prudent design­
er will also choose to use it for exter­
nal cache interfacing to the MC68030 
(see "A Synchronous Bus Proto­
col''). 

The primary challenge with timing 
the address-tag comparator is to 
avoid wait states when the processor 
runs at a high frequency. Generally, 
only a hit in any given bus cycle 
should assert the Synchronous Ter­
mination Handshake (/STERM) sig­
nal. The first order of business, then, 

WHAT'S THE CACHE:» 

with the address the processor 
provides to determine whether 
the cache contains the requested 
data. 

Cache types are usually delin­
eated by their placement policy, or 
mapping algorithm, which deter­
mines where new information is 
stored in the cache. Most caches 
are either associatively content 
addressable or directly mapped, 
random-accessible types. 

Whereas in a straight RAM, the 
processor directly accesses the in­
formation, in a content-address­
ab le memory a match with a 
stored address of the informa­
tion's original main-memory loca­
tion causes the contents-address­
able portion of the cache to re­
spond with a pointer (see the fig­
ure, opposi,te, left). The point.er, 
or address, then specifies the da­
ta's location in a random-access­
memory portion of the cache sys­
tem. This fully associative memo­
ry cache copies the,information in 
any main-memory location into 
any location in the cache. 

A directly mapped cache, on the 
other hand, uses random-access 
memories to store both an address 
tag and the information's image 
(see the figure, opposite, rigkt). 
The low-order bits of the address 
from the processor provide an in­
dex into the address-tag-store 
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is how to generate /STERM. 
To avoid a wait state, the MC68030 

asserts the worst-case Address 
Strobe(/ AS) signal at the same time 
that the /STERM signal is activated. 
As a result, cache designs for this 
processor cannot generally use the 
I AS to signal the cache that a bus 
cycle is starting. 

Nevertheless, the address-tag 
comparison must be qualified based 
on valid addresses that I AS an­
nounces. Fortunately, a signal called 
External Cycle Start (/ECS) is valid 
slightly earlier than the addresses. 
Whenever the processor needs an in­
struction or data, it therefore asserts 

portion of the cache sy&tem, 
which stores the ~ acl­
dress bits. To determinewtiether 
the requested inf~n resides 
in the cache, the $ystemCOlllplilffS 
the high-order addres11 !)it&, t;om 
the processor's bus withllle_.. 
tents of the add?ellli~ll>re 
RAM'.. If thefre the ~ the 
cache conllaiilll the ~sted In· 
formation. Unlike .in a ~lifa!JB!l­
eiative cache, ina d~~Jlped 
cache, a memory-addfelirl01ion 
has its information copied • 
only one unique locatjoa. 

The fully associative contAmt­
addressable memory cache ean 
have a higher hit rate than any 
other cache type of the same size 
m. But it's very expensive, com· 
pared with a directly mappeil ran­
dom-access cache memoryo(com· 
parable size. 

When 11 directly mapped caches 
operate in parallel, the cache is 

· designated as an n·way set-asso­
ciative type. Nevertheless, sys­
tem designers may consider both 
directly mapped and fully associa· 
tive types as set-associative 
caches. A directiy mapped cache 
is simply a one-way set-associa­
tive type, and a fully associative 
one is an m·way set-associative 
type. 

A four-way set-associative 
cache yields about the same hit 
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/ECS during the clock's high phase 
when the new addresses appear. 
Should the processor find what it 
needs in its internal caches, it would 
not assert I AS and an external bus 
cycle would not run. If /STERM acti­
vates when no bus cycle runs, the 
processor ignores it. 

The timing diagram of the syn­
chronous bus shows that after ad­
dresses are valid, /STERM must be 
activated within just a half clock pe­
riod minus the clock-rise time to 
avoid wait states. Operating at 25 
MHz, that leaves only 15 ns to check 
for a cache hit and assert /STERM if 
wait states are to be avoided. 

1u ti@U 44•IH·•1111. tt 

CACHE SYSTEMS 

The circuit must furnish an extra 
gate for the results of the tag com­
parator to be ANDed with a qualifi­
er-a latched /ECS signal. A 74F64 
AO! gate can AND the Match sig­
nals from the tag comparators to this 
qualifier. Unfortunately, this gate 
adds a 5.5-ns delay to the circuit. Con­
sequently, the tag comparators must 
perform their comparison in 9.5 ns. 

Since TTL-compatible tag compar­
ators aren't that fast, this technique 
isn't feasible. Two options remain: 
Always assert /STERM after /ECS, 
and if the cache misses assert 
/BERR and /HALT retry, or insert a 
wait state. With retries, at 25 MHz, 

Pracessor 

the tag comparator has 35 ns to per­
form its function and generate 
/STERM. At 33 MHz, it has just 28 
ns. For the wait-state option, 34.5 ns 
is available to generate /STERM af­
ter the addresses are valid. 

Retries, however, can run into 
trouble. After requesting a retry, 
the processor must disable the cache 
to prevent a system deadlock condi­
tion when the bus cycle reruns. Also, 
before the bus cycle can rerun, a two­
clock-cycle delay occurs. As a result, 
the penalty incurred when the exter­
nal cache misses might be greater 
than it would be if the processor as­
serted /STERM only on a cache hit. 

Mdrelsllus ...... 
--r 

lllin 
memory 

~ - - Datlllul ...... 

Low-erder ~lgh-erder l.llHnllr 
bits bits bits 

,_j !:....., ,..:!L 

Clllle CIClle 
lag 11111 

RAiis RAiis 

L- '---
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Therefore a no-wait-state cache with 
a low hit rate can perform worse 
than a cache with a wait state. 

A secondary difficulty with tag 
comparators in MC6ll080 cache de­
signs is supporting burst-mode ac­
cesses. The address-tag-comparator 
timing is clearly a limiting factor in 
the design of external caches for the 
MC680:10. Because the burst-mode 
cycles furnish only a first address 
for the four desired long words, the 
circuit must provide autoincrement­
ing addressing to the address-tag 
comparator and the cache-data 
RAMs. This requirement, coupled 
with the fact that burst transfers can 
occur in single clock cycles, implies 
that incrementing the addresses into 
the address-tag comparator will not 
be fast enough to support one-cycle 
bursting. 

Organizing the cache with a block 
size of four is a viable one-cycle 

CACHE SYSTEMS 

bursting solution. Storing a valid bit 
for each long word per tag, then, re­
quires only checking the valid bit on 
the fly during the bursting portion of 
the burst-mode transfer. 

This approach can exploit the fast 
timing of the compare port in an 
MCM62350 or MCM62851 to store 
the valid bits. It also allows the AO I 
comparator option for the valid,bit 
comparisons to operate effectively 
(Fig. 2). 

A PAL POINTER 
The open-drain Match pins of the 

MCM62351s permit wire-ORing of 
the four address-tag outputs to the 
matching circuit and thereby the 
elimination of a fan-in gate. A PAL 
device makes possible a simple, fast 
input to this circuit by providing a 
pointer for checking only the rele­
vant long word while bursting. The 
address tag still needs comparison, 

10 WAIT-STATE CACHE FOR FAST RIMS 

.. · 

MC68030 

Tag camparalals 

lllll Cache 
r-;S;::;:liiiiiiOllS'==:::;;;tenn;:::;m:::a;;olio:::n H;;:a:::nds;=.ha;:;ke;::-------------1 control 

CiACK 

but only on the initial access. 
The PAL should contain a decoder 

to decode addresses A2 and A::! from 
the processor. The resulting one-of­
four outputs then enter a shift regis­
ter, also built into the PAL. In this 
way, the four outputs from the PAL 
provide the compare port of the sta­
tus-bit comparator with a rotating 
pointer. In the AO! comparator, a 
single valid bit compares when only 
one of the four compare input.~ is at a 
logic-one level. The other three valid 
bits become don't cares. 

A block size of fournot only allows 
single-cycle bursting to work, but it 
also saves components. Further­
more, because address-line loading 
is reduced, the processor can drive 
its address bus more quickly. The re­
sult is fast hardware. 

The main data-RAM issues relate 
to burst mode. They include address 
autoincrementing and data setup 

Match 

Valid bits 
comparator 

Main 
memory 

1 1. A CA CHE SYSTEM wilh four XNOR-eonfigured comparators and one AOI configured comparator-each with a depth of 4-kword 
entries, a l&kworcHJy-32-bil cache, and a block size or four-has the lowest cost, reduced bus loading, and rast hardware. 
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The MC68030 adds a lll!W 
bus protocol-the syn­
chronous bus cycle-to 
the MC88XXX family of 

processors. Like its predecessors, 
the MC68030 supports the stan­
dard asynchronous bus protocol. 
Unlike the asynchronous bus on 
the MC68020, the 60830's synchro­
nous bus doesn't support dynamic 
bus sizing. As a result, all syn­
chronous bus cycles issue from a 
32-bit port. 

The minimum length of the 
MC68030's synchronous bus cycle 
is two clock periods, whereas the 
MC68020 has a minimum bus cy­
cle of three clock periods. Also, 
the MC68030 has on-chip memory­
management functions; the 
MC68020 does not. Since an 
MC68851 memory-management 
unit requires a clock cycle to 
translate logical addresses to 
physical addresses, the minimum 
physical bus-cycle length of an 
MC68020-MC68851 combination 
requires four clock periods. The 
MC63030 bus can therefore oper­
ate twice as fast as an equivalent 
MC68020-MC68851 system at any 
given clock frequency. 

Another feature added to the 
MC68030 bus, the burst-mode pro­
tocol runs only in synchronous 
mode .. The MC68030 has two inter­
nal caches-an instruction cache 
and a data cache. Both have 16 
lines with a block size of four(four 
32-bit words per address tag). 
When either internal cache of the 
MC68030 records a line miss from 
a cachable area of main memory, 
the system attempts to burst four 
long 32-bit words to fill the new 
line. 

The processor places the ad­
dress of the first long word on the 
bus and expects the return of the 
corresponding data, plus three ad­
ditional long words, in as little as 
three clock cycles. The processor 
doesn't change the address on the 
hus during these subsequent 
transfers. Rather, it assumes that 

CACHE SYSTEMS 

A SYNCHRONOUS BUS PROTOCOL 

the external memory increments 
address lines A2 and A3 in a modu­
lo-four fashion, as if the the bus 
were operating in nibble mode. 
Thus, with no wait states, the 
MC68030 receives as many as four 
long words in just five clock cy­
cles by using the burst-mode pro­
tocol. Because the application's 
characteristics affect the type of 
code the system runs, the decision 
of whether or not to use the burst 
mode is very important. System 
designers would do well to study 
the matter in depth. 

A knowledge of the timing re­
quirements of no-wait-state oper­
ation is crucial to understanding 
how the MC68030's synchronous 
bus operates (see the figure). 
When a new bus cycle starts, the 
processor delivers memory. ad­
dresses during a system-clock 
high time, but the addresses are 
guaranteed valid only at the end 
of the cloek high time. 

To avoid wait states, the Syn­
chronous Termination Hand· 
shake signal, /STERM, must as· 
sert 0 ns before the rising edge of 
the next system-clock pulse. If 
this condition is met, the proces­
sor latches the data on the next 
falling edge of the clock. The pro­
cessor needs a 5-ns setup time for 
the data with respect to the falling 
edge of the eloek. 

If the processor requires wait 
states, /STERK can be delayed 
relative to the clock rising edge to 
allow the use of slow memories in 
the synchronous mode. This fea­
tureapplies also to burst-mode cy· 
cles. But when the processor rec­
ognizes /STERK on a clock rising 
edge, data latches on the next fall­
ing edge, subject, of course, to ad­
equate setup and hold times. 

\Vhen the processor runs a 
burst cycle, it can accept new data 
with the same setup time to the 
clock on the clock's next three fall· 
ing edges. The processor also 
needs an 8-ns data hold time after 
the clock falls when operating at 
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25 MHz. Accordingly, if the pro­
cessor runs burst cycles at 25 
MHz, the data must be valid dur­
ing the bursting portion of the cy­
cle for 13 ns of the 40.ns clock peri­
od to meet the processor's setup 
and hold time requirements. 

Like its predecessors, the 
MC68030 microprocessor sup­
ports bus retries and reruns. If 
the bus-termination handshake 
STERM/, or DSACKx/, is assert­
ed with proper setup time relative 
to a rising clock edge, activating 
BERRI and HALT/ with a &-ns 
setup relativ" to the next falling 
edge of the clock aborts and re­
runs the current bus cycle. But 
this action results in two dead 
clocks on the bus before the bus 
cycle restarts. Nevertheless, no 
wait-state caches designed for the 
MC68030 use this t.echnique to 
prevent the processor from latch­
ing bad data when an external 
cache records a miss. 

~---~ Latched 
A,,_,, oo,., • 4 external 

4·tag comparators CyciOSiaii 

SYSCLK 

Match 

fyiiClironous 
Turiiimalion----~ 

Handshake 
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Cachetlg, 
41114 

(MCtl62351) 

Cachetlg, 
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12. ORGANIZING THE CACHE with a block size of four is a riable Bingle-cycle bunt1110de solution. This approach can exploit the 
fut liming of the compare port in an MCM62350 or MCM62361 lo store the valid hils and make ii poesible lo effectivel1 applJ the AOI 
eomparalor option for the valid-bit comparisons. The opelHlrain Maleh pins of the MCM62361 permit the wire-ORing of the four address-tac 
outpuls to the matching circuit, therebJ eliminating a fan-in pte. 

and hold timing to the processor. At ter a clock low at 25 MHz is merely 15 gle-cycle bursting (Fig. 3). Latching 
issue is whether burst mode sup- ns. That short time interval calls for the data outputs when the synchro­
ports two-cycle write timing. very fast output-enable SRAMs, nous SRAM clock is low resolves the 

If a synchronous bus cycle is run, such as the MCM6290. issue of data-hold time. Further-
the data must set up at the processor To support the burst mode, a more, once the synchronous SRAM 
without delay (in 5 ns), before the 7 4F191 counter, inserted in series clock drives high, the addresses into 
first falling edge of the clock after with A2 and A3 address pins, gives the device are registered and can be 
the processor recognizes the two incremental addresses to the changed for the next access in the 
STERM signal. If the cycle is two cache-data run for autoincrement burst sequence. 
clock periods, then the time available addressing. Unfortunately, the pro- When the MC68030 performs a 
to access the cache-data RAM equals cessor's data-hold-time require- two-clock write cycle, the data and 
a clock period. For a 25-MHz clock, ments prevent this scheme from address sent to the RAMs are simul­
the time available would be 35-ns. A working. Besides, the counter's la- taneously valid for only a half clock 
33-MHz clock would yield a 25-ns in- tency in a parallel-load mode re- period. For clock frequencies over 25 
terval. quires a RAM faster than 35 ns. MHz, this time isn't adequate to com-

For single-clock burst cycles, also, A MCM6295 synchronous SRAM plete a write cycle in typical faststat-
35 ns is available for RAM accesses as the cache-data RAM, with one ic RAMs. In that case, it's necessary 
at 25 MHz. But the data hold time af- 7 4F191 counter, readily supports sin- to insert a wait state.D 

I TIREE-CYCLE BURST RUD 
SRAMCl.ll :J 

A,.,,,.~ SHAM I 
A, ..... , .... , ·~--'-MCll_&295_) ~· °'" 

A._,. - • 

SYSCl.l 

1 3. AN MCM6295 SYNCHRONOUS SRAM. a cacbeata RAM with ooe m191 
counter, rellllily snpports aingle-eycle bursls. 
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INTRODUCTION TO SYNCHRONOUS 
SRAM ARCHITECTURE 

Fast static RAMs (FSRAMs) are commanding a lot of at­
tention from today's high performance system designers who 
frequently find that the speed of their system is limited by the 
performance of FSRAMs on the market. As 32-bit micropro­
cessor-based systems become faster and more prevalent, the 
demand for sub 25 ns FSAAMs will grow even more. 

FSAAMs are the driving force behind semiconductor tech­
nology today: they have the smallest circuit features-as low 
as 0.8 micron from some manufacturers-and use special pro­
cesses like double-level metal and BIMOS. The Fast SAAM 
has come a long way from its slower ancestors like the 1 K x 4 
Model 2114. The ease of use and dependable performance 
that resulted from the asynchronous performance of SAAMs 
have been replaced by the raw speed which is pacing today's 
demand; however, FSAAMs are still expected to meet the 
basic SAAM specifications for pure asynchronous perfor­
mance. This dichotomy has caused problems as chip designers 
come up with more innovative ways to speed up their circuits. 
Address transition-detection circuitry, for example, caused a 
number of problems when first introduced in 2K x 8 FSAAMs 
under certain system conditions. With such advanced tech­
nology being used and the cost of manufacturing these chips 
so high, Motorola has developed an alternative to a high-tech 
15 ns access SAAM that uses conventional technology. 

Motorola's newest SAAMs are the first to fully embrace the 
primary purpose of Fast SAAMs. They totally abandon the 
previous definition of asynchronous SRAMs. They have the 
requirement of a clock signal, and are, therefore, Synchronous 
SRAMs. They have separate pins for input and output data, 
and do not specify standby power. 

Motorola offers four different 66,536-bit Synchronous 
SAAM family members organized as 16K x 4: Models 
MCM6292, MCM6293, MCM6294, and MCM6295. The tech­
nology used for their implementation is the fast, low power­
consuming, and noise-immune HCMOS Ill, which uses a sil­
icon gate for its fabrication. One of the main advantages to 
using these devices is that they can be designed into system 
cache-memory or writeable control-store applications with 
fewer interfacing glue-type parts than the standard SAAM 
memory. Among the reasons for this are the integrated input 
and output latches that are capable of driving loads up to 130 
pF. Due to the increased operating speed of the device and 
the additional output-buffer loads, an extra ground pin has 
been placed on the chip. 

Four different devices have been specified so that all com­
binations of the output-latching and output-enable features 
are in the offering. The MCM6292 comes equipped with latches 
that are edge triggered on the inputs but transparent on the 
outputs. To support systems with pipelined data, the 
MCM6293 is offered with edge-triggered latches on both the 

Reprinted with permission from ECN, Chilton Company, October 1987. 

inputs and outputs. The MCM6295 and MCM6294 are output­
enable versions of the two basic parts. All of the Synchronous 
SAAMs come with separate data-in and data-out pins; how­
ever, some systems specify a more conventional common 
1/0 mode, and the asynchronous output-enable control (G) 
which replaced the S signal on these parts can be helpful in 
such a case. 

In many designs using SAAMs, there is actually extra time 
during the cycle that is being wasted. In more critical appli­
cations, the Synchronous SAAM offers an alternative to the 
conventional SAAM. An external clock input (K) can be used 
to precisely control the cycle by directing the operation of the 
on-chip latches. 

The designer of small personal computer systems can use 
the Synchronous SAAM in a number of storage areas. One 
of the primary applications, cache memory, is high-speed 
memory that resides between the central processing unit (CPU) 
and the main memory of the system. Accesses to this fast 
cache typically require 60 ns versus the 200 ns needed to 
perform an access to main memory. One way the cache is 
used is to store data or instructions from main memory that 
are frequently called for by an application. As an example of 
this, higher-level languages often use repetitive loops: by stor­
ing the data necessary for these repeated operations and in­
structions in the cache, accesses to the main memory can be 
avoided. 

A typical system is illustrated in Figure 1. It is configured 
as a cache memory residing between the CPU and the system 
bus. The system bus links the main memory and 1/0 devices 
to the CPU by way of the cache. 

MAIN 
MEMORY 

MPU 

SYSTEM BUS 

110 DEVICES 

Figure 1. A primary synchronous SRAM application is 
high-speed cache memory residing between the CPU 

and the main memory of a personal computer system. 
Accesses to the cache typically require 50 ns. whereas 

main memory takes 200 na. 
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In operation, there is one set of locations in which data is 
stored and another set of locations containing a cache tag for 
each word in the cache. The cache tag identifies the main 
memory location with which the data is associated. A com­
parison is made between the cache tags, which are located 
in the cache memory, and the address, which is generated by 
the microprocessor at the beginning of a cycle. If a cache tag 
and the address match, there is no access made to main 
memory, but instead the read or write cycle is executed on 
the corresponding byte of data stored iri the cache. When the 
address does not find a match, a miss occurs, and new lo­
cations must be read into the cache from main memory. 

A cache miss is the result of a mismatch between the cache 
tag and the desired address to be accessed by the CPU. When 
this occurs, the system logic is allowed to perform a retry of 
the previous access. The appropriate address is accessed from 
main memory. Following an update of the cache, the data is 
then available for processing. 

The cache hit rate is the actual percentage of accesses made 
to the cache in which the requested address is resident. In 
order to keep the hit rate as high as possible, a variety of 
software routines are used. The function of these routines is 
to keep the cache as full as possible with the most frequently 
used data. In so doing, the cache hit rate for both the data 
and instruction caches will be maximized, increasing overall 
information throughput. 

The Harvard architecture, an efficient method used in many 
current day applications, is characteristic of a configuration 
which supports parallelism throughout a system. Synchronous 
SRAMs can be organized as relatively small external caches 
connected to the data buses and instruction paths located 
between the CPU and main memory. This will allow simul­
taneous instruction execution and data prefetches. The ex­
ternal cache demonstrates another system speed en­
hancement capability of these devices. 

ADDRESSING CONSIDERATIONS FOR 
READ/WRITE CYCLES 

To better understand the Synchronous SRAM's addressing 
capabilities in regard to read and write cycles, refer to Figure 
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2. In this illustration, there are four MCM6292 synchronous 
SRAM devices configured to operate on a 16-bit data bus. 
Each memory has four data inputs and four data outputs to 
allow the transfer to data. The address bus consists of 14 
address bits, AO-A 13. These 14 bits are required to decode 
and access the 65,536 memory locations of each device. The 
memory matrix is configured as 128 roilvs by 512 columns. The 
system clock is connected to the (Kl input of each memory 
and used to latch all inputs, outputs, write enable, and chip 
select. 

In Figure 3, there are two different read-cycle timings being 
represented for the MCM6292 (transparent output latches). 
Both are examples of systems that use the rising edge of (Kl 
to latch all inputs to the memory device. The states of the 
outputs are then held until the clock makes its transition to 
the low state. With this Synchronous SRAM, however, it is 
possible to have different memory access times, depending 
upon the condition of the clock (K). If the clock pulse is high 
for less than the 25 ns access time of the memory device, the 
total access time is rated at tKHQV or 25 ns (Read Cycle 1). 
On the other hand, if the high portion of the clock cycle lasts 
longer than 25 ns, the total access time becomes tKLOV (10 
ns maximum) plus the length of the clock high (Read Cycle 
2l. 

Figure 4 has been included to show the timing of a write 
cycle. The timing of a write operation is similar to that of the 
previously discussed read cycle. One point to consider is that 
to generate a write pulse, there is no requirement for complex 
external interfacing chips. This is accomplished through the 
self-timing mechanism which samples both the write enable 
and input data when (Kl rises. A high-impedance state is 
entered when the clock returns low. 

MPU AND MEMORY SPEED CONSIDERATIONS 
AT A SYSTEM LEVEL 

One consideration worth mentioning is that many memories 
are not able to keep up with very high-speed MPU control 
devices. This has been a problem with DRAM technology for 
a number of years. MPUs operating at clock speeds of over 
20 MHz are common in both business and engineering systems 

)"i4 t4 

AO-A13 AD-A13 

'--IK ......._, K 

MCM6292 MCM6292 

r DO-D3 r DO-D3 

/4 00-03 '1 4 00-03 

),'4 f4 

Figure 2. An array of synchronous SRAMs Is configured for a 16-bit data bus. Each MCM6292 has four data inputs, 
four data outputs, and fourteen address lines. 
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READ CYCLE 1 (See Note 1) 

IK111Cl --_..14--- IKLKH 

ISVKH--k----1~1--..i-- IKHSX tsvKH -+---w--.11-- IKHSX 

A !ADDRESS) 

w 

00-03 ----- PREVIOUS HIGH Z 

READ CYCLE 2 (See Note 21 

K 

A (ADDRESS) 

w 

-
_____ ~_·_-_-_~~:f~~-'-KL_nv _____ '_K_Lnz __ --_·_~_-_-~~M 

00-03 -------PREVIOUS HIGH Z ~ 0,, )--

NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <ltKHQV-IKLQVI· 
2. For Read Cycle 2 timing, clock high pulse width :>:(tKHQV-tKLQVI· 

Figure 3. If the system's clock high, tKHKL· is shorter than the MCM6292's 25 ns access time, then the total access 
time will be 25 ns. However, If tKHKL is longer than 25 ns, total access time Is lncraased. 
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IKHKL---t1---IKLKH 

K 

14--------IKHKH------+I 

ISVKH ~i..---11*"__,*_tKHSX I 
tsvKH __ ,._ ___ _,, __ IKHSX 

A !ADDRESS! 

DD-D3 

w 

00-03 lln-1 t-------- HIGH Z 

Figure 4. In a write cycle. the self-timing mechanism of the MCM6292 samples both the write enable and the input 
data when tha clock signal, K, rises. 

in use today; therefore, 25 ns Synchronous SRAMs are ideal 
to operate with zero wait states. 

Wait states are implemented with slower SRAMs and most 
DRAMs to freeze tha state of the microprocessor address and 
data bus for a clock cycle. As long as the signal controlling 
wait states is asserted, more wait-state periods will be gen­
erated. The microprocessor resumes operation when the wait­
state signal is negated. 

The alternative to implementing a wait state to halt the 
microprocessor for a slow memory device is to use the much 
faster Synchronous SRAM. Its timing parameters can be more 
exactly controlled, making the system operate more efficiently. 
Faster data throughput plus an improvement in overall system 
performance make the Synchronous SRAM cache a very cost­
effective solution in a microprocessor-based system. 

When performing read and write operations in a personal 
computer system, the timing relationship between a high­
speed microprocessor's system clock and a typical Synchron­
ous SRAM's cycle time constraints is very critical. These op­
erations could be as simple as inputting console information 
for CRT display outputs or as complex as supporting multi­
tasking environments or concurrent execution of operations. 

High-performance microprocessor systems with operating 
frequencies of 20-25 MHz are a realistic timing example being 
offered today. For microprocessors capable of operating at 
these speeds, a 25 ns Synchronous SRAM is ideally suited. 
These devices not only provide precise clocked timing control, 
but also will support applications requiring system clocks run­
ning at over 30 MHz. This can be accomplished without in­
curring any degradation of the processor by inserting wait 
states. 

WHAT'S TO COME FROM 
SYNCHRONOUSSRAMs 

Very high cache hit rates can be attained from a relatively 
small cache store. The high-rate efficiency is primarily due to 
the fact that the cache is located external to the CPU rather 
than actually being an on-chip cache, as is the case with some 
high-performance microprocessors. 

In addition to the popular high-speed cache-memory appli­
cations, Synchronous SRAMs are also ideal for writeable con­
trol store environments. Data can be downloaded into a 
Synchronous SRAM array, and the information can be ac­
cessed at very high speeds-much faster than from a DRAM 
array. 

Memories are taking on new roles. Because of this, they 
are being used in a wide variety of application areas and op­
erating to support functions previously not possible. Future 
Synchronous SRAM devices will be even more complex and 
some will very likely contain higher degrees of intelligence. 
Many will be designed with special system functions in mind. 
Higher-speed operation working from lower voltage sources 
is just one example. There will be enhancements allowing the 
designer more flexibility and enabling him to reach supercom­
puter performance. 

Current-day static memories support numerous applica­
tions. The synchronous SRAMs discussed above will be of­
fered in 300-mil, 28-lead CERDIP and 400-mil, 28-lead plastic 
SOJ packages. These configurations satisfy the requirements 
of most systems presently. As chip integration end sophisti­
cation continue to advance, the packaging technology will also 
need to advance to promote future innovations within the 
industry. 

For more information on MCM6292-series synchronous 
SRAMs, contact Memory Marketing at Motorola, Inc., MOS 
Memory Products Div., P .0. Box 6000, Austin, TX 78762. 15121 
928-6700. 

MOTOROLA MEMORY DATA 

13-44 



MOTOROLA 
• SEMICONDUCTOR 

AR258 
HIGH FREQUENCY SYSTEM OPERATION 

USING SYNCHRONOUS SRAMs 
Frank Miller 

Scott Remington 
Richard Crisp 

Senior Memory Designers 
Motorola Inc. 

3501 Ed Bluestein Blvd. 
Austin. TX 78721 

INTRODUCTION 

The market for semiconductor memory products suitable 
for today's high speed cache applications is changing dra­
matically as the demand for higher performance super mini, 
ASIC, and microprocessor based computers rapidly increases. 
This development has put heavy pressure on MOS memory 
suppliers for faster and faster static RAMs to support shorter 
and shorter processor cycle times. To utilize their full system 
performance, fast SRAMs require precise system control, long 
address hold times, and have tight write pulse requirements. 
They provide short data valid time, cause common 1/0 data 
contention, and offer low drive capability. Todays high per­
formance processors themselves have similar 1/0 require­
ments. Therefore system designers have many concerns when 
designing a fast memory subsystem. They must use additional 
logic (latches, drivers, pulse generators, etc.) to allow the 
memory subsystem to interact efficiently with the processor 
at the fastest system cycle times. 

A solution to get the memory and the processor to work 
well together at fast cycle and access times lies not only in 
faster components, but in minimizing the need for external 
glue logic and its associated delays. The Synchronous Static 
RAM is defined as having on chip latches for all its inputs and 
outputs, added drive capability, and a self timed write cycle 
all under the control of the system clock. This eliminates the 
need for most external logic chips and allows the memory to 
run at higher system speeds than standard SRAMs with com­
parable access times. 

This paper outlines the basic architecture of a Synchronous 
SAAM that Motorola plans to introduce in the first half of 
1988. We will highlight its advantages over standard SRAMs 
in high frequency computer system operation. This is followed 
by an application example for a MC68030 cache subsystem. 

ARCHITECTURE AND OPERATION 

ARCHITECTURE 

A block diagram of the 16K x 4 Synchronous SAAM is 
shown in Figure 1. This diagram shows all inputs, outputs, 
and control signals (W, S, and Kl to the part; addresses (AO­
A 13), data in (DO-D3), data out (Q0-03), clock (K), chip select 
(SJ, and write enable (W). All inputs, outputs, write enable, 
and chip select are latched by the clock. 

The latches are one of two types, either positive edge trig­
gered or transparent. The positive edge triggered latches are 

latched by the rising edge of clock (K). The transparent latches 
are frozen when the clock is in the high state and open when 
it is in the low state. Our parts feature two of the possible 
combinations of input and output latches. The first part, the 
MCM6292, features edge triggered latches on the inputs and 
transparent latches on the outputs. Our second part, the 
MCM6293, has edge triggered latches on both inputs and 
outputs, to aid in pipelining data. 

The output buffers on all of our parts are capable of driving 
130 pf loads. The output buffers were designed to drive this 
load because in some systems the latches that they replace 
would be required to drive a comparable size load. Due to the 
size of load that the output buffers must drive, and the speed 
at which the part operates, we have added an extra ground 
pin (Vssal. This pin is the ground connection for all of our 
output drivers, and allows us to drive our outputs harder and 
also gives us noise immunity on the ground bus. 

For systems that require a common 1/0 configuration we 
expect to offer the MCM6295 and the MCM6294, which are 
the MCM6292 and the MCM6293 with an asynchronous output 
enable (GJ option. These parts, the MCM6294 and the 
MCM6295, replace the chip select (SJ buffer with an asyn­
chronous output enable (G) buffer. 

OPERATION 

The operation of these parts is much the same as a standard 
16K x 4 SAAM except for the fact that the inputs and outputs 
are latched and the cycle begins with the low to high transition 
of the clock. The following examples will concentrate on a 
read and write cycle for both the MCM6292 and the MCM6293. 
The MCM6294 and MCM6295 read and write cycles are the 
same as the MCM6292 and the MCM6293 except that the 
outputs can be put into a high impedance state at any time 
by using output enable (G). 

During a read, see Figure 2, all inputs are latched into the 
part at the rising edge of the clock (K) in both the MCM6292 
and the MCM6293. For the MCM6292, when clock goes high, 
the outputs become latched and are held in that state until 
the clock falls low. Since the output latches are transparent, 
during clock low time, there are two possible access times, 
tKHQV and tKLQV. These access times are dependent upon 
the high pulse width of the clock. If the high pulse width is 
less than the access time of the memory array the longer 
tKHQV spec is the clock access time. However if the clock 
high pulse is longer than the memory array access time, the 
clock access time becomes tKLOV· For the MCM6293 the 

Copyright ©Electronic Conventions, Inc. Reprinted with permission, from MIDCON 1987, Professional Program Papers, Session ff12./4. 
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MEMORY MATRIX 
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Figure 1. Synchronous SRAM Block Diagram 

outputs transition only when the clock switches from low to 
high. The output data that is latched during the low to high 
transition of the clock is the data from the previous read cycle. 

For the write cycle, see Figure 3, all inputs are handled in 
the same manner as in the read. Since both write enable and 
the input data are sampled on the rising edge of the clock the 
write becomes self timed. This eliminates the need for complex 
off chip write pulse generating circuitry. The outputs are put 
in a high impedance state tKLOZ after the clock falls low for 
the MCM6292. In the MCM6293 the output buffers will not 
go into a high impedance state until the low to high transition 
of the clock at the beginning of the next cycle. The MCM6294 
and the MCM6296 allow the user to put the output buffers 
into a high impedance state asynchronously by using the out­
put enabie input. This allows the user to put ths output buffers 
into a high impedance state earlier in the cycle, which eases 
the data contention problem when the part is used in a common 
1/0 system configuration. 

SYSTEM ADVANTAGES (SRAM vs SSRAMI 

SYSTEM DESCRIPTION AND TIMING 

Figure 7 shows two examples of a 16K x 32 bit memory using 
standard parts. The systems shown require eighteen parts 
each, ten latches and eight 16K x 4 SRAMs, to implement the 
same function as eight synchronous SRAMs and no glue logic. 

The functional equivalent of a MCM6292 is the standard 
16K x 4 SRAM with edge triggered latches on the inputs and 
transparent latches on the outputs, as shown at the top of 
Figure 7. The parts used in this example are six 'F374 octal 
D-type flip flops, four 'F373 octal transparent latches, and eight 
6288 16K x 4 SRAMs. The predicted timing diagram for the 
system is shown in Figure 4. This timing diagram compares 
the predicted system access with that of the MCM6292. !n the 
timing diagrams an approximate skew of 5 ns was added to 
the address timing to allow for some propagation delay from 
the MPU or CPU. For the purpose of comparison, three timing 
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MCM8292 TRAISPAREIT OUTPUT IATCHES 

MCM8292 TRAISPAREMT OUTPUT IATCHES 

MCM8293 EDGE TRIGGERED OUTPUT IATCHES 

K_.J ____ L.! 
00-03 O (a 1) :::3= 

'--

MCM8293 EDGE TRIGGERED OUTPUT IATCHES 

NOTE: Both MCM6292 and MCM6293 are available with an 
asynchronous G option. 
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00-03 JQ0l~.._ _ _!O!Jla~-;;;1!J.l __ 3_J-t-----

Figura 2. Raad Cycle Comparison 

NOTE: Both MCM6292 and MCM6293 are available with an 
asynchronous~ option. 

Figura 3. Write Cycle Comparison 

STAIDARD SUM WITH EDGE TRIGGERED IATCHES DI llPUTS AID TRAISPAREIT IATCHES 01 OUTPUTS 
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Rgura 4. Standard SRAM vs MCM6292 Timing Diagram 
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parameters were calculated, tcvc (cycle time), tAVOV (ad­
dress valid to data out valid time), and tKQV (address clock 
valid to data out valid time). The equations used to calculate 
each of the timing parameters for the standard SRAMs are as 
follows: 

tcvc=Ta+Tb-Tc 

tKav=Ta + Tb+Td 

tAvav=skew+setup+Ta+Tb+Td. 

The equivalent timing parameters for the MCM6292 can be 
determined as follows: 

tcvc=Tb 

tKav=Tb 

tAvav=skew+setup+Tb . 

The equivalent circuit for the MCM6293, as shown at the 
bottom of Figure 7, is a 16Kx4 SRAM with positive edge 
triggered latches on both inputs and outputs. For this example 
the parts used are, eight 6288 16K x 4 SRAMs and ten 'F374 
octal 0-type flip flops. The timing diagrams for this example 
are shown in Figure 5. The equations for calculating the timing 
parameters are as follows: 

Standard SRAMs: 
tcvc=Ta+ Tb-Tc 

tKQv=Ta+Tb+Td+Te 

tAvav=skew+setup+ Ta+ Tb+ Td+ Te 

MCM6293: 
tcvc=Tb 

tKav=Tb+Te 

tAVOV =skew+ setup+ Tb+ Te 

SYSTEM COMPARISONS 

The timing parameters for the 25 ns 16K x 4 synchronous 
SRAMs and the equivalent circuits using 25 ns SRAMs are in 
Table 1. Also in Table 1 are timing parameters for other systems 
using progressively faster and more expensive S RAMs. From 
this table it can be determined that if either tAVQV or tKQV 
were the most important timing constraints a much faster 
SRAM would be needed to match the performance of the 
synchronous SRAM. For the performance of the system built 
with standard parts to match the performance of the 25 ns 
MCM6292, it would be necessary to use a 10 ns SRAM. Sim­
ilarly, if the system used 25 ns MCM6293s the equivalent sys­
tem made from standard parts would require 15 ns SRAMs. 

Another important advantage of the synchronous parts over 
standard parts is the board level chip count; 18 parts are nec­
essary when using standard SRAMs while only 8 parts are 
needed for the synchronous SRAM implementation. This is 
critical when board space is an important factor. Also, the fact 
that data and write enable .. are sampled on the rising edge of 
the clock, eliminates the need for complex write pulse gen­
erating circuitry. Finally, in order to get the high speed per­
formance out of standard SRAMs, it requires precise timing 
and phase control of two clock signals IK1 and K2), while in 
the synchronous part only one clock (K) is needed. 

APPLICATION: MC68030 CACHE SUBSYSTEM 

The Synchronous SRAM combined with the Motorola 
MC68030 microprocessor illustrates the potential of this ad­
vanced memory architecture. The high frequency performance 
of microprocessors like the MC68030 can be impaired by having 

STAIDARD SRAM WITH EDGE TRIGGERED LATCHES 01 fllPUTS AID OUTPUTS 
ltAVllV = 54 ... tcYc = 25 nsl 

3 .. 

K2 

lll. la-1) 
10 ns IT•l3--Ql.-la_l_ 

MCM8293 SYICHROIOUS SRAM ltAVOV = 45 11, tcYC = 25 11) 

K ______ _,I 

-------25 ns ITbl 
m.10-31 _____ m._....1•_-_2 ... 1 ____ __,X lll. la-1) 

10 ns 1Tal1-----Ql.-la_l ___ _ 

NOTE: AT -Address generation and transition time. 

Figure 5. Standard SRAM vs MCM6293 Timing Diagram 
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PROCESSOR 
ADDRESS BUS 

NIBBLE 
ADDRESS 

MCM6295 

Figure 6. MC68030 Burst Read Addressing 

to wait for slow memory to respond. For this example we will 
use a 16K by 32-bit cache system running at frequencies of 
up to 33-1 /3 MHz. This does not mean that you can purchase 
MC68030 processors today at this speed, only that our 25 ns 
SSRAM will support this processor up to that speed. The 
MC68030 timings used for this example are extrapolated from 
the current 16.67 and 20 MHz specifications that exist today 
and are not intended to be the official specifications. 

We will exploit the processor's burst read cycle which sup­
ports burst filling of its on-chip instruction and data caches, 
adding to the overall system performance. The on-chip caches 

are organized with a block size of four long words, so that 
there is only one tag for the four long words in a block. Since 
locality of reference is present to some degree in most pro­
grams, filling of all four entries when a single entry misses can 
be advantageous, especially if the time spent filling the ad­
ditional entries is minimal. When the caches are burst-filled, 
data can be latched by the processor in as little as one clock 
for each 32 bits.1 

The timing diagram shown in Figure 8 shows a burst read 
cycle (four 32-bit words read) in a 3-1-1-1 clock cycle config­
uration. The first word is read in 3 clock cycles and the re­
maining three words are read in one clock cycle each. The 
burst read cycle begins with a cache burst request (CBREQ) 
from the processor followed by a cache burst acknowledge 
( CBACK) from the memory controller. This means the pro­
cessor is requesting a burst cycle and the accessed memory 
can comply. During the burst cycle the processor supplies the 
starting address in the normal synchronous fashion and holds 
it valid until all four long words are read. It does not provide 
the next three addresses required to complete the burst fill, 
so they must be generated off chip. For this example we used 
a 'F191 counter whose control signals, PL and CE, are gen­
erated in a cache controller. The clock input, CP (CLK), is the 
opposite phase of the system clock. The SS RAM operates 
with the same inverted system clock (CLK) and receives its 
addresses from two sources; A2-A 13 are supplied from the 
processor's address bus, and AO-A 1 are supplied from the 
'F191 counter to allow nibble counting as shown in Figure 6. 

STANDARD SRAM WITH EDGE TRIGGERED LATCHES OI INPUTS AID 
TRANSPARENT LATCHES ON OUTPUTS 

w-----1~--i 

s-----­
AO-A13 _....,. __ ~_,, 

14 

Kl------' 

8288 

16Kx4 
SRAM 

25 ns Ace 

18) 

STANDARD SHAM WITH EDGE TRIGGERED LATCHES ON INPUTS AND OUTPUTS 

w----..i-~,~--..i 

s-----+t 
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Figure 7. Standard SRAM Implementations 
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Table 1. Timing Comparisons Between SSRAMs and SRAMs 

25 n1 25 na 20na 1&na 10 na 
SS RAM SRAM SRAM SRAM SRAM 

Timings 
Trana. Edge Trig. Trane. EdgaTrlg. Trana. 
Output Output Output Output Output 

tcvc 25 ns 25 ns 25 ns 25 ns 20 ns 

IAVQV 35 ns 45 ns 50ns 54 ns 45 ns 

IKQV 25 ns 35 ns 43 ns 43ns 38 ns 

The timing begins with the request, the acknowledgment 
and the generation of the first address. This address is used 
to access one of the four long words. Two low order address 
signals from this address must also be loaded into the counter. 
At the beginning of the cycle the parallel load signal for the 
counter is enabled, the address is than loaded in and the PL 
signal can be disabled. Tha counter will provide the memory 
this first address a propagation delay later and then increment 
it on successive clock edges to supply the memory with the 
remaining three needed addresses. After receiving all four 32-
bit words the processor is free to continue. 

A similar system built using standard MCM6288 {16Kx4) 
type SRAMs would require the use of off-chip input and output 
latches {'F373 or 'F374 type) in addition to the counter. It 
would require four chips to perform the latching function for 
32-bit data in, and four chips to latch the 32-bit data out, for 
a total of eight additional 20 pin packages added to the memory 
PC board. This standard SRAM cache system would also 
require additional logic in the cache controller to support the 
write pulse, associated write enable and data in timing for 
write cycles, and the generation of a second clock {LE or CPI 
to separately control the input and output latches. To attain 
the cacha system speed of 33-1 /3 MHz would require a SRAM 
access time of approximately one bin faster than the SSRAM. 
In addition the external glue logic would have to be faster than 
what is currently offered in tha 74F series logic. 

Edge Trig. Trana. EdgaTrlg. Trana. Edge Trig. 
Output Output Output Output Output 

20 ns 15ns 15 ns 10ns 10 ns 

49 ns 40 ns 44 ns 35 ns 39 ns 

38 ns 33ns 33 ns 28ns 28 ns 

SUMMARY 

There are many applications for high-speed Synchronous 
Static RAMs. The integration of latches, self timed writes, bus 
drive capability, and clock control greatly simplifies system 
level implementation and ease of use. These features will allow 
SSRAMs to continue to support higher frequency system op­
eration. Depending on the application, Synchronous Static 
RAMs can provide up to a 10 to 15 ns improvement in system 
access time over SRAMs that spec the same chip speeds. 
They save precious board space by reducing the chip count, 
and simplify controller design for latch control and write cycles. 
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RADICAL SRAM 
DESIGN SPEEDS 
SYSTEMS 40% 
Key t,o higher throughput is a 
synchronous clocked architecture and 
on-chip 110 latches; the combination 
cuts interconn~ction delay by up to 20 ns 

by Bematd c. c:me 

AR256/D 

Engineers at Motorola Inc.'s MOS Memo­
ry Products Division are taking a radi­
cally different approach from the cur­
rent asynchronous architecture for stat­

ic random-access· memories. They are developing 
a· synchronous architecture the company claims 
will improve system throughput by as much as 
40% and will reduce system component count by 
as much as 50%. 

The keys to the Austin, Texas, division's new. 
architecture are: replacing the traditional self­
clocked address-transition-detection circuitry, 
found in conventional asynchronous SRAMs, with a 
synchronous clocked architecture, and adding criti­
cal input and output lat.ches on-chip. The combina­
tion of these features eliminates as much as 8 to 
10 ns of interconnection delay on input and on 
output, says William Martino, the division's design 
manager for specialized memories. It also elimi­
nates circuitry often required to make asynchro­
nous devices appear synchronous in high-perfor­
mance cache-memory systems, which depend 
heavily on the synchronization of critical timing 

....---------------------------. parameters. Also incorporated on the 
CLOCK 

CLOCK 

CLOCK 
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LATCHED 
INPUT DATA 

ADDRESS 

25-ns 
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SHAM 

l/D PORT 

ADDRESS 

25-n• 
16 K·BY·HIT 

SHAM 

l/D PORT 

chip are drive transistors capable of 
driving buses with capacitive loads 
of up to 130 pF without additional 
external circuitry. Motorola design­
ers also enlarged the geometries to 
increase the inherent drive capability 
of the deVices. 

The new architecture has been in­
corporated into four initial products 
that are members of a new family of 
16-Kbit-by-4-bit SRAMS with cycle 
times ranging from 25 to 85 ns and 
access times in the 10 to 85 ns range. 
This equahi that of comparably sized 
asynchronous SRAMB fabricated with 
the same 1.5-µmdouble-metalCMOS 
process [Electronics, Aug. 7, 1986, 
p. 81], says Frank Miller, synchro­
nous SRAM project leader at the divi­
sion. But Miller emphasizes that the 
elimination of as much as 20 ns of 
interconnection delay can almost 
double system-level performance. 

Motorola expects to offer sam­
ples of the four clocked synchro­
nous SRAM parts within about a 
month and plans to be in volume 
production by the end of the fourth 
quarter. Two of the devices, the 
MCM6292 and 6295, incorporate 

1. AIYllCHllOllClll& Using asynchronous SRAMs, designers of high-performance synchro· level-sensitive transparent latches, 
nous systems must incorporate latches on the inputs and outputs, adding 15 to 20 ns of delay. 

Reprlntad fnlm Elet:lmnlcs, July 23, 1987, lasue. Copyright ©1987, McGraw-Hill, Inc. Ail rights reHrved. 
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whereas the MCM6293 and 6294 use positive­
edge-triggered latches. Also the 6294 and 6295 
each have an output enable pin that allows 
the user asynchronous control of the output 
buffers, allowing the parts to be used in com­
mon I/O at the board level. All the devices fea­
ture an active ac power dissipation of 600 mW 
and an active de power of only 100 mw. 

The advantages of Motorola's new family of 
synchronous SRAMs outweigh the advantages of 
asynchronous devices, Martino says. In asyn­
chronous devices, great reliance is placed on ad­
dress-transition detection, a self-clocking scheme 
that uses the address-signal transition, or edge, 
as a reference to synchronizing all operations on 
the chip to that signal. Martino says that asyn­
chronous SRAMs are widely used because they 
allow and recognize address changes at any 
time. As a result, no external global clock is 
necessary to access data, making them easy to 
use. Also, compared with dynamic RAMs, asyn­
chronous SRAMs take much less external circuit­
ry, says Miller. Because they are free-running, 
the addresses can be changed whenever needed, 
and they are very easy to control. 

Although they are easy to use, asynchronous 
SRAMs must be surrounded by considerable ex­
ternal logic (see fig. 1) in many applications in 
high-performance processor systems such as 
writable control stores, data caches, and. cache­
tag memories [Electronics, June 11, 1987, p. 78] 
that require synchronous operation. The extra 
circuitry imposes a considerable performance 
penalty, and that can be a problem in cache 
applications in particular, says Martino, where 
the speed of memory typically must be at least 
an order of magnitude faster than main memory. 
Also, for a cache to work properly, critical tim­
ing relationships must be preserved 
so that a variety of simultaneous 
operations can be coordinated, s.uch 
as searching the tag store, getting 
data out of cache, and replacing 

says Martino. As a result, most speed improve­
ments have come by pushing the speed of the 
memory chips themselves. But, as processors 
speed up, memories with sufficiently low access 
times are getting harder and harder to produce 
inexpensively, Martino says. Current 25-to-35-ns 
asynchronous SRAMs are barely adequate, he 
says. And newer processors will require a sys­
tem throughput of no more than 35 to 40 ns. For 
such throughputs, SRAMs must be pushed to be­
low 10 ns, only achievable now with bipolar and 
biCMOS circuits, but at much higher power. 
"However, even if parts are pushed down to 1 ns 
and under, there is still that 10 ns on the input 
and another 10 ns on the output to deal with," 
says Martino. 

The most important element in Motorola's new 
SRAM architecture (see fig. 2) is the incorporation 
of the external input and output latches neces­
sary for synchronous operation on board. This 
design considerably simplifies system design and 
reduces interconnection delay. "By pulling all of 
that glue logic on board, it is no longer necessary 
to drive a large bus to 'ITL levels," says Martino. 
"It is now done on-chip, reducing the 10-ns delay 
down to picosecond levels. This allows the use 
of a 25-ns part for a 25-to-3o-ns bus, rather than 
using more expensive, power-hungry 10- and 15-
ns parts for the same chore." 

The Motorola architecture uses address-input 
latches to hold the addresses so that the proc­
essor does not have to hold the addresses valid 
for the entire cycle. A similar function is served 
by the data latches on the input. The latches 
on the output, however, serve a dual function. 
First, they provide a longer setup and hold 
time over which the data is valid on the bus, 
necessary in most processing systems. With a 

ADDRESS ADDRESS AO DRESS ADDRESS proper entries in the cache. The 
added delay of the external logic 
can make it difficult to preserve 
these relationships. 

CLOCK- -
When system speeds were in the 

200-ns range, Miller says, the addi­
tional 10-to-20-ns penalty of this ex­
ternal logic could be tolerated. "But 
with processor speeds improving so 
dramatically, now pushing below 
100 ns toward 50 ns, this is a penal­
ty that is critical, especially since 
the speed of the external logic has 
not kept pace with the .improve-
ments in speed at the chip level." 

Depending on the type of regis­
ter involved and the process used, 
the delay time, even with high-per­
formance logic families, can be re­
duced to no more than 7 to 10 ns, 

25-ns 
16 K-BY-4·BIT 

CLOCKED 
SAAM 

OUTPUT 
PORT 

25-ns 
16 K-BY-4-BIT 

CLOCKED 
SAAM 

DATA IN 

OUTPUT 
PORT 

25..ns 
16 K-BY-4-BIT 

CLOCKED 
SAAM 

DATA JN 

OUTPUT 
PORT 

25-ns 
16 K-BY-4-BIT 

CLOCKED 
SAAM 

~OATAIN 

OUTPUT 
PORT 

2. IYNCHRONOUS. By incorporating latches and drivers on-chip, Motorola's synchronous 

SAAM reduces chip count by more than 50% and reduces interconnection delay. 
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RADICAL SRAM DESIGN ... (AR256) 

standard SRAM at minimum cycle time, that time 
is about 5 ns without any external latching. This 
is not enough time for most systems, which re­
quire the data to be on the bus for at least 15 to 
20 ns, for the processor to receive the valid data. 
The other function of the latches is to provide 
the extra drive needed to drive the buses with 
capacitive loads of up to 130 pF. 

The designers of the new SRAMs have 
eliminated the address-detection-transition 
circuitry; now they use on-chip clock input 
for a synchronous clocking scheme 

Also incorporated on-chip to support the syn­
chronous operation of the latches is a clock input 
that controls when the latches are transparent 
and when they are brought into play. Usually 
this clock input is a derivative of the system 
clock; that is, the latches are controlled by the 
edge of the system clock. 

The Motorola designers have eliminated the 
address-detection-transition circuitry in the new 
SRAMs. Instead, they use the on-chip clock input 
to incorporate a synchronous clocking scheme in 
which the necessary address, data, chip-select, 
and write-enable information previously brought 
on board the chip by the address-detection-transi­
tion circuitry is now accessed at the beginning of 
the cycle in reference to the external clock, 
rather than to the address edge as in the asyn­
chronous scheme. The technique, says Martino, 
is similar to how a DRAM brings in its addresses 

with setup and hold times in relation to a read­
access or column-access signal input. "Since this 
device employs a clock with a high-going edge at 
the beginning of each cycle, it is no longer neces­
sary to detect address- transitions," he 
says. "The system will tell the chip when to 
supply the necessary information by providing 
the clock at the appropriate time." 

To eliminate the external drive circuitry, the 
inherent drive capability of the devices was in­
creased fourfold, says Miller. So Motorola de­
signers enlarged the geometries used to fabri­
cate the pull-up and pull-down transistors, typi­
cally on the order of 1,500 µm wide, compared 
with 400- to 600-µm widths on the standard 30-pF 
devices, and as small as 6 µm in the memory 
array and 80 µm in the peripheral circuitry. 
Moreover, to achieve higher speed in spite of the 
higher drive currents, n-channel devices, which 
are only output devices, were used rather than 
the slower p-channel devices. Furthermore, these 
output devices were speeded up by incorporating 
a separate ground-supply pin for the output driv­
ers. "This allowed us to burn more current in 
the output drivers without corrupting the opera­
tion of the rest of the circuit," Miller says. 

Although this required a substantial increase 
in the area devoted to the drive circuitry, the 
chip size, 146 by 404 mils, is not substantially 
larger than comparable 64-Kbit asynchronous 
SRAMs. The extra area required for the larger 
drivers and for the internal clocking circuitry is 
offset by the area eliminated by removal of the 
address-transition-detection circuitry required on 
asynchronous parts, Martino says. D 

INGENIOUS SRAM DESIGN WAS DONE IN REMARKABLY SHORT TIME 
For a memory device of such complexity 
and ingenious design, Motorola's new 
clocked synchronous static random-ac­
cess-memory design was completed in a 
remarkably short time-only 12 months. 
Moreover, most of the work was done 
by a four-person design team: William 
Martino, design manager for specialized 
memories; Frank Miller, synchronous 
SRAM project leader; chip designer 
Scott Remington; and layout engineer 
Richard Southerland. 

One reason for the fast turnaround 
was that the array and much of the 
peripheral circuitry is identical to what 
was used in the company's family of 
asynchronous 64-Kbit SRAMs, says 
Miller. "All we had to do was strip off 
those portions of the circuit relating to 
the asynchronous operation and replace 
them with new synchronous elements." 

The team drew from two sources for 
the features incorporated into the syn­
chronous design-including their cumula-

tive design experience. Miller has seven 
years' experience in memory design. 
Remington, an eight-year Motorola veter­
an, worked on the company's 64-Kbit and 
1- Mbit DRAll!s. Southerland, a five-year 
Texas Instruments veteran, worked on 

EXPERTS. Miller, Southerland, and Remington, 
from left, are old hands at memory design. 
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most of Motorola's asynchronous SRAMs 
in his two years with the company. 

The other source was extensive input 
from Motorola's customers. "We spent 
several months defining a variety of 
special-application memory devices, 
from dual-port SRAMs and video 
DRAMs to content-addressable memo­
ries," says Miller. "But when we started 
taking these designs around to custom­
ers for input, we found they were most 
concerned with ways to make standard 
parts work· better. For designers of 
high-performance systems using cache 
architectures, one of the largest com­
mon denominators was complaints that 
they had to surround the asynchronous 
parts with a variety of glue logic to 
operate appropriately in a synchronous 
environment. 

"The key is listening to the custom­
ers, finding out what their specific com­
plaints are, and coming up with parts 
that satisfy those needs." 
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MECHANICAL DATA 

Package availability and ordering information are given on the individual data sheets. 

-----------8-LEAD PACKAGE-----------

F 

PLASTIC 
CASE626-04 

J 

M ~ 

MILLlllETERS INCHES 
DN MIN MAX MIN MAX 
A 9.40 10.16 0.370 0.400 
B 6.10 6.60 0240 0.260 
c 3.94 4.45 0.155 0.175 
D 0.38 0.51 0.015 . 0.020 
F 1.02 1.52 0.040 -G ~BSC 0.100BSC 
H 0.76 J_ 1.27 0.030 0.050 
J 0.20 J_ 0.30 0.008 o.ID 
K 2.92 J_ 3.43 0.115 0.135 
L 7.62BSC 0.300 BSC 
M - I 10- - I ur 
N 0.51 0.76 0.020 0.030 

NOTES: 
1. LEAD POSITIONAL TOLERANCE: 

l•l~o.1310.oos1®ITI A®I e®I 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
3. PACKAGE CONTOUR OPTIONAL (ROUND OR 

SQUARE CORNERS). 
4. DIMENSIONS A AND B ARE DATUMS. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

------------18-LEADPACKAGE-----------

SEATING 
PUNE 

r ~ ·1 

[:::::::1~ 
300 MIL PLASTIC 

CASE 107A-01 

: : 

IL 
I 

--t ..... -D ltl 0.25(0.0101 @IT I A® I llPI. 
11PI. 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH. 
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DIM 
A 
B 
c 
D 
F 
G 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
21.85 22.35 0.860 0.860 
7.12 7.49 0.280 0.295 
3.56 4.57 0.140 0.180 
0.36 0.55 0.014 0.022 
1.27 1.77 0.050 0.070 

2.54 BSC 0.100 BSC 
0.21 I o.ao 0.008 0.012 
2.93 I 3.42 0.115 0.135 

7.62 BSC Q.300 BSC 
G° J_ 15° G° 15° 
0.51 J_ 1.01 0.020 o:o40 



-----------20-LEAD PACKAGES-----------

w 
SfATING 
PLANE 

1· ~ ·1 

1~:::::::::1~ 
a;_-f 

300 MIL PLASTIC 
CASE 738-03 DIM 

A 
B 
c 
D 
E 
F 
G 
J 
K 
L 
M 
N 

NOTES: 

MILLIMETERS 
MIN MAX 
25.66 27.17 
6.10 6.60 
3.81 4.57 
0.39 0.55 

1.27 BSC 
1.27 1.77 

2.54 BSC 
0.21 0.38 
2.80 3.55 

7.62 BSC 
o• 15° 
0.51 1.01 

INCHES 
MIN MAX 
1.010 1.070 
0.240 0.260 
0.150 0.180 
0.015 0.022 

0.050 BSC 
0.050 0.070 

0.100 BSC 
0.008 .~ 
0.110 0.140 

0.300 BSC 
o· 15° 

0.020 0.040 ~~~ 
I-ti 0 20PL I I I l+lo.2510.0101® I Tis® I 

0.25 (0.010) ® T A® 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

1· ~ ·1 

~.:::::::::1~ 

ltl 0.25 (0.010) ®IT I A® I 

MILLIMETERS INCHES NOTES: 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

300 MIL PLASTIC 
CASE 738A-01 

IL 
'.---~I 

DIM MIN MAX MIN MAX 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, A 24.39 24.89 

B 7.12 7.49 
c 3.69 4.44 
D 0.39 0.55 
E 1.27 SSC 
F 1.27 1.77 
G 2.54 BSC 
J 0.21 0.38 
K 2.80 3.55 
L 7.62 BSC 
M o· 15° 
N Q.51 1.01 

0.960 0.980 
0.280 0.295 
0.145 0.175 
0.015 0.022 

0.050 BSC 
0.050 0.070 

0.100 BSC 
o.ooe T 0,015 
0.110 0.140 

0.300 BSC 
o· 15° 

0.020 0.040 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4, DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH. 
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--------- 20-LEAD PACKAGES (Continued) ----------

[ ffiSEA11NG PLANE 

R 

!+I 0.2510.0101® IT I c® I A® I _J 
~BJ 

' 

PLASTIC ZIP 
CASEB.oz 

MIUIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 25.53 25.90 1.005 1.020 
B 8.59 8.89 0.338 0.350 
c 2.75 2.94 0.108 0.116 
D 0.45 0.55 0.018 0.022 
G 1.27 BSC 0.050BSC 
H 2.44 2.64 0.097 0.103 
J 0.23 0.33 0.009 0.013 
K 3.18 3.55 0.125 0.140 
L 0.64 BSC 0.025 BSC 
M o• 4• o· 4• 
R 0.89 1.39 0.035 0.055 
s 9.66 10.16 0.380 0.400 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "H" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSIONS "A", "B", AND "S" DO NOT 

INCLUDE MOLD PROTRUSION. 
5. MOLD FLASH OR PROTRUSION SHALL NOT 

EXCEED 0.25 (0.010). 

-----------22-LEAD PACKAGE-----------

300 MIL PLASTIC 
CASE 738A-01 

MOTOROLA MEMORY DATA 
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MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 25.65 27.17 1.010 1.070 
B 6.10 6.60 0.240 0.260 
c 3.74 4.57 0.155 0.180 
D 0.38 0.55 0.015 0.022 
F 1.27 tn 0.050 0.070 
G 2.54 BSC 0.100 BSC 
J 0.20 J_ 0.38 0.008 0.015 
K 2.79 J_ 3.55 0.110 J_ 0.140 
L 7.62 BSC 0.300 BSC 
M o• J_ 15° ()" J_ 15° 
N 0.51 J_ 1.01 0.020 J_ 0.040 

NOTES: 
1. DIMENSION A IS A DATUM.TIS BOTH A DATUM 

AND A SEATING PLANE. 
2. POSITIONAL TOLERANCE FOR D DIMENSION; 

22 PL: 
I +I 0.25 10.0101 ® 1-T· I A ® I 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSIONING AND TOLERANCING PER 
Y14.5 M, 1982. 

5. CONTROLLING DIMENSION: INCH. 



----------- 24-LEAD PACKAGES-----------

,. ~ .. ,_j 
1::::::::::: :100 

300 MIL PLASTIC 
CASE724-03 DIM 

A 

MILLIMETERS 
MIN MAX 
31.25 32.13 

INCHES 
MIN MAX 
1.230 1.265 

B 6.35 6.85 0.250 0.2101 
c 3.69 4.44 0.145 0.175 
D 0.38 0.51 O.D15 0.020 
E 1.27 BSC 0.050 BSC '· g 

~~~!· Jt~' 
J.L ·~b. .. ~::..:,,. l'I•@ I 

F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
J 0.18 0.30 0.007 0.012 
K 2.80 3.55 0.110 0.140 
L 7.62 BSC 0.300 BSC 
M D" I 15· o• 15° 
N 0.511 1.01 0.020 ] 0.040 

NOTES: 

w 
SEATING 
PIME 

l+I 0.25(0.0101® IT I A® I 

300 MIL PLASTIC 
CASE 724A-41 

1. CHAMFERRED CONTOUR OPTIONAL. 
2. DIM "L" TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
3. DIMENSIONS AND TOLERANCES PER ANSI 

Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 

1L 

F~~ •• JL 
ltl 0.2510.010) ® IT I B@ I 

MIWMETERS 
DIM MIN MAX 
A 29.47 29.71 
B 7.12 7.62 
c 3.81 4.57 
D 0.39 0.53 
E 1.27 BSC 
F 1.15 1.39 
G 2.54 BSC 
J 0.21 ::r 0.30 
K 3.18 3.42 
L 7.62 BSC 
M o· I 15• 
N 0.51J 1.01 

INCHES 
MIN MAX 
1.160 1.170 
0.280 0.300 
0.150 0.180 
0.015 0.021 

0.050 BSC 
0.045 0.055 

0.100 BSC 
0.008 :r 0.012 
0.125_1 0.135 

0.300 BSC 
()" _l 15° 

0.020 _l 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
4. DIMENSION A AND B DOES NOT INCLUDE MOLD 

FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 

MOTOROLA MEMORY DATA 

I 

I 

I 

I 

I 

I 

-



• 

--------- 24-LEAD PACKAGES (Continued)---------

MIUlt1ETERS 
DIM MIN MAX 
A 15.75 16.00 
B 7.50 7.74 
c 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
H - J_ 0.50 
K 0.89 J_ 1.14 
L 0.64BSC 
M O" 5• 
N 0.89 1.14 
p 8.51 8.76 
R 6.61 7.11 
s 0.77 1.-01 

300MILSOJ 
CASE 810A-OI 

INCHES 
MIN MAX 
0.620 0.630 
0.295 0.305 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- J_ 0.020 

0.035 J_ 0.045 
0.025 BSC 

O" 5• 
0.035 0.045 
0.335 0.345 
0.260 0.280 
0.030 0.040 

NOTES: 
1. OIMENSIONING ANO TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. DIMENSION "A" ANO "B" 00 NOT INCLUDE 

MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.15 (0.0061 PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 
4. DIM "R" TO BE DffiRMINED AT DATUM ·T·. 
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---------- 20/26-LEAD PACKAGES ----------

MIWMETERS 
DIM MIN MAX 
A 17.02 17.27 
B 7.50 7.74 
c 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
H - 0.50 
K 0.89 1.14 
L 2.54 BsC 
M ()" 10" 
N 0.89 1.14 
p 8.39 8.63 
R 6.61 6.98 
s o.n 1.01 

INCHES 
MIN MAX 
0.670 0.680 
0.295 0.305 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- 0.020 

0.035 0.045 
0.100 iiSC 

()" 10" 
0.035 0.045 
0.330 0.340 
0.260 0.275 
0.030 0.040 

300MILSOJ 
CASE822-G3 

M 

LR_j s 
l+I 0.25 (0.010) ® I T I B ®I 

NOTES: 

RAD 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIM R TO BE DETERMINED AT DATUM -T·. 
5. FOR LEAD IDENTIFICATION PURPOSES, PIN 

POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 
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--------- 20/26-LEAD PACKAGES (Continued)----------

MIWMETERS 
DIM MIN MAX 
A 17.02 17.27 
B 8.77 9.01 
c 3.26 3.75 
D 0.41 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
K 0.64 -
L 2.54 BSC 
N 0.89 1.14 
p 9.66 9.90 
R 7.88 8.25 
s 0.77 1.01 

INCHES 
MIN MAX 
0.670 0.680 
0.345 0.355 
0.128 0.148 
0,016 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
0.025 I 

0.100 BSC 
0.035 0.045 
0.380 0.390 
0.310 0.325 
0.030 0.040 

3liO MIL SOJ 
CASE 822A-01 

I ~F20Pl 

LD l+~l-o.1-8(0-.00-71~®:-r-IT~l-s-®~l~A®_:_,sl 
DETAILZ 

N 

p l-D20PL . 

l+lo.1810.0011 ® ITI s®/ A®I 
t--P---1 . 

l+I 0.18 (0.007) ® I TI A® I B ®I 

B.1: 
l+I 0.25(0.0101 ® IT I A® I B® I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.0061 PER SIDE. 

4. DIMENSION A & B INCLUDE MOLD MISMATCH 
AND ARE DETERMINED AT THE PARTING LINE. 

5. DIM R TO BE DETERMINED AT DATUM ·T·. 
6. FOR LEAD IDENTIFICATION PURPOSES, PIN 

POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 
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-----------28-LEAD PACKAGES-----------

~ 
SEATING 
PLANE 

DIM 
A 
B 
c 
D 
E 
F 
G 
J 
K 
L 
M 
N 

G E 

MILLIMETERS 
MIN MAX 
34.17 34.29 
6.86 7.36 
- 4.31 
0.41 0.50 

1.27 BSC 
1.15 1.39 

2.54 BSC 
0.21 0.30 
3.18 3.42 

7.62 BSC 
O' 15° 
0.39 -

PLANE 

800 MIL PLASTIC 
CASE 710-02 

300 MIL PLASTIC 
CASE 710A-01 

c 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
c 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0,015 
K 2.92 3.43 0.115 0.135 
L 15.24 BSC 0.600 BSC 
M O' 15° O' 15° 
N 0.51 1.02 0.020 0.040 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS ID), SHALL BE 

WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

r-L 

"~b ... 
I ,, ,, 

JL ... J,., 
lti 0.25 (0.010) ® IT I B ®I 

INCHES 
MIN MAX 
1.345 1.350 
0.270 0.290 
- 0.170 

O.Q16 0.020 
0.050 BSC 

0.045 0.055 
0.100BSC 

0.008 0.012 
0.125 0.135 

0.300 BSC 
O' 15° 

0.015 -

ltl 0.25 (0.010) ® I TI A ®I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
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--------- 28-LEAD PACKAGES (Continued) ---------

w 
SEATING 
PIANE 

~~~_j 
[:::::::::::~1~ 

300 MIL PLASTIC 
CASE710B.e1 

1L 

F~~Jn_L 
lfl 0.25 (0.010) ® I T I A@ I 

MllUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 34.55 34.79 1.360 1.370 
B 7.12 7.62 0.280 0.300 
c 3.81 4.57 0.150 0.180 
D 0.39 0.53 0.015 0.021 
E 1.27 SSC 0.050 SSC 
F 1.15 ...l 1.39 0.045 0.055 
G 2.54 SSC 0.100 SSC 
J 0.21 0.30 0.008 0.012 
K 3.181 3.42 0.125 0.135 
L 7.62 SSC 0.300 SSC 
M (l° ::1 15° (l° 15° 
N 0.51__1 1.01 0.020 0.040 

ltl 0.2510.0101 ® IT I s@I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION A AND S DOES NOT INCLUDE MOLD 

FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 

MILi.METERS INCHES 
CERAMIC 

CASE 733-04 
DIM MIN MAX Mr.I MAX 
A 38.45 37.84 1.435 1.490 
B 12.70 15.36 0.500 0.605 
c 4.06 5.84 0.160 0.230 
D 0.38 0.55 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 BSC 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 SSC 0.600 BSC 
M (l° 15° (l° 

N 0.51 1.27 0.020 

NOTES: 
1. DIM ~IS DATUM. 
2. POSmONAL TOL FOR LEADS: 

0.25 (0.010) ® T A @ 
3. -T- IS SEATING PlANE. 
4. DIM A AND B INCLUDES MENISCUS. 

15° 
0.050 

5. DIM -L· TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 
7. CONTROLLING DIM: INCH. 

MOTOROLA MEMORY DATA 

14-10 



---------- 28-LEAD PACKAGES (Continued)----------

300 MILSOG 
CASE 761H-02 

rn--·1 ~· 151 ' ' DETAILX 

DIM 
A 
B 
c 
D 
G 
J 
K 

MILLIMETERS 
MIN MAX 
17.70 18.50 
8.23 8.90 
2.04 2.50 
0.35 0.50 

1.27 BSC 
0.14 0.25 
0.40 1.27 

INCHES 
MIN MAX 

0.697 0.728 
0.324 0.350 
0.080 0.098 
0.014 0.020 

0.050 BSC 
0.0060 0.0098 
O.Q16 0.050 JOO J L ~~~0100041 ITI 

~(!)~1,......,"""",...,.,.,......,.,..,.,,...,.,.,......,"""",...,.,.~14r Da~ 
L 0.05 0.20 0.002 0.008 
M 00 50 00 50 

-j+~l-0.2-51-0.0-10-1@~1-T~j-s®-s~j-A®~sl 1 5 I 11.50 I 12.10 I 0.453 I 0.476 I 

s 14~ 
l+lo.2510.0101 ®is® I §~~ 

ITLhnnnrvmnnn[l_od c L.J '~--K---/~l '1_-1 
DETAIL X -- L ~ 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIM: MILLIMETER. 
3. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.1510.006) PER 

SIDE. 

4 !--F 400 MILSOJ 
CASE 810-03 

MILLIMETERS !-v 
D Lo2sPL 

DETAILZ 

DIM MIN MAX 
A 18.29 18.54 
B 10.04 10.28 
c 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 [ti 0.18(0.007)@ IT I A® I G 1.27BSC 

H BRK G-10.1810.007) ®IT I B ®I H - 0.50 
K 0.89 1.14 

~1~ ~~-0 ~~~~~~. ·1_~jjj 
L 0.64 BSC 
M oo 
N 0.76 
p 11.05 
R 9.15 
s 0.77 

ltl 0.2510010) ®IT I B® I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED O. 15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 
4. DIM R TO BE DETERMINED ATDATUM -T-. 

MOTOROLA MEMORY DATA 

14-11 

50 
1.14 

11.30 
9.65 
1.01 

INCHES 
MIN MAX 

0.720 0.730 
0.395 Q.405 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- 0.020 

0.035 0.045 
0.025 BSC 
oo 50 

0.030 0.045 
0.435 0.445 
0.360 0.380 
0.030 0.040 



--------- 28-LEAD PACKAGES (Continued)---------

MILLIMETERS 
DIM MIN MAX 
A 18.29 18.54 
B 7.50 7.74 
c 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27BSC 
H - 0.50 
K 0.89 1.14 
L 0.64BSC 
M o· 10° 
N 0.76 1.14 
p 8.38 8.64 
R 6.60 6.86 
s 0.77 1.01 

300MILSOJ 
CASE810~ 

--1 1--F 

~~ 
D LD24PL 

DETAILZ 

HBRK 

M 

lfil 10 (o.004) I 
-T • SEATING PINE SRAD 

ltl 0.25(0.010) ®IT I B ®I 

INCHES 
MIN MAX 

0.720 0.730 
0.295 0.305 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050BSC 
0.020 

0.035 0.045 
0.025BSC 
o· 10° 

0.030 0.045 
0.330 0.340 
0.260 0.270 
0.030 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 
4. DIM RTO BE DETERMINED AT DATUM -T-. 

MOTOROLA MEMORY DATA 

14-12 



----------- 32-LEAD PACKAGES-----------

ltlo.2510.0101 ®Ir! A@! lt!o.25(0.0101 ®Ir! e@! 

300 MIL PLASTIC 
CASE 8&3-01 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 41.53 42.24 1.635 1.665 
B 13.47 13.97 0.530 0.550 
c 3.94 5.08 0.155 0.200 
D 0.36 0.55 0.014 0.022 
E 1.27 SSC 0.050 SSC 
F 1.02 1.52 0.040 0.060 
G 2.54BSC 0.100 SSC 
J 0.21 0.38 0.008 O.G15 
K 2.93 3.42 0.115 0.135 
L 15.24 BSC 0.600 SSC 
M O" 15° o• 15° 
N 0.51 1.01 0.020 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
4. DIMENSION A AND S DOES NOT INCLUDE MOLD 

FLASH. MAXIMUM MOLD FLASH 0.25 (0.0101. 

1· ~ ·1 

[:::::::::::: :::1=* 
L 

..--=-.--~=Tl 
~ ·! ... *· ~ .. 1-

I 
I 

DIM 
A 
B 
c 
D 
E 
F 
G 
J 
K 
L 
M 
N 

l+I 0.25 (0.0101 ® IT I A® I Ftl 0.25 (0.0101 ® I T I B ® I 

MR.UMETERS 
MIN MAX 
39.62 39.88 

7.11 7.62 
3.81 4.57 
0.38 0.53 

1.27 BSC 
1.14_1_ 1.40 

2.54 BSC 
0.20 J_ 0.30 
3.18 3.43 

7.62 BSC 
O" 15° 
0.51 1.02 

INCHES 
MIN MAX 
1.560 1.570 
0.280 0.300 . 
0.150 0.180 
0.015 0.021 

0.050 BSC 
0.045 0.055 

0.100 SSC 
0.008 0.012 
0.125 0.135 

0.300 SSC 
O" 15° 

0.020 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION l TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION A AND S DOES NOT INCLUDE MOLD 

FLASH. MAXIMUM MOLD FLASH 0.25 (0.0101. 

MOTOROLA MEMORY DATA 

14'13 



Ill 

--------- 32-LEAD PACKAGES (Continued)---------

·A· 
32 17 

16 

s l+I 0.2510.010) @ I B @ I 

ij 
J~l~D3ZPL l ~~+~I 0-.2-01-0.00_8_1 ®-• ~I ~T l~e-®-l~A-®~s I 

DETAIL X 

1-----1-A· l----I 
32 17 

s l+I 0.2510.010) @ I B ® I 

330MILSOG 
CASE85Ml1 

M1.LJ8 
~~~-

DETAILZ 

~~AILZ 

(JI ) , __ _.., 

4liO MILSOG 
CASE&-01 

DETAILZ 

~~TAILZ 

\ ' -11-E , _ _..,L lol 0.1010.004) I 

r,.rl \ 
, _ _.., 

MOTOROLA MEMORY DATA 

14-14 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 20.40 20.70 0.803 0.815 
a 8.70 8.90 0.342 0.350 
c 2.30 2.60 0.090 0.102 
D 0.36 0.51 0.014 0.020 
E 0.64 BSC 0.025 BSC 
G 1.27 BSC 0.050 BSC 
J 0.15 0.32 0.006 0.012 
K 0.61 1.00 0.024 0.039 
L 0.10 0.30 0.004 0.012 
M O' 8' 0' .8' 
s 11.91 12.52 0.469 0.493 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETERS. 
3. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.1510.006) PER 

SIDE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 20.40 20.70 0.803 0.815 
B 11.10 11.30 0.437 0.445 
c 2.75 3.04 0.108 0.120 
D 0.35 0.50 0.014 0.020 
E 0.64 BSC 0.025 BSC 
G 1.27 BSC 0.050 BSC 
J 0.14 0.32 0.006 0.012 
K 0.60 1.00 0.024 0.039 
L 0.10 0.35 0.004 0.014 
M 0' 8' O' 8' 
s 13.80 14.40 0.543 0.567 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETERS. 
3. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.1510.006) PER 

SIDE. 



--------- 32-LEAD PACKAGES (Continued)---------

MILLIMETERS 
DIM MIN MAX 
A 20.83 21.08 
B 7.50 7.74 
c 3.26 3.75 
D 0.41 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
K 0.89 1.14 
L 0.64BSC 
N 0.76 1.14 
p 8.38 8.64 
R 6.60 6.86 
s 0.77 1.01 

INCHES 
MIN MAX 

0.820 0.830 
0.295 0.305 
0.128 0.148 
O.Q16 0.020 
0.088 0.09J.. 
0.026 0.032 

0.050BSC 
0.035 0.045 

0.025 BSC 
0.030 0.045 
0.330 0.340 

300MILSOJ 
CASE8&7-42 

--1 I-- ;...F.::;32c:..:PL=------.,,-,--~ 
L~ ltlo.11(0.007) @IA@I 
N NOTE4 

i- DETAILZ 

I _j 1-- D 32PL NOTES 

ltlo.11(0.007) ®JA®i 
t---P--1 

ltlo.11(0.007) @IB@I 

r~~ 
1-R-l S RADIUS 

ltl 0.25(0.010) ®le® INOTEs 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DATUM PLANE -X- LOCATED AT TOP OF MOLD 

PARTING LINE AND COINCIDENT WITH TOP OF 
LEAD, WHERE LEAD EXITS BODY. 

4. TO BE DETERMINED AT PLANE -X-. 
5. TO BE DETERMINED AT PLANE -T-. 
6. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

0.260 0.2~ 
0.030 0.040 

MOTOROLA MEMORY DATA 

14-16 

i 

• I 



c 

44 
(NOTE 1) 

------------ 44-LEAD PACKAGE -----------

PLASTIC CHIP CARRIER 
CASEm-IYl. 

B ltlo.1910.007) ® ITI N®-P@I L®-M@I 

u ltlo.18t0.007l ® ITI N®-P@I L®-M@I 

NOTE 1 

Z1 

G1 

--------A l+lo.1810.007)® ITI L®-M@I N®-P@I VIEWD-D 
ltl 0.2510.010) ® IT I N ®-P@I L ®-M@I 

-------R ltlo.1810.007) ® ITI L®-M@I N~ 

K1 

K 

DETAILS 

I ti 0.25 10.0101 @ 

MILLIMETERS 
DIM MIN MAX 
A 17.40 17.65 
B 17.40 17.65 
c 4.20 4.57 
E 2.29 2.79 
F 0.33 0.48 
G 1.27 BSC 
H 0.66 0.81 
J 0.51 -
K 0.64 -
R 16.51 16.66 
u 16.51 16.66 
v 1.07 1.21 
w 1.07 1.21 
x 1.07 1.42 
y - 0.50 
z 2· 10° 

G1 15.50 16.00 
K1 1.02 -
Z1 2° 10° 

INCHES 
MIN MAX 
0.685 0.695 
0.685 0.695 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050 BSC 
0.026 0.032 
0.020 -
0.025 -
0.650 0.656 
0.650 0.656 
0.042 0.048 
0.042 0.048 
0.042 0.056 
- 0.020 
2· 10° 

0.610 0.630 
0.040 -

2· 10· 

NOTES: 
1. DUE TO SPACE LIMITATION, CASE 

777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
All 44 LEADS. 

.2. DATUMS ·L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.2510.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

6. CONTROLLING DIMENSION: INCH. 

MOTOROLA MEMORY DATA 

14-16 



------------ 52-LEAD PACKAGE------------

c 

52 
(NOTE1) 

PLASTIC CHIP CARRIER 
CASE778-02 

B ltl 0.18 (0.007) ®IT I N ©-P ®I L ®-M @I 

1-o u ltl 0.18(0.007) @IT IN ©-P ®I L®-M@I 

NOTE 1 

Z1 

G1 

--------1-A ltl 0.10100011 @Ir! L@-M@I N©-P@I VIEWD-D 
It! 0.25100101 @I rl N©-P ®I L@-M@I 

------...... -R !ti 0.18 (0.007) ®IT I L ®-M ®I N @-p ®I 

MILLIMETERS 
DIM MIN MAX 
A 19.94 20.19 
B 19.94 20.19 
c 4.20 4.57 
E 2.29 2.79 
F 0.33 0.48 
G 1.27 BSC 
H 0.66 0.81 
J 0.51 -
K 0.64 -
R 19.05 19.20 
u 19.05 19.20 
v 1.07 1.21 
w 1.07 1.21 
x 1.07 1.42 
y - 0.50 
z 20 10° 

G1 18.04 18.54 
K1 1.02 -
Z1 20 10° 

DETAILS 

INCHES 
MIN MAX 

0.785 0.795 
0.785 0.795 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050 BSC 
0.026 0.032 
0.020 -
0.025 -
0.750 0.756 
0.750 0.756 
0.042 0.048 
0.042 0.048 
0.042 0.056 
- 0.020 
20 10° 

0.710 0.730 
0.040 -

20 10° 

K1 

K 

L@-M@ N@-p@ 
N@-P@ L@-M@ 

DETAILS 

NOTES: 
1. DUE TO SPACE LIMITATION, CASE 778-02 SHALL BE 

REPRESENTED BY A GENERAL (SMALLER) CASE 
OUTLINE DRAWING RATHER THAN SHOWING ALL 52 
LEADS. 

2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED WHERE TOP 
OF LEAD SHOULDER EXIT PLASTIC BODY AT MOLD 
PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT DATUM -T-, 
SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD PROTRUSION. 
ALLOWABLE MOLD PROTRUSION IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 
1982. 

6. CONTROLLING DIMENSION: INCH. 

MOTOROLA MEMORY DATA 
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----------- 30-LEAD MODULES-----------

F 

CASE 839-01 

CASE 839A-01 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 88.78 89.02 3.495 3.505 
B 20.20 20.44 0.795 0.805 
c - 5.28 - 0.208 
D 1.66 1.90 0.065 0.075 
E 1.20 1.34 0.047 0.053 
F 1.15 1.39 0.045 0.055 
G 2.54 SSC 0.100 SSC 
H - 0.25 - 0.010 
L 2.04 - 0.080 -
M 1.91 2.15 0.075 0.085 
N 3.26 3.50 0.128 0.138 
p 1.15 - 0.045 -
Q 3.13 3.22 0.123 0.127 
R 6.23 6.47 0.245 0.255 
s 0.13 0.38 0.005 0.015 
u 82.02 82.27 3.229 3.239 
v 10.04 111.28 0.395 0.405 
w 2.54 - 0.100 -

NOTES: 
1. DIMENSIONING AND TDLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. TABS TD BE ELECTRICALLY CONNECTED BOTH 

SIDES OF CARD. 
4. DIMENSION E INCLUDES PLATING ANDIOR 

METALIZATION. 
5. CONTACT ZONE MUST BE FREE OF HOLES. 

0 la I o.os 10.0031 I 
I 

-------u--------

1+10.2510.0101@ I z I v I 
ltl 0.25 (0.010) @ I D @ I 

v~ 
~J!l:· 

s 

S DETAILX 
60 PL 

NOTE5 

NOTES: 
i. DIMENSIONING AND TCLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. TABS TO BE ELECTRICALLY CONNECTED BOTH 

SIDES OF CARD. 
4 .. DIMENSION E INCLUDES PLATING AND/OR 

METALLIZATION. 
5. CONTACT ZONE MUST BE FREE OF HOLES. 

MOTOROLA MEMORY DATA 

14-18 

DIM 
A 
B 
c 
D 
E 
F 
G 
H 
L 
M 
N 
p 
Q 
R 
s 
u 
v 
w 

MILLIMETERS 
MIN MAX 
88.78 89.02 
13.85 14.09 
- 5.28 
1.66 1.90 
1.20 1.34 
1.15 1.39 

2.54 SSC 
- 0.25 
2.04 -
1.91 2.15 
3.26 3.50 
1.15 -
3.13 3.22 
6.23 6.47 
0.13 0.38 

82.02 82.27 
10.04 10.28 
2.54 -

INCHES 
MIN MAX 
3.495 3.505 
0.545 0.555 
- 0.208 

0.065 0.075 
0.047 0.053 
0.045 0.055 

0.100 BSC 
- 0.010 

0.080 -
0.075 0.085 
0.128 0.138 
0.045 -
0.123 0.127 
0.245 0.255 
0.005 O.D15 
3.229 3.239 
0.395 0.405 
0.100 -



---------- 30-LEAD MODULES (Continued)----------

DIM 
A 
B 
c 
D 
E 
F 
G 
H 
L 
M 
N 
p 
a 
R 
s 
u 
v 
w 

DETAIL X 
60Pl 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
88.78 89.02 3.495 3.505 
23.88 24.13 0.940 0.950 
- 5.28 - 0.208 
1.66 1.90 0.065 0.075 
1.20 1.34 0.047 0.053 
1.15 1.39 0.045 0.055 

2.54 BSC 0.100 BSC 
- 0.25 - 0.010 
2.04 - 0.080 -
1.91 2.15 0.075 0.085 
3.26 3.50 0.128 0.138 
1.15 - 0.045 -
3.13 3.22 0.123 0.127 
6.23 6.47 0.245 0.255 
0.13 0.38 0.005 0.015 

82.02 82.27 3.229 3.239 
10.04 10.28 0.395 0.405 
2.54 - 0.100 -

CASE 8398-01 

L 

' 
NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 
3. TABS TO BE ELECTRICALLY CONNECTED BOTH 

SIDES OF CARD. 
4. DIMENSION E INCLUDES PLATING AND/OR 

METALIZATION. 
5. CONTACT ZONE MUST BE FREE OF HOLES. 

MOTOROLA MEMORY DATA 

14-19 



----------- 72-LEAD MODULES-----------

CASE888-01 

---~-RADIUS-·1, c I 

W~2PL wl ltlo.15(0.006) @IT Ix CD lvl r COMPONENT AREA 

·T· 
LJ 0.08 (0.003) 

D nPL 

ltlo.10(0.004) CD IT Ix® I YI 

DETAIL AA 

~ K 

lH 
DETAILZ 

CASE 866A-01 

W~2PL wl It I o.15(0.006) ®IT Ix CD I YI r COMPONENT AREA 

D nPL 

lt/0.10(0.004) CD/TI x ®/YI 

DETAIL AA 

K 

MOTOROLA MEMORY DATA 

14-20 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 107.82 108.08 4.245 4.255 

1 25.27 25.53 0.995 1.005 
- 9.14 - 0.360 

D 1.02 1.07 0.040 0.042 
F 3.18 BSC 0.125 BSC 
G 1.27 BSC 0.050 BSC 
H - 0.25 - 0.010 
J 1.191" 1.37 0.047 0.054 
K 0.25_1 - 0.100 -
L 44.45 REF 1.750 REF 
M 1.90 2.16 0.075 0.085 
N 10.16BSC D.400 BSC 
p 3.18 - 0.125 -
Q 3.12 3.22 0.123 0.127 
R 6.22 6.48 0.245 0.255 
s 5.72 - 0.225 -
u 101.19BSC 3.984BSC 
v -T 5.28 - 0.208 
w 1.12 - 0.044 -
x 1.52T 1.63 0.060 0.064 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. CARD THICKNESS APPLIES ACROSS TABS AND 

INCLUDES PLATING AND/OR METALIZATION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 107.82 108.08 4.245 4.255 
B 30.48 33.02 1.200 1.300 
c - 9.14 - 0.360 
D 1.02 1.07 0.040 0.042 
F 3.18BSC 0.125 BSC 
G 1.27BSC 0.050 BSC 
H -T 0.25 - 0.010 
J 1.19_1 1.37 0.047 0.054 
K o.25T - 0.100 -
L 44.45 REF 1.750 REF 
M 1.9oT 2.16 0.075 0.085 
N 10.16BSC 0.400 BSC 
p 3.1aT - 0.125 -
Q 3.12 3.22 0.123 0.127 
R 6.22T 6.48 0.245 0.255 
s 5.72_1 - 0.225 -
u 101.19BSC 3.984 BSC 
v -_I 5.28 - 0.208 
w 1.12T - 0.044 -
x 1.52::1 1.63 0.060 0.064 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. CARD THICKNESS APPLIES ACROSS TABS ANO 

INCLUDES PLATING AND/OR METALIZATION. 



MOTOROLA 
•SEMICONDUCTOR-------------­

TECHNICAL DATA 

Embossed Tape and Reel 
Embossed Tape and Reel is used to facilitate automatic pick and place equipment feed re­

quirements. The tape la used as the shipping container for various products and requires a 
minimum of handling. The antistatic/conductive tape provides a secure cavity for the product 
when sealed with the "peel-back" cover tape. 

• 13-lnch Reel 
• Used For Automatic Pick and Place Feed Systarns 
• Minimizes Product Handling 
e EIA•1 
e SOJ-24, SOJ-28, SOJ-20/26 

Ordering Information 
Uae the standard device title and add the required suffix R2. Note that the individual reels 

hava 1000 devices per reel. Also note the minimum lot size la one full reel for each lina item, 
and orders are required to be in increments of the single reel quantity. 

QOGOOOOOO. 0. ooon"' · ODD· 
lJJDODO 

DIRECTIOll OF FEED 

Tape Width Davlca ReelSlza 
TapaAReel 

Packaga lmml par Rael llnchl 
Lot Size 

(Mini 

SOJ-24 24 1,000 13 1,000 

SOJ-28 24 1,000 13 1,000 

SOJ-20128 24 1,000 13 1,000 

MOTOROLA MEMORY DATA 
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Tape and Reel 
Data for 

MOS Memory 
Surface Mount 

Devices 

PACKAGES 

SOJ-2A 
SOJ-28 

SOJ-20/28 

Davlca 
Suffix 

R2 

R2 

R2 



TAPE AND REEL DATA 

FOR MACHINE REFERENCE 
ONLY 

INCLUDING DRAFT ANO RADII 
CONCENTRIC AROUND Bo 

CARRIER TAPE SPECIFICATIONS 

TOP 
COVER 
TAPE 

R MIN. 

USER DIRECTION OF FEED 

TAPE AND COMPONENTS 
SHAU PASS AROUND RADIUS "II" 
WITHOUT DAMAGE 

D1 
FOR COMPONENTS 
2.0mmx1.2 mm 
AND LARGER 

EMBOSSMENT 

TYPICAL 
COMPONENT CAVITY 
CENTER LINE 

CARRIER 

100 mm -----j r 13.937") -1 mm MAX I I 

~t1····=~ 

DIMENSIONS 

Tape 
B1 Max Size 

24mm 19.4mm 
10.764"1 

TYPICAL 
I...,-- COMPONENT 
I CENTER LINE 

D D1 E 

1.5+0.1 mm 2.0mmMln 1.75±0.1 mm 
-0.0 10.079"1 10.069±0.004"1 

10.069+0.004" 
-0.0) 

F 

11.5±0.1 nvn 
10.463±0.004") 

-- -- [10.o~:;mMAX 25Dmm. --
-------------19.B43"1 

CAMBER (TOP VIEW) 
ALLOWABLE CAMBER TO BE 1 mml100 mm NONACCUMULATIVE OVER 250 mm 

K p Po "2 R Min TMax w 

4.0mm 12.0±0.10mm 4.0±0.1 mm 2.0±0.~mm 50mm 0.400 nvn 24±0.2 nvn 
10.157") 10.472±0.004"1 10.157 ± 0.004"1 10.019±0.002"1 (1.9118") 10.0111"1 10.946±0.0IJJ"I 

Metric Dimensions Govern-English are in parentheess for reference only. 
NOTE 1: A(), Bo. and Ko are determined by component size. The cleerenca between the components and the cavity must be within 0.06 mm 

min to 0.60 mm max. The component cannot rotate more than 10" within the determined cavity. 

MOTOROLA MEMORY DATA 
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TAPE AND REEL DATA 

REEL DIMENSIONS 
Metric Dimensions Govern-English are in Parentheses for Reference only. 

--l 1-TMAX 

t 
50 mm MIN 

(1.969") 

_L 

--J f--G 

Size A Max G T MAX 

24 mm 330 mm 24.400 mm, +2.0 mm, -0.0 30.4 mm 
(12.992") (0.961", +0.079", -0.00) (1.197") 

TAPE ENDS 

L-.J L_...J 

I-.- TRAILER 
I NO COMPONENTS 

CAVITY TOP TAPE 500 nHn MIN 

COMPONENTS.----1•~1· .. -- LEADER __....J 
NO COMPONENTS I 

500 mm MIN 
TAPE (19.7" MINI 119.7" MIN) 

DIRECTION OF FEED 

MOTOROLA MEMORY DATA 
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Selector Guide and Cross Reference II 
CMOS Dynamic RAMs • 

DRAM Modules .. 
Video RAMs • 

Pseudo Static RAMs II 
General MOS Static RAMs • 

CMOS Fast Static RAMs II 
CMOS Fast Static RAM Modules II 

Application Specific MOS Static RAMs II 
MOS EEPROM • 

Military Products Ill 
Reliability Information II 

Applications Information • 
Mechanical Data Ill 

MOTOROLA MEMORY DATA 



.. Selector Guide and Cross Reference 

• CMOS Dynamic RAMs 

.. DRAM Modules 

• Video RAMs 

.. Pseudo Static RAMs 

.. General MOS Static RAMs 

• CMOS Fast Static RAMs 

.. CMOS Fast Static RAM Modules 

.. Application Specific MOS Static RAMs 

MOS EEPROM 

Military Products 

Ill Reliability Information 

Applications_)nformation 

Ill Mechanical Data 

MOTOROLA MEMORY DATA 

A16685-7 PRINTED IN USA 9/90 EVANS PRESS EMTR 1147 MOS MEM 40,000 YHAAA 




