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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 QuickRAM 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 M) are
registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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MCM4180
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MCM514258A
MCM514400
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MCM518129
MCM51L000A
MCM51L4100
MCM51L4256A
MCM51L4400
MCM51L8128
MCM51L8129
MCM51LVv8128

MCM51LV8129

MCM524258A
MCM528128A
MCM56824
MCM60256A
MCM60256A-C
MCM60L256A
MCMB60L256A-70
MCMB60L256A-C
MCM60L256A-V
MCMe6164
MCM6164C
MCM61L64
MCM6205

MCM6205-17,20,25

MCM6205C-12,15
MCM6206

MCM6206-17,20,25

MCM6206C
MCM6206C-12,15

MCM6207-15,20,25

MCM6207C-10,12
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Page
Function Number

2K X 8, B5/45 NS it 6-3
2XB4K X 24, 22/27 NS ot 8-3
2B X 8 L e 10-3
64K X 32, 20/25/30 NS .ottt 8-10
TM X 36,80/100 NS ...ttt 3-3
2M X 36, 80/100 NS ..\ttt 3-15
256K x 36, 70/80/100 NS ...\t e 3-27
512K x 36, 70/80/100 NS ...t e 3-39
1M x 36,80/100 ns, Low Power ...................ccciiiiinn.. 3-3
2M x 36, 80/100 ns, Low Power ........... ... 3-15
4K x 4, 18/20/22/25ns,Cache Tag ... 9-3
1M x 1,70/80/100 ns, PageMode ...t 2-3
1M x 1, 70/80/100 ns, NibbleMode ............................. 2-18
1M x 1,70/80/100 ns, StaticColumn ..................coiiiinn.. 2-33
4M x 1,80/100ns,PageMode . ...t 2-48
256K x 4, 70/80/100 ns, PageMode ............ ... 2-64
256K x 4, 70/80/100 ns, StaticColumn ..., 2-79
1M x 4,80/100ns,PageMode .............coiiiiiiininn... 2-94
128K x 8,100 ns, ETand E2 Inputs ...........coovvevninnnnnnn.. 5-3
128K x 8,100 nsEand Sinputs ...........ooiiiiiiiiiiiien.. 5-16
1M x 1, 70/80/100 ns, Page Mode, Low Power ................... 2-3
4M x 1, 80/100ns, Page Mode, Low Power ...................... 2-48
256K x 4, 70/80/100 ns, Page Mode Low Power ................. 2-64
1M x 4, 80/100 ns, Page Mode Low Power ...................... 2-94

128K x 8, 80/100 ns, ET and E2 Inputs, Low Power ............... 5-3
128K x 8, 80/100 ns, E and S Inputs, Low Power .................
128K x 8, 80/100 ns, ET and E2 Inputs, Low Power,

DataRetention ... 5-3
128K x 8, 80/100 ns, E and S Inputs, Low Power,

Data Retention ... i s 5-16
256K x 4,100/1120ns,PageMode .. ..., 4-3
128K x 8,100/120 ns,PageMode .............. ..., 4-5
8K x 24,25/30/35ns, DSPRAM . ... ... . i 9-49
32K X 8, 85/100/120 NS ..ottt ettt ettt et et e e it 6-8
32K x8,100Nns,—401t085°C ...t 6-24
32K x 8, 85/100/120 ns, Low Power ............ccoiiiiiinnna.n, 6-8
32K x8,70Nns, LOW POWEr ... ... oot e 6-16
32K x 8,100 Nns, —40t085°C ... ..ttt 6-24
32K x 8,100 N8, —4010 105°C . ...\t iiii i 6-32
BK X 8, 45/55 NS ...ttt e 7-3
8Kx8,55/70ns,-401t085°C .........cvviiiiiiainnn, e 7-11
8K x 8,45/55, Low Power ...t 7-3
32K X9, 30/34/45 NS ... . i 7-19
32K x 9, 17/20/25 ns, See QUICkRAM .. ... .. ..ot 7-122
32K x 9,12/15ns, See QUICkRAM Il .. ... ... oo 7-142
32K % 8,30/34/45 NS ..\ttt 7-26
32K x 8, 17/20/25 ns, See QUICkRAM .. .........coiiiiiiiit. 7-122
32K x 8, 25/30/35/45/55 ns, —40t085°C ........ ..o, 7-32
32K x 8, 12/15ns, See QUICkRAM Il .. ... ... ... .ot 7-142
256K x 1, 15/20/25 ns, See QuickRAM Il ........................ 7-122
256K x 1, 10/12 ns, See QUickRAM Il .......... ... ... ... ... .... 7-142
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MCM62110
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MCM62350
MCM62351
MCM62486
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MCM6265-15,20,25
MCM6265C-10,12
MCM6268
MCM6269
MCM6270
MCM62820
MCM6287
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MCM6287C-8,10
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MCM6288-12,15
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MCM6290
MCM6290-12,15
MCM6290C-8,10
MCMe6292
MCM6293
MCM6294

MCM62940
MCM6295

MCM62950
MCM62960
MCM62963
MCM62964
MCM62965

MCM62973
MCM62974

MCM62975

ALPHANUMERIC INDEX (Continued)

Function

64K x4,35/45Ns ... ...
64K x 4, 15/20/25 ns, See QUickRAM ..................
64K x 4,10/12 ns, See QuickRAM Il ...................
64K x 4, 35/45 ns, Output Enable .....................
64K x 4, 15/20/25 ns, See QUiIckRAM ..................
64K x 4, 10/12 ns, See QuickRAM II ....... .

32K x 9, 15/20 ns, Synchronous, Dual I/O, Parity Checker

128K x 8,25/30ns ............ A
256K X4, 25/30NS ...t
4K x 4, 20/22/25ns, CacheTag .........coovvinnn...
4K x 4,20/22/25ns,CacheTag ........c.cooviivii. .

32K x 9, 20/25/30 ns, Synchronous BurstRAM ..........
8K x 8,15/20 ns, See QUiIcCkRAM ......................

8K x8,20/25ns,—40t085°C ...............oinin.
8K x 8,10/12 ns, See QuickRAM Il ....................

8K x8,20/25/35/45NS .. ..o
8K x 8, 25/35/45/55 ns, -401085°C ...................
8K x 9, 15/20/25 ns, See QuickRAM ...................
8K x 9, 10/12 ns, See QuickRAMIl ....................
4K x 4, 20/25/35/45/55 N8 ...ttt
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 ...................
BAK X 1, 25/35 NS ettt
64K x 1, 12/15/20 ns, See QuickRAM ..................
64K x 1,8/10 ns, See QuickRAMIIl ....................
16K X 4,20/25/30/35 NS . ..o v
16K x 4, 12/15 ns, See QuickRAM ....................
16K x 4, 8/10 ns, See QuickRAM Il ....................
16K x 4, 10/25/30/35 ns, Output Enable ................
16K x 4, 12/15 ns, See QuickRAM . ...................
16K x 4, 8/10 ns, See QuickRAM Il . ...................
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,
OutputEnable .......... ... i
32K x 9, 14/19/24 ns, Synchronous, BurstRAM,
for 040 Applications ........... ... .. ..ol
16K x 4, 25/30 ns, Synchronous, Transparent Outputs,
OutputEnable .......... ... ... i
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,
OutputEnable ...
4K x 10, 25/30/35 ns, Synchronous, Transparent Outputs,
Output Enable .......... ... i
4K x 12, 18/20/25/30 ns, Synchronous, Output Registers .
4K x 12, 18/20/25/30 ns, Synchronous, Output Registers,
OutputEnable ........... ... i
4K x 12, 25/30/35 ns, Synchronous, Transparent Outputs,
OutputEnable ...

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
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Page
Device Number Function Number

MCM62980 64K x 4, 15/20 ns, Synchronous ...............ccooiiiia... 9-147
MCM62981 64K x 4, 15/20 ns, Synchronous, ParityRAM ..................... 9-153
MCM®62982 64K x 4, 12/15 ns, Synchronous, Output Registers ............... 9-158
MCM62983 64K x 4, 12/15 ns, Synchronous, ParityRAM, Output Registers .. ... 9-163
MCM62990 16K x 16, 17/20/25 ns, SYynchronous . .. ......oovvvne .. 9-168
MCM62995 16K x 16, 17/20/25 ns, Asynchronous, Latched Address .......... 9-174
MCM6706 32K X 8, 10/12/15 NS ittt s 7-105
MCM6708 BAK X 4, 10/12 NS .\ttt e 7-110
MCM67081 64K x 4, 10/12/15 ns, Separate Input/Output ..................... 7-116
MCM67082 64K x 4, 10/12/15 ns, Separate Input/Output ..................... 7-116
MCM6709 64K x 4,10/12ns, Output Enable ................ ... ... ... 7-110
MCM81000 IM X 8, 70/80/100 NS ..ottt ittt e 3-51
MCM8256 256K X 8, 20/25/30 NS . .\ttt e 8-17
MCMB84000 AM X 8, 80/100 NS ..\ttt ettt e e s 3-62
MCMB84256 256K X 8, 70/80/100 NS ..ottt 3-74
MCMS8L1000 1M x 8, 70/80/100 ns, Low Power ........... ..ot 3-51
MCM8L4000 4M x 8, 80/100 ns, Low Power ... 3-62
MCMB8L4256 256K x 8, 70/80/100 ns, Low Power .............. ...t 3-74
MCM91000 IM X 9, 70/80/100 NS ..ottt 3-85
MCM94000 AM X9, 80/100 NS ..\ttt ettt 3-96
MCM94256 256K X 9, 70/80/100 NS ..\ttt et et 3-108
MCM9L1000 4M x 9, 70/80/100 ns, Low Power ..., 3-85
MCMSL4000 TM X9, 80/100 NS .« ottt ettt et e e 3-96
QuickRAM Fast Static RAM Family .......... ... ... ... . i i 7-122
QuickRAM Il Fast Static RAMFamily ......... ... . .. i i 7-142

MOTOROLA MEMORY DATA

Xi



MOTOROLA MEMORY DATA

Xii



Selector Guide and Cross Reference n

MOTOROLA MEMORY DATA

1-1



MOTOROLA MEMORY DATA

1-2



€l

Viva AHOW3W V10HOLOW

DYNAMIC RAMs (HCMOS) N
Motorola Address Operating m
Organi- Part Access Time| Current Pin Package -
Density] zation Number (ns Max) (mA Max) Count Options Comments m
M 1Mx1  |MCM511000A 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (2)IP, SO(J) |Fast page mode cycle time=40/45/55 ns 9_'
MCMS51L1000A | 70/80/100 80/70/60 18, 20, 20/26 [(P)DIP, (Z)IP, SO(J) [Fast page mode with low power battery backup o
MCMS511001A 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) |Nibble mode access time=35/35/40 ns -
MCM511002A 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) |Static column mode cycle time=40/45/55 ns
256Kx4 |MCM514256A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (2)IP, SO(J) [Fast page mode cycle time=40/45/55 ns ("]
MCM51L4256A | 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (2)IP, SO(J) [Fast page mode with low power battery backup Cc
MCMS514258A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J) IStatic column mode cycle time=40/45/55 ns 6
M 4Mx1  |MCM514100 80/100 100/85 20, 20/26 |(2)IP, SO(J) Fast page mode cycle time=50/60 ns m
MCM51L4100 80/100 100/85 20, 20/26 (2)IP, SO(J) Fast page mode with low power battery backup
1Mx4 |MCM514400 80/100 105/90 20, 20/26 |(2)IP, SO(J) Fast page mode cycle time=50/60 ns
MCM51L4400 80/100 105/90 20, 20/26 |(Z)IP, SO(J) Fast page mode with low power battery backup
MCM514410 80/100 105/90 20, 20/26 2)IP, SO(J) Fast page mode with write per bit
DRAM MODULES (Contact DRAM Marketing for Custom DRAM Modules)
Motorola Address Operating
Organi- Part Access Timej Current Pin Package
Density zation Number (ns Max) (mA Max) Count Options Comments
M 1Mx8 |MCM81000 70/80/100 640/560/480 30 [(S)IMM, (L)SIP Fast page mode cycle time=40/45/55 ns
MCMB8L1001 70/80/100 640/560/480 30 [(S)IMM, (L)SIP Fast page mode with low power battery backup
MCM81001 70/80/100 640/560/480 30 [(S)IMM, (L)SIP Nibble mode access time=35/35/40 ns
MCM81002 70/80/100 640/560/480 30 |(S)IMM, (L)SIP Static_column _mode cycle time=40/45/55 ns
8M 1Mx9 |MCM91000 70/80/100 720/630/540 30 |(S)IMM, (L)SIP, SG (gold)|Fast page mode cycle time=40/45/55 ns
w/Parity MCMS9L1000 | 70/80/100 720/630/540 30 [(S)IMM, (L)SIP, SG (gold)|Fast page mode with low power battery backup
MCM91001 70/80/100 720/630/540 30 [(S)IMM, (L)SIP Nibble mode access time=35/35/40 ns
MCM91002 70/80/100 720/630/540 30 |(S)IMM, (L)SIP Static_column_mode cycle time=40/45/55 ns
M 256Kx8 |MCM84256 70/80/100 160/140/120 30 [(S)IMM Fast page mode cycle time=40/45/55 ns
MCM8L4256 | 70/80/100 160/140/120 30__|(S)IMM Fast page mode with low power battery backup
M 256Kx9 |MCM94256 70/80/100 240/210/190 30 {(S)IMM Fast page mode cycle time=40/45/55 ns
w/Parity MCM9L4256 70/80/100 240/210/190 30 |(S)iMM Fast page mode with low power battery backup
4M 1Mx4 _ [MCM41000 80/100 280/240 26 |(Z)IMM Fast page mode cycle time=40/45/55 ns
4Mx1_ IMCM11400 80/100 90/80 26 |(2)IMM Fast page mode cycle time=40/45/55 ns
32M 4Mx8 |MCM84000 80/100 800/680 30 |(S)IMM Fast page mode cycle time=50/60 ns
MCM8L4000 80/100 800/680 30 |(S)IMM Fast page mode cycle time=50/60 ns
32M w/Parity 4Mx9 |MCM94000 80/100 900/765 30 [(S)iMM Fast page mode cycle time=50/60 ns
MCM9OL4000 80/100 900/765 30 J(S)IMM Fast page mode cycle time=50/60 ns
8M_w/Parity | 256Kx36 |MCM36256 70/80/100 960/840/760 72 |(S)IMM, SG (gold) Fast page mode cycle time=40/45/55 ns
16M_w/Parity | 512Kx36 |MCM36512 70/80/100 | 1920/1680/1520 72 |(S)IMM, SG (gold) Fast page mode cycle time=40/45/55 ns
32M _w/Parity 1Mx36 |[MCM36100 80/100 1144/984 72 |(S)IMM, SG (gold) Fast page mode cycle time=40/45/55 ns
64M _w/Parity 2Mx36_ |MCM36200 80/100 1120/960 72 __1(S)IMM, SG (gold) Fast page mode cycle time=40/45/55 ns
8M_w/Parity | 256Kx40 |MCM40256" 70/80/100 800/700/600 72 |(S)IMM, SG (gold] Same as MCM36xxx, for error correction applications
16M_w/Parity | 512Kx40 [MCM40512* | 70/80/100 820/720/620 72 |(S)IMM, SG (gold) Same as MCM36xxx, for_error correction applications
32M _w/Parity 1Mx40 |MCM40100* 80/100 1050/900 72 |(S)IMM, SG (gold) Same as MCM36xxx, for error _correction applications
64M _w/Parity 2Mx40 |MCM40200° 80/100 1070/920 72 |(S)IMM, SG (gold) Same as MCM36xxx, for error correction applications

"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

$=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
Organi- Part Access Time| Current Pin Package
Density zation Number (ns Max) (mA Max) Count Options Comments
M 256Kx4 MCM524258A 100/120 140/150 28, 28 (Z)IP, SO(J) Dual port VRAM with 512x4 SAM port, ta=25/35 ns
128Kx8 MCM528128A 100/120 140/150 40, 40 (P)DIP, (2)IP, SO(J) |Dual port VRAM with 256x8 SAM port, ta=25/35 ns
GENERAL STATIC RAMs (HCMOS unless otherwise noted)
Motorola Address Operating
Organi- Part Access Time Current Pin
Density zation Number (ns_Max) (mA Max) | Count Packaging Comments
16K 2Kx8 MCM2018AN 35/45/55 135 24 |300 mil, (P)DIP NMOS. Replaces TMM2019D, MCM2016HN, MCM2018N.
256K 32Kx8 MCM60256A 85/100/120 70 28 |(P)DIP, (F)SOG 100 pA standby current
MCM60L256A 70/85/100/120 70 28 |(P)DIP, (F)SOG 30 pA standby current
MCM60L256A-C 100 . 70 28 _|(P)DIP, (F)SOG Industrial temperature range (-40° to +85°C) low power
MCM60L256A-V 100 70 28 |(P)DIP, (F)\SOG Extended temperature range (—40° to +105°C), low power
M 128Kx8 |MCMS18128 100 60 32 |(P)DIP, (F)&(SF)SOG __|Built-in_refresh, CE1 & CE2
Pseudo MCM518129 100 60 32 FSOG Built-in_refresh, CE & CS
SRAM MCM51L8128 80/100 70/60 32 |(P)DIP, (F)&(SF)SOG 200 pA standby current, built-in_refresh, CE1 & CE2
MCM51L8129 80/100 70/60 32 |(F)SOG 200 pA standby current, built-in_refresh, CE & CS
MCM51LV8128 80/100 70/60 32 |(P)DIP, (F)&(SF)SOG 200 pA standby current, built-in refresh, CE1 & CE2
MCMS51LV8129 80/100 70/60 32 |(FSOG 200 pA standby current, built-in refresh, CE & CS
Package Information: P=28 & 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

FAST STATIC RAMs (70 ns or Faster)

Motorola Address/ Operating
Organi- Part Pin Packaging Cycle Time Current Tech-
Density| zation Number Count | (Package Width in_mils) (ns Max) (mA max) nology C ts
16K 2Kx8 |MCM2018A 24 ]300 PDIP 45/55 135 NMOS _|Replaces TMM2019D, MCM2016HN, MCM2018N.
4Kx4 |MCM6268 20 ]300 PDIP 20/25/35/45/55] 110/110/110/80/80 | HCMOS |20 ns in _warehouse_stock.
MCM6269 20 |300 PDIP 20/25/35 110 HCMOS [Fast Chip Select access time=10/12/15 ns.
MCM6270 24/22 1300 SOJ/PDIP 20/25/35 110 HCMOS [Fast Output Enable access time=10/12/15 ns.
64K 8Kx8 |MCM6264 28 |300/400 SOJ/300 PDIP 35/45/55 100/90/80 HCMOS [Look for DSP_and cache memory applications.
MCM6264D 28 ]300/400 SOJ/300 PDIP 20/25 115/110 HCMOS {20 ns fast and 8 bits wide.
MCM6264 28 1300 PDIP/SOJ 15 140 HCMOS {15 ns fast and 8 bits wide.
MCM6264C 28 [300/400 _SOJ/300 PDIP 35/45/55 100/90/80 HCMOS |Industrial temperature range, -40° to 85°C.
MCM6264D-C 28 |300/400 SOJ/300 PDIP 25/30 115/110 HCMOS |Industrial temperature range, —40° to 85°C.
MCM6264C 28 ]300 PDIP/SOJ 20 140 HCMOS |industrial temperature range, —40° to 85°C.
8Kx9 |MCM6265 28 {300 SOJ/PDIP 15/20/25 140/130/120 HCMOS |ldeal for applications requiring parity.
16Kx4 |[MCM6288 22 [300 PDIP 12/15/20/25/35[{150/140/120/120/110| HCMOS |12 ns devices have tDVWH=6 ns max.
MCM6290 24 1300 SOJ/PDIP 12/15/20/25/35[150/140/120/120/110] HCMOS [12 ns devices have Output Enable=6 ns max.
64Kx1_|MCM6287 24/22 1300 SOJ/PDIP 12/15/20/25/35]150/140/130/120/110] HCMOS |Mainframe applications, can also be used for parity bit.
256K | 32Kx8 |MCM6206 28 1400 SOJ/600 PDIP 30/35/45 130/125/115 HCMOS [Two chip control functions: Chip Enable and Output Enable.
MCM6206 28 1300 -SOJ/PDIP 17/20/25/35 155/150/140/135 HCMOS [17 ns with full 10% power supply.
MCM6206C 28 |300 SOJ/PDIP 25/35/45 140/135/130 HCMOS |industrial temperature range, —40° to 85°C.
MCM6706 28 1300 SOJ 10/12/15 180/170/160 BiICMOS [New, Motorola BiCMOS.
32Kx9 |MCM6205 32 |300 SOJ/PDIP 17/20/25/35 155/150/140/135 HCMOS lideal for applications requiring parity.
[MCM6205C 32 300 SOJ/PDIP 25/35/45 140/135/130 HCMOS |industrial temperature range, —40° to 85°C.
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FAST STATIC RAMs (70 ns or Faster) (Continued)
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Motorola Address/ Operating %
Organi- Part Pin Packaging Cycle Time Current Tech- -
Density| zation Number Count | (Package Width in_mils) (ns Max) _(mA_max) nology Comments m
256K | 64Kx4 |MCM6709 28 1300 SOJ 10/12/15 180/170/160 BiCMOS [New, Motorola BiCMOS. (¢]
256Kx1 |MCM6207 24 1300 _SOJ/PDIP 15/20/25 150/140/130 HCMOS [15 ns 256K with separate 1/0. -4
M 128Kx8 |MCM6226 32 400 SOJ/PDIP 25/30 150/140 HCMOS |1M fast static RAM. o
256Kx4 |MCM6228 28 400 SOJ/PDIP 25/30 145/135 HCMOS 1M fast static RAM. =
FAST STATIC RAM MODULES 2
Motorola Address/ Operating —
Organi- Part Pin Cycle Time Current Tech- o
Density zation Number Count Packaging | (ns Max) (mA max) nology Comments m
M 64Kx32  |MCM3264Z 64 ZIP 20/25/30 ]| 1200/1120/1040 HCMOS Perfect for 32-bit system, JEDEC standard.
256Kx8 _|MCM8256Z 60 zIP 20/25/30 | 1200/1120/1040 HCMOS JEDEC standard module, faster speeds possible. |
3M 2x64Kx24 |MCM2464Z 58 ZIP 22/27 1680/1560 HCMOS Two banks of x24 memory.
APPLICATION SPECIFIC STATIC RAMs
Motorola Address/ Operating
Organi- Part Pin Cycle Time Current Tech-
Description zation Number Count Packaging (ns Max (mA max) | nology Comments
Cache Tag RAM 4Kx4 MCM4180 24/22 {300 mil SOJ/PDIP| 18/20/25 140 HCMOS [Fully compatible with Mostek MK41H80.
Cache Tag RAM 4Kx4 MCM62350 24 |300 mil SOJ/PDIP| 18/20/25 140 HCMOS |Housekeeping bits function, active pull-up match output. Flash
with Status Bit clearable.
Registers MCM62351 24 300 _mil SOJ/PDIP] 18/20/25 140 HCMOS [Housekeeping bits function, open drain_match output. Flash clearable.
Synchronous 16Kx4 |MCM6293 28 300_mil SOJ/PDIP 20/25 140 HCMOS |Registered outputs for fully pipelined applications, separate 1/O’s.
Static RAM MCM6294 28 300 _mil SOJ/PDIP 20/25 140 HCMOS |Registered outputs plus output enable, separate I/O's.
MCM6295 28 300_mil SOJ/PDIP 25/30 140 HCMOS |Transparent outputs plus output enable, separate 1/O's.
64Kx4 |MCM62980 28 300 mil SOJ 15/20 170 HCMOS jLarge cache memory for RISC and CISC systems.
MCM62982 28 300 mil SOJ 12/15 170 HCMOS [Registered outputs for two stage pipeline.
16Kx16 _[MCM62990 52 PLCC 17/20 360 HCMOS [Designed for advanced RISC-CISC cache applications.
4x64Kx1 |[MCM62981 32 300 mil SOJ 15/20 170 HCMOS [Cache memory parity RAM.
MCM62983 32 300 mil SOJ 12/15 170/130 HCMOS |Registered outputs, cache memory parity RAM.
4Kx10 |MCM62963 44 PLCC 18/20/25 170 HCMOS [Same _functionality as MCM6293.
4Kx12 |MCM62973 44 PLCC 18/20/25 170 HCMOS [Same functionality as MCM6293.
MCM62974 44 PLCC 18/20/25 170 HCMOS [Same functionality as MCM6294.
MCM62975 44 PLCC 25/30 170 HCMOS [Same functionality as MCM6295.
32Kx9 |MCM62940 44 PLCC 19/24 250 HCMOS [Burst mode for 040 applications.
MCM62950 44 PLCC 20/25 250 HCMOS |Designed for advanced RISC-CISC cache applications.
MCM62960 44 PLCC 17/20/25 180 HCMOS [Designed for SPARC™ applications. Functionally equivalent to CY7C1567.
MCM62486 44 PLCC 19/24 250 HCMOS |Burst mode for 486 applications.
MCM62110 52 PLCC 15/20 250 HCMOS [Dual #O's for 88110.
OSPRAM 8Kx24 |MCM56824 52 PLCC 25/30/35 {250/210/180| HCMOS [Designed for DSP56001 applications.
Latched Address 8Kx20 |MCM62820 52 PLCC 23/30 240/185 HCMOS [Designed for MIPS R3000 cache.
SRAM 16Kx16 [MCM62995 52 PLCC 17/20/25 360 HCMOS |DSP96000 memory applications. Can be used like any asynchronous
SRAM, samples available now.

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORY

Motorola Address Operating
Organi- Part Access Time Current Pin
Density zation Number (ns Max) (mA Max) Count Packagin: Comments
2K 256Kx8 |MCM2814P 35pus 10 8 (P)DIP 2 or 4 wire serial access, data protection after reset.

Package Information: P=8 pin, 300 mil
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DYNAMIC RAMs
MOTOROLA FUJITSU HITACHI INTEL MICRON MITSUBISHI NEC OKI SAMSUNG T TOSHIBA
1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1 1Mx1
MCM511000A  MB81C1000  HM511000 P21010 MT4C1024 M5M41000 nPD421000 MSM511000 KM41C1000 TMS4C1024  TC511000A
MCM511001A  MB81C1001 HM511001 MT4C1025 M5M41001 uPD421001 MSM511001 KM41C1001 TMS4C1025  TC511001A
MCM511002A MB81C1003  HM511002 MT4C1026 M5M41002 uPD421002 MSM511002 KM41C1002 TMS4C1027  TC511002A
MCM514256A  MB81C4256  HM514256 P21014 MT4C4256 M5M44256A  uPD424256 MSM514256 KM44C256 TMS44C256  TC514256A
MCM514258A  MB81C4258  HM514258 MT4C4258 M5M44258A  uPD424258 MSM514258 KM44C258 TC514258A
1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4 1Mx4
MCM514400 MB814400 HM514400 MT4C4001 M5M44400 uPD424400 KM44C1000 TC514400
4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4 4Mx4
MCM514100 MB814100 HM514100 T21040 MT4C1004 M5M44100 uPD424100 KM41C4000 TC514100
DYNAMIC RAM MODULES
MOTOROLA FUJITSU HITACHI INTEL MICRON MITSUBISHI NEC OKI SAMSUNG TI TOSHIBA
256K%8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256Kx8 256K<8 256Kx8 256Kx8 256Kx8
MCM84256 HB56D25608 MT8C8256 MH25608B MC-41256A8 MSC2304_S8 TM4256_8
MCM8L4256
256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9 256Kx9
MCM94256 MB85240 HB56D25609 MT8C9256 MH256098 MC-41256A8 MSC2304_S9 TM4256_9
MCM9OL4256
1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8 1Mx8
MCM81000S MB85230 HB56A18 MT8C8024 MH1M08B0 MC-421000A8 MSC2313_S8 KMM581000 TMO024GAD8  THM81000
MCM8L1000S SM2101910
MCM81001S MB85231 MT8C8025 MH1MO08B1 MC-421000B8
MCM81002S MT8C8026 MH1MO08B2 MC-421000C8
1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9 1Mx9
MCMS91000S MB85235 HB56A19 MT8C9024 MH1MO09BO MC-421000A9  MSC2312_S9 KMM591000 TMO24EAD9  THM91000
MCMSL1000S
MCM91001S MT8C9025 MH1M09B1 MC-421000B9
MCM91002S MB85237 MT8C9026 MH1MO09B2 MC-421000C9
256Kx36 256K%36 256K%36 256Kx36 256Kx36 256Kx36 256K%36 256K=36 256K%36 256Kx36 256Kx36
MCM36256 HB56D256368B MT8C36256  MH25636BJ THM362500
512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512Kx36 512K%36 512Kx36 512Kx36
MCM36512 HB56D51236B MT8C36512  MH51236BJ THM365120
4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8 4Mx8
MCM84000 HB56A48
MCM8L4000
4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9 4Mx9
MCM94000 HB56A49 MH4M090J MSC2340_YS9

MCMSL4000

(®)
X
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FAST STATIC RAMs
MOTOROLA* IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI SONY
4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4
MCM6268P20 IDT6168SA20P  CY7C168A-20PC  MT5C1604-20 P4C168-20PC
MCM6268P25 IDT6168SA25P  CY7C168A-25PC  MT5C1604-25 P4C168-25PC HM6268P-25 MB81C68A-25P
MCM6269P20 CY7C169A-20PC P4C169-20PC
MCM6269P25 CY7C169A-25PC P4C169-25PC MB81C69A-25P
MCM6270J20 IDT61970S20Y  CY7C170A-20VC  MT5C1605DJ-20
MCM6270J25 IDT61970S25Y  CY7C170A-25VC MT5C1605DJ-25
MCM6270P20 IDT61970S20P  CY7C170A-20PC  MT5C1605-20 P4C170-20PC
MCM6270P25 IDT61970S25P  CY7C170A-25PC  MT5C1605-25 P4C170-25PC
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
MCM6264P20* IDT7164S20P CY7C185-20PC  MT5C6408-20 P4C164-20PC TC5588P-20 CXK5863AP20
MCM6264P25* IDT7164S25P CY7C185-25PC ~ MT5C6408-25 P4C164-25PC TC5588P-25 CXK5863P25/AP25
8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9
MCM6265J15 MB82B79-15PJ  TC5589J-15
MCM6265J20 P4C163-20JC MB82B79-20PJ  TC5589J-20 M5M179P-35
MCM6265P15 TC5589P-15
MCM6265P20 P4C163-20PC TC5589P-20
16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4
MCM6288P12 CY7C164-12PC~ MT5C6404-12 P4C188-12PC HM6788HP-12
MCM6288P15 IDT7188S15P CY7C164-15PC ~ MT5C6404-15 P4C188-15PC HM6788HP-15 TC55416P-15H M5M5188BP-15 CXK5464AP15
MCM6288P20 IDT7188520P CY7C164-20PC ~ MT5C6404-20 P4C188-20PC HM6788HP-20 TC55416P-20/P-20H M5M5188BP-20 CXK5464AP20
MCM6288P25 IDT7188S25P CY7C164-25PC  MT5C6404-25 P4C188-25PC HM6788P-25 MB81C74-25P 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 TC55417J-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 MB81C75-25P 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  MT5C6401DJ-20 P4C187-20JC HM6787HJP-20 M5M5187BJ-20 CXK5164J20
MCM6287J25 IDT7187S25Y CY7C187-25VC  MT5C6401DJ-25 P4C187-25JC HM6787JP-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 MB81C71A-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

JON3H343H SSOHD
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FAST STATIC RAMSs (Continued)

MOTOROLA* IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI SONY
32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32K=8 32Kx8 32Kx8 32Kx8 32Kx8
MCM6206NJ20** IDT71256S20P  CY7C199-20 MT5C2568DJ-20 P4C1256-20JC TC55328J-20
MCM6206NJ25** IDT71256S25P MT5C2568DJ-25 P4C1256-25JC HM6787JP-25 MB8289-25 TC55328J-25 CXK58255AJ25
MCM6206NP20** IDT71256S20P  CY7C198-20 P4C1256-20PC TC55328P-20
MCM6206NP25** IDT71256S25P MT5C2568-25 P4C1256-25PC HM6787P-25 MB81C71A-25 TC55328P-25 CXK58255AP25

MCM6706J12 71B256S12Y
MCM6706J15 71B256S15Y
MCM6706P12 71B256S12P
MCM6706P15 71B256S15P

JON3H343H SSOHD

32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9
MCM6205N20 TC55329J-20
MCM6205NJ25  IDT71259S25Y
MCM6205NP20 TC55329P-20
MCM6205NP25  IDT71259S25P MB8289-25

64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4
MCM6208J15 M5M5258BJ-15
MCM6208J20 IDT71258520Y MT5C2564DJ-20 P4C1258-20JC HM6708JP-20 TC55464J-20 M5M5258BJ-20
MCM6208J25 IDT71258525Y CY7C194-25VC  MT5C2564DJ-25 P4C1258-25JC HM6708JP-25 TC55464J-25 M5M5258AJ-25
MCM6208P15 M5M5258BP-15
MCM6208P20 IDT71258520P MT5C2564-20 P4C1258-20PC HM6708P-20 TC55464P-20 M5M5258BP-20
MCM6208P25 IDT71258S25P  CY7C194-25PC  MT5C2564-25 P4C1258-25PC HM6708P-25 TC55464P-25 M5M5258AP-25
MCM6708P10
MCM6708P12 IDT71B258S12P
MCM6708J10
MCM6708J12 IDT71B258S12Y
MCM6708P10
MCM6708P12 IDT61B928S12P
MCM6709J10
MCM6709J12 IDT61B928S12Y
MCM6209J15
MCM6209J20 IDT61298S20Y 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 IDT61298S25P  CY7C196-25PC ~ MT5C2565-25 P4C1298-25PC TC55465P-25

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

MCM6207J15
MCM6207J20 IDT712575S20Y MT5C2561DJ-20 P4C1257-20JC HM6707JP-20
MCM6207J25 IDT712575825Y MT5C2561DJ-25 P4C1257-25JC HM6707JP-25 M5M5260AJ-25
MCM6207P15 M5M5257BP-15
MCM6207P20 IDT712575S820P CY7C197-20PC  MT5C2561-20 P4C1257-20PC HM6707P-20 M5M5257BP-20
MCM6207P25 IDT712575825P CY7C197-25PC ~ MT5C2561-25 P4C1257-25PC HM6707P-25 M5M5257AP-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

SARATOGA

4Kx4 CACHE TAG COMPARATORS

MCM4180J,P IDT6178SY,SP

MK41H80N SSL4180PC

16Kx4 SYNCHRONOUS

MCM6293J,P IDT61593SY,SP
MCM6294J,P IDT615948Y,SP
MCM6295J,P IDT61595525Y,P

SSM71934,P
SSM7194J,P
SSM7195J,P

¢ P =300 mil PDIP, J = 300 mil SOJ

MOTOROLA ¢

CYPRESS

FAST STATIC RAM
MODULES

HITACHI

64Kx32

MCM3264-20
MCM3264-25
MCM3264-30

CYM1831-25
CYM1831-30

256Kx8

MCM8256-20
MCMB8256-25
MCMB8256-30

CYM1441-25

HB66A2568A-25

¢ P =300 mil PDIP, J = 300 mil SOJ

MOTOROLA MEMORY DATA
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CMOS Dynamic RAMs n

MOTOROLA MEMORY DATA
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DYNAMIC RAMs (HCMOS)

Motorola Address Operating
Organi- Part Access Time| Current Pin Package
Density| zation Number (ns Max) (mA Max) Count Options
M 1Mx1  [MCMS511000A 70/80/100 80/70/60 18, 20, 20/26 {(P)DIP, (2)IP, SO(J)
MCMS51L1000A | 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 |(P)DIP, (Z)IP, SO(J)
256Kx4 |MCM514256A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (2)IP, SO(J)
MCM51L4256A | 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J)
MCMS514258A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (2)IP, SO(J)
4™ 4Mx1  |MCM514100 80/100 100/85 20, 20/26 |(2)IP, SO(J)
MCMS51L4100 80/100 100/85 20, 20/26 _|(Z)IP, SO(J)
1Mx4 |[MCM514400 80/100 105/90 20, 20/26 [(2)IP, SO(J)
MCM51L4400 80/100 105/90 20, 20/26 |(Z)IP, SO(J)
MCM514410 80/100 105/90 20, 20/26 |(Z)IP, SO(J)

MOTOROLA MEMORY DATA
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MOTOROLA

=m SEMICONDUCTOR
TECHNICAL DATA

1M x 1 CMOS Dynamic RAM MCM51L1000A
Page Mode
The MCM511000A is a 1.00 CMOS high-speed, dynamic random access memory. It is P PACKAGE
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 300 MIL PLASTIC
technology. Advanced circuit design and fine line processing provide high performance, CASE 707A
improved reliability, and low cost.
The MCM511000A requires only 10 address lines; row and column address inputs are
muitiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package J PACKAGE
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). ngthELasng
® Three-State Data Output
® Common I/0 with Early Write
® Fast Page Mode
@ Test Mode %, Z PACKAGE
@ TTL-Compatible Inputs and Output PLASTIC
@ RAS Only Refresh Z1G-ZAG IN-LINE
® TAS Before RAS Refresh CASE 836
® Hidden Refresh
® 512 Cycle Refresh: MCM511000A =8 ms
MCM51L1000A =64 ms PIN NAMES
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection AGAS .. ... ... ... ‘Address Input
® Fast Access Time (tRAC): 2 Data Input
MCM511000A-70 and MCM51L1000A-70 =70 ns (Max) [« T Data Output
MCM511000A-80 and MCM51L.1000A-80 =80 ns (Max) W..ooiieaan Read/Write Enable
MCM511000A-10 and MCM51L1000A-10 =100 ns (Max) RAS ........ Row Address Strobe
® Low Active Power Dissipation: TAS ...... Column Address Strobe
MCM511000A-70 and MCM51L1000A-70 =440 mW (Max) VEC v v v vvennnens Power (+5 V)
MCM511000A-80 and MCM51L1000A-80 =385 mW (Max) VeSS o vvvi - Ground
MCM511000A-10 and MCM51L1000A-10 =330 mW (Max) TR Test Function Enable
e NC ............. No Connection
® Low Standby Power Dissipation:
MCMS511000A and MCM51L1000A =11 mW (Max, TTL Levels)
MCMS511000A =5.5 mW (Max, CMOS Levels)
MCMS51L1000A = 1.1 mW {(Max, CMOS Levels) Z1G-ZAG IN-LINE
1
Ag==!
SMALL OUTLINE ) 12| eas
|
1} :=|
DUAL-IN-LINE ot 1 26 [IVss RS ™
ni==!
o1 e 18 [Ivgs w2 3]0 A
PIN w2 1 he sl 3 24 [1TAS s | 7-|
==ITF
ASSIGNMENT w5t s 16 RS aip 23 [INc la! T
N 15 [1A9 nell s 2119 “:;‘; NC
aof] s 14 1a8 o
mils 13f1a7 ‘ A2 li: “
n2l] 7 12186 ::’E ?0 18 g“ o 15,77 M
17 A7 |
A3lls 1145 . m;g m
veell o nm A2} 11 16 [1A6 as|ih
A3l 12 15 [1A5 19:“ A8
A7 =5
veel] 13 1414 120] 4

MOTOROLA MEMORY DATA
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MCM511000A*MCM51L1000A

BLOCK DIAGRAM

DATA IN

FFER 0
#2 CL0CK | BUFE
GENERATOR  —f
[}
T i DATA OUT a
o BUFFER >
1  aooRess {
0 _> BUFFERS (10) COLUMN
M T REFRESH o
a2 CONTROLLER [ ] SENSE AMP
A3 —— * "] 110 GATING
A REFRESH A
A5 —— COUNTER (9) 2048
As — o0
A7 — J\[l :
A8 L ROW
—] .
o — BurFERs 10 row |+ | wewony
DECODER | _° ARRAY
f I 512
S #1 cLock y
GENERATOR SUBSTRATE BIAS j<— V¢

ABSOLUTE MAXIMUM RATINGS (See Note)

GENERATOR  — Vgg

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

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.

rated voltages to this high-imped-

Rating Symbol Value Unit
Power Supply Voltage vee -1t0 +7 Vv
Voltage Relative to Vgg for Any Pin Except Ve | Vin Vout| —1to +7 \
Test Function Input Volitage Vin(TF) | —1to +10.5 v
Data Out Current lout 50 mA ance circuit.
Power Dissipation Pp 600 mwW
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Ts_'g -55t0 +150 | °C

MOTOROLA MEMORY DATA
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MCM511000A* MCM51L1000A

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 \ 1
Vss 0 0 0
Logic High Voltage, All inputs ViH 24 - 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 Vv 1
Test Function Input High Voltage VIH (TF) | Vcc+4.5 - 10.5 \ 1
Test Function Input Low Voltage VIL (TF) -1.0 — Vee+1.0 Vv 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM511000A-70 and MCM51L1000A-70, trc =130 ns - 80
MCM511000A-80 and MCM51L1000A-80, trc =150 ns - 70
MCM511000A-10 and MCM51L1000A-10, trc =180 ns — 60
V¢ Power Supply Current (Standby) (RAS = CAS = V) Icc2 — 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS = V) Icc3 mA 2
MCM511000A-70 and MCM51L1000A-70, trc = 130 ns — 80
MCMB511000A-80 and MCM51L1000A-80, trc =150 ns - 70
MCM511000A-10 and MCM51L1000A-10, trc =180 ns — 60
V¢ Power Supply Current During Fast Page Mode Cycle (RAS=V) ) Icca mA 2,3
MCMS511000A-70 and MCM51L1000A-70, tpc =40 ns - 60
MCM511000A-80 and MCM51L1000A-80, tpc =45 ns — 50
MCM511000A-10 and MCM51L1000A-10, tpc =55 ns - 40
Vcc Power Supply Current (Standby) (RAS=CAS=V¢cc—-0.2V) MCM511000A Iccs - 1.0 mA
MCM51L1000A - 200 nA
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCMB511000A-70 and MCM51L1000A-70, trc = 130 ns — 80
MCMS511000A-80 and MCM51L1000A-80, trc = 150 ns — 70
MCM511000A-10 and MCM51L1000A-10, tgc =180 ns — 60
V¢ Power Supply Current, Battery Backup Mode—MCM51L1000A only _ Icc7 - 300 BA
(trc=125 us; tras=1 us; CAS=CAS Before RAS Cycle or 0.2 V; A0-A9, W,
D=Vcc—-0.2Vor0.2V)
Input Leakage Current (Except TF) (0 V<Vj,<6.5V) hka(l) -10 10 pA
Input Leakage Current (TF) (0 V<Vjn(TF)<VcCc+0.5 V) likg(l) -10 10 pA
Output Leakage Current (CAS=Vjy, 0 V=V,;t<5.5 V) lkg(0) -10 10 rA
Test Function Input Current (Voc +4.5 V=Vjn(TF)<10.5V) in(TF) — 1 mA
Output High Voltage (I = —5 mA) VoH 24 - v
Output Low Voltage (g =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AC-A9, D Cin 5 pF 4
RAS, CAS, W, TF 7 oF 4
Output Capacitance (CAS = V|| to Disable Output) Q Cout 7 pF 4
NOTES:
1. All voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maxi current is d 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 i Iculated from the ion: C=I1At/AV.

MOTOROLA MEMORY DATA
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MCM511000A*MCM51L1000A

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

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

Symbol MCMB511000A-70 | MCM511000A-80 | MCM511000A-10
Parameter MCMG1L1000A-70| MCM51L1000A-80| MCMB1L1000A-10| Unit |Notes |
Standard|Alternate| Min Max | Min Max | Min Max
Random Read or Write Cycle Time tRELREL tRC 130 - 150 - 180 - ns 6
Read-Write Cycle Time tRELREL| tRWC 1556 - 175 - 210 - ns 6
Page Mode Cycle Time tCELCEL tpC 40 - 45 - 55 - ns
Page Mode Read-Write Cycle Time tCELCEL | tPRWC 65 - 70 - 85 - ns
Access Time from RAS tRELQV | tRAC — 70 - 80 - 100 [ ns |78
Access Time from CAS tceLav | tcAc — 20 — 20 - 2 [ns |79
Access Time from Column Address tAVaQV tAA - 35 - 40 - 50 ns | 7,10
Access Time from Precharge CAS tCEHQV | tCPA — 35 - 40 — 50 ns
TAS to Output in Low-Z tCELQX | tcLz 0 — 0 = 0 — ns | 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns | 1
Transition Time (Rise and Fall) tr T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 - 60 - 70 - ns
RAS Pulse Width tRELREH| 'RAS 70 10,000 | 80 10,000 | 100 | 10,000 | ns
RAS Pulse Width (Fast Page Mode) tRELREH| tRASP 70 100,000 80 100,000| 100 | 100,000| ns
RAS Hold Time tCELREH| tRSH 20 - 20 - 25 — | ns
CAS Hold Time tRELCEH | tCSH 70 — 80 — 100 — | ns
CAS Pulse Width tCELCEH | tCAS 20 10,000 | 20 10,000 | 25 10,000 | ns
RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 | ns| 12
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 | ns| 13
CAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 - 5 — ns
CAS Precharge Time (Page Mode Cycle Only) |tceHCEL| tcP 10 - 10 - 10 - ns
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 Referenced to RAS ‘RELAX tAR 55 — 60 - 75 - ns
Column Address to RAS Lead Time tAVREH | tRAL 35 — 40 — 50 — | ns
(continued)

NOTES:

1. Vi min and Vj_ max are ref levels for ing timing of input signals. Transition times are measured between Vi and V).

13.

. An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

transition between V) and V| (or between V|i_and V) in a monotonic manner.

. AC measurements tT=5.0 ns.
. TF pin must be at Vj_ or open if not used.
. The specifications for tgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature

range (0°C <Tpa <70°C) is assured.

. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at

VoH=2.0V and Vo_=0.8 V.

. Assumes that trcp strcp (max).
. Assumes that trcp =trcp (max).
10.
. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
12

Assumes that tRaD =tRAD (max).

Operation within the trcp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

Operation within the tRAp (max) limit ensures that tRaC (max) can be met. trap (max) is specified as a reference point only; if traD is
greater than the specified tRap (max), then access time is controlled exclusively by taA.

MOTOROLA MEMORY DATA
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MCM511000A* MCM51L1000A

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

Symbol MCM511000A-70 | MCM511000A-80 | MCM511000A-10
Parameter Y! MCMB51L1000A-70{ MCM51L1000A-80( MCMG1L1000A-10| ynit 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 | tCEHWX | tRCH 0 — 0 - 0 — ns | 14
Read Ci d Hold Time Ref d to RAS |tReqwx | tRRH 0 - 0 - 0 - ns | 14
Write Command Hold Time Referenced to CAS | tcELlwH | twCH 15 - 15 — 20° - ns
Write Command Hold Time Referenced to RAS | tREfWH | tWCR 55 - 60 - 75 — ns
Write Command Pulse Width tWLWH WP 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 tps 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 MCMB511000A| tryRv | tRFSH - 8 - 8 - 8 ms
MCM51L1000A - 64 - 64 — 64
Write Command Setup Time tWLCEL | twCs 0 — 0 - 0 — ns | 16
CAS 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
CAS Setup Time for CAS Before RAS Refresh | tRLCEL | tCSR 10 — 10 — 10 — ns
CAS Hold Time for CAS Before RAS Refresh | tRELCEH| tCHR 30 - 30 - 30 - ns
TAS Precharge to CAS Active Time tREHCEL| tRPC 0 - 0 — 0 — ns
TAS Precharge Time for CAS Before RAS tCEHCEL| tCPT 40 - 40 - 50 - ns
Counter Test
TCAS Precharge Time tCEHCEL| tCPN 10 - 10 — 15 — ns
Test Mode Enable Setup Time Referenced to tTEHREL| tTES 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tREHTEL| tTEHR 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tCEHTEL | tTEHC 0 - 0 - 0 - ns
CAS
NOTES:
14. Either tgrH or tRCH must be satisfied for a read cycle.
15. These are ref d to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles.
16. twCs. tRWD. tcwbD. and tawp are not ictive ¢ ing p They are included in the data sheet as electrical characteristics

only; if twcs=twcs (min), the cycle is an early wrvte cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp =tcwp (min), tRwp =tRwD (min), and tawp =tawp (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.
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MCM511000A*MCM51L1000A

READ CYCLE
tRC »
[t tRP ————3]
V- — |l€—————————1RAS L. =
RAS
ViL—
- 1CSH > < tCPN
‘BHP—I<-> [«————1ReD >t tRSH > tcRP
. ViH— u——t[;As-—-b
ThS J \ [ / \_
ViL-
| ————————1AR
l«——— tRAD > TRAL >
WSR— | d— tASC > -tCAH 1
Vig—
ADDRESSES. T ROW COLUNN
Vi - ADDRESS ADDRESS 4
[ tRAH 3 tRCH
tRCS —-j L— - tRRH
Vih—
w
ViL- [&— tCAC —>]
|<——tAA————~>
L7 —ft— tOFF —t—>
- tRAC -
VoH -
Q (DATA 0UT) HIGH Z % VALID DATA >—
VoL -

EARLY WRITE CYCLE

- tRC — -
tRP ————
_ V- T 1RAS .
RAS \
ViL-
l&———————1RCD —————— ot ————] ICPN—
lcnP—r—» - tosH - tCRP >
Vi = o toas —
ViL-
|lg————— AR >
— 1RAD > tRAL
SR~  l— tAsC > &-tCAH )
ViH— .
ADDRESSES Row COLUMN
Vii- ) ADDRESS ADDRESS
RAH—f - - ‘t:Wl———'>l
WCS —a—> [ tyoH———
_ Vig— < twp ——————>
W gxxxxxxxxxx*x
ViL— =
< tRWL »>|
WeR >
tps—f b 1DH -]

ViH—
ViL— 1 =

|<— tDHR —————————>
Vou -

Q (DATA 0UT) HIGH Z
VoL -

MOTOROLA MEMORY DATA
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READ-WRITE CYCLE

1RWC >
f——————————— _RAS I Rp ————>
-~
RAS \ \
ViL— ]
[ IR ———— P>
<—————tncu———J | tRWL— - tcPN—]
v "' <—tCRP [ ————CAS L | tCRP |—
M-
" ] N\ / / \
Vie -
- tCSH >
| S5 { > 1
D E— i e |- towL -
v twsR—>|  f— tASC > [—tCAH—>
- c
ROW COLUMN
ADDRESSES
RAH — —— tAWD
- tRWD —
t— tCWD —>~] t—twp
— Vm-
" N
ViL-
tRCS DS —f—>
t— tpH —>{
Vin-
D (DATA IN) VALID DATA
ViL-
| e 1CAC -] |
A > —torr
tRAC >
Vo -
0 (DATA OUT) HIGH Z VALID DATA
VoL -
1012 —>

Ed
|
ol

ADDRESSES

=

Vo
Q (DATA OUT)

FAST PAGE MODE READ CYCLE

< tRASP - tRp
ViH— _ﬂx 4
ViL— b
[ e ———— > |et— tpc . [~ tRSH —P>
[€— tRcD > CAS »1— (CAS tCPN
CRP tcp > tcp > < ! tcAs
"F N\ N
ViL - \- \—
- g > - tRAL
tasc - toaH tASC toaH
tASR— — ASC —f= <»— A |
Vie - !
" ROW COLUMN COLUMN COLUMN m
Vi ADDRESS ADDRESS )/ ADDRESS X ADDRESS
RAH |
kt— tqap —> RCH — tRCH—>> I tRRH
tRCS > e 1] fe—thCS - tRCH
ViH- .
Vil — C : Q Q :
'l 1cAC > tcac > 1CAC >
AR +—> tAA 1 TAA
l&———— tRAC > —— tCpA |  |e—— tCPA >
- VALID VALID VALID >__
VoL - DATA DATA DATA
10FF —jt> bt torF Jeet— tore
torz —» terz —» tcLz

MOTOROLA MEMORY DATA
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FAST PAGE MODE EARLY WRITE CYCLE

- tRASP > tRP
Ty
[T
ViL-
|——— tpC ———]
F——— tRCD - tcp > 1 e tRSH -3~
et tcRP toAS tCASHe— tCAS > [4e— PN
VW
w ) N NN
i~
< tAR - L tRAL ——»]
< TRAH tASC| | |} tCAH
tASR3»  jea— tASC [ eB-toa tASC—Imt e e toAH
ADDRESSES Vi = ROW COLUNN X\ COLUMN | COLUMN ‘V‘V‘V‘V‘V‘V‘V’V
V- ADORESS Y/ ADDRESS ADDRESS ADDRESS ANNNNNNNN
|— tRAD —> WeS—y | [ tweH
————— tWCR >
twes - tWeH tWes»| | 3 tweH
Vin = twp typ—— WP—3
v N\ /XN
iL
DS~ |}t |w—m—tpy
tos > <>t 05| | DH
Vi — L
D (DATA IN) M VALID DATA §®< VALID DATA VALID DATA
iL—

I(————-——- tDHR —————

Vou -
0 (DATA 0UT) HIGH Z
VoL -
FAST PAGE MODE READ-WRITE CYCLE "
_ V- - tRASP >
RAS
ViL-
tCSH : |——tRSH——
[—ICRP f———— PPRWC————»| |t~ 1CAS—3>] tCPN—

__tCPp. tCp,

<-—-mcn—l><—tc;\s—> |e—tcAS:

T \ \ N

ASC—  f—

[/
|
[Z!

tasp—»{ t—  tASC—»] - tWSC—Aa] |
tRAH [ | AT | tCAH

ADDRESSES - Row COLUMN COLUMN COLUMN
W ADDRESS | ADDRESS ADDRESS ADDRESS

la—thAD—> L letcwn —>| <-‘cwnl‘ |- tew| I
tRCS — Hrtcm E HtowL —T 1CWL
at—tAWD > - tAWD > la—tawp—> |ee-tRw -3
Vi~
W N
ViL—
twp: twp 1 twp
RWOr5s tps tos .
tDH > |- tDH > tDH

Vin-
VALID VALID| VALID
D (DATA IN) ; Wm DATA DATA \ DATA
-
| _—_:I - 117 I—;I 101z 'm_z::l -
tCAC |t 1cAC o3 |- tCAC

7 T r—tap hat— tAA
- tRAC Fe——tcpA ht——tcpp

Vou — y L
VALID VALID K y VALID >
0 (DATA OUT) & DATA DATA )& DATA _J

VoL -
g  le— g e topr—3|  la—

MOTOROLA MEMORY DATA
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RAS ONLY REFRESH CYCLE

(W and A9 are Don’t Care)

tRC

| t———— tRp————

_ Vm-
RAS

tRAS

Vil
tCRP ——i-—»

< tRPC

tRAH

XY

XUOOUOOOXXXXXXXXXXKAAXXX

HIGH Z

CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)

tRC

| €———— tRp ———

\ < RAS

V-
= X
ViL-
— &4——TASR
ViH -
ROW
AQ TO A8
§X>< ADDRESS
Vi -
VoH —
@ (DATA OUT)
VoL -
Viy— v
RAS
VIL - __—4—
tRPC —>]
tCSR
1PN —ft——>
-
TAS /
ViL-
tOFF

Vg — ———————|
Q (DATA OUT)

l——— tCHR —>>

T

VoL - ————

HIGH Z

MOTOROLA MEMORY DATA
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|
b
2

o
b
ol

ADDRESSES

=|

Q (DATA 0UT)

RAS

ADDRESSES

=|

D (DATA IN)

Vo
Q (DATA OUT)

HIDDEN REFRESH CYCLE (READ)

- tRC tRAS
l————tRAS ——————— | | — tRp—=|
TN /N /
ViL- -
tCRP
~1RCD ———>{—1RSH | |—————— tCHR —————>{ tcPN
Vin = j X
ViL—
tRAD tRAL—>1
«————tAR >
—>{ tRAH f&— = tCAH 3
tASR >  ft— — €—tASC
Vig— -
H ROW COLUMN \
Vi - ADDRESS ). ADDRESS
I mcs—>1 l—  — ,<—1RRH |
ViL—- - »—1CAC
- AR —>
lt—————tRAC > tOFF <
VoH -
VALID DATA }—
VoL -
tgLz —»

HIDDEN REFRESH CYCLE (EARLY WRITE)

- tRe >
- RAS RP—  |———— RAS————>]
le - ——‘J\ *\ /—
ViL— = A
et tCRP le——tcpN—]
[€———1RCD———1<-tRSH - - tCHR
Vig— j /
L= 1A ] \
le—— tRAD RAL-
tASR-P' -— tASC >
TRAH ] - {CAH]
Vig —
H ROW COLUNIN
v ADDRESS ADDRESS
- |
f————————tW (| 1
- tRWL—
ViH— [ tWCH >
<> —WCS
ViL-
WP ————
[Ds <
tDH —>|
ViH— =
VALID DATA
ViL—
fe—— tpr—————

HIGH Z
VoL -

MOTOROLA MEMORY DATA
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

'RAS > | tRp
. le — c————
RAS \ |—————————— IRSH—————>>
Vi -
tCSR—f—>{ |«— 'CHR tcpT «———— 1CAS ———|
V-
TAs x
ViL- K -
tASC e e—tCAH —3]
Vih-—
COLUMN
ADDRESS
|e—CAC —
READ CYCLE = AL t
t
o AR ——] ] 0FF —>
0 (BATA OUT) HIGH Z VALID DATA
VoL -
1
|<. tRES | bz L—f—'RRH
V-
" OO
ViL- € (RCH —
EARLY WRITE CYCLE
Vou -
Q (DATA OUT) HIGH Z
- tRWL >
VoL -
e towL >
Vin— [ tWCS»|  |— tWCH—
W - tWp ————
ViL-
| tDS —|  |<— tDH —»] { (
i
ViH-
ViL- 7
[—1CAC —>>
READ-WRITE CYCLE
teLz [ I‘UFF —
Vou —
0 (DATA OUT) HIGH Z VALID DATA
VoL~
- tAA »- utcwrvl
tAWD ———»  f—tRWL
ViH— }
" XXX \
1
7= RCS 3]
le— WD —>| | twp

Vin-
ViL-
tps —4—»‘ l(—»—lnn

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 = V||, tgcp 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 trcp min-
imum). The muitiplex 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 TM 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
(VIH), 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 tRcp 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 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.

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
(V|L). 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 tyyCg 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 tcwlL, 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) <tRAS, 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 trw| and towL, 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 tcwp 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 1M dynamic RAM.
Read access time in page mode (tCaC) is typically half the
regular RAS clock access time, tRAC. Page mode operation
consists of keeping RAS active while toggling CAS between
VIH and V). 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 (VjL).
The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tprw(). 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 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 MCMB511000A require refresh every 8 milliseconds, while
refresh time for the MCM51L1000A 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 simuitaneously when the row
is addressed. Distributed refresh implies a row refresh every
15.6 microseconds for the MCM511000A, and 124.8 micro-
seconds for the MCM51L1000A. Burst refresh, a refresh of all
512 rows consecutively, must be performed every 8 millise-
conds on the MCM511000A and 64 milliseconds on the
MCMS51L1000A.

A normal read, write, or read-write operation to the RAM
will refresh all the bits (2048) associated with the particular
row decoﬁd. 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
(VIH) 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

MEMORY CYCLE

TAS BEFORE RAS
REFRESH CYCLE

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 tp
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 “0”’s into all memory cells with normal write mode.
Select a column address, read ‘0"’ 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 “0” into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operatibn 512 times.

5. Read "“0"s which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

TAS BEFORE RAS
REFRESH CYCLE

=]
[z

<]
=
o

—

S S W -

Q —— HIGH-Z dﬁ

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 (A0-A8) 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-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 (tTES,
tTEHR. tTEHC; see TEST MODE CYCLE).

“Super voltage”’ =Vcc+4.5 V
where
4.5 V<V <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 Vji, or left open.

Test Mode Truth Table

D BO B1 B2 B3 Q
0 0 0 0 0 0
1 1 1 1 1 1
- Any Other High-Z
TEST MODE CYCLE
_ m-
RAS
ViL- - tTEHC
_ Vm-
TAS
ViL-
TES t
— Je— [<¢—— tTEHR —>|
TF
Vire) -
TEST FUNCTION BLOCK DIAGRAM
Ay, Ay
o NORMAL
(A9)
————O
Ax Ay 256K LA -
BLOCK 3 I
BO Q
256K |5 A
BLOCK B x 7y
81 NORMAL
NORMAL 5
256K ¢ — 0
D BLOCK |
TF
- O B2 _\ =
256K |2
BLOCK |5 |
— B3
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ORDERING INFORMATION
{Order by Full Part Number)

MCM 511000A or 51L1000A X XX XX

Motorola Memory Prefix Shipping Method (R2=Tape & Reel,
Blank = Rails)

Part Number

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  MCMS511000AJ80  MCM511000AJ80R2 MCM511000AZ80
MCMB511000AP10  MCM511000AJ10 MCM511000AJ10R2 MCM511000AZ10

MCM51L1000AP70 MCM51L1000AJ70 MCMS51L1000AJ70R2  MCM51L1000AZ70
MCMb51L1000AP80  MCMB51L1000AJ80 MCMS51L1000AJ80R2  MCM51L1000AZ80
MCM51L1000AP10  MCM51L1000AJ10  MCMS51L1000AJ10R2  MCM51L1000AZ10

MOTOROLA MEMORY DATA
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mm SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

1M x1 CMOS Dynamic RAM
Nibble Mode

The MCM511001A is a 1.0u 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
(DIiP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP).
Three-State Data Output
Common /0 with Early Write
Fast Nibble Mode
Test Mode
TTL-Compatible Inputs and Output
RAS Only Refresh
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 (tRAC): 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)

MCM511001A

P PACKAGE
300 MIL PLASTIC
CASE 707A

J PACKAGE

ISP 2 PACKAGE
PETCCNS  PLASTIC
21G-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
CAS ...... Column Address Strobe
VEC + v v vee e Power (+5 V)
Vs « v Ground
TR ..o o Test Function Enable
NC............. No Connection

SMALL OUTLINE
DUAL-IN-LINE off 1 26 flvgg
o1 18 flvgs w2 [0
PIN wl2 17l Ras( 3 24 ITAS
ASSIGNMENT sl 3 16 []TAS TRl 4 23 [Inc
TFL 4 15 [1 A9 nell 5 22[148
Ao} 5 14 [1A8
Al 13[1A7
a2l 7 12 [1a6 A0l 8 18 [1A8
nls 11145 At} 10 17 A7
veell o Lm Azfl 11 16 {146
A3f] 12 15 [1AS
Vel 13 14[1A4

ZIG-ZAG IN-LINE

e

TAS

m
u*

I

W

Vss

m
ue

M

[Thd

W

il
W

1

[Thed

TF

m
e

1=

=)

NC

=

=
1=
N

A1

=
[

=

[

A3

e
nen

s

11

A4

TN
n=

T

11

A6

=
_ e _uN _wer _ne u= T n= utl nm T

1
11

A8
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BLOCK DIAGRAM

w
CAS —T DATAIN |
#2 CLOCK | BUFFER
GENERATOR
b !
TF DATA OUT
> Burrer | 0
[}
NIBBLE
+ COLUMN + o SELECTOR
ADDRESS
AD —] BUFFERS (10) COLUMN
At — »| DECODER
" REFRESH
CONTROLLER | SENSE AMP
A3 — 110 GATING
A4 —
REFRESH
- 2048
AS COUNTER (9) cos
Ag — A
w—] L .
A8 ROW | ROW | o | MEMORY
ADDRESS DECODER| 53,|  ARRAY
A3 — BUFFERS (10)
SUBSTRATE |— V(o
S #1 CLOCK BIAS l— Vg
GENERATOR GENERATOR

ABSOLUTE MAXIMUM RATINGS (See Note)

" This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Power Supply Volitage Vee —-1to +7 \ voltages or electric fields; however, it is ad-
Volt: Relative to Vas for Any Pin E - _ +7 V] vised that normal precautions be taken to
oltage e.a ve to Vss for Any Pin Except Ve | Vin Vout 1t avoid application of any voltage higher than
Test Function Input Voltage Vin(TF) | —1to +105| V maximum rated voltages to this high-imped-
Data Out Current lout 50 mA ance circuit.
Power Dissipation Pp 600 mwW
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Ts(g —-65t0 +150( °C
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. 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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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0V £10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vece 45 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 - 6.5 \ 1
Logic Low Voitage, All inputs ViL -1.0 - 0.8 \Y 1
Test Function Input High Voltage ViH (TF) | Vcc+4.5 — 10.5 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current lcct mA 2
MCM511001A-70, trc =130 ns - 80
MCM511001A-80, trc =150 ns - 70
MCMS511001A-10, trc = 180 ns - 60
V¢ Power Supply Current (Standby) (RAS = CAS =Vy) Icc2 - 2.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS =V|) lcc3 mA 2
MCM511001A-70, trc=130 ns - 80
MCM511001A-80, trc =150 ns — 70
MCM511001A-10, trc =180 ns - 60
V¢ Power Supply Current During Nibble Mode Cycle (RAS =V ) Icca mA 2
MCM511001A-70, tNyc =35 ns - 60
MCM511001A-80, t\c =35 ns - 50
MCM511001A-10, tyc =40 ns - 40
V¢ Power Supply Current (Standby) (RAS=CAS=Vcc—0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCMS511001A-70, trc =130 ns - 80
MCM511001A-80, trc =150 ns - 70
MCM511001A-10, tgc =180 ns - 60
Input Leakage Current (Except TF) (0 V<V;,=<6.5 V) 'ﬂ(_g(l) -10 10 wA
Input Leakage Current (TF) (0 V=<Vijn(TF)<VcCc+0.5 V) 'tkgﬂ) -10 10 A
Output Leakage Current (CAS =V), 0 V<Vt <5.5 V) likg(0) -10 10 A
Test Function Input Current (Vcc +4.5 V<Vip(TF)<10.5 V) lin(TF) - 1 mA
Output High Voltage (Ioy = —5 mA) VoH 2.4 - \
Output Low Voltage (ig =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A9, D Cin 5 pF 3
RAS, CAS, W, TF 7 pF 3
Output Capacitance (CAS = V|| to Disable Output) Q >Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgg.

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 =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM511001A-70 | MCM511001A-80 | MCM511001A-10
Parameter Unit[Notes
Standard|Alternate| Min Max Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 130 — 150 — 180 — ns 6
Read-Write Cycle Time tRELREL | tRWC 155 — 175 - 210 — ns 6
Nibble Mode Cycle Time tCEHCEH tNC 35 — 35 - 40 - ns

Nibble Mode Read-Write Cycle Time tCEHCEH | tNRMW 55 — 55 — 65 — ns
Access Time from RAS tRELQV | tRAC - 70 — 80 — 100 | ns |78
Access Time from CAS tCELQV | tCAC - 20 - 20 — 2% | ns |79
Access Time from Column Address tavav tAA - 35 - 40 — 50 ns (7,10
Nibble Mode Access Time tCELQV | tNCAC — 15 — 15 — 20 ns 7
CAS to Output in Low-Z tCELQX | tCcLz 0 - 0 — 0 — ns | 7
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns 1"
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL| tRP 50 - 60 — 70 — ns

RAS Pulse Width tRELREH| tRAS 70 | 10,000 | 8 | 10,000 | 100 | 10,000 | ns

RAS Hold Time tCELREH| tRSH 20 - 20 - 25 — ns

CAS Hold Time tRELCEH | tCSH 70 — 80 — 100 - ns

TAS Pulse Width tCELCEH | tCAS 20 | 10000 20 [10000[ 25 [ 10,000] ns

RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns 12
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 20 50 ns 13
CAS to RAS Precharge Time tCEHREL| tCRP 5 - 5 = 5 - ns

CAS Precharge Time tCEHCEL| tCPN 10 — 10 — 10 — ns

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 tasSC 0 - 0 - 0 - ns
Column Address Hold Time tCELAX | tCAH 15 - 15 - 20 - ns
Column Address Hold Time Referenced to RAS | trReLAX | tAR 55 - 60 - 75 - ns
Column Address to RAS Lead Time tAVREH | tRAL 35 — 40 — 50 - ns

(continued)
NOTES:
1. ViH4 min and V| max are ref e levels for ing timing of input signals. Transition times are measured between V| and V).

2. An initial pause of 200 us 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 V| and V| (or between V| and V|y) in a monotonic manner.
4. AC measurements tT=5.0 ns.
. The TF pin must be at V||_ or open if not used.
. The specifications for tgc (min) and tgyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (—200 xA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vo =0.8 V.
8. Assumes that tRcp <trcp (max).
9. Assumes that tgcp =trcp (max).
10. Assumes that tRAD =tRAD (max).
11. tofF (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 tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAC-
13. Operation within the trap (max) limit ensures that trac (max) can be met. tRap (max) is specified as a reference point only; if tRaD is
greater than the specified trap (max), then access time is controlled exclusively by taA.

oo,
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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 | tcEHWX | 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 CAS | tcELwH | tWCH 15 - 15 - 20 - ns
Write Command Hold Time Referenced to RAS | tReywH | tWCR 55 - 60 - 75 - ns
Write Command Pulse Width WILWH twpP 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 tps 0 - 0 - 0 - ns | 15
Data In Hold Time tCELDX tDH 15 - 15 - 20 - ns 15
Data In Hold Time Referenced to RAS tRELDX | DHR 55 - 60 - 75 — ns
Refresh Period tRVRV | tRFSH 1= 8 - 8 - 8 ms
Write Command Setup Time tWLCEL | twcs 0 - 0 - 0 - ns | 16
CAS 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 | tAawD 35 - 40 - 50 - ns | 16
CAS Setup Time for CAS Before RAS Refresh | treLCEL | tCSR 10 - 10 - 10 — ns
TAS Hold Time for CAS Before RAS Refresh | tRE(CEH| tCHR 30 - 30 - 30 - ns
RAS 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
Nibble Mode Pulse Width tCELCEH| INCAS | 15 - 15 - 20 — |ns
Nibble Mode CAS Precharge Time tCEHCEL| 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 tTEHREL| tTES 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tREHTEL| tTEHR 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tCEHTEL| tTEHC 0 - 0 - 0 - ns
CAS
NOTES:

14. Either tgrH 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. tCWD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if tyycs=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 tcywp =tcwp (min), tRwp =trwpD (min), and tawp =tawp (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.
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READ CYCLE
- lHC P
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tRCS —H — - tRRH r
ViH -
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tCLZ —ft—] tOFF >
1RAC >
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EARLY WRITE CYCLE
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- tRWL N
WCR >
pg—| |l la—tpH—>]

Vin -
Vi - L
fe—————— g
VoH -
Q (DATA OUT) HIGH Z
Voo -

MOTOROLA MEMORY DATA

2-23



MCM511001A

READ-WRITE CYCLE

< tRWC »
< tRAS [FY —
V- =
" \ \
-
: | —————— IRgy—————— >
————— R ) ——————>] — tRWL—>1 t——- 10PN —>
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NIBBLE MODE EARLY WRITE CYCLE

< 1RAS > tRP
S Y= S<-——— thR——1
ViL- 7
. CSH 4
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RAS ONLY REFRESH CYCLE

(W and A9 are Don't Care)

tRC

|«——— tpp——>
. Vig— RAS
RAS Z \
ViL—
tCRP > RPC
ViH -
= X
ViL- L_
—1 —tASR
v tRAH
W=
ROW
A0 TO A8
v ADDRESS
-
Vo -
Q (DATA OUT) HIGH Z
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CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)
¢ tRC
<« tRp ———
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S -
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s / \
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HIDDEN REFRESH CYCLE (READ)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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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 = V||, trcp 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 tgcp 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 1M 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
(VIH), 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 tcp 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 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
(V|L). 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 tw g 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 tcwyL, 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 /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) <tRAs, 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 tryy 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 tcywp 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 1M dynamic RAM. Read
access time in nibble mode (tNCAC) 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 V|H and V}| . 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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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 (V|L).
The second CAS active transition while RAS is low initiates
the first nibble mode cycle (tNC or tnNrMw). 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
(VIH) throughout the cycle. An external counter is employed
to ensure all rows are refreshed within the specified limit.

TAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

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 ““0”s into all memory.cells with normal write mode.

2. Select a column address, read 0"’ 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 ‘0" into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

5. Read ““0"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

L VA WA 1T

TAs \

et B

ﬁ_

0 — HIGH Z ——-(

VALID DATA-OUT

)4__.

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-A8) 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-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 except nibble
mode cycles. The test mode function is enabled by holding
the “TF" pin on “super voltage” for the specified period (tTES,
tTEHR. tTEHC; see TEST MODE CYCLE).

*‘Super voltage” =Vcc+4.5 V
where
4.5V<Vce <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 V|, or left open.

Test Mode Truth Table

D BO B1 B2 B3 Q
0 0 0 0 0 0
1 1 1 1 1 1
- Any Other High-Z
TEST MODE CYCLE
_ Vm-
RAS
ViL- + tTEHC
_ Vm-
CAS
ViL-
J—— 1TES —— |~¢—— {TEHR —>

ViH(TF) -
" - &K
ViR —

TEST FUNCTION BLOCK DIAGRAM

(A9)

Ao By 256K

BLOCK

256K
BLOCK

NORMAL

256K
D BLOCK
B2

Ac Ay
o: W NORMAL
———0
V_—'——O
TF
a
Ay, Ay
O NoRMAL l
— 0
—0 1
—0
TF

256K

BLOCK
B3

A
A
B
B
C
o T
TF l
D
)
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MCM511001A

ORDERING INFORMATION
(Order by Full Part Number)

MCM 5110014 X XX XX

Motorola Memory Prefix Shipping Method (R2=Tape & Reel,

Blank = Rails)

Part Number

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—MCMb511001AP70 MCM511001AJ70 MCMb511001AJ70R2  MCM511001AZ70
MCM511001AP80 MCM511001AJ80 MCMb511001AJ80R2  MCM511001AZ80
MCM511001AP10 MCM511001AJ10 MCM511001AJ10R2 MCM511001AZ10
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

1M x1 CMOS Dynamic RAM

Static Column

The MCM511002A is a 1.00 CMOS high-speed, dy ic random 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 held 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-fine 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
RAS Only Refresh
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 (tRAC): 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)

MCM511002A

P PACKAGE
300 MIL PLASTIC
CASE 707A
J PACKAGE
300 MiIL SOJ
CASE 822
Z PACKAGE
y PLASTIC
ZIG-ZAG IN-LINE
CASE 838
PIN NAMES
AO-A9 ........... Address Input
D...i Data Input
Q...... .o Data Output
W........... Read/Write Enable
RAS ........ Row Address Strobe
CS . Chip Select
VEC v v v ee e Power (+5 V)
VGG + v vt e iie i i Ground
T o i Test Function Enable
NC............. No Connection

SMALL OUTLINE
DUAL-IN-LINE
pfj1e Vss
PIN wt 2 I

ASSIGNMENT sl 3 T
i A9

aoll s A8

alle A7

a2f]7 A6

Aaf 8 A5

veell 9 A

ZIG-ZAG IN-LINE

A9

m
[ Dhng

m
[l

i

m
e

NC

Hes
1o

NC

T
n—

A0

1=
[lind

A

(1
nw

A2

=
(IRl

A3

1=
ne

Vee

T
)

A4

1—
n~

A5

H=s
1100

A6

=
L Ve T (LA T S DB

A7

HNY
ne

A8
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MCM511002A

BLOCK DIAGRAM

La— S
fC—— 4
s DATAIN | o
#2 CLOCK BUFFER
GENERATOR  |et——
A L
" i o |0
4 COLUMN
ADDRESS
A0 ——] BUFFERS (10) COLUMN
A T DECODER
REFRESH
A2 — CONTROLLER [ SENSE AMP
A3 — i 1/0 GATING
M REFRESH
A5 —— COUNTER (9) 2048
A6 — ee e
A7 — {} ]
.
A8 —— —  ROW ROW | . MEMORY
ADDRESS DECODER | _* ARRAY
A9 —f BUFFERS (10) 512
el
o #1 cLOCK SUBSTRATE BIAS [<— V(
GENERATOR GENERATOR  fet— Vss
ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the
Rating Symbol Value Unit mput.s against damage due to high static
Power Supply Voitage vee -1to +7 \ ges or el fields; h: , itis ad-
ative : -V, 1 7 vised that normal precautions be taken to
Voltage Rel to Vss for Any Pin Except Vee | Vin: Vout o+ v avoid application of any voltage higher than
Test Function Input Voltage Vin(TF) | —1to +10.5 v imum rated voltages to this high-imped-
Data Out Current lout 50 mA ancs circuit.
Power Dissipation Pp 600 mwW
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Ts_tg ~55t0 +150 | °C
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. Fi { ion should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposuretohlgherthan ded voltages for ded

periods of time could affect device reliability.
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MCM511002A

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Volitage (Operating Voltage Range) vece 4.5 5.0 5.5 v 1
Vss 0 0 0
Logic High Voitage, All inputs ViH 24 - 6.5 \" 1
Logic Low Voltage, All Inputs ViL ~-1.0 - 0.8 v 1
Test Function Input High Voltage ] ViH (TF) | Vcc+4.5 - 10.5 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Icct mA 2
MCMS511002A-70, trc = 130 ns - 80
MCM511002A-80, trc =150 ns - 70
MCM511002A-10, trc =180 ns - 60
Ve Power Supply Current (Standby) (RAS =CS = V() Icc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CS =V)y) lcc3 mA 2
MCM511002A-70, trc =130 ns - 80
MCM511002A-80, trc = 150 ns - 70
MCM511002A-10, tgc =180 ns — 60
Vcc Power Supply Current During Static Column Mode Cycle (RAS=CS =V, lcca mA 2,3
MCM6511002A-70, tgc =40 ns - 60
MCM511002A-80, tgc =45 ns - 50
MCM511002A-10, tgc =50 ns - 40
Vcc Power Supply Current (Standby) (RAS=CS=Vcc—0.2 V) lccs - 1.0 mA
Vg Power Supply Current During TS Before RAS Refresh Cycle Icce mA 2
MCM511002A-70, trc =130 ns - 80
MCM511002A-80, trc =150 ns - 70
MCM511002A-10, trc =180 ns - 60
Input Leakage Current (Except TF) (0 V<Vj,<6.5V) likg(l) -10 10 #A
Input Leakage Current (TF) (0 V<Vjn(TF)<Vcc +0.5 V) likg(1) -10 10 pA
Output Leakage Current (CS =V, 0 V=Vou<5.5 V) likg(0) -10 10 A
Test Function Input Current (Ve +4.5 V=Vjp(TF)<10.5V) lin(TF) — 1 mA
Output High Voltage (I = —5 mA) VOH 24 - \
Output Low Voitage (Ig =4.2 mA) VoL - 0.4 \2
CAPACITANCE (f=1.0 MHz, TA =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AC-A9, D Cin 5 pF 4
RAS,C5, W, TF 7 pF 4
Output Capacitance (CS =V to Disable Output) Q Cout 7 pF 4

NOTES:
1. All voltages referenced to Vgsg.
2. Current is a function of cycle rate and output loading; current is d at the fastest cycle rate with the output open.
3. Measured with one address transition per static column mode cycle.
4. Capaci d with a B Meter or effective i Iculated from the

C=1At/AV.
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MCM511002A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcec=5.0V +£10%, Tao=0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM511002A-70 | MCM511002A-80 | MCM511002A-10
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max

Random Read or Write Cycle Time tRELREL| tRC 130 — 150 - 180 - ns | 6
Read-Write Cycle Time tRELREL | tRWC 165 — 155 - 210 - ns

Static Column Mode Cycle Time tAVAV tsc 40 — 45 - 50 - ns

Static Column Mode Read-Write Cycle Time tAVAV | tSRWC 70 — 80 = 100 - ns
Access Time from RAS tRELQV | tRAC — 70 — 80 - 100 | ns |78
Access Time from CS tceLav | tcac - 20 — 20 - 25 [ns |79
Access Time from Column Address tAvav tAA — 35 - 40 — 50 ns | 7,10
Access Time from Last Write twLav | AW - 65 — 75 - 95 ns |7, 11
TS to Output in Low-Z tcELax | tcLz 0 - 0 - 0 - ns | 7
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns | 12
Data Out Hold from Address Change tAXQX tAOH 5 - 5 - 5 - ns

Data Out Enable from Write tWHQV tow — 20 — 20 - 25 ns

Data Out Hold from Write twHaX | twoH 0 - 0 - 0 - ns
Transition Time (Rise and Fall) T tT 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL| tRP 50 — 60 — 70 — ns

RAS Pulse Width tRELREH | tRAS 70 10,000 80 10,000 100 10,000 | ns

RAS Pulse Width (Static Column Mode) tRELREH | tRASC 70 100,000 80 100,000 f 100 | 100,000| ns

RAS Hold Time tCELREH| tRSH 20 — 20 — 25 — ns

CS Hold Time tRELCEH | tCSH 70 - 80 — 100 — ns

CS Pulse Width tCELCEH tcs 20 10,000 20 10,000 25 10,000 | ns

TS Pulse Width (Static Column Mode) tCELCEH | tCcsC 20 100,000 20 100,000 25 100,000| ns

RAS to CS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 | ns| 13
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 ns | 14
CS to RAS Precharge Time tCEHREL| tCRP 5 - 5 - 5 — ns

TS Precharge Time (Static Column Mode tCEHCEL| tcpP 10 - 10 - 10 - ns

Cycle Only)

Row Address Setup Time tAVREL tASR 0 - 0 - 0 - ns

Row Address Hold Time tRELAX | tRAH 10 = 10 - 15 - ns

(continued)

NOTES:

1. ViH4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V.
2. An initial pause of 200 us 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 Vi and V| (or between Vji_and V) in a monotonic manner.
4. AC measurements tT="5.0 ns.
5. TF pin must be at Vj|_ or open if not used.
6. The specifications for trc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vo =0.8 V.
8. Assumes that tcp <trcp (max).
9. Assumes that trcp =trcp (max).
10. Assumes that trap =tRAD (max), and/or tywAD =ty WAD (max).
11. Assumes that tyWwAD <t WAD (max).
12. tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
13. Operation within the tgcp (max) limit ensures that tRAC (max) can be met. trep (max) is specified as a reference point only; if trcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac-
14. Operation within the tgap (max) limit ensures that tac (max) can be met. trap (max) is specified as a reference point only; if tRaD is
greater than the specified tRap (max), then access time is controlled exclusively by taa.
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MCM511002A

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

Symbol MCM511002A-70 | MCM511002A-80 | 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 | tCcwL 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 twi 10 — 10 — 10 - ns

Write Command to RAS Lead Time tWLREH | tRWL 20 - 20 — 25 — ns

Data In Setup Time tDVCEL tps 0 - 0 - 0 — ns | 19
Data In Hold Time tCELDX tDH 15 - 15 - 20 — ns | 19
Data In Hold Time Referenced to RAS tRELDX | DHR 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 | tcwp 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 | tTEHREL | tTES 0 - 0 - 0 - ns

RAS

Test Mode Enable Hold Time Referenced to | tREHTEL | tTEHR 0 - 0 - 0 - ns

RAS

Test Mode Enable Hold Time Referenced to | tCEHTEL | tTEHC 0 - 0 - 0 - ns

CAS
NOTES:

15. tAH must be met for a read cycle.

16. Operation within the tywAD limit ensures that to|w can be met. twap (max) is specified as a reference point only; if tywap is greater
than the specified t)\wap (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 tawp are not icti i They are included in the data sheet as electrical
characteristics only. If tycs=twcs (min) and twCH =twCH (rmn) the cycle is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout the entire cycle; if trwp =trwpD (min), tcwp=tcwp (min), and tawp =tawp (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 p are reft d to CS leading edge in early write cycles and to W leading edge in late write or read-write cycles.
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READ CYCLE
< tRC - >
fe———— RP——>
ViH B LY
RAS \
- - iCSH
SR> |g— tAH >
€— tRAH—>> [e—————— A ———————>]
ViH-
ROW COLUMN
- -
- AR
t[:IiP—d—PI —————RAD———>] le————tRsH——————>| <—tcnp—>|
tRCD:
_ ViH— | | tcs >
s Z
ViL—- RCH
b—-tncs |——tRRH
_ Vm-
[}
VL - l—1CAC—>
taa f t‘l:'t <
< tRAC
VoH -
0 (DATA OUT) HIGH Z VALID DATA
Yo 1017
EARLY WRITE CYCLE
- 1RC: "
"—— P
ViH— .\ RAS P
RAS \
ViL—-
<————————-——1Awn—l—————————->
= csH -
[ RAH—>]
v ASR—>| 4—
H-
ROW COLUMN
ADD
s TN g e XXX,
‘ e tCAH—>
t.m\n——-l—> le————tRSH o
'q—b—! RP ASC |<-— P —————|
Vig— ¢ 10§ ——
YiL- ReD
WL
e
TRWL.
-~ ViH- twes
w v l«————— twgh ———>
L=
Ips—» i:—
1DH —>1
Vi -
D (DATA IN) VALID DATA
Vi -
| {0HR
<
VoH -
Q (DATA 0UT) HIGH Z
VoL -
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READ-WRITE CYCLE

- RWC
[q—‘RP—b
V- tRAS >
. / \
ViL-
<<-1RAH-> [ RWL —
<> tASR tCAH—  |a—
ViH—
ViL—
l«———tReD J
[<———1RAD tRAL >
<> tCRP |&— tCRP —3
VIH— tcs
=" /
Vi - tRes —|e
—— tCWD ——]
- tAwD > |- towL ——
tRWD
ViH- } e twp—> <
" SXXXXXXXX N | IAXXXXXXXXXR
ViL—
1CSH >
| tDS ] DH
ViH— 7
ViL—
lc;ictk——» L_
tAA—3 tWOH >
RAC > ft——tAQH——>  [<a—tOFF
VoH -
Q (DATA OUT) HIGH Z VALID DATA }—-—
“ VoL - . -
z
STATIC COLUMN MODE READ CYCLE
4—‘RP—>|
Vi -« tRASC
RS /
ViL-
> tASR —> f—tan
tRAH - 1sc >t tRAL————>
ADDRESSES Vin- ow COLUMN COLUMN COLUMN
Vii— ADDRESS ADDRESS ADDRESS ADDRESS
| ——trRap ——» [,
i» CRP
- tAR » <—tCP—1>| |—— tRSH——
Vi - - S0 ———> l— tcSC
[
ViL— RCS— =3 tRRH
- tRCD > o tRCH I~ tRCH-»~]
1CSH —>l -RCS
ViH
" XAXX
ViL - l—tAn—>] la—-tan —>
CAC e toFF 3
tAA—> < tOFF > r—'c;xc-»
tRAC > | tAOH
VoH -
VALID VALID VALID
0 (DATA OUT) HIGH Z DATA DATA >_ DATA >_
Yoo t(oLZ— 1CLZ —]
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STATIC COLUMN MODE EARLY WRITE CYCLE (A)

. fe—tRp—>
o ViH— . | RASC > /_ \-

ViL-

|
»

< RAH | tRAL———>

—> +tASR |<——— CAH

ViH—
ADDRESSES ROW COLUMN COLUMN COLUMN
Vie— ADDRESS ADDRESS ADDRESS ADDRESS

le————1AWR t—— 1CP— tRSH—
. 1ASC - »—1ASC .
[e——1RAD - — [4——— CRP———]
Vin-
e N/ N\ /
ViL- le———tRCD
ot > WeH »|—twWeH towL
L twes
twes le— twi e—— tRWL—>
V- e twp:
w
YL 1DHR - ! '
—» |e—1py —> <1y
tpg e 1DS ]
Vih—
D (DATA IN) XXXXXXXXX VALID DATA VALID DATA m"} DATA W
ViL-
VoH -
0 (DATA OUT) HIGH Z
VoL -
STATIC COLUMN MODE EARLY WRITE CYCLE (B)
tRP:
ViH— . |
e tRASC
ViL-
tASR —>] -
—> 1RAH r—»—'cm
Vig —
ADDRESSES 1 ROW COLUMN COLUMN COLUMN
Vi— ADDRESS ADDRESS ADDRESS ADDRESS
|l«———tawn: = - tcRp —
taSsC—» et >} 1ASC tcp
r—— tRAD—>1 »-10SC tCSC—f—> 1RSH
_ Vm-
s \_ KX —
ViL— 3
l«———1RCD > _.I tsg > feiCWL]
tASC e tRWL—]
'wcs—»‘ et twl twi
V- tWCH >
w < WP — \ [WCH>{ ,
Vi - —
tDHR WCS - la— 'DH
- tDH »— tDH
Ds—» e | —1ps
ViH— \VAVAVAVAV;
D (DATA IN) ’V‘ ’V‘ ‘V’ ‘V‘ VALID DATA VALID DATA VALID DATA
SVAVAVAVAVAVAVAVAVA
VoH -
Q (DATA 0UT) HIGH Z
VoL -
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STATIC COLUMN MODE READ-WRITE CYCLE

I tRP —>
1
- Vig— \ RASC-
vy —
" ASR le——————————RAL—————>
1CAH > )4— SR Y S—
- tRAH |<——tnvu ——
Vi —
ADDRESSES ROW COLUMN COLUMN X
V- ADDRESS ADDRESS ADDRESS
B tRAD—>> tCcRP
<e—— UWAD —
VIH —_ tCWD e
s -/
ViL— tRCS > -
—tAWD —> [e———TCWL ————»‘
- |Hwn Py
la—{twp La— 1AWD —P'
_ Vm- —
L \ N
ViL-
tos I
le———— lm:u——>| - 1DH
i
Vin— -
VALID
toAc—tfa—»] I w
4 f— tAA—>] AOH tOFF -
fe———RAC A Y e

VoH -
0 (DATA OUT) HIGH Z @< VALID DATA VALID DATA >< g g g}——
VoL —

toLz—a
j——— READ-WRITE ———>}¢——————— READ-WRITE ——————|

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

_ Vm-
RAS
ViL—
t— RCD—>]
tASR~ Q—»I—-tnm
> | tRAH
Vin-
COLUMN COLUMN COLUMN
o o KO e el 00
RDW-—/ TAWR - 1s¢ > |- tCAH -
ADDRESS »|  retuse p
_ V- - cse
® N
Vi -
le——WCR > —] |<-wa0
Vig— twes |—typ—]
" \ /
ViL-
l<-tos-—-> j——————————— tyyAp—————— > | tDH->»]
- 10H | ps
Vin— -"
D (DATA IN) VALID DATA VALID DATA ?m
ViL—
tDHR - 'CAC L 'q—tM—-b
jtan —>]
o1z tAQH - - WOH 1
Vor—
0 (DATA 0UT) HIGH 2 VALID DATA VALID DATA x
VoL -
AW
J«———————EARLY wRITE >l READ > READ-WRITE —»|
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MCM511002A

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

RC

RAS

i -
t —> )4 F—1tASR

v nAn
W=
A0 T0 A8 ADaDl:IvEISS
ViL-
VoH -
0 (DATA OUT) HIGH Z
VoL -
CS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)
- 3HC
| ———— tRp ———»{
ViH- ¥ tRAS
RAS \
) v'l _—{
tRPC —>
1CSR
1CPN —t= lt—— toHR —>
ViH—
5/ /
ViL-
10FF
Voy — =
0 (DATA 0UT) E HIGH Z
VO — ——————
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HIDDEN REFRESH CYCLE (READ)

1Re RC
L 1RP ) [d-‘m’-b
V- ——={ A ———————— f«———————tRAS
RAS
Vi —
[ «—1RCD —>}t——RSH ——]
l—
_-I AR > fe——1CHR——» |———— R —————— >
Vin—
8
V- —1 I‘—m
| [af-TASR ]  je—tay
- 1RAD 1RAL—————>
Vig-
ADDRESSES m COLUMN ADDRESS
ViL—
|tncs—>| |<- — l-—!mm |
_ V-
" NXXXHKXHKXHKX XXX XXKXIXKY
V- la—tCAC —>]
| A —] |
RAC———» 1OFF j—
Vou -
Q (DATA OUT) HIGH Z VALID DATA
VoL —
o1z
HIDDEN REFRESH CYCLE (EARLY WRITE)
- RC RC -
j¢—————— RS —————————> 1R tRP-3~
Vij———{ je——"NR—> je—————tIAS————————>]
Vi -
—CRP
la—1RCD RSH——] la——ICHR »] | CRP————— ]

XXRXXXXXXXR)

1
PS—a—> L]

ViH-

D (DATA IN) VALID

V- DATA

’1— tDHR————>
Vou -
0 (DATA OUT) HIGH Z

VoL -
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RAS

READ CYCLE

ADDRESSES

Q (DATA 0UT)

EARLY WRITE CYCLE

ADDRESSES

Q (DATA OUT)

D (DATA IN)

READ-WRITE CYCLE

ADDRESSES

Q (DATA 0UT)

w

D (DATA IN)

Vih—
ViL-
Vin-

ViL-

ViL-

Vou -
VoL -
ViH-

ViL-

ViH—

ViL-

VoH -

VoL -

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

VoL -

ViH—
ViL—
ViH -

ViL-

tRAS > |a—"RP —»
—__=\ - tRSH
'CsR 1CPT—>) tCRP —— >
}e——CHR——>} f——————t1c5— ] Z
fe—tAH
COLUMN
ADDRESS
tRAL e
™ AL >
L« 'CAC—>] tOFF > |
HIGH Z VALID DATA }
tncs—[-—— €1z - r—tnnu
tasC . — «!ncuj
- tCAH
\/ V‘V’V‘V VVVV\ N V‘V \/\/ COLUMN
A’A JAVAY A‘A‘A’A A‘A’A‘A A‘A‘A“ ADDRESS Y
- tRWL
HIGH Z
< towL >
wes < WCH >
tps — e —
la—1pH —-l
VALID
‘CAH—-"—D | I
< AA— - —
[e— tCAC —3 - tAOH
HIGH Z ‘_”m VAUD DATA [}
tRCS > teLz la— tCWL —3]
tAWD ———|  |e———tRWL
tCWD —>] Bl tWOH
K
tps o
VALID
L DATA o4
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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= V)L, 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 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-
ING THE RAM, with RAS active transition latching the de-
sired row. The write (W) input level must be high (VH), 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. CS must be active and column address must be valid
by trcpand tRap I ly, to gt valid
data out (Q) at tRAC (access time from RAS active transition).
If either tRCpD or tRAD maximum is exceeded, read access
time is determined by the CS clock active transition (tCAC)
and/or valid column address (tAA).

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. W 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 tRp to precharge
the internal device circuitry for the next active cycle. Q 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.

1S, resp:

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
(V)L level). Early and late write modes are distinguished by the
active transition of W 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 characte_rizad by W active transition
at minimum time tyyCs before CS active transition. Column
address set up and hold times (tASC, tCAH), and data in (D)
set up and hold times (tps, tpH) 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
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 +tcwD +tRWL +2tT) <tRaS, if other timing mini-
mums (tRCD. tRWL. and tT) 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 tryw| 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 tcwp and/or tawp minimum,
to guarantee valid Q 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 tCAC) 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 W, 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 (tcp)
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 (V|H)
throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CS Before RAS Refresh

TS 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).

MEMORY CYCLE

TS BEFORE RAS
REFRESH CYCLE

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 ““0"'s into all memory cells with normal write mode.

2. Select a column address, read “0"" 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 “‘1"’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 0" into the cell by performing the CS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

5. Read ““0"’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 (AO-A8) 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-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 (tTES,
tTEHR. tTEHC: see TEST MODE CYCLE).

*““Super voltage” =Vcc+4.5V
where
4.5 V<Vce <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 V|, or left open.

TS BEFORE RAS
REFRESH CYCLE

s\

0 — HIGH z—-—(

VALID DATA-QUT

= _/ Y/ ]
-
3_

Figure 1. Hidden Refresh Cycle
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Test Mode Truth Table
D BO B1 B2 B3 Q
[} 0 0 [ 0 0
1 1 1 1 1 1
- Any Other High-Z
TEST MODE CYCLE
_ Vm-
RS
L= L tTEHC
V- \ 7
s
ViL-
Y o tTES ———f f—— tTEHR —
ViL-
TEST FUNCTION BLOCK DIAGRAM
Ae Ay |
e NORMAL
(A9) —O
Ax by ek LA F°
| T
BLOCK | 3
80 A 0
256K | o
BLOCK | & x y
81 S NORMAL
NORMAL DN
256Kk |.C ———O
] BLOCK | -
e B2 F—l =
286K |
BLOCK | |
— 83

ORDERING INFORMATION
(Order by Full Part Number)

MCM 511002A X XX XX

Motorola Memory Prefix -———]_ L—————Shipping Method (R2=Tape & Reel,

Blank = Rails)

Part Number
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—MCM511002AP70  MCM511002AJ70  MCM511002AJ70R2 MCM511002AZ70
MCM511002AP80  MCM511002AJ80  MCM511002AJ80R2 MCM511002AZ80
MCM511002AP10  MCMS511002AJ10  MCM511002AJ10R2 MCM511002AZ10
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MOTOROLA

= SEMICONDUCTOR

TECHNICAL DATA

Advance Information

4M x 1 CMOS Dynamic RAM
Page Mode

The MCM514100 is a 0.84 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 |/0 with Early Write
Fast Page Mode
Test Mode
TTL-Compatible Inputs and Output
RAS Only Refresh
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 (tRAC):
MCM514100-80 and MCM51L4100-80 =80 ns (Max)
MCM514100-10 and MCM51L4100-10 = 100 ns (Max)
Low Active Power Dissipation:
MCM514100-80 and MCM51L4100-80 =550 mW (Max)
MCM514100-10 and MCM51L4100-10 =468 mW (Max)
Low Standby Power Dissipation:
MCM514100 and MCM51L4100= 11 mW (Max, TTL Levels)
MCM514100=5.5 mW (Max, CMOS Levels)
MCM51L4100=2.2 mW (Max, CMOS Levels)

MCM514100
MCM51L4100

J PACKAGE
PLASTIC
SMALL OUTLINE
CASE 82A
Z PACKAGE
PLASTIC
ZIG-ZAG IN-LINE
CASE 836
PIN NAMES
AO-A10........... Address Input
D... Data Input
Q..o Data Output
W... ..o Read/Write Enable
RAS ........ Row Address Strobe
CAS ...... Column Address Strobe
VCC v+ vv v Power (+5 V)
VS v v v Ground
NC ............. No Connection

SMALL OUTLINE
PIN ASSIGNMENT o 2 flvss
w2 251a
RAS[ 3 24 [1TAS
Nel] 4 23 [INC
A10[l 5 22 [1A8
Aof] 9 18 [1A8
A1l 10 17 A7
A2l 16 [1A6
A3f} 12 15 [1A5
veel 13 14 [1A4

ZIG-ZAG IN-LINE

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

w
e
DATA IN D
#2 CLOCK BUFFER
GENERATOR  fe—
L
DATA OUT -0
> BUFFER
COLUMN
ADDRESS [ >
A0 BUFFERS (11) COLUMN
Al — .|  DECODER
REFRESH
A2 —
X3 CONTROLLER [ | SENSE AMP
a + 1/0 GATING
A5 — REFRESH
A6 — COUNTER (10) 4096
A7 — cee
A8 — J\/L
Y
A9 — ROW '
ADDRESS .
A10 :> BUFFERS (1) ne?:g:m e | memory
T —_I 1024 ARRAY
- #oock  —
RAS GENERATOR | SUBSTRATE BIAS [+— V¢

GENERATOR |— Vgg

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to protect the

Rating Symbol Value Unit | > r \
inputs against damage due to high static
Power Supply Voltage Vee —-1to +7 \ Itages or electric fields; h , itis ad-
Voltage Relative to Vgg for Any Pin Except V. Vin, V. ~1to +7 \Y vised that normal precautions be taken to
98 SS y <opt 'ee in._“out avoid application of any volitage higher than
Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 600 mwW ance circuit.
Operating Temperature Range TA Oto +70 °Cc
Storage Temperature Range Tst_g ~65t0 +150 | °C
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. 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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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vece 45 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 \' 1
Logic Low Voitage, All Inputs ViL -1.0 - 0.8 \' 1

DC CHARACTERISTICS

Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current Icct mA 2
MCM514100-80 and MCM51L4100-80, trc =150 ns - 100
MCM514100-10 and MCM51L4100-10, tgc =180 ns - 85
Vcc Power Supply Current (Standby) (RAS =CAS = V) Icc2 — 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS =Vy) Icc3 mA 2
MCM514100-80 and MCM51L4100-80, trc =150 ns - 100
MCM514100-10 and MCM51L4100-10, trc =180 ns - 85
Vcc Power Supply Current During Fast Page Mode Cycle (RAS =V) ) Icca mA 2,4
MCM514100-80 and MCM51L4100-80, tpc =50 ns - 60
MCM514100-10 and MCM51L4100-10, tpc =60 ns - 50
Vcc Power Supply Current (Standby) (RAS=CAS=Vcc-0.2V) MCM514100 Iccs - 1.0 mA
MCM51L4100 - 400 A
V¢ Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514100-80 and MCM51L4100-80, trc =150 ns - 100
MCM514100-10 and MCM51L4100-10, tgc =180 ns - 85
V¢ Power Supply Current, Battery Backup Mode—MCM51L4100 only lce7 - 500 rA
(trc =125 us; tRAg =1 us; CAS =CAS Before RAS Cycle or 0.2 V; A0-A10, W,
D=Vcc-02Vor0.2V)
Input Leakage Current (0 V<Vj, <6.5 V) likg(l) -10 10 A
Output Leakage Current (CAS =V}, 0 V<V,¢<5.5 V) likg(0) -10 10 rA
Output High Voltage (IpH= —5 mA) VOH 24 — \"
Output Low Voltage (Ig| =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A10, D Cin 5 pF 3
RAS, CAS, W 7 pF 3
Output Capacitance (CAS =V to Disable Output) Q Cout 7 pF 3
NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; { current is d at the fastest cycle rate with the output open.
3. Capaci d with a B Meter or effectit i Iculated from the : C=IAt/AV.

4. Measured with one address transition per page mode cycle.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V £10%, TaA =0 to 70°C, Unless Otherwise Noted)

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

MCM514100-80 MCM514100-10
Parameter Symbol MCM51L4100-80 MCMB51L4100-10 Unit | Notes
Standard | Alternate Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 150 - 180 - ns 5
Read-Write Cycle Time tRELREL tRWC 175 — 210 — ns 5
Page Mode Cycle Time tCELCEL tpC 50 - 60 - ns

Page Mode Read-Write Cycle Time tCELCEL | tPRWC 75 — 90 - ns

Access Time from RAS tRELQV tRAC — 80 — 100 ns | 6,7
Access Time from CAS tCELQV tCAC — 20 — 25 ns | 6,8
Access Time from Column Address tavav tAA — 40 - 50 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA — 45 - 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 - ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 60 - 70 - ns

RAS Pulse Width tRELREH | tRAS 80 10,000 100 10,000 | ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 80 200,000 100 200,000 | ns

RAS Hold Time tCELREH | tRSH 20 — 25 — ns

TAS Hold Time tRELCEH | tCSH 80 - 100 - ns

CAS Pulse Width tCELCEH | tCAS 20§ 10,000 25 10,000 | ns

RAS to TAS Delay Time tRELCEL tRCD 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL | tCRP 5 - 10 - ns

TAS Precharge Time tCEHCEL tcp 10 — 10 — ns

Row Address Setup Time tAVREL tASR 0 — 0 - ns

Row Address Hold Time tRELAX tRAH 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 to RAS tRELAX tAR 60 — 75 - ns

Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns

(continued)

NOTES:

1. V|4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V4 and V..

2. An initial pause of 200 us 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 V| and Vj_ {or between V| and V) in a monotonic manner.

4. AC measurements tT=5.0 ns.

5. The specifications for tgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.

6. M d with a load equivalent to 2 TTL (-200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.

7. Assumes that tgcp <trcp (max).

8. Assumes that tgcp =trcp (max).

9. Assumes that tRaD =tRAD (max).

0.

1

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

. Operation within the tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if tgcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.

12. Operation within the tgAp (max) limit ensures that tgaC (max) can be met. tRap (max) is specified as a reference point only; if tRap is

greater than the specified tRAp (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 MCM511.4100-80 MCMS51L4100-10 | ynit | Notes
) Standard | Alternate Min Max Min Max
Read Command Setup Time tWHCEL tRCS 0 — 0 - ns
Read Command Hold Time Referenced to CAS tcEHWX | tRCH 0 — 0 - ns 13
Read C d Hold Time Ref d to RAS tREHWX tRRH 0 - 0 - ns 13
Wirite Command Hold Time Referenced to CAS tCELWH tWCH 15 — 20 - ns
Write Command Hold Time Referenced 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 tps 0 — 0 - ns 14
Data in Hold Time tCELDX tpH 15 - 20 — ns 14
Data in Hold Time Referenced to RAS tRELDX | DHR 60 — 75 - ns
Refresh Period MCM514100| trvRv tRFSH - 16 - 16 ms
MCM51L4100 — 128 — 128
Write Command Setup Time tWLCEL twes 0 - 0 - ns 15
CAS to Write Delay tCELWL | tcwbD 20 - 25 - ns 15
RAS to Write Delay tRELWL | tRWD 80 — 100 - ns 15
Column Address to Write Delay Time tAVWL tAWD 40 - 50 - ns 15
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tCPWD 45 -~ 55 - ns 15
TAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 5 — 10 - ns
TAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 15 — 20 - ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 0 - 0 — ns
CAS Precharge Time for CAS Before RAS Counter | tceHCEL |  tcPT 40 - 50 - ns
Test
Write Command Set Up Time (Test Mode) tWLREL tWTS 10 - 10 - ns
Write Command Hold Time (Test Mode) tRELWH tWTH 10 - 10 - ns
Write to RAS Precharge Time (CAS Before RAS tWHREL | tWRP 10 - 10 - ns
Refresh)
Write to RAS Hold Time (CAS Before RAS Refresh) | tRetwL | *WRH 10 — 10 - ns
NOTES:
13. Either tRRH or tRCH must be satisﬁe_d_fgr a read cycle.
14. These p are ref d to CAS leading edge in eady write cycles and to W leading edge in read-write cycles.
15. twcs, tRwD. tcwD. tawD and tcpwp are not ( They are included in the data sheet as electrical

characteristics only; if tyycs=twcs (min), the cycle is an early wnte cvcle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcywp =tcwp (min), tRwp =trwp (min), tawp =tawD (min), and tcpwp =tcpwp (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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READ CYCLE
|t tRC L
RP ————>|
- RAS »
RAS
ViL- )
tCSH > - tcp
mnp—r—» - 'RCD > tRSH > CRP—1
- Vig - E——— 1A — >
=/ \ /| A
Vii
- AR
[——1RAD > tRAL >
WSR—>|  |d— tASC > [ {CAH >
Vih—
ROW COLUMN
ADDRESSES
[ tRAH 3> - tRCH
tRCS —-—l r— F&———tRRH >
ViH -
w
ViL- — tCAC —>]
AR —————
1CLZ —ft— tQFF ——tt—p>
tRAC

VoH - \ 7
Q (DATA OUT) HIGH Z <& VALID DATA }——-
VoL — A

EARLY WRITE CYCLE

< RC
tRP ———

iy - _*x tRAS >

-l
>
o
=
=
|

r&————1RCD -< tRSH > < tep
tCRP—F—» - tCSH tCRP
_ Viy— [—— teAS — >
o / N AN
VL=
- tAR -
l«—— tRAD L tRAL
TASR—  j— tASC ——> [<&-1CAH -]
Vin -
ADDRESSES @a ROW COLUMN
- ADDRESS ADDRESS
tRAH > - toWL r!
WCS —f= [ tWCH———>
_ V- - twp ——————>
w 6*XXXXXXXXXXX
ViL—
- tRWL »|
tWCR
tp§—3» b Ha—1pH -

ViH—
ViL-

| tDHR >

VoH -
Q (DATA OUT) HIGH Z
VoL -
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READ-WRITE CYCLE

- tRWC >
RAS tRP ————>
VSH —_ ———
RAS \ \
ViL-
tRSH
[———1RCD ft— tRW}L—>] tep
Vet —>| l— tcrp tCAS > —»{ AP |—
ViL- 3
- tCSH »
W - toWL >
[«—tRAD RAL
v tasR—>]  |g— tASC - [~ tCAH —>]
= =
ROW COLUMN
ADDRESSES
'RAH tAwD
tRWD ;
[— tewp — twp
_ Vm-
W
ViL-
tRCS > tps
f— ![]H —->‘
ViH -
D (DATA IN) VALID DATA
ViL-
o I 1CAC |
AR > —toFF
tRAC
Vo -
0 (DATA OUT) HIGH Z VALID DATA }——
VoL - h
1Lz —>
FAST PAGE MODE READ CYCLE
tRASP > 'RP
ViH = _—TX
RAS Z
- —T
[ t(es———— [— tpC > |« tRSH >
[*— 'RCD »1—>1—10AS CAS tcp
tCRP tcp tcp > - tCAS
Vih -
ViL- .
- AR tRAL
tASC [ (CAH ASC tCAH
" TASR—>  — 'ASC, - 1CAH I
AODRESSES ROW COLUMN COLUMN COLUMN
W - ADDRESS ADDRESS | ADDRESS ] X ADDRESS
{RAH >
[€— tRap — > tRCH—>] |d— tRCH <>+ tRaH
tRCS > —1>] le—thes ] fe—1RCS tReH
Vi - .
¥ XXX N/
iy -
t 1CAC 1CAC > | lone
[— tAA +—> tan tAA
————— 1RAC > [«—1tcPA » fa— tcpa
VoH -
0 (DATA OUT) VALID }_ VALID VALID >_______
VoL - DATA DATA DATA _Y
t0FF —|t— [ fe—t— tor
tg1z — teLz —w teLz —>
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FAST PAGE MODE EARLY WRITE CYCLE

tRASP > tRP
T
RAS
ViL-
|—— tPC ——>
|€——— tRCD > 0P ——3 tep e~ 'RSH —»
+tCRP ICAS 1CAS+t— tCAS-=e e— tcp
_Vm
w= .  _/ N X/ N
ViL =
l@———— AR - tRAL
- 'RAH tASC-| | e (CAH
TASR-3= et tASC-3»{ [ [B1CAH tASC—~  te > tCAH
ADDRESSES Vi = ROW COLUMN COLUMN £ cotumn X><><><><><><>O<
Wi - ADDRESS ADDRESS ADDRESS ADDRESS
|— tRAD —3>1 WCS—> (& | WCH
- tWCR >
WeS —fa—n > tWCH Weso-  fe WCH
W
Vit
DS~ | |a——tDH
tps > <>} 1oy tps—»| e le—-1DH
Vi - =
D (DATA IN) VALID DATA VALID DATA >®§ VALID DATA
ViL—
v IG——IDHR—-—-———D
OH—
0 (DATA OUT) HIGH Z
VoL -
FAST PAGE MODE READ-WRITE CYCLE -
VlH_ tRACP.
AAS - RASP »
ViL-
| ——————tegH—————— |t——RSH——
[at—tCRP o, [€T T PRWC—— o = {0AS—{  [e— tcp
e RCD——>t= 1AS -3 Ol |atoas—{ |t
L
Vig—
= N 7N
V|L-—j
tRAl
tASR—»  fe—  tASC—a] 3 wsc+o{ k- ASCH—  fe—
tRAH—> [ | 'cau > tCAH—f— =t (CAH
ViH-—
ROW COLUMN COLUMN COLUMN
ADDRESSES W ADDRESS >®§ ADDRESS ADDRESS ADDRESS
bt— tRAD—> L & tCWD *(CWDL - towol ”
ReS - bt-towt = towl | — WL
[t AWD > ,<-tAw‘n—> ‘—'AW'D—-P H—tRWL—TI
Vin—
W N
ViL— ‘
twp: » twp+ —t wp
———— tRWD: [-tCPWD > —1CPWD—>
s —p t—>{l=t-tos
tDH » tpH T
Vig -
VALID VALID
D (DATA IN) . DATA DATA
v | ::‘ tc1z l—::l 1Lz tcz:i e
1CAC e 1CAC [t - tCAC
F——tpp a—tpp tAn
VoH - il tRAC toPA le——tcpp
0 (DATA OUT) y VALID VALID E g VALID E
Vor — pATA ¥ DATA DATA
oL
le—

tFF > h—

rr—]  le— o —
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RAS ONLY REFRESH CYCLE
(W and A10 are Don’t Care)

- tRe >
| tRp ———]

ViH— tRAS »
s \ \
ViL- © .
RP —[c-u - RPC
ViH—
=X X/
ViL—-

— t— tASR
ViH - - RAH
o - 0 e XOOCRX KX TXXIX KKK XKIAK
Vou -
Q (DATA OUT) HIGH Z
Vou-

CAS BEFORE RAS REFRESH CYCLE
(AC to A10 are Don’t Care)

- tRC >
| €——— RP ———

Vit - p < RAS >
s N
i v’l B _{~
tRPC
tCSR T
top—= |——— tCHR ———>
_ Vm-
s \
ViL-
WRPH—> | &—|-tWRH
Vin-
’ N LXXXXKXXXXXXXX XXX
Vi -
10FF —e—»
VUH e ——
0 (DATA OUT) ;L HIGH Z
VL — e
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HIDDEN REFRESH CYCLE (READ)

< 'RC > e RAS——]
- tRAS | —————— tRp ————

I e \ /____

[ 'CRP

=
2

[&———1RCD ——P>{e—RSH —»~ le— tCHR le—— tCP

|
N
[l

— tRAD—>~{e—— tRAL—>
———tap >
~—1» tRAH fa— = tCAH -1
; tASR >  fet— —» |
H~
ROW COLUMN
ADDRESSES Vi ADDRESS m ADDRESS

I N tmde—»l twrp—e—| |t twan l

w
ViL— <—1—I(AC
— tAA — 3]
e thac > tFF—> fe—
Vou -
0 (DATA OUT) VALID DATA
VoL -
gLz —»
HIDDEN REFRESH CYCLE (EARLY WRITE)
< tRC
|t tRA§ ———— RP—pw| | — RAS —————»]
Vi - ———3
s \ \ /
ViL= =
- CRP |e—— tgp —]
[&————1RCD ——— > 1<&-1RSH 3> CHR
ViH -
w ) \
ViL- R —
le«—— 1RAD RAL
tI\SR~>| et{— tASC >
tRAH - |— CAH-
ViH-
ROW COLUMN
ADDRESSES W ADDRESS ADDRESS
[——————w( Tl tWRP: <> tWRH
- tRWL—{
Vi - -~ tWCH -~}
V-
I - WP ———
tos
tOH —]
Vi - =
Vi -
}e————— togp————
VoH -
Q (DATA OUT) HIGH Z
VoL -
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- R ——————————————————>] RP
_ V|l — ey
RAS \ je—————————— RS ———>>]
V-
1CSR »{ te— ICHR tepT—] | tCAs ————>]
Vih—
ViL—- A
tasC | [ CAH —>
Vih=
COLUMN
e tCAC —3|
- tRAL
READ CYCLE tan ——] e torr >}
Vou-—
0 (DATA OUT) HIGH Z VALID DATA >————
VoL -
WRP - tWRH - thes > tcLz | tRRH
(|
iL- et tRCH —»~|
EARLY WRITE c‘m
Q (DATA OUT) HIGH Z -
VoL— RWL -
tWRP > tWRH fowL >
Vin- | e twes-{ | tWeH—
ViL-
<-||Js-> |t— tDH —3{ | I
ViH-
ViL-
l —tcac —»]
READ-WRITE CYCLE
t1z [ [OFF —
Von—
0 (DATA OUT) HIGH Z VALID DATA
VoL—
—p TWRH - Ml |etcwL
‘WRP*I [— < tAWD ———>| |e—thwL
ViH - ]
w0 OO s \
[ ICWD—>>| (= twp
Vin- }
D (DATA IN) VALID DATA
ViL-
ps —<—>| |<—>—lnu
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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=Vj(, trcp 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 soon as the row address
hold time (tRAH) specification is met (and defines trcp 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 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
(VIH), 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 tcp 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 tRAS and tCAS respectively, to complete the read
cycle. W must remain n 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, 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
{VIL). Early and late write modes are distinguished by the active
transition of W, with respect to CAS. Minimum active time
tRAS and tcAsS, 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 tw_Lbsfore 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 tcwlL, 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 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) 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 15 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 tcwp 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 (tCAC) is typically half the
regular RAS clock access time, tRAC. Page mode ode operation
consists of keeping RAS active while toggling CAS between
VIH 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 (Vj[).
The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tpPRw(C). Either a read, write,
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orread-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 MCM51L4100.

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
(VjH) 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

TAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

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 tyRH 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.) 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
test cycle timing diagram.

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

1.  Write ““0”s into all memory cells with normal write mode.
Select a column address, read ‘0" 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 step 2 in normal read
mode.

4. Using the same starting column address as in step 2, read
1" out and write “0” into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 1024 times.

5. Read ‘“0"'s which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

CCAS BEFORE RAS
REFRESH CYCLE

m N/ -

=T\

Vs

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 A10, and column addresses AQ and
A10 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

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

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

blocks (B0-B7) in parallel. External data out is determined by RAS refresh.

Test Mode Truth Table

D BO B1 B2 B3 B4 BS B6 B7 Q
0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1
— Any Other 0
TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V £10%, TA=0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
MCM514100-80 MCM514100-10
Parameter Symbol MCM51L4100-80 MCMb61L4100-10 | ynpit | Notes
Standard | Alternate Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 155 - 185 - ns 5
Read-Write Cycle Time tRELREL tRWC 180 - 215 — ns 5
Page Mode Cycle Time tCELCEL tpC 55 - 65 - ns
Page Mode Read-Write Cycle Time tCELCEL tPRWC 80 - 95 - ns
Access Time from RAS tRELQV tRAC — 85 — 105 ns | 67
Access Time from CAS tCELQV tCAC — 25 — 30 ns | 6,8
Access Time from Column Address tAVQV tAA - 45 - 55 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA - 50 — 60 ns 6
RAS Pulse Width tRELREH tRAS 85 10,000 105 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 85 200,000 105 200,000 ns
RAS Hold Time tCELREH tRSH 25 - 30 - ns
CAS Hold Time tRELCEH | tCSH 85 - 105 - ns
CAS Pulse Width tCELCEH | tCAS 25 10,000 30 10,000 ns
Column Address to RAS Lead Time tAVREH tRAL 45 - 55 - ns
CAS to Write Delay tCELWL tcwWD 25 - 30 - ns 10
RAS to Write Delay tRELWL tRWD 85 — 105 — ns 10
Column Address to Write Delay Time tAVWL tAWD 45 — 55 — ns 10
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tCPWD 50 - 60 - ns 10

NOTES: .
1. VjH min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V) .

2. An initial pause of 200 us 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 V| and V|_ (or between V|| and V) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for trc (min) and twc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.
7. Assumes that tgcp StrcD (max).
8. Assumes that trcp =trcD (max).
9. Assumes that tRaD =tRAD (max).
10. twcs. tRWD. tCWD. tAWD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical

characteristics only; if tycs 2twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp =tcwp (min), tRwp =tRwWD (min), tawp =tawp (min), and tcpwp =tcpwb (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 MODE BLOCK DIAGRAM

ADDRESSES
/l Vee
OOTOOQ I
A
512K BLOCK [— NORMAL |
— B A [
—4
TEST MODE
B
512K BLOCK [ \
B1 8 )
*— 1
A
)
7
c A\
TM 5120 BLOCK [~ +—
L | B2
ADDRESSES
o—J
'o—
o— D
o 512K BLOCK [—
o 83 D
o— | ¢—
o——-
o ¢— Dour
NORMAL
:
DIN “1—1 512K BLOCK [—
B4 E
TEST MODE
—
r—d
o
512K BLOCK [—
F 0—-\
— B -
5|
1
6 AR
»|
5120 BLOCK [~ -
+_ B6
TEST MODE —
ADDRESSES
BO A10R, A10C, AOC 512K BLOCK |— NORMAL @
B1 A10R, A10C, AOC L_| B7 H
B2 A10R, ATOC, AOC
83 A10R, ATOC, AT 66646

B4 ATOR, A10C, AOC
85 ATO0R, A10C, AOC

86 ATOR, ATOC, AOC ADDRESSES
87 ATOR, A70C, AOC
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_ Vm-
RAS ‘
Vi~ RPC —f

1cp

TEST MODE CYCLE
(D and A0 to A10 are Don’t Care)

tRe

tRAS

; tRP ——»]
!l

_ Vm-
tAS
Vi

l—— tCHR ——

Xt tcsR

(-

T,

WTH ——>]

Y

Vin—- -
ViL-

toFF -—L—N '

V- —————y
VoL— _—_:IF

Q DATA OUT

Motorola Memory Prefix

Part Number

HIGH Z

ORDERING INFORMATION
(Order by Full Part Number)

MCM 514100 o|

Full Part Numbers—MCM&514100J80
MCM514100J10

MCM51L4100J80
MCM51L4100J10

r51L4100 X XX XX

MCM514100J80R2
MCM514100J10R2

MCM51L4100J80R2
MCM51L4100J10R2

MCM514100Z80
MCM514100Z10

MCM511.4100Z80
MCM51L4100Z10

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

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

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

MOTOROLA MEMORY DATA



MOTOROLA
B SEMICOND U CTO R /55
TECHNICAL DATA

MCM514256A

256K x 4 CMOS Dynamic RAM MCM51L4256A
Page Mode

The MCM514256A 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- P PACKAGE
proved reliability, and low cost. 300 MIL PLASTIC
CASE 738A

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). J PACKAGE

® Three-State Data Output 300 MIL SOJ

® Fast Page Mode CASE 822

® TTL-Compatible Inputs and Output

® RAS Only Refresh

® CAS Before RAS Refresh

® Hidden Refresh . Z PACKAGE

® 512 Cycle Refresh: PLASTIC
MCMB514256A =8 ms - ZGZAG IN-LINE

3 CASE 836

MCM51L4256A =64 ms ©

® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection

® Fast Access Time (tRAC):
MCM514256A-70 and MCM51L4256A-70 =70 ns (Max) PIN NAMES
MCM514256A-80 and MCM51L4256A-80 =80 ns (Max) AOAS ... ... ... Address Input
MCM514256A-10 and MCM51L4256A-10= 100 ns (Max) DQao-DA3 . ...... Data Input/Output

® Low Active Power Dissipation: G.oovriin Output Enable
MCM514256A-70 and MCM51L4256A-70 =440 mW (Max) W...oooooo Read/Write Input
MCM514256A-80 and MCM51L4256A-80 =385 mW (Max) RAS ........ Row Address Strobe
MCMS514256A-10 and MCMS51L4256A-10=330 mW (Max) TAS ...... Column Address Strobe

® Low Standby Power Dissipation: zcc """""" Power (+5 V)
MCM514256A and MCM51L4256A =11 mW (Max), TTL Levels NS No Go Ground

............. lo Connection

MCM514256A =5.5 mW (Max), CMOS Levels
MCM51L4256A =1.1 mW (Max), CMOS Levels

ZIG-ZAG IN-LINE

11!
G|==!
SMALL OUTLINE RS
DUAL-IN-LINE e R
paof}1 26 flvgg | E T ba3
paof]1 e 20 J}vss pa1(] 2 25 [10a3 s ; :=5= Dao
PIN o1} 2 19 [1oa3 wis 24 [1002 I ECI
ASSIGNMENT Wl 18 [I002 s ¢ 23 [IEAS asl "
S 4 17 [ITAS Ncll 5 2[18 o e
NCl 5 161 A0Y==1qg
a0l 6 15 [1A8 el M
af 7 14[1A7 Aofl s 18 [1A8 15:4'; A3
w2l 8 13148 a0 17187 Y0811 16 g
s 1218 a2 16[1n6 A5 l7=|"3
veell 10 1la A3ff 12 15 [1as 7 19177| *
vecl] 13 14 [1a4 T8 g
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MCMb514256A* MCM51L4256A

BLOCK DIAGRAM

— 0Qo-003
W ™\ | oamawn [ >
BUFFER _ =
— NO. 2 CLOCK > DATA OUT
—_ ) -
CAs GENERATOR [ BUFFER g
COLUMN COLUMN
ADDRESS ——
AD —— V1 BUFFERS (9) 8 DECODER
Al ——
A2 —»]
REFRESH oo
A3 —— @ | CONTROLLER/ S12x4
A4 —>1 COUNTER (9
:2 — SENSE AMP
AT ——> ROW ADDRESS . IO GATING
Ag ——>| N BUFFERS (9) ] A
a
—~ I - 5124 |
28
=y S— MEMORY
71 J— %%NLR%);: — 1512 ARRAY
1 512x512x4
SUBSTRATE | ¢ yg¢
BIAS
GENERATOR - Vgg
ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Vee -1to +7 v .“ ges or electric fields; h , it is ad-
Voltage Relative to Vgg for Any Pin Except Ve | Vi Vout | —1t0 +7 | V a‘vo'”idd ‘h°'..“°""":)m°““.?"’ ?"mf:ft‘;;g
Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 600 mW ance circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Ts_tg —-565t0 +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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MCM514256 A« MCM51L4256A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0V +£10%, TA=0 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 \' 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 - 6.5 \" 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \ 1

DC CHARACTERISTICS

Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM514256A-70 and MCM51L4256A-70, trc =130 ns - 80
MCMB514256A-80 and MCM51L4256A-80, trc = 150 ns - 70
MCM514256A-10 and MCM51L4256A-10, trc =180 ns — 60
Vce Power Supply Current (Standby) (RAS =CAS = V) lcc2 - 2.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS =V|) Icc3 mA 2
MCM514256A-70 and MCM51L4256A-70, trc =130 ns - 80
MCMB514256A-80 and MCM51L4256A-80, trc = 150 ns - 70
MCM514256A-10 and MCM51L4256A-10, trc = 180 ns - 60
Ve Power Supply Current During Fast Page Mode Cycle (RAS=Vj) Icca mA 2,3
MCM514256A-70 and MCM51L4256A-70, tpc =40 ns - 60
MCM514256A-80 and MCM51L4256A-80, tpc =45 ns - 50
MCM514256A-10 and MCM51L4266A-10, tpc =55 ns - 40
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—0.2 V) MCMb514256A lces - 1.0 mA
MCM51L4256A - 200 rA
Vce Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514256A-70 and MCM51L4256A-70, trc =130 ns - 80
MCM514256A-80 and MCM511L4256A-80, trc =150 ns - 70
MCM514256A-10 and MCM51L4256A-10, trc =180 ns - 60
Ve Power Supply Current, Battery Backup Mode—MCM51L4256A only _ Icc7 - 300 pA
(trc =125 ps; tras =1 ps; CAS =CAS Before RAS Cycle or 0.2 V; A0-A8, G, W,
DQ0-DA3=Ve-0.2V or 0.2 V)
Input Leakage Current (0 V<Vj,<6.5V) likg(l) -10 10 pA
Output Leakage Current (CAS=V|y, 0 V<Vy;1<5.5 V) likg(0) -10 10 A
Output High Voltage (g = —5 mA) VOH 2.4 — \']
Output Low Voltage (Ig| =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, Tp=25°C, Voo =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO-A8 Cin 5 pF 4
G, RAS, CAS, W 7 pF 4
Output Capacitance (CAS = V| to Disable Output) DQO-DQ3 Cout 7 pF 4

NOTES:
1. All voltages referenced to Vgs.
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. Capaci d with a B 1 Meter or effecti i Iculated from the ion: C=1At/AV.
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MCM514256A* MCM51L4256A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, Tao=0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM514256A-70 | MCM514256A-80 | MCM514256A-10
Parameter MCM51L4256A-70 | MCM51L4256A-80 | MCMS51L4256A-10( ynit [Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL | 'RC 130 = 150 - 180 — ns 5
Read-Write Cycle Time tRELREL | tRMW 185 - 205 — 245 — ns 5
Fast Page Mode Cycle Time tCELCEL tpC 40 - 45 - 55 - ns
Fast Page Mode Read-Write Cycle Time tCELCEL | tPRMW 95 — 100 — 115 — ns
Access Time from RAS tRELQV | tRAC — 70 — 80 — 100 | ns |67
Access Time from CAS tCELQV | tCAC — 20 - 20 — 25 ns | 6,8
Access Time from Column Address tavav tAA - 35 - 40 - 50 ns | 69
Access Time from Precharge CAS tCEHQV | tCPA - 35 — 40 - 50 ns| 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns | 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 — 60 - 70 — ns
RAS Pulse Width tRELREH | tRAS 70 10,000 80 10,000 100 10,000 | ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 100,000 80 100,000 100 100,000 | ns
RAS Hold Time 1CELREH | tRSH 20 — 20 — 25 — ns
CAS Hold Time tRELCEH | tCSH 70 — 80 — 100 — ns
CAS Pulse Width tCELCEH | tCAS 20 10,000 20 10,000 25 10,000 | ns
RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns | 11
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 ns | 12
CAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 10 — ns
TCAS Precharge Time tCEHCEL| tCPN 10 - 10 - 15 — ns
CAS Precharge Time (Page Mode Cycle | tCEHCEL| tcp 10 - 10 — 10 - ns
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 Referenced to | tRELAX tAR 55 - 60 - 75 - ns
RAS
Column Address to RAS Lead Time tAVREH | tRAL 35 - 40 - 50 — ns
(continued)
NOTES:

1. V|4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .
2. An initial pause of 200 us 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 Vi and V) (or between V|_and Viy) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for tgc (min) and tgpmwy (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (—200 gA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.
7. Assumes that tRcp <trcp (max).
8. Assumes that trcp =tRcp (max).
9. Assumes that tRAD =tRAD (Mmax).
0. torF (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 tgcp (max) limit ensures that tRac (max) can be met. trep (max) is specified as a reference point only; if tRcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.
12. Operation within the trap (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if tRaD is
greater than the specified tgap (max), then access time is controlled exclusively by taA.

MOTOROLA MEMORY DATA

2-67



MCMb514256A* MCM51L4256A

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

Symbol MCM514256A-70 | MCMb514256A-80 | MCM514256A-10
‘Parameter MCM51L4266A-70 | MCM51L4256A-80 | MCM51L4266A-10| ynit |Notes
Standard|Aiternate| Min Max Min Max Min Max
Read Command Setup Time tWHCEL | RCS 0 — 0 — 0 — ns
Read Command Hold Time tCEHWX | tRCH 0 - 0 — 0 — ns | 13
Read Command Hold Time Referenced to | tREHWX | tRRH 0 - 0 - 0 - ns | 13
RAS
Wirite Command Hold Time Referenced to | tCEL\WH | tWCH 15 - 15 - 20 - ns
CAS
Wirite Command Hold Time Referenced to | tReywH | tWCR 55 - 60 - 75 - ns
RAS
Write Command Pulse Width TWLWH twp 15 — 15 - 20 = ns
Write Command to RAS Lead Time tWLREH | tRWL 20 — 20 — 25 — ns
Wirite Command to CAS Lead Time TWLCEH | tcwiL 20 — 20 — 25 - ns
Data In Setup Time tDVCEL tps 0 — 0 — 0 — ns | 14
Data In Hold Time tCELDX tDH 15 - 15 — 20 = ns | 14
Data In Hold Time Referenced to RAS tRELDX | tDHR 55 - 60 - 75 - ns
Refresh Period MCMb514256A| trvRvV | tRFSH — 8 - 8 - 8 ms
MCM51L4256A - 64 — 64 = 64
Write Command Setup Time tWLCEL | twCs 0 - 0 — 0 - ns | 156
CAS to Write Delay . tCELWL | tcwD 50 — 50 — 60 - ns [ 15
RAS to Write Delay tRELWL | tRWD 100 - 110 - 135 - ns | 15
Column Address to Write Delay Time tAVWL | tAwWD 65 - 70 - 85 - ns | 15
TCAS Setup Time for CAS Before RAS tRELCEL | tCSR 10 - 10 - 10 - ns
Refresh
CAS Hold Time for CAS Before RAS tRELCEH | tCHR 30 - 30 - 30 - ns
Refresh )
RAS Precharge to CAS Active Time tREHCEL| tRPC 0 — 0 — 0 — ns
TAS Precharge Time for CAS Before RAS | tCEHCEL| tCPT 40 - 40 - 50 - ns
Counter Test
RAS Hold Time Referenced to G tGLREH | tROH 10 — 10 — 20 — ns
G Access Time tGLQV tGA — 20 — 20 — 25 ns
G to Data Delay tGLHDX | tGD 20 - 20 - 25 — ns
Output Buffer Turn-Off Delay Time from G| tgHQZ tGz 0 20 0 20 0 25 ns | 10
G Command Hold Time TWLGL tGH 20 — 20 - 25 — ns
NOTES:

13. Either tgrH or tRCH must be satisfied for a read cycle.

14, These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles.

15. twcs. tRWD- tcwD. and tawp are not icti i They are included in the data sheet as electrical characteristics
only; if tywcs=twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp =tcwp (min), trwp =trwD (min), and tawp =tawp (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.

Y
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READ CYCLE
tRC >
- 1RAS > | tRp———>]
| [ iR
RAS \ \
ViL-
-t tCSH
1CRP le—— g0 tRSH |t—— toRp—]
o Vig - < tCAS >
TAS \\
ViL- | thap—>
tRAL >
tASR tASC—»
RAH-{  |— an-»
Vi —
ADDRESSES ROW COLUMN
V- ADDRESS ADDRESS -
— [<— tRCH
1RCS —|tf> < tRRH
Vig—
" XXX
ViL- - tROH >
- - .
- Vil - [ tGA =3 x
Vi - : : : : : : y
et (A ——— l‘—P— tOFF
le———— tRac e 157 ——>
VoH -
000-003 HIGH m VALID DATA OUT
VoL - re—tC17
EARLY WRITE CYCLE
- tRe
-« tRAS »| |- tRP
V- —————_|[———— R —————> )r——;
s N\ N
Vi - ] .
1CSH >
teRP ——~] fe———1tRCD - tRSH t———!cnp———»
V- - 1A ———]
CAS / \ / /
ViL- TRAH —
tRAL
tASR ‘ASC-’-‘ — tCAH
Vin- FRow COLUMN
ADDRESSES Wy - ADDRESS ADDRESS A
1RAD
- towL .
twes > - tweH
ViL -
- twCR >
tRWL
- 1DHR >
10S— - tpH >
ViH -
000-003 VALID DATA IN ;P HIGH Z
ViL-
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V-
RAS
ViL-
_ Vm-
tAs
YiL-
Vig—
ADDRESSES
ViL-
V-
(]
ViL-
_ V-
4
ViL—
Vih-—
DQ0-003
ViL-
_ Vm-
RAS
ViL—-
_ Vm-
TAS
ViL-
Vih—
ADDRESSES
ViL-
e
W
ViL-
VW=
4
ViL-
ViuVoH —
DQ0-003
VitNoL -

G CONTROLLED LATE WRITE CYCLE

d tRC
tRAS | tRP————
_.\ AR ————— 3> /j,—q
< tCSH
CRP ——— [——1R(D tRSH > [€— ICRP ——>|
\\ tcAS / /
[&— tRAD —>]
tRAL >
tASR tASC—{ |
tRAH < 1CAH
ROW COLUMN
ADDRESS ADDRESS

|e— towe ——-»I

RWL ————

4—»{— tGH

XXX

6D

NRXXKHXI ORI

]
s

[— tpH—]

VALID DATA IN

READ-WRITE CYCLE

tRMW >
tRAS tRP—
\ \
tCSH L
[—— tRCD RSH
""?"‘ CRP lcnp_r.‘
/ a /
- 'ASR tASC
i tRAH < 1CAH
ROW COLUMN
ADDRESS ADDRESS
< tAWD <——tcw|,-——->|
[—tRAD — [ —————————1CWD
1RWD > [— RWL—]
[ IOOKKRX
tAA y
o tGA
L | toaC —3]
I tRAC 'os
6z }— tpH —3>
VALID VALID
DATA OUT ] c DATA IN 4
tcLz—
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MCM514256 A MCM51L4256A

FAST PAGE MODE READ CYCLE

< 1RASP - tRp
Viy— - AR
{4
ViL— Y
CRP tPC: > —— tRSH ——
[ WReDT—> 1cPp -3 <> ICRP
Vin - [— tCAS — |e—— tgps—> ,_—-S )——_. & CAS—] ;
S N\ N /N
Vi - < 1RAD > '/
tesH > - tRAL >
tRAH —pp»{ — AN teAH toaH
ASR—{ || —>f tASC tASC tASC >
Vig—
ADDRESSES ROW T COLUMN COLUMN
Vi - ADD ADDRESS ADDRESS ADDRESS
1
‘.‘ l"—‘RCS —DI |<--—-tncs —~>l H—— tRCS tRCH —a  ft—
tRCH — tRCH —] o
ViH- A "T {( "-
w
V|L - (NRH Q
- tAA —>] l<— tAA— ‘4— tan—>]
1GA p— tGA fe— 1A fe—
B ViH— (
G £ / A
- ' ' 1‘1 '
& tCAC > 'G-‘CAC—P [-1CAC >
Fe———1RAC — | torF 4 =l jetor tOFF > |
6z 157 [e— tg7 —1
—> toLz —p oLz
Vou -
VALID § g VALID §
DQao-na3
VoL — DATA OUT DATA OUT
FAST PAGE MODE EARLY WRITE CYCLE
tRASP tRp
V- tAR ———] i
RAS \
3
cRP tpg—————>] la——tRSH —]
RCDT—> 1Cp - tcrp
__Vm- — tCAS —] l— tcag | jt— tcas —>]
o ./ N \ /
ViL - —DI e tASR
- tcsH - tRAL
RAH | |— —1CAH tCAH - tCAH
" —> tASC tasc |- | aSC (4
r—— Row COLUMN COLUMN COLUMN
V- ADD ADDRESS ADDRESS ADDRESS
%"RAD“» towL ‘—"" 'uWI._’| towL —’l I
tRWL
tWCS— |1 WCS —] |ed— tWCS —| |-4—
Vin - twp —] - twp —] He - twp —>
w
ViL— } B 1 h
- »t—tWeH tWeH tWeH
|«—— tDHR >
tps —<-P| a DH s > | tpH tps > »—1pH

Vi —
oonas VALID VALID VALID
Vi - DATA IN DATA IN DATA IN
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FAST PAGE MODE READ-WRITE CYCLE

- tRASP
RAS \_
ViL-
- teSH tRp
| tPRMW - tRSH
r<— 1RCD—>] ttcp tcp > tCRP—3>
V- [—— A ——> [ —— A — > oy <———-!(;As—ﬂ e
s | \ \ \
Vi - 'RAD—f=—]
| tRAH tRAL
- tASR < CAH [ (CAH [} (CAH
> thsc »{ |4 tASC > [ tASC
Vig —
ADDRESSES H ROW COLUMN COLUMN COLUMN
vy, - V¥ ADD ADDRESS ADDRESS, ADDRESS,
[ 1 |e—t
} RWD————— CWD —: > twL—>]
tRCS | —P [S—towL — tCWD —
' [— (CWp — —»| [a—tcwL — 1CWL
iy —
Y \
ViL- tAWD — tAwn——\L— - ‘AWD—j
re— - wp—p 3 > wp
- tGA W 1GA
ViH - }
G
Vg —
t e—1CPA e tcPA
16D 16D 16D
— r— —> ICAC{— "_ |<—1pH 1CAC| |
tAA 16z
f—tRAC ws ez A tps
e tDH tps —10H
VikVoH -
DQ0-D03
YioL - 101z \\ 1 \\ 11z .
— Lz
VALID VALID VALID  VALID VALID VALID
DATA OUT  DATA IN DATA OUT DATA IN DATA OUT  DATAIN

MOTOROLA MEMORY DATA

272



MCM514256A*MCM51L4256A

RAS ONLY REFRESH CYCLE
(W and G are Don't Care)

RC

S 1Y J—

RAS

1cnp~—' l— tRPC — t-d‘
— V-
CAS
i -

RAH f—
TASR —> lg—
VIR— A~ ROW
ADDRESSES ADDRESS
=
CAS BEFORE RAS REFRESH CYCLE
(W, G, and A0-A8 are Don’t Care)
- RC
e tRP ———— 1RAS [t——— 1RP ————»1
Vin-
. /
ViL -
ft— tRPC — t
< 1SR RPC —'DJ )"‘
CPN F————— {CHR ——————— 0PN ————

—>  je—torF

VoH -
D000B3 ) HIGH Z
oL -
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MCMb514256A « MCM51L4256A

HIDDEN REFRESH CYCLE (READ)

- tRC - tRC
| RAS > | — tRP—> 'd-'RP—-P
V- tAR ———» ———————1RAS
RAS

ViL—

1CRP-'<—> [ &——tRCD——> tRSH— le———1CHR | €————tcRP ————
ViH—
ViL— <&~ tRAD

tASR |- thse

— 1RAH |<—>—tcm
Vin-—

ROW COLUMN
| N
I -~ l—tacs | e tni
Vig -
" XXX CRRAXXIRXXA
ViL-

- A —>]
ViH— > 1GA

¢ ViL- g

. ‘Jq-tcnc-» —>| e— toFr
cLz
tRAC i > 167 —>

Vou -
000-DQ3 VALID DATA OUT
VoL - E
HIDDEN REFRESH CYCLE (EARLY WRITE)
- tRC - tRe
o tRAS —————— tRp— f—tRp—>
Vi — - tAR———| l———————tRAS >
ViL—
["—‘RCD—> [ ———tCHR ——

& CRP —— tRSH——] tCRP ————

w- . —
wy /
ViL— e tRAD—>]
tASR [t — tASC
— G'IRAH '—-chH

ViH— =

ROW COLUMN

ADDRESSES . ADD >®< ADDRESS
[
WeS—o- e

V- — tWCH —>]

: i e L0 OOV
iL

l-tps»>]  [—1DH

ViH-

D00-D03 VALID DATA IN
ViL -

!‘ DHR
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MCM514256A* MCM51L4256A

V-
s W
ViL-
— V-
s H
ViL—
Vin—
ADDRESSES
ViL-
READ CYCLE
Vin -
ViL-
Vin -
3
ViL-
Vou —
poooas O
oL—
EARLY WRITE CYCLE
W Vig -
ViL-
Vih -
D003
ViL-
READ-WRITE CYCLE
Vig -
ViL-
ViH-
V-
D00-D03 Ynfon =
VitNoL -

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

—tRP—
RAS > /- \
CSR 'd—tcpr—b - RSH
4—-1[;“3-——-”/‘ tCAs ——
/
- tRAL
ASC = [e—tCAH—>]
COLUMN
ADDRESS
- ™M > jd——thau
tRCS
[— tCAC—> < tRCH
l - tROH
GA
|<->—-'0FF
[etoLz 62—
HIGH Z i VALID DATA OUT >—
tRWL
WL >
twes:
oS> = oH >
HIGH Z VALID DATA IN }
- J tAWD - tow >
1RCS 4| [ tRwL—>
et} ———— > »+— twp
Iq—'AA—»
| 1GA
/ 60
tcac [€—tDS
62— |
toLz DH
VALID
HIGH 2 / DATAIN ¥
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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 (RAS) 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 = V||, tgcp 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 trcp 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
(ViH), 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 (G) control read access
time: CAS must be active before or at trcp 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 tRcp 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 tGA)-

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 and G clocks are active. When either the CAS or G clock
transitions to inactive, the output will switch to High Z, toff
or tGgz 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
(V|L). 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 tyCs 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 tcwlL, 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 CAS active transition, (tRCD+tCWD +tRWL
+tT) <tRAS, if timing minimums 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 tran-
sition but Q may be indeterminate—see note 15 of AC oper-
ating conditions table. Parameters tryy| and tcwyL 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 tcywp 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 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 V|4 and V|_. 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 (V|L). The
second CAS active transition while RAS is low initiates the
first page mode cycle (tpc or tprw(). 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 MCMb514256A require refresh every 8 milliseconds, while
refresh time for the MCM51L4256A 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 MCM51L4256A. 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
(VIH) 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

MEMORY CYCLE

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 ““0”'s into all memory cells with normal write mode.
Select a column address, read ‘0’ 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 “0” into the cell by performing CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

5. Read ““0"’s which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

CTAS BEFORE RAS TAS BEFORE RAS
REFRESH CYCLE REFRESH CYCLE

o
o

0Q0-DA3 —— HIGH Z -—(

U U UV an
] /]
3_

VALID DATA OUT

Figure 1. Hidden Refresh Cycle
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 514256A or 51L4256A X XX XX

Motorola Memory Prefix LShipping Method (R2=Tape & Reel,
) Blank = Rails)

Part Number

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—MCM514256AP70 MCM514256AJ70  MCMb514256AJ70R2 MCMb514256AZ70
MCM514256AP80 MCM514256AJ80  MCMb514256AJ80R2 MCMb514256AZ80
MCM514256AP10 MCM514256AJ10  MCMb514256AJ10R2 MCM514256AZ10

MCM51L4256AP70 MCM51L4256AJ70 MCMb51L4256AJ70R2  MCMB51L4256AZ70
MCM51L4256AP80 MCM51L4256AJ80 MCM51L4266AJ80R2  MCM51L4256AZ80
MCMb51L4256AP10  MCM51L4256AJ10 MCM51L4256AJ10R2  MCM51L4256AZ10
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MOTOROLA

s SEMICONDUCTOR
TECHNICAL DATA

MCM514258A

256K x4 CMOS Dynamic RAM

Static Column

The MCM514258A is a 1.0p CMOS high-speed, dynamic random access memory. It is
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech-

P PACKAGE
300 MIL PLASTIC

nology. Advanced circuit design and fine line processing provide high performance, im- CASE 738A
proved reliability, and low cost.

The MCM514258A requires only nine address lines; row and column address inputs are J PACKAGE
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 300 MIL SOJ
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). CASE

® Three-State Data Output

® Static Column Mode

® TTL-Compatible Inputs and Output

® RAS Only Refresh Z PACKAGE

@ CS Before RAS Refresh PLASTIC

® Hidden Refresh ZIG-ZAG IN-LINE

® 512 Cycle, 8 ms Refresh CASE 836

® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection

® Fast Access Time (tRaC):
MCM514258A-70=70 ns (Max) PIN NAMES
MCM514258A-80 =80 ns (Max) eu SR Bare irass bt
MCMS14258A-10= 100 ns (Max) T output Enable

® Low Active Power Dissipation: W............ Read/Write Input
MCM514258A-70 =440 mW (Max) RAS ........ Row Address Strobe
MCM514258A-80 =385 mW (Max) CS .o Chip Select
MCM514258A-10 =330 mW (Max) VEC e Power (+5 V)

® Low Standby Power Dissipation: VS « v vviie s Ground
11 mW (Max), TTL Levels NC............. No Connection

5.5 mW (Max), CMOS Levels

SMALL OUTLINE [
DUAL-IN-LINE
paof] 1 26 [1Vgg Da3
ool 1 e 20 flvgs oot 2 25 o3 o0
PIN o[ 2 19 [Ioa3 w3 24 [1002
ASSIGNMENT w3 18 floaz . s W
RAS[ 4 17T Nell s 21§ NC
Nc 5 1818
aoll 6 15 [1A8 A
mi7 e nolfs 18 [1 8 A3
a2l 8 13 fIne atf 10 17 a7
A3l 12145 a2l 11 16 [146 M
vecl 10 1 {lm 3 12 15 [] A5 A6
veell 13 14 [1A4 A8
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BLOCK DIAGRAM

— Dao-ba3
W N\ DATA IN T2 >
BUFFER o
NO. 2 CLOCK > DATA OUT _
—_— i -
© GENERATOR > BUFFER [ 6
{ -
| ComN COLUMN
ADDRESS s
AQ —— V] Burrers ©) 19,f  DECODER
Al —>
A2 —» —_rrr
REFRESH
A3 —— 1] CONTROLLERI 5124
A —— COUNTER (9
A5 ——> SENSE AMP
A —>1
A ROW ADDRESS 1/0 GATING :—J
A8 ——> 2] BUFFERS (9) ] } _____
] 512x 4
M) g |
FE L]  Memory
P =} S
i . 1 CLOCK '
RS ————— > Nsoenmimn — 1512 ARRAY
512x512x4
SUBSTRATE
-+ |
BIAS ce
GENERATOR <+ Vgg
ABSOLUTE MAXIMUM RATINGS (See Note)
N This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Vee -1to +7 v voltages or electric fields; however, it is ad-
: " ) — vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Ve | Vin, Vout 1to +7 \ avoid application of any voltage higher than
Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 600 mwW ance circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —-55t0 +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 reliabili

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All inputs ViH 2.4 - 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \' 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current Icct mA 2
MCM514258A-70, tyc =130 ns — 80
MCM514258A-80, tgc =150 ns - 70
MCM514258A-10, tgc =180 ns — 60
Vi Power Supply Current (Standby) (RAS =CS=Vjy) Icc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CS = V) Icc3 mA 2
MCM514258A-70, trc =130 ns - 80
MCM514258A-80, trc = 150 ns - 70
MCM514258A-10, tpc =180 ns = 60
Vce Power Supply Current During Static Column Mode Cycle (RAS=CS=V)) Icca mA 2,4
MCM514258A-70, tgc =40 ns - 60
MCM514258A-80, tgc =45 ns - 50
MCM514258A-10, tgc =50 ns — 40
Vcc Power Supply Current (Standby) (RAS=CS=Vgc-0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CS Before RAS Refresh Cycle Iccs mA 2
MCM514258A-70, tgc =130 ns - 80
MCM514258A-80, trC = 150 ns - 70
MCM514258A-10, tgc =180 ns - 60
Input Leakage Current (0 V<V;,<6.5 V) "l‘ﬂ.‘“ -10 10 uA
Output Leakage Current (CS=Vjy, 0 V<Vg,;1<5.5 V) likg(0) -10 10 #A
Output High Voltage (o = —5 mA) VOH 2.4 - Vv
Output Low Voitage (ig|. =4.2 mA) VoL - 0.4 Vv
CAPACITANCE (f=1.0 MHz, Tp =25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A8 Cin 5 pF 3
G,RAS,CS, W 7 pF 3
Output Capacitance (CS = V| to Disable Output) DQ0-DO3 Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgg.
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. Capaci d with a B Meter or effective capacitance calculated from the equation: C=1At/AV.
4. Measured with one address transition per static column mode cycle.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +£10%, TA=0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM514258A-70 | MCM514258A-80 | MCM514258A-10
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 130 - 150 - 180 - ns 5
Read-Write Cycle Time tRELREL | tRMW 185 - 205 - 245 - ns | 5
Static Column Mode Cycle Time tAVAV tSC 40 - 45 — 55 - ns
Static Column Mode Read-Write Cycle Time tAVAV | tsrRmw | 100 — 110 — 135 — ns
Access Time from RAS tRELQV | tRAC — 70 - 80 — 100 | ns |67
Access Time from CS tcELQV | tCAC — 25 — 25 — 30 |ns| 68
Access Time from Column Address tAvQv tAA - 35 - 40 - 50 ns | 6,9
Access Time from Last Write twLav | talw — 65 — 75 — 95 ns | 6,10
CS to Output in Low-Z tCELQX | tcLz 0 — 0 — 0 — |ns| 6
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 30 ns | N
Output Data Hold Time from Column Address | taxax tAOH 5 — 5 - 5 — ns
Output Data Enable Time from Write twHQV tow - 20 - 20 - 30 ns
Transition Time (Rise and Fall) T tr 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 - 60 — 70 - | ns
RAS Pulse Width tRELREH| tRAS 70 10,000 80 10,000 100 10,000 | ns
RAS Pulse Width (Static Column Mode) tRELREH | tRASC 70 100,000 80 100,000 | 100 | 100,000| ns
CS to RAS Hold Time tCELREH| tRSH 25 - 25 — 30 - ns
RAS to CS Hold Time tRELCEH| tCSH 70 - 80 — 100 — |ns
CS Pulse Width tCELCEH| tcs 25 10,000 | 25 10,000 | 30 10,000 | ns
CS Pulse Width (Static Column Mode) tCELCEH| tCSC 25 100,000 25 100,000 30 100,000| ns
RAS to CS Delay Time tRELCEL | tRCD 20 45 20 55 25 70 |ns| 12
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 |[ns| 13
TS to RAS Precharge Time tCEHREL| tCRP 5 - 5 - 5 —~ ns
TS Precharge Time tCEHCEL| tCPN 10 — 10 — 15 - | ns
5 Precharge Time (Static Column Mode) tCEHCEL| tcP 10 — 10 - 10 - ns
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
Write Address Hold Time Referenced to RAS | tretAX | tAWR 55 - 60 - 75 — ns
Column Address Hold Time Referenced to tRELAX tAR 85 - 95 - 1156 - ns
RAS
Column Address to RAS Lead Time tAVREH | tRAL 35 — 40 — 50 — ns
NOTES: (continued)
1. V|4 min and V| max are ref levels for ing timing of input signals. Transition times are measured between V| and V.

2. An initial pause of 200 us 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 V4 and V) (or between V||_and V) in a monotonic manner.

4. AC measurements tT=5.0 ns.

5. The specifications for tgc (min) and tgpmwy (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.

. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.

7. Assumes that tgcp <tRcD (max).

8. Assumes that tgcp =tRcD (max).

9. Assumes that tRaop 2tRAD (max).

0

1

o

. Assumes that t\\WAD StLWAD (max).
. tofF (max) and/or tgz define the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the trcp (max) limit ensures that tRac (max) can be met. trcp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcaC.
13. Operation within the tRap (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if tRap is
greater than the specified tgap (max), then access time is controlled exclusively by tAA.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol MCM514258A-70 | MCM514258A-80 | MCMb514258A-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 | 156
Last Write to Column Address Hold Time tWLAX | tAHLW 65 — 75 - 95 — ns

g_gad Command Setup Time Referenced to tWHCEL | tRCS 0 - 0 - 0 - ns

Read Command Hold Time Referenced to TS | tcEHWX | tRCH 0 - 0 — 0 — ns | 16
Read Command Hold Time Referenced to tREHWX | tRRH 0 - 0 - 0 - ns | 16
RAS

Wirite Command Hold Time (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 TWLWH WP 15 - 15 - 20 — ns

Write Inactive Time TWHWL twi 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 tps 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 | twces 0 - 0 - 0 - ns | 17
Disable)

S to Write Delay (RW Cycle) tCELWL | tcwD 55 - 55 - 65 - ns | 17
RAS to Write Delay (RW Cycle) tRELWL | tRWD 100 - 110 - 135 — ns | 17
Column Address to Write Delay Time tAVWL | tAWD 65 — 70 — 85 = ns | 17
TS Setup Time for CS Before RAS Refresh | tceLReL | tcsm 10 — 10 — 10 — ns

CS Hold Time for CS Before RAS Refresh tRELCEH | tCHR 30 — 30 — - | ns

RAS Precharge to TS 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 | 'ROH 10 — 10 - 20 — ns

G Access Time tGLQV tGA — 25 — 25 - 2% | ns

G to Data Delay tGHDX | tGD 20 — 20 - 25 - | ns
Output Buffer Turn-off Delay Time from G tGHQZ Gz 0 20 0 20 0 25 ns | 11
G Command Hold Time WLGL tGH 20 — 20 - 25 — ns
NOTES:

14. toH must be met for a read cycle.

15. Operation within the t;\wap (max) limit ensures that ta| y (max) can be met. t|\wap (max) is specified as a reference point only; if t\\WwAD
is greater than the specified t|wap (max) limit, then access time is controlled exclusively by tAA.

16. Either tgrH or tRCH must be satisfied for a read cycle.

17. twcH. twcs, tRWD. tCWD. and tawp are not restrictive operating p They are included in the data sheet as electrical
characteristics only; if tycs =twcs (min) and tycH=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 tcwp=tcwp (min), tRwp =trRwp (min), and tawp =tawp (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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READ CYCLE
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G CONTROLLED LATE WRITE CYCLE
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tASR tRAH '4— ‘CAH—ﬂ
ViH-
ADDRESSES AD‘:I%VE‘SS COLUMN ADDRESS
ViL-
lt—t ———b‘
tASC—>-| |- cuL

r————— R ——————>~
Vi — [—— twp—>

]
-1——'— tGH
ViH—
E NLXXXXKIOXKHXIKIKICXKKX
ViL— 16D

tps

ViL—-

e— ton—>]

Vin-
000003 D—@m VALID DATA IN
ViL-

READ-WRITE CYCLE

RMW
RAS tRp —

ViL-

tCSH
&———— tpep tRSH

Lt {CRP
V- fl‘- d \ €S /
s

YiL-
tASR RAL
- tRAH |<->1— tCAH
ViH —
ORESES | ROW COLUMN ADDRESS
Vi ADDRESS
tawD |— tow,—{
t&— tRAD —>] cwp
tRWD l—— tRWL——
W
- 1
Vi - AR
t6A
ViH -
C /
ViL— b 1,
L L "oAC —>] GD le—1tpy —>{
f— tRAC tos
6z
ViHNoH —
VALID VALID
D00-D03 HIGH Z
VoL - - DATA OUT DATA IN
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STATIC COLUMN MODE READ CYCLE

- tRASC > tRP->
V-
RAS \_
ViL-
>+ RAH E [ tAH
> + tASR |—— tSC ——>j«——— RAL———— >
Vi = ROW COLUMN TOLUMN COLUMN.
ADDRESSES Vi ADDRESS ADDRESS ADDRESS ADDRESS
— tRAD —= -r—J— 'cRP —->|
AR > e 1RSH—2
Vil— L e [ — le—1csC
ﬁ / ]/
ViL— - tRRH
Iﬂncs -tRCS tRCH
_ VY-
T XXXAXXX
ViL-
tRCH > tROH—+
ViH -
s A A
ViL- vi
. > i I tea | |
CAC tan— |15z >
|— tAA —>| [-tAA ‘
- RAC > | tcAC —tOFF
VoH -
N VALID VALID
000003 ) HIGH Z: DATA pyery), VALID DATA
oL~
toLz— teLz—»
STATIC COLUMN MODE EARLY WRITE CYCLE (A)
(G is Don’t Care)
- tRASC > tRp—
ViH—
RAS \_
ViL- J
[<—— tRAD ——>>|
tASR->
<> tRAH = e tCAH | 150 —j——thaL ——>]
Viy —
ADDRESSES ROW COLUMN COLUMN COLUMN
Vi - ADDRESS ADDRESS ADDRESS ADDRESS
|
- AWR tcp tRSH—
- ?ASC — WSC  —» tASC
tRCD tcRP

ViH-
ViL-

We > —>| twes

twes |si- twi [ RWL—>
_ VIH— i twp— twp >
w /
ViL—- ! T
- DHR
4 ety
tos

Vig —
DQ0-D3 " VALID VALID VALID
i - DATA DATA DATA
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STATIC COLUMN MODE EARLY WRITE CYCLE (B)
(G is Don't Care)

tRP->
VIH— L
RAS 1RASC > N\
ViL-
tASR—» -
- RAH l<———'cm e t§[ ——— > ——— tRAL————]
Vin—
ROW COLUMN COLUMN COLUMN
MO ADDRESS ADDRESS ADDRESS ADDRESS
jt—————tAWR - topp —
WSC—» |t tASC tcp
— tRAD——> 1CSC 1¢se tRSH
_ Vm-
ts \
ViL— ¥
le———1RCD > _.I -t 150 ———— towL
tasc =3 tRWL
wes—»| et twi wi
ViH— WCH-= >
W \ <] twp—> \ [ tWC|
ViL-
[—————tpR > twes -
- 1DH tpH
s> e —»| le1tps
ViHNon —
D00-003 VALID DATA VALID DATA 2@( VALID DAMM
VitNoL -

STATIC COLUMN MODE READ-WRITE CYCLE

- tRASC tRP—{
s \
| €——————— tSRMW ——— >
ADDRESSES COLUMN COLUMN X}
ADDRESS ADDRESS
tCAH > fa— | RAL >
le—tRAD 1 ¢————————ISRMW tCRP-—r—»
= Vi -t WAD > tRWL >
Vi -
<——1RCD 1CWD —— < tAWD —— l
tAWD twp f— tCWL
_ Vm- )
v \ \/
ViL-
- tRWD —— 1GH — <—'GH-—>|
_ Vm- _.l
: N/ RO
ViL—- T <—T'sn ‘
tGA | tALW - ~——'— tGD
tch_ | — ja—157 AN —-J |l tGz
TAA > -5 e— ((T;Irv
l&————1tRAC [tDH-31 r— tGA
ViuNoH —
00-003 VALID VALID
VitNoL — DATA IN DATA IN
s “VALID ~ VALID
DATA OUT DATA OUT

| READ-WRITE ———fet————— READ-WRITE ————>|
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

V- "
AAS \ /
Vi
[~&—tRCD—>] tcp
ViH—- lt——10SC =
\ /
ViL- <~ tRAD —]
|———— tLwAD ————>]
USR] | —| ta-tASC
>1RAH || [ tCAH—>
Viy ~—
NOORESSES ROW COLUMN COLUMN COLUMN A
Vi- ADDRESS ADDRESS ADDRESS ADDRESS
[——tAWR » > [ tAWD—>>) CAH
W /
ViL— I
et——— tWCR WeH tcAC — tAA
f———————tALW t6D >
_ V- »—{GA
3
ViL-
let———tDHR —» |<- cLz DS e
tp§ > |m—1DH tAA— —»>  |=tAQH —>| 16z »— tpy
vV -
000003 WiVoH VALID VALID VALID
ViVoL— DATA IN DATA OUT DATA IN VA
< EARLY WRITE ——>| S — READ-WRITE ————»]
VALID
DATA OUT
RAS ONLY REFRESH CYCLE
(W and G are Don’t Care)
tRC >
|———tRp ———
ViH— tRAS >
ViL—-
tCRP < tRPC
_ Vm-
=" 7
Vy —
R o
v .ﬂﬂl'l
=
ROW
ADDRESSES ; ADDRESSES
-
'CS BEFORE RAS REFRESH CYCLE
(W, G, and A0 to A8 are Don't Care)
- RC
tRP
__Vw- ' 1RAS ———————>
7AS \ K
ViL—-
tRPC —~
tCSR
cPN h—— tCHR ——{
Vin -
\
ViL-
tOFF
VOH — =y
D00-D03 N HIGH Z
VoL— __.____f
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HIDDEN REFRESH CYCLE (READ)

- (“c

RC i

|— trp—>

tRAS >

Id—'RP———

lt—— tRSH—>

tAR

(| |- tAH

—tRAL——>

COLUMN
ADDRESS

l‘-tl!CS

|€————tcRp ———

tGA

Vin-—
3 l— tyoH—> X
Vit -
t _—I<-tcnc->l - et
CLZ
v tRAC I‘_ > — 167 —>]
OH —
D00-D03 HIGH Z @ VALID DATA OUT
VoL -
HIDDEN REFRESH CYCLE (EARLY WRITE)
(G is Don’t Care)
tRC tRC >
e tRAS —————— > l<—'m>—> tRP —1
Vi — tAWR ————> [_ < tRAS ——————
" \
ViL—
[&—— tRCD ——{ |t tCHR————
—1CRP [—— tRSH——1 l‘——-tcnp—p‘
_ Vm- \ [
[
ViL— e tRAD |
- tASC
—{CAH
TOLUMN ] N\ NN \NANNAAANANNNNNANNNAN/
ADDRESS ‘A‘A‘A‘A.A’A‘A‘A‘A‘A‘A.A’A‘A A’A A‘A‘A‘A‘A‘
[ | tWeH————>]
TRWL -
twp———————————— >
D ——
000003 VALID DATA IN
- e

DHR
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

l— tRP

-y
- \

RAS

tCSR

=

L—-'cun —>

— ViH-
[
Vi -

READ CYCLE

tePT—

RSH

tCRP——~{

ics

RAL

Vin—
ADDRESSES
ViL-

COLUMN
ADDRESS

e

|<—-1— 'RRH

- Vi~
ViL-

RXARRIXKIXRXKS

|e—————thon

L

ViH =
ViL—

GA

ft—1 tRCH—3>1

-

1z

L—l-lors —>

67—
]

Vou —
Dao-da3 O HIGH Z

VoL -

EARLY WRITE CYCLE tasC

e (CAH —>

VALID DATA OUT

>_.

ViH—
ADDRESSES
ViL-

COLUMN
ADDRESS

twes

[ e——————tWCH

RXXRRIRRRX

twp

LXXXXRKKA

DS

Vig —
ooo0a3 HIGH 2
ViL-

READ-WRITE CYCLE

ttt—— DH——>

VALID DATA IN

‘CAH-PI

-

Vih—
ADDRESSES
ViL-

COLUMN
ADDRESS

- tacs

twp

Vi —
w "
ViL- )

\

le————— toWp————>{

AWD — >
1GA

Vin—
ViL-

e—tas

ViHVgH -
pooogz M oM

tCAC

HIGH Z
VilNoL -

tCLZ —»

MOTOROLA MEMORY DATA

2-90



MCMb514258A

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 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=V)L, 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 (W) input level must be high (V)4), 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 muitiplex
window. Both CS and output enable (G) control read access
time: CS and G must be active (and column address must be
valid) by tgcp maximum, and tRAC-tGA minimum, respec-
tively, to guarantee valid data out (Q) at tRaC (access time
from RAS active transition). If either trcp 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, tGA)-

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 toH after RAS
inactive transition to complete the read cycle. W 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 tRp 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 tGgz 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 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 tRAS 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 (toSC, tCAH). and data in (D)
set up and hold times (tpg, tpy) 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
W 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 W active transition is made after CS active transition.
W active transition could be delayed for almost 10 microse-
conds after CS active transition, (tRAD+tASC+tRWL+
2tT <tRAS, if other timing minimums (tASC, tRWL, and tT)
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 17 of AC operating conditions table.
Parameters tgwL 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 tcywp and/or tawp minimum,
to guarantee valid Q 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 x4 dynamic RAM during one RAS
cycle. Read access time of muitiple operations (taA or tcaC)
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 W, as indicated in static column
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mode early 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 (tcp)
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 MCM514258A 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 simuitaneously when the row
is addressed. Distributed refresh implies a row refresh every
15.6 microseconds for the MCM514258A. Burst refresh, a re-
fresh of all 512 rows consecutively, must be performed every
8 milliseconds on the MCM514258A.

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 TS remains high (V)
throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CS Before RAS Refresh

TS before RAS refresh is enabled by bringing CS active before
RAS. This clock order activates an internal refresh counter

MEMORY CYCLE

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 ““0”’s into all memory cells with normal write mode.

2. Select a column address, read “‘0’ 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 ““1"’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 _\g_[it_e “0" into the cell by performing the CS
before RAS refresh counter test, read-write cycle.
Repeat this operation 512 times.

5. Read ““0"’s which were written at in step 4 in normal read
mode. )

6. Repeat steps 1 to 6 using complement data.

TS BEFORE RAS
REFRESH CYCLE

TS BEFORE RAS
REFRESH CYCLE

N

Q — HIGH z———-(

s ——\\__/—i\_____/_\____/——
/T
)_

VALID DATA-QUT

Figure 1. Hidden Refresh Cycle
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 514258A X XX XX

Motorola Memory Prefix Shipping Method (R2 = Tape & Reel, Blank = Rails)

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

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

Full Part Numbers —MCM514258AP70 MCM514258AJ70  MCM514258AJ70R2 MCMb514258AZ70
MCM514257AP80 MCM514258AJ80  MCM514258AJ80R2 MCMb514258AZ80
MCM514258AP10 MCM514258AJ10  MCM514258AJ10R2 MCM514258AZ10
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= SEMICONDUCTOR

TECHNICAL DATA

Advance Information

1M x4 CMOS Dynamic RAM
Page Mode

improved reliability, and low cost.

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

RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

1024 Cycle Refresh: MCM514400 =16 ms

MCM51L4400 =128 ms

Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection

Fast Access Time (tRAC):
MCM514400-80 and MCM51L4400-80 =80 ns (Max)
MCM514400-10 and MCM511L4400-10 =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)

The MCM514400 is a 0.84. 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,

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-

MCM514400
MCM51L4400

J PACKAGE

PLASTIC
SMALL OUTLINE

CASE 82A

Z PACKAGE
PLASTIC
ZIG-ZAG IN-LINE
CASE 836
PIN NAMES

AO-A9 . .......... Address Input
DQo-DQ3 . ...... Data Input/Output
G, Output Enable
W. .o Read/Write Input
RAS ........ Row Address Strobe
CAS ...... Column Address Strobe
VEC - v v ve e Power (+5 V)
VS + vt it Ground

SMALL OUTLINE
paofj 1 26 Ivgs

PIN ASSIGNMENT o[ 2 25 1003
wils 24 [10a2

RAS[] 4 23 [ITAS

A9[] 5 2218

Aofl 9 18 [1A8

a0 17 [1a7

A2l 1 16 [1A6

A3[] 12 15 [1A5

veell 13 14 [1a4

ZIG-ZAG IN-LINE

CAS

1,
g el
[TIT]
u™ ™

Da2
0a3

Vss

11,
[hd

Dao

ny

Da1

11,

u®
m
[Dhed
=

RAS

T

=y
T
ne

A0

n—
[[lnd

A

1=
new

A2

=
[

A3

Vee

n—
ne

A4

n—=
[Tl

A5

=
1190

A6

1=
g

A7

s
119

A8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
W Da0-D03
Y N | oamamw 1 >
BUFFER
TE——— | N0.20l0CK > DATA OUT .
GENERATOR [ BUFFER &
Al comn
COLUMN
AQ——»] ADDRESS \
Al ——— BUFFERS (10) )| DECODER
A2 —>
A3 > REFRESH Jp——
A 70| CONTROLLER/ [1024 %% ‘
A5 —— > COUNTER (10)
Af ——> SENSE AMP
o ROW ADDRESS . 1/0 GATING
P | BUFFERS (10) I
A9 ——>] b B Y VO
v z & 10244
A gg
- &1+  MEMORY
S ——————> Cnenaton [ — hoze] hanay
1 1024 x 1024 x 4
SUBSTRATE | a——vgg
BIAS
GENERATOR | <——Vss

ABSOLUTE MAXIMUM RATINGS (See Note)

B This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Power Supply Voltage vee -1to +7 v voltages or electric fields; however, it is ad-

" " . — vised that normal precautions be taken to

Voltage Relative to Vgg for Any Pin Except Vcc | Vin: Vout 1to +7 \] avoid application of any voltage higher than

Data Out Current lout 50 mA manxii rated voltages to this high-imped-

Power Dissipation Pp 600 mw ance circuit.

Operating Temperature Range TA Oto +70 °Cc
Storage Temperature Range Tstg -565t0 +1650 | °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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DC OPERATING CONDITIONS AND CHARACTERISTICS
{(Vcc=5.0V +10%, Tao=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vvee 4.5 5.0 5.5 \ 1
Vgs 0 0 0
Logic High Volitage, All inputs VIH 2.4 - 6.5 \ 1
Logic Low Voltage, All Inputs VIL -1.0 - 0.8 \ 1

DC CHARACTERISTICS

Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current lcct mA 2
MCM514400-80 and MCM51L4400-80, trc =150 ns - 105
MCM514400-10 and MCM51L4400-10, trc =180 ns — 90
Ve Power Supply Current (Standby) (RAS =CAS = V)y) Icc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CAS =V|y) lccs mA 2
MCM514400-80 and MCM51L4400-80, trc = 150 ns - 105
MCM514400-10 and MCM51L4400-10, tgc =180 ns — 90
Ve Power Supply Current During Fast Page Mode Cycle (RAS =V ) Icca mA 2,3
MCM514400-80 and MCM51L.4400-80, tpc =45 ns - 70
MCM514400-10 and MCM51L4400-10, tpc =55 ns — 60
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—-0.2 V) MCM514400 Iccs - 1.0 mA
MCM51L4400 — 400 A
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514400-80 and MCM51L4400-80, trc = 150 ns - 105
MCM514400-10 and MCM51L4400-10, trc =180 ns - 90
Ve Power Supply Current, Battery Backup Mode—MCM5114400 only Icc7 — 500 pA
(trc =125 ps; tas =1 ps; CAS =CAS Before RAS Cycle or 0.2 V; A0-A9, G, W,
DQ0-DQ3=Vcc—-0.2Vor0.2V)
Input Leakage Current (0 V<V;,<6.5V) likg(l) -10 10 pA
Output Leakage Current (CAS=V|, 0 V<V, 1 <5.5 V) likg(0) -10 10 pA
Output High Voltage (g = —5 mA) VOH 2.4 - \
Output Low Voltage (I =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested)
Parameter ) Symbol Max Unit | Notes
Input Capacitance A0-A9 Cin 5 pF 4
G, RAS, CAS, W 7 pF 4
1/0 Capacitance (CAS =V to Disable Output) DQO-DQ3 Ci/o 7 pF 4

NOTES:
1. All voltages referenced to Vgg.
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 effecti i lculated from the ion: C=I1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcec=5.0V +10%, Ta=0 to 70°C, Unless Otherwise Noted)

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

MCM514400-80 | MCM514400-10
Parameter Symbol MCM51L4400-80 | MCMS51L4400-10 | ynit | Notes
Standard | Alternate | Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 150 — 180 — ns 5
Read-Write Cycle Time tRELREL tRWC 205 — 245 — ns 5
Fast Page Mode Cycle Time tCELCEL tpC 50 - 60 - ns

Fast Page Mode Read-Write Cycle Time tCELCEL | tPRWC 105 - 125 - ns

Access Time from RAS tRELQV tRAC — 80 — 100 ns | 67
Access Time from CAS tCELQV tCAC — 20 — 25 ns | 6,8
Access Time from Column Address tavav tAA - 40 - 50 ns 6, 9
Access Time from Precharge CAS tCEHQV tCPA — 45 — 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) T tT 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 60 - 70 — ns

RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 | ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 80 200,000 100 | 200,000 | ns

RAS Hold Time tCELREH | tRSH 20 - 25 — ns

CAS Hold Time tRELCEH tCSH 80 — 100 — ns

CAS Pulse Width tCELCEH tCAS 20 10,000 25 10,000 [ ns

RAS to CAS Delay Time tRELCEL | tRCD 20 60 25 75 ns "
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL | tCRP 5 - 10 - ns

CAS Precharge Time tCEHCEL tcp 10 — 10 — ns

Row Address Setup Time tAVREL tASR 0 — 0 — ns

Row Address Hold Time tRELAX tRAH 10 - 15 - ns

Column Address Setup Time tAVCEL tASC 0 — 0 — ns

Column Address Hold Time tCELAX tCAH 15 - - ns

Column Address Hold Time Referenced to RAS tRELAX tAR 60 — 75 — ns

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

(continued)
NOTES:
1. V|4 min and V)i max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .

2. An initial pause of 200 us 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 V| and V| (or between Vji_and V) in a monotonic manner.

4. AC measurements tT=>5.0 ns.

5. The specifications for tgc (min) and tgyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.

. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vg =08 V.

7. Assumes that tgcp <trcp (max).

8. Assumes that tRcp 2trcpD (max).

9

0

o

. Assumes that tRAD =tRAD (max).
. toFF (max) and/or tgz (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 trcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.
12. Operation within the tgap (max) limit ensures that tgac (max) can be met. tgap (max) is specified as a reference point only; if tRaD is
greater than the specified tgap (max), then access time is controlled exclusively by taa.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

MCM514400-80 ( MCM514400-10
Parameter Symbol MCM651L4400-80 | MCM51L4400-10 | yUpit | Notes
Standard | Alternate | Min Max Min Max
Read Command Setup Time tWHCEL tRCS 0 - 0 — ns
Read Command Hold Time Referenced to CAS tCEHWX tRCH 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 Referenced to RAS tRELWH | twcr 60 — 75 — ns
Write Command Pulse Width TWLWH WP 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 DS 0 - 0 — ns 14
Data In Hold Time tCELDX tDH 15 — 20 — ns 14
Data In Hold Time Referenced to RAS tRELDX tDHR 60 — 75 — ns
Refresh Period MCM514400 ( tRvRY tRFSH - 16 - 16 ms
MCM51L4400 — 128 — 128
Write Command Setup Time tWLCEL tWCs 0 — 0 — ns 15
CAS to Write Delay tCELWL | tcwD 50 - 60 - ns | 15
RAS to Write Delay tRELWL | tRWD 110 - 135 - ns 15
Column Address to Write Delay Time tAVWL tAWD 70 — 85 - ns 15
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tcPwD 75 — 90 — ns 15
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tCSR 5 - 10 - ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 15 - 20 — ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 0 - 0 - ns
CAS Precharge Time for CAS Before RAS Counter Test tCEHCEL | tCPT 40 — 50 — ns
RAS Hold Time Referenced to G tGLREH tROH 10 - 20 — ns
G Access Time tGLQV tGA - 20 - 25 ns
G to Data Delay tGLHDX tGD 20 — 25 — ns
Output Buffer Turn-Off Delay Time from G tGHQZ tGz 0 20 0 20 ns 10
G Command Hold Time tWLGL tGH 20 — 25 — ns
Write Command Setup Time (Test Mode) tWLREL WTS 10 - 10 — ns
Write Command Hold Time (Test Mode) tRELWH WTH 10 - 10 — ns
Write to RAS Precharge Time (CAS Before RAS Refresh) | twHREL | tWRP 10 - 10 — ns
Write to RAS Hold Time (CAS Before RAS Refresh) tRELWWL | 'WRH 10 — 10 - ns
NOTES:
13. Either tgRrH or tRcH must be satisfied for a read cycle.
14. These p are ref d to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles.
15. tWCS: tRWD. tCWD. tAwD and tcpwp are not i They are included in the data sheet as electrical

characteristics only; if twcs 2twcs (min), the cycle is an early wnte cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if towp =tcwp (min), trwp =trwD (min), tawp =tawp (min), and tcpwp =tcpwp (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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READ CYCLE
- 'RC >
- tRAS | ———— tjp ———>
_ Vm- tAR
RAS \ /
Vit -
1CSH
toap{—>| [«——tco tHSH |—tcRP—
__ V- < 1S ———]
® / A\
ViL- | tRAD ]
TRAL >
INSC—>>{ |-
[ ICAH-»~
Vin —
COLUMN
ADDRESSES
V- ADDRESS
— [— tpcy
1RCS e - 'RRH
w
iL- | tROH
- tAA >
V- < t6A =
Vi -
——— tCAC—] ld—»(- tgFF
l&———————— 1RAC l——— 167 ———>
VoH -
000003 HIGH Z VALID DATA OUT
VoL - le—tcLz
EARLY WRITE CYCLE
tRC »
f—— A —e ] tRP ———
o Vi — < tAR
RAS \
vy —
v tCSH >
tCRP [e——tRcD - tRSH > '1— tcRp——]
_ V- - - 1CAS——=
TAs \ / f
Vi - ___/ tRAH —
P 1RAL
tASR > tASC— |ft— 1 (CAH
Vin- F—Fow COLUMN
ADDRESSES ADDRESS ADDRESS A
VIL B 'On.n e
towL >
twes ~<——— WCH
Vin - twp >
W XOOOOON
ViL -
- WCR
tRWL >
V-
ViL-
Id-——— 1DHR —
PS—> | = tp -
Vin -
0G0-003 { VALID DATA IN E HIGH Z
V-
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G CONTROLLED WRITE CYCLE

<t tRC >
< tRAS tRP————
_ Vi — =l [ ———————— AR >
s \ \
V-
- 1CSH -
{CRP —t r&——1RCD tRSH tCRP ——>
__Vm- - tcas
oA \\ /
viL— |—tRAD —>]
tRAL
ASR tASC—3»| e
tRAH - CAH
Vin-—
ROW COLUMN
ADDRESSES Vi - ZXX ADDRESS ADDRESS
t——— tCWL —b'
l——————— tRWL ———J

Vi— [—— twp —>]

v OORRROOOOKK
ViL-

<———>'— t6H

_Vim-
G N XXXXARHXAIIIIXXNXX
iL— < 6D
o]
ps

[— toH—>]

Vin-—-
£00-003 D—m VALID DATA IN
ViL-

READ-WRITE CYCLE

tRWC
tRAS o tRP—3»
_ Vim- AR ——————
AAS \ \_
Vi —
t 1CSH
f———— tReD tRSH -
i Bt {CRP <>
_ Vm- 4 tcAS
= /] / /
Vit
ASR tASC
<< tRAH - tCAH
- - s e
ADDRESSES Vit ROW ] COLUMN
V- ADDRESS ADDRESS
o tAWD > <—lcm—>|
f—1RAD —> tCWD
tRWD > [ W —
W
ViL- - tAA > r—
:hl\
_ Vm-
: , /
V- 1
at— tCAC —>] }*- 6o
L tps
o 162 | tpH
s DATA OUT | DATA IN
VitVoL - oz
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1RASP > > 1RP
ViH-— -t AR ————=]
TN . /N
ViL— Vo
- tcRP - tpg > f— tRSH —>]
r— tRcp —> |-t P ] -
_ Vm- —toAs— la— tcas— H — tCAS—
s N\ AN \
- < tRAD >
toSH > - taaL ———|
‘HAHT’ — —tCAH 1CAH - 1CAH
v TASR—| e—| —] tASC tASC tASC
ADDRESSES W= ROW oL COLUMN COLUMN ]
V- ADD ADDRESS ADDRESS ADDRESS
1
-l ld-tncs —*l HF' 'RCS —r‘ Hrtncs tRCH —JJ [-—
tRCH— tRCH H-
- RCH 'dw o
H Y
ViL— W tRRH
- AR —>] |v-<—— tAA Id——-tM—b
1GA [-— 1GA ( 1GA [
V-
[5
ViL- } ¥ '
[ tCAC > |<-tcm: r-tCAC >
tOFF —
*152_4[‘_
y teLz
DQ0-Da3 o VALID >._
Vo — DATA OUT
oL
FAST PAGE MODE EARLY WRITE CYCLE
- tRASP tRp
_ Vi - — T (pR —— > =
R /
T
tcRP - tpC a——tRsH —
|<e—— tRCD— lcv--J —tCRP
o Vin— / |t— tCAS — ] Nﬂ— tCAS HN‘_ tCAS —
ViL- —bl 4 tASR
< tCSH > - RAL
tRAH —{CAH - 1CAH tCAH
. —> tASC —> tasc {4 lo —tsc H—
ADDRESSES W= ROW COLUMN COLUMN COLUMN
Vi - ADD | ADDRESS ADDRESS ADDRESS
tRAD->> ‘cw1——->| 'l,WL—->| 'cm—»l
'nm—*l
tWCS— |t tWCS — |t— tWCS —» |
Vig— twp —»] L twp —>] et tyyp —
w
ViL— = Y =
- tWCH < tWCH >+ tWCH
tps — - th  tos tDH DS - tOH
Vig—
VALID VALID VALID
0ac-0a3 Vi - DATA IN DATA IN DATA IN

FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ-WRITE CYCLE

o Vm- - tRASP »
7AS , [
ViL-
[ 1S | tRP: s
|€——— tPRWC ——— | |&—————— 1RSH ————— ]
[— tRCD—] - tCP tcp > tCRP—
V- lt—— topg ——] la——tops—»] i ft——tops—>] R
s \\ /N
Vi - tRAD—fe—>
RAH tRAL
- tASR - tCAH [ tCAH [ 1CAH
e ase {4 1ASC | | Fe—tasc
Vig —
ADDRESSES H ROW COLUMN OLUMN COLUMN
V- ADD ADDRESS ADDRESS, ADDRESS,
< 1t ) - -]
I RWD————— CWD —> TRWL
'RCS —r‘ L—tcm . |— toWp —>>
[<&—— (WD — - CPWD > | oL tCPWD —> | oL
_ V-
" \
iL- tAWD ———3» tAWD — Ko tAWD ——]
l— tAA tWp—p twp —p — twp
16A -1 tGA E 1GA
ViH- } }
4
ViL-
f— ICPA [—1 tCPA
16D |<~‘GD 6D
— CAC —1{ ICAC 14— [<&—tDH tCAC| |
162 - tAA L_ 162,
- 'RAC tog 16z tAA tos
J lt— tDH tps —1OH
VinVoH -
000-003 >———
VitoL - \ \
10LZ —] |tz T tcLz
VALID VALID VALID  VALID VALID VALID
DATA OUT  DATA IN DATA OUT DATA IN DATAQUT  DATAIN
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RAS ONLY REFRESH CYCLE
(W and G are Don‘t Care)

RC

le——— 1R —————

RAS

lcmpbi . RPC —1

Vin—
ViL—

2
~.

|

é‘T

Vin-
CAS
ViL-
RAH p—
tASR — f—
VIR— ROW
ADDRESSES w— ADDRESS

CAS BEFORE RAS REFRESH CYCLE
(G and AO-A9 are Don’t Care)

1RC
fe———1RP ———>~ tRAS P [ 1RP ——
S Vin - \
Vi - /
l<e— tRPC—~f
tcSR
tcp CHR————————

iy —
s VI:- ’ f
'WRP—|<—> e~ tWRH
Vor - _»l

" o NURRXXXXIKHKIXXIIXXXXXXXXX
——I —tOFF

Vo
000003

HIGH Z
S— A
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HIDDEN REFRESH CYCLE (READ)

< RC - Re >
e (RAS—————— | et tRP ——— tRP—>|
_ VW~ - AR lt———— 1RAS ———— ]
7AS / \—
ViL -
tCRP le——1tRCD - tRSH— l&—1CHR | —————— tCRP ————

s \
ViL- et tRAD
tASR e~ tASC

—> tRAH |<—’— {CAH

ViH-
ADDRESSES
ViL-

ROW COLUMN
ADD ADDRESS

| L_ 1 twrp —te>|
tRCS p _J L—»j——'wnu
Vig - _'I RRH j—
" XK XX XX
ViL-
-t tAA —>>
_ V- a—>— tGA

. A
ViL-

tCAC > l— toFF
‘Clz-»'* _.I
v [————tRAC l— 167 —>>|
OH —
0Q0-D03 VALID DATA OUT
VoL - 4
HIDDEN REFRESH CYCLE (EARLY WRITE)
- tRC tRC
j——————tRAS ——————— > tRp —> tRp —>
Vi - le——— thg———»] | tRAS ———————>
T \ X\
ViL—
l——tRcD—> [—— tCHR——>]
e 1CRP [ tRSH—1 e toRp———
Vin— _.1 ¢
=,/ \ /
ViL— & RAD
tASR - tASC

— l—tRAH |‘——.—‘CAH
v LA S—
ADDRESSES ROW COLUMN
V- ADD ADDRESS
WeS—| | 'WRP——<—>| |<—ﬂ\—lwnH
Vi — — twCH—>
Vit l

_Vm-
g

ViL-

<-los—>| |<—'DH —>
Vih—
ViL— I

DHR

T

MOTOROLA MEMORY DATA

2-104



MCM514400° MCM51L4400

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

t—tRP—3{
JEE TR RAS >
ms / \
-
CSR > l<-— ICPT —> tRSH >
V- [&——ICHR ——] < 1CAS
TAS " \ /1 y
[
< tRAL
tASC - F—tCAH—3]
ViH-— COLUMN
- ™ > f tRRH
RCS +H-a—>
READ CYCLE twRP WRH f— toAC—> <> tRCH
A
- I - tROH
GA
Vin-
: A
ViL-
’ﬂ-b—tof;
1017 62—
V, —
D00-DQ3 VOH HIGH Z VALID DATA OUT >——-—
[
tRWL
WRITE CYCLE WL
'wnp—|<——-> tWRH WeS
M _ tWCH———
T (XXX
Vll—y i P
& Vin -
ViL—
ps—= ‘! ‘*——luu——ﬂ ‘
Vig —
000003 v'" HIGH Z d VALID DATA IN }
-
e I8 J TAWD ——————— *‘CWLJ
RCS e— — tRWL—
READ-WRITE CYCLE owo > e typ
IWRP —f!  la—>{—IWRH
Vin -
X \ XXXXXX
|<—'AA——>
| e
= V-
ViL- tGp
1CAC e ld— tDS
62— |
toLz—> <—-4—- DY
ViHVoH - VALID
DQ0-003 HIGH Z
VitNgL — DATA IN
VALID
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 (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 = V)|, 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 syst
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 trcp 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 addresslng the TM x4
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
(VIH), 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 (G) control read access
time: CAS must be active before or at tgcp 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 tRcp 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 tGA).

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 and G clocks are active. When either the CAS or G clock
transitions to inactive, the output will switch to High Z (three-
state) tQFF 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
(V|L). 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 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 tRwi 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 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 +2tT) <tRAS, if other timing minimums (tRCD. tRWL
and t1) 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. Q may be indeter-
minate—see note 15 of AC operating conditions table. RAS
and CAS must remain active for tgy|and towL, 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 Q 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 1M x4 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 ViH and VL. 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 (V)L).
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The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tprw(C). 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 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 MCM514400 require refresh every 16 milliseconds,
while refresh time for the MCM51L4400 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 MCM51L4400. Burst refresh, a refresh of all 1024 rows
consecutively, must be performed every 16 milliseconds on
the MCM514400 and 128 milliseconds on the MCM51L4400.

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
(ViH) 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

TAS BEFORE RAS

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 tgp
and back to active, starts the hudden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). 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 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 “0"'s into all memory cells with normal write mode.
Select a column address, read “‘0" 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 step 2 in normal read
mode.

4. Using the same starting column address as in step 2, read
1" out and write ‘0"’ into the cell by performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 1024 times.

5. Read “0"s which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

TCAS BEFORE RAS

REFRESH CYCLE REFRESH CYCLE

= N/ /|

CAS

D00-D03 ~— HIGH Z -—(

VALID DATA OUT

/___
}_

Figure 1. Hidden Refresh Cycle
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MCM514400° MCM51L4400

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 addresses are used when operating the device in test
mode. Column address AOQ is ignored by the device in test
mode. A test mode cycle reads and/or writes data to a bit in

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

each of the eight 512K blocks (B0-B7) in paraliel. External data
outis determined by the internal test mode logic of the device. D |[B0.B1|B283|B4B5|B6.B7 | @
See truth table and test mode block diagram following. 0 0 0 0 0 1

Test mode is enabled by performing a test mode cycle 1 1 1 1 1 1
(see test mode timing diagram and parameter specifications — Any Other 0

TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce=5.0V +10%, Ta =0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
MCM514400-80 MCM514400-10
Parameter Symbol MCMS51L4400-80 MCMB1L4400-10 | ynit | Notes
Standard | Alternate Min ‘Max Min Max

Random Read or Write Cycle Time tRELREL tRC 155 — 185 — ns 5
Read-Write Cycle Time tRELREL tRWC 210 — 250 — ns 5
Fast Page Mode Cycle Time tCELCEL tpC 55 — 65 - ns
Fast Page Mode Read-Write Cycle Time tCELCEL | tPRWC 115 — 135 -~ ns
Access Time from RAS tRELQV tRAC — 85 — 105 ns | 6,7
Access Time from CAS tCELQV tCAC — 25 — 30 ns | 6,8
Access Time from Column-Address tAvaQv tAA — 45 — 55 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA - 50 - 60 ns 6 .
RAS Pulse Width tRELREH | tRAS 85 10,000 105 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 85 200,000 105 200,000 ns
RAS Hold Time tCELREH | tRSH 25 - 30 - ns
CAS Hold Time tRELCEH | tCSH 85 — 105 — ns
CAS Pulse Width tCELCEH tCAS 25 10,000 30 10,000 ns
Column Address to RAS Lead Time tAVREH tRAL 45 — 565 — ns
CAS to Write Delay tCELWL | tcwD 565 — 65 — ns 10
RAS to Write Delay tRELWL | tRWD 115 — 140 - ns 10
Column Address to Write Delay Time tAVWL tAWD 75 — 90 - ns 10
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tCPWD 85 — 95 — ns 10
G Access Time tGLQV tGA — 25 - 30 ns
G Command Hold Time tWLGL tGH 25 — 30 — ns
NOTES '

1. V|4 min and V| max are

levels for

g timing of input signals. Transition times are measured between V4 and V.

2. An initial pause of 200 us 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 V4 and V)i (or between V|i_and V|i) in a monotonic manner.

4. AC measurements tT=5.0 ns.

5. The specifications for tgc (min) and tgwc (min) are used only to indicate cycle time at which proper operauon over the full temperature
range (0°C <Tp <70°C) is assured.

6. Measured with a current load equivalent to 2 TTL (—200 gA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0Vand Vo =0.8 V.

7. Assumes that tgcp <trcp (max).

8. Assumes that tgcp =trcp (max).

9. Assumes that tRaop=tRAD (max).

10. twcs. tRWD. tCWD. tAWD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical

characteristics only; if tyycs =tyycs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp =tcwp (min), trwp ZtRWD (min), tawp =tawp (min), and tcpwp =tcpwD (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 MODE BLOCK DIAGRAM
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TEST MODE CYCLE
(G and A0 to A9 are Don’t Care)

e tRC
RP ———>

V-
s - tRAS > N
- tRPC —

t <

Vin— P l«—— tCHR ——>|

= XOT e
ViL-

[t—— tWTH ——>>]

>
[

Vin— L
7 000000 KIXKX XK XKXXUOXXXXAXX
ViL- x
OFF —L—»
Vo - ————\
D00-D03 E HIGH Z

VoL -  ———

ORDERING INFORMATION
(Order by Full Part Number)

MCM 514400 or 51L4400 X XX XX

—[—— Shipping Method (R2=Tape & Reel,

Blank = Rails)

Motorola Memory Prefix

Part Number
Speed (80=80 ns, 10=100 ns)

Package (J = Plastic SO with J leads,

Z = Plastic ZIP)
Full Part Numbers —MCM&514400J80 MCM514400J80R2 MCM514400Z80
MCM514400J10 MCM514400J10R2 MCM514400Z10

MCM51L4400J80 MCMb51L4400J80R2 MCM511.4400Z80
MCM51L4400J10 MCMb51L4400J10R2  MCM51L4400Z10
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DRAM MODULES (Contact DRAM Marketing for Custom DRAM Modules)

Motorola Address Operating
Organi- Part Access Time) Current Pin Package
Density zation Number (ns_Max) (mA Max) Count Options
M 1Mx8 |MCM81000 70/80/100 640/560/480 30 [(S)IMM, (L)SIP
MCM8L1001 | 70/80/100 640/560/480 30 [(S)IMM, (L)sIP
MCM81001 70/80/100 640/560/480 30 [(S)IMM, (L)SIP
MCM81002 70/80/100 640/560/480 30 _|(S)IMM, (L)SIP
M 1Mx9 |MCM91000 70/80/100 720/630/540 30 |(S)IMM, (L)SIP, SG (gold)
w/Parity MCMOL1000 | 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 __{(S)IMM, (L)SIP
M 256Kx8 |[MCMB84256 70/80/100 160/140/120 30 |(S)IMM
MCM8L4256 | 70/80/100 160/140/120 30 {(S)IMM
2M 256Kx9 |MCM94256 70/80/100 240/210/190 30 [(S)IMM
w/Parity MCM9L4256 70/80/100 240/210/190 30 |(S)IMM
4aM 1Mx4 |MCM41000 80/100 280/240 26 {(Z)IMM
4Mx1__ [MCM11400 80/100 90/80 26 |(2)IMM
32M 4Mx8 |MCMB84000 80/100 800/680 30 [(S)IMM
MCM8L4000 80/100 800/680 30 |(S)IMM
32M  w/Parity 4Mx9 |MCM94000 80/100 900/765 30 [(S)IMM
MCMS9L4000 80/100 900/765 30 __[(S)IMM
| 8M w/Parity | 256Kx36 |MCM36256 70/80/100 960/840/760 72 1(S)IMM, SG (gold)
16M_w/Parity | 512Kx36 |MCM36512 70/80/100 {1920/1680/1520 72 __{(S)IMM, SG (gold)
32M_ w/Parity 1Mx36 _|MCM36100 80/100 1144/984 72 __|(S)IMM, SG (gold)
64M _w/Parity 2Mx36__|MCM36200 80/100 1120/960 72 __|(S)IMM, SG (gold)
8M_w/Parity | 256Kx40 [MCM40256* 70/80/100 800/700/600 72 __|(S)IMM, SG (gold)
16M__w/Parity | 512Kx40 [MCM40512" 70/80/100 820/720/620 72___|(S)IMM, SG (gold)
32M_ w/Parity 1Mx40 |MCM40100* 80/100 1050/900 72 |(S)IMM, SG (gold)
64M__ w/Parity 2Mx40 |MCM40200" 80/100 1070/920 72__|(S)IMM, SG (gold)

*To be introduced.

MOTOROLA MEMORY DATA

32




= SEMICONDUCTOR

MOTOROLA

TECHNICAL DATA

Product Preview
1M 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 1M x 1 DRAMs housed in 20/26 lead SOJ pack-
ages, mounted on a substrate along with a 0.22 pF (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/O Capability
Fast Page Mode Capability
TTL-Compatible Inputs and Outputs
RAS Only Refresh
CAS Before RAS Refresh
Hidden Refresh
1024 Cycle Refresh:
MCM36100S = 16 ms (Max)
MCMB36L100S = 128 ms (Max)
o Consists of Eight 1M x 4 DRAMs, Four 1M x 1 DRAMSs, and Twelve 0.22 uF (Min)
Decoupling Capacitors
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
o Fast Access Time (tgac):
MCM36100S-80 = 80 ns (Max)
MCM36100S-10 = 100 ns (Max)
e Low Active Power Dissipation:
MCM36100S-80 = 6.16 W (Max)
MCM36100S-10 = 5.28 W (Max)
* Low Standby Power Dissipation:
TTL Levels = 132 mW (Max)
CMOS Levels = 66 mW (Max, MCM36100S)
CMOS Levels = 22 mW (Max, MCM36L100S)

PIN OUT

MCM36100
MCM36L100

36

37

o | ] ]

Pin | Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name

1 Vss 13 Al 25 | DQ24 | 37 | DQ17 | 49 DQ9 61 | DQ14

DQo 14 A2 | .26 DQ7 38 | DQ35 | 50 |[DQ27 | 62 |DQ33

DQ1g | 15 A3 27 | DQ25 | 39 Vss 51 | DQ10 | 63 | DQ1s

DQ1 16 Ad 28 A7 40 |CASO | 52 (DQ28 | 64 | DQ34

DQ19 | 17 A5 29 NC 41 [CASZ | 53 |DQ1t | 65 |DQi6

PIN NAMES
AO-A9 ................ Address Inputs
DQO-DQ35 ......... Data Input/Output
... Column Address Strobe
PD1-PD4............ Presence Detect
RASO,RASZ ...... Row Address Strobe
W Read/Write Input
Power (+ 5V)
........ Ground
No Connection

D2 | 18 | A6 | 30 [ vee | 42 [CASI| 54 Jpa2o | 66 | NC

DQ20 | 19 NC 31 A8 43 |CAST| 55 |[DQ12| 67 PD1

DQ3 20 DQ4 32 A9 44 |RASO| 56 |DQ30 | 68 PD2

Ol lo|lvw|lo|olsa]wlr

DQ21 | 21 | DQ22 | 33 NC 45 NC 57 | DQ13 | 69 PD3

10 Vee 22 DQ5 | 34 |RASZ | 46 NC 58 | DQ31 | 70 PD4

1 NC 23 | DQ23 | 35 |DQ26 | 47 w 59 Vee il NC

12 A0 24 DQ6 36 DQ8 48 NC 60 |DQ32| 72 Vss

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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BLOCK DIAGRAM
o - 1101 DQO
e i 1102 DQt
RASO RAS
o 1103 DQ2
Wr AO_—[AQ 1104 pQ3
- _ 1101 DQ4
27’52 1102 DQ5
oF 1103 DQ6
[ !vr AO~,A9 1104 DQ7
- CAS Din :j————' Das
RAS W Ao-A9 Dout
[ 1
I — 1101 DQ9
CASt _g%g 1102 DQ10
o5 1/03| pati
J__ V}I Ao-,AQ 1104 DQ12
- — 1101 DQ13
%’:—g 1102 DQ14
o 1103 DQ15
F v;/ AO—IAB 1104 DQ16
—[eas D ——¢——0arr
RAS W Ao-A9 Dout
| |
oS — 1101 DQ18
FASE AAS 1102} DQ19
or 103 DQ20
M'I AO_-rAQ 1104 DQ21
- — 1101 DQ22
%2_2 1102 DQ23
ar 1103 DQ24
VIV Ao-’AQ 1104 DQ25
CAS Din :—————' DQ26
RS W A0-A9 Dout
I 1
Ju— - 1101 DQ27
CAS3
:—ﬁg 1102 DQ28
OF 1103 DQ29
[ VIV AO-;AB 1104 DQ30
- _ 101 DQ31
%}g 1102 DQ32
o - 1103 DQ33
VII AO—TAQ 1104 DQ34
— = o ——
T W A0-A9  Dout
w | ‘
AOV—AQ
— U0-U11
o xr
T 0.22 yF (Min.)
Vss = U0-Ut1
PRESENCE DETECT PIN OUT
Pin Name 70ns 80ns 100 ns
PD1 Vss Vss Vss
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 \"
Voltage Relative to Vgg Vin, Vout -1to+7 v

(For Any Pin Except V)

Data Output Current per DQ Pin lout 50 mA
Power Dissipation Pp 8.4 w
Operating Temperature Range Ta 0to+70 °C
Storage Temperature Range Tsig —-5510 + 125 °C

NOTE: Permanentdevice 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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Voc =5.0 V£ 10%, Ta = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

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.

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs Vin 2.4 — 6.5 v 1
Logic Low Voltage, All Inputs Vi -1.0 — 0.8 v 1
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current lcct mA 2
MCM36100-80, trc = 150 ns —_ 1120
MCM36100-10, trc = 180 ns — 960
V¢ Power Supply Current (Standby) (RAS = CAS = V) lece — 24 mA
V¢ Power Supply Current During RAS only Refresh Cycles lccs mA 2
MCM36100-80, tgc = 150 ns —_ 1120
MCM36100-10, tgc = 180 ns — 960
Vcc Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM36100-80, tgc = 150 ns — 760
MCM36100-10, tgc = 180 ns — 640
Ve Power Supply Current (Standby) (RAS = CAS = Vgc—0.2V)  MCM36100 lces — 12 mA
MCMB36L100 —_ 4
Vce Power Supply Current During CAS Before RAS Refresh Cycle lccs mA 2
MCM36100-80, tgc = 150 ns —_ 1120
MCM36100-10, tac = 180 ns - 960
Input Leakage Current (Vgg < Vin < Vec) llkg(') -120 120 - pA
Output Leakage Current (CAS at Logic 1, Vsg < Vou < Veg) Ikg(0) -20 20 uA
Output High Voltage (lon = — 5 mA) Vou 2.4 — Vv
Output Low Voltage (lo, = 4.2 mA) Vou — 0.4

NOTES:
1. All voltages referenced to Vss.

2. Currentis 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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MCM36100° MCM36L100

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

~ Characteristic Symbol Min Max Unit | Notes
Input Capacitance (A0—A9) Ci — 88 pF 1
Input Capacitance (W) Ci — 94 pF 1
Input Capacitance (RAS0, RAS2) : Cia — 52 pF 1
Input Capacitance (CAS0-CAS3) Cus — 36 pF 1
1/0 Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) Coat — 17 pF 1
10 Capacitance (DQ8, DQ17, DQ26, DQ35) Coaz —_ 22 pF 1
NOTE:

1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/A V.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec =5.0V£10%, Ta = 0 to 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 Unit | Notes
Random Read or Write Cycle Time tRELREL tRC 150 — 180 —_ ns 5
Page Mode Cycle Time tcELCEL tre 50 — 60 — ns
Access Time from RAS trReLQV trac — 80 — 100 ns 6,7
Access Time from CAS tceLav tcac — 20 — 25 ns 6,8
Access Time from Column Address tavav taa _ 40 —_ 50 ns 6,9
Access Time from Precharge CAS tceHav tcra - 45 —_ 55 ns 6
CAS to Output in Low-Z tceLax toLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tceraz torF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 ns
RAS Precharge Time tREHREL trp 60 — 70 — ns
RAS Pulse Width tRELREH trAs 80 10,000 100 10,000 ns
RAS Puise Width (Fast Page Mode) tRELREH trasP 80 100,000 100 100,000 ns
RAS Hold Time tcELREH trsH 25 — 25 — ns
TAS Hold Time tRELCEH tesH 80 — 100 — ns
CTAS Pulse Width tCELCEH tcas 20 10,000 25 10,000 ns
RAS to CAS Delay Time tRELCEL tacp 20 60 25 75 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
(continued)
NOTES:

1. Viy min and V_ max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).

2. An initial pause of 200 ys 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

4.
5.

-
- O ®© o~

12,

transition between Vyy and V_ (or between Vy_and V) in a monotonic manner.

AC measurements ty = 5.0 ns.

The specifications for trc (min) and tgwc (min) are used only to indicate cycle time at which proper operation over the full temperature range
(0°C < Tp < 70°C) is assured. }

. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vou = 2.0 V and

VoL=08 V.

. Assumes that trcp < trep (max).

. Assumes that trcp 2 trep (Max).

. Assumes that tgap = trap (Mmax).

. torF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operation within the tgcp (max) limit ensures that tgac (max) can be met. trep (max) is specified as a reference point only; if tacp is greater

than the specified tpcp (max) limit, then access time is controlled exclusively to tcac.
Operation within the tgap (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if trap is greater
than the specified trap (max), then access time is controlled exclusively by taa.
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MCM36100MCM36L100

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 tRAH 10 — 15 — ns
Column Address Setup Time taveer 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 tRAL 40 - 50 — ns
Read Command Setup Time tWHCEL thcs 0 — 0 —_ ns
Read Command Hold Time Referenced tCEHWX tRcH 0 —_ 0 — ns 13
to CAS
Read Command Hold Time Referenced tREHWX tRRH 0 — 0 — ns 13
to RAS
Write Command Hold Time Referenced tCELWH tweH 15 — 20 — ns
to CAS
Write Command Hold Time Referenced tRELWH tweh 60 —_ 75 — ns
to RAS
Write Command Pulse Width twiwH twp 15 — 20 — ns
Write Command to RAS Lead Time twLREH tawL 20 — 25 — ns
Write Command to CAS Lead Time twicEH towt 20 — 25 — ns
Data in Setup Time toveeL tos 0 —_ 0 — ns 14,15
Data in Hold Time tcELDX toH 15 — 20 - ns 14,15
Data in Hold Time Referenced to RAS tRELDX toHR 60 — 75 — ns
Refresh Period MCM36100 trRvRV taFSH — 16 — 16 ms
MCM36L100 _— 128 —_ 128
Write Command Setup Time tWLCEL twes 0 — 0 — ns 15,16
CAS Setup Time for CAS Before RAS Refresh | treiceL tcsr 10 — 10 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH tcHR 30 — 30 — ns
CAS Precharge to CAS Active Time tREHCEL trec 0 — 0 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL tept 40 — 50 — ns
Counter Test
CAS Precharge Time tCEHCEL tepn 10 - 15 — ns
NOTES:

13. Either tgpy Or tac 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 2 twes (min)).

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs 2 twes (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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FAST PAGE MODE READ CYCLE

VIH . tRASP gﬁi
= VH—-
RAS
ViL - \ 7
4—‘CSH—<_:L |¢—1tpc —>~ |*—>tiRsH
toppe—n| [ 1RCD — tcAs | f=—-ticAs - toPN
Vin tepto top > - .CA‘S
== 'H- y
AS / £ ’f\_
ViL - le—taR \} — \.\_ \\
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HIDDEN REFRESH CYCLE (READ)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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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 (CAS). 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 tgcp, 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

Aread 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 Vi to the V,_level. The
CAS clock must also make a transition from Vi to the V) level
at the specified trgcp 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 muilti-
plex window. The only stipulation is that the CAS clock must be
active before or at the tgcp maximum specification for an ac-
cess (data valid) from the RAS clock edge to be guaranteed
(trac)- If the tacp 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 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 (tgan) specification has
been met and defines the tgcp minimum specification. The
time difference between tgcp minimum and tgcp 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 (tgag) period for the RAS clock and the mini-

mum (tcas) period for the TAS 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 outis not latched and is valid as long as the TAS clock
is active; the output will switch to the three-state mode when
the CAS clock goes inactive. To perform aread cycle, the write
(W) input must be held at the V|4 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 (V) 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 (tcwi) and the row
strobe to write lead time (trw ). These define the minimum time
that RAS and CAS clocks need to be active after the write oper-
ation has started (W clock at Vy_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 (trac)
on the Motorola 1M 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 (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 V| level.

MOTOROLA MEMORY DATA
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcsg). 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 V,_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
aCAS before RAS refresh counter test. This refresh counter

t&—— REFRESH CYCLE —»~t«—REFRESH CYCLE —»

./ /|

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 TAS 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 “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

}&— MEMORY CYCLE —#>|
RAS \ /
CAS \

DQO-DQ35 — HIGH-Z ——(

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 36100 or 36L100 X XX
Motorola Memory Prefix———J —L Speed (80 = 80 ns, 10 = 100 ns)
Part Number Package (S = SIMM, SG = Gold Pad SIMM)
Full Part Numbers — MCM36100S80 MCM36100SG80
MCM36100S10 MCM36100SG10
MCM36L100S80 MCM36L100SG80
MCM36L100S10  MCM36L100SG10

NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages.
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

) MCM36200
Product Preview MCM36L200

2M x 36 Bit Dynamic Random
Access Memory Module

The MCM36200S is a 72M, dynamic random access memory (DRAM) module 1
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 DRAMSs housed in standard
350-mil-wide SOJ packages and four CMOS 1M x 1 DRAMs housed in 20/26 lead
SOJ packages, mounted on a substrate along with a 0.22 uF (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 fabricated with
CMOS silicon-gate process technology.

e Three-State Data Output
« Early-Write Common /O Capability
« Fast Page Mode Capability
e TTL-Compatible inputs and Outputs
o RAS Only Refresh 36
o CAS Before RAS Refresh
¢ Hidden Refresh
* 1024 Cycle Refresh:
MCM36200S = 16 ms (Max)
MCM36L200S = 128 ms (Max)
¢ Consists of Sixteen 1M x 4 DRAMSs, Eight 1M x 1 DRAMs, and

Twenty Four 0.22 uF (Min) Decoupling Capacitors
¢ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
o Fast Access Time (tRaAC):

MCM36200S-80 = 80 ns (Max)
MCM36200S-10 = 100 ns (Max)
e 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 NAMES

37

ol | | ||

PIN OUT AO-A9 ................ Address Inputs .

Pin |Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name DQO-DQB5 .......... DatalnputOutput
! ¢ ! CAS0-CAS3 ... Column Address Strobe

1 Vss 13 At 25 | DQ24 | 37 |DQI7 | 49 DQ9 61 DQ14 PD1-PD4............ Presence Detect
RASO-RAS3 .. Row Address Strobe

DQO | 14 | A2 | 26 | DQ7 | 38 |DQ35| 50 |DQ27 | 62 | DQ33 W Read/Write Input
D18 | 15 | A3 | 27 |DQ25| 39 | Vgg | 51 |DQi0| 63 |DQi5 VEG vvveeeeen Power (+5V)
VGG toviiiiii Ground

DQ1 16 A4 28 A7 40 | CASO | 52 |DQ28 | 64 | DQ34 NC......oi No Connection

2

3

4

5 [DQiIg | 17 A5 29 NC 41 (CAS2| 53 |DQtt | 65 |DQi6 All power supply and ground pins must be
6 DQ2 18 A6 30 Voo 42 |CAS3| 54 | DQ2o| 66 NG connected for proper operation of the device.
7
8
9

DQ20 | 19 | NC | 31 A8 43 |CAST| 55 [DQi2| 67 | PO
DQ3 | 20 | DQ4 | 32 A9 44 |RASO| 56 |DQ30 | 68 | PD2
DQ21 | 2t |DQ22 | 33 |RAS3| 45 |RAST| 57 [DQ13| 69 | PD3
10 | Veg | 22 | Das | 34 |RAS2| 46 | NC | 58 |DQ3t | 70 | PD4
1 NC | 23 |DQ23 | 35 |DQ26 | 47 w 59 | vgo | 71 NC
12 | Ao | 24 | Doe | 36 | Do8 | 48 | NC | 60 |DQ32| 72 | Vg

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
CASO
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= = :zzs lifii =
[ O W 2019 104 104 AQI—AQ jW O 1
- — 1101 D+ D7 1101 — -
CAS 1102 102 CAS
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W A0-A9__li04 1104 AO-A9 W
L —F o e 111
CAS Dnf——o—1] Din TAS
o RAS W AoAg Dout Dout appg W RAS
AST : ; = o
— ——jor 2% gat o —
CAS o2 102 CAS
RAS 103 103 RAS
_J_— O WI AO—[A9 1104 1104 A0-A9 jW OF "—_’L
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— o1 7o —
_ CAS 02 102 CAS
RAS2 RAS 103 o 103 RAS
B W AvA9 104 o4 Aone W OF
= L | DQ22-DQ25 I I =
— o7 o1 —
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OF W aoas 104 o— o4 As-A9 W OE
= _ N L DQ26 I | — =
CAS Din n TAS
__ RAS W Ao-A9 Dout Dot _po-A9 W __RAS
CAS3 —— T per e o —
oS I/Ozl:o—— 1102 CAS
_AS 110: O— 1103 Rﬁ
E W aA ios s pong W OE
= I I DQ31-DQ34 1 1 =
— 701 o o1 —
Cas 102 o 102 CAS
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CAS Din in CAS
RAS WAoo Dou Dot pon9 W _ RAS
W  — —
AO-A9 . J
VCC L - J0-U23
022 uF (Min.)
Vss T — U0-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

RAS3
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ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to

Rating Symbol Value Unit protect the inputs against damage
Power Supply Voltage vee —1to+7 Vv due to high static voltages or electric
- fields; however, it is advised that
Voltage Relative to Vgg Vin: Vout -1to+7 \ normal precautions be taken to
(For Any Pin Except Vcc) avoid application of any voltage
Data Output Current per DQ Pin lout 50 mA higher than maximum rated voltages
to these high impedence circuits.
Power Dissipation Pp 8.58 w
Operating Temperature Range Ta 0to+70 ' °C
Storage Temperature Range Tstg —551t0 + 125 °C

NOTE: Permanentdevice 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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0V+10%, Tp = 0to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — 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 lcct mA 2
MCM36200-80, trc = 150 ns — 1144
MCM36200-10, trc = 180 ns — 984
Ve Power Supply Current (Standby) (RAS = CAS = V) Icc2 — 48 mA
Ve Power Supply Current During RAS only Refresh Cycles lcca mA 2
MCM36200-80, tyc = 150 ns . 1144
MCM36200-10, tgc = 180 ns — 984
Ve Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM36200-80, tyc = 150 ns - 624
MCM36200-10, trc = 180 ns — 504
Ve Power Supply Current (Standby) (RAS = CAS = Vg - 0.2 V) MCM36200 lccs — 24 mA
MCM36L200 —_ 4.8
V¢ Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM36200-80, tgc = 150 ns - 1144
MCM36200-10, trc = 180 ns — 984
Input Leakage Current (Vgg < Vin < Vce) 'Ikg(l) —-240 240 MA
Output Leakage Current (CAS at Logic 1, Vgg < Vot < Vee) likg(O) -20 20 HA
Output High Voltage (Ipq = — 5 mA) VoH 24 — \
Output Low Voltage (Io| = 4.2 mA) VoL — 0.4

NOTES:
1. All voltages referenced to Vgsg.
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.

MOTOROLA MEMORY DATA
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RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Max Unit Notes
Input Capacitance (A0-A9) Cpy — 161 pF 1
Input Capacitance (W) Ci2 — 178 pF 1
Input Capacitance (RASO-RAS2) Ci3 — 52 pF 1
Input Capacitance (CASO-CAS3) Cia — 52 pF 1
1/0 Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) CpQ1 — 29 pF 1
1/0 Capacitance (DQ8, DQ17, DQ26, DQ35) Cpaq2 — 39 pF 1

NOTE:
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from'the equation: C =1 At/A V.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V£10%, Tp = 0 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 Unit | Notes

Random Read or Write Cycle Time tRELREL tRC 150 - 180 b ns 5
Page Mode Cycle Time t{CELCEL tpc 50 — 60 — ns

Access Time from RAS tRELQV tRAC — 80 — 100 ns 6,7
Access Time from CAS tcELQV tCAC — 20 — 25 ns 6,8
Access Time from Column Address tavQv tAA — 40 — 50 ns 6,9
Access Time from Precharge CAS tCEHQV fcPA - 45 — 55 ns | 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 - ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 60 — 70 — ns

RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 ns

RAS Pulse Width (Fast Page Mode) tRELREH tRASP 80 100,000 100 100,000 ns

RAS Hold Time tCELREH tRSH 25 — 25 — ns

CAS Hold Time tRELCEH toSH 80 - 100 - ns

CAS Pulse Width tCELCEH | tCAS 20 10,000 25 10,000 ns

RAS to CAS Delay Time tRELCEL tRCD 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12

(continued)

NOTES:
1. V| min and V)_max are reference levels for measuring timing of input signals. Transition times are measured between V| and V..
2. Aninitial 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 V) and V| (or between V|_and V|) in a monotonic manner.
AC measurements t1 = 5.0 ns.
The specifications for tgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature range
(0°C < Tp <70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (~200 uA, + 4 mA) loads and 100 pF with the data output trip points setat Vo = 2.0 V and
VoL=08V.
Assumes that tycp < tRgp (max).
Assumes that trcp 2 tRep (Mmax).
Assumes that tRaD 2 tRAD (Max).
toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
Operationwithin the tgc p (max) limitensures thattg A (max) can be met. tr p (max) is specified as a reference pointonly; iftgcp is greater
than the specified tgcp (max) limit, then access time is controlled exclusively to tcaC-
Operationwithinthe trAp (max) limit ensures that tg A (max) can be met. trap (Max) is specified as a reference pointonly; if trAp is greater
than the specified tRap (max), then access time is controlled exclusively by taa.

o s
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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 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 tRAH 10 — 15 — ns
Column Address Setup Time tAVCEL taAsC 0 — 0 — ns
Column Address Hold Time tCELAX 1CAH 15 — 20 — ns
Column Address Hold Time Referenced tRELAX tAR 60 — 75 — ns
to RAS
Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns
Read Command Setup Time tWHCEL tRcs 0 — 0 — ns
Read Command Hold Time Referenced tCEHWX tRCH 0 - 0 - ns 13
to CAS
Read Command Hold Time Referenced tREHWX tRRH 0 — 0 — ns 13
to RAS
Write Command Hold Time Referenced {CELWH tWCH 15 _ 20 —_ ns
to CAS
Write Command Hold Time Referenced RELWH 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 WWLCEH towL 20 — 25 — ns
Data in Setup Time tDVCEL tps 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 | tRELCEH tCHR 30 — 30 - ns
CAS Precharge to CAS Active Time tREHCEL tRPC 0 — 0 - ns
CAS Precharge Time for CAS Before RAS tCEHCEL tCcpT 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 (tycs > twcs (min)).

16. tycsis notarestrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; iftwc s 2twc s (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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RAS

READ CYCLE

tRC

<
<

tRAS

VIH - —_
iL -

N

|[-——————1CSH —————

t t - ->|
fcnpr» l<¢———tRCD ——»>t——!RSH > | tcRp la—s
VIH - \4—'CAS —>
CAS ﬂ \ / \_
ViL -
t el e <————IAR >
ASR
[&~tRAD > tRAL -
v LASC—at-3~ <—1-1cAH
ADDRESSES m ROW @ cOLUMN
Vi - ADDRESS ADDRESS
1RAH > P..-:HCH
IHCS—IDI . ad tRRH —
— VIH-
! XXX
Vi —
t \ [ tcAC ]
AA > ]
oLzt {OFF 1—>>
DQo-DQ35 YOH = ———'RC -y
(DATAOUT) o _ HIGH-Z @] VALID DATA —
EARLY WRITE CYCLE
- tRC -
Viy | R S———— | tRP —{
RAS !S
ViL - \
‘———:——"CSH——-t—D 1PN
fcnp1<-> |<———— tRCD ———»~t——!RSH > orpd
ViH - \<—ICAS —
" S \ / A
ViL -
tASRT+>| [ AR >
<4 RAD —> tRAL -
v tASC - —»1-tCAH
ADDRESSES XX)I ROW COLUMN Y
Vi — ADDRESS ADDRESS
{RAH a—o - towL — |
twes—-] lt— |a— tyoHt+—>
— VH- - twp >
T X000 KOOCCOOCKX
ViL -
- tRWL >
twer >
Vi s |- Dy o
DQO-DQ35 M
ALID DATA
(DATAIN) v, _ [ VALDD
jt———— 1o ————]
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FAST PAGE MODE READ CYCLE

Y — - 'RASP > tRP
RAS N
ViL - =
<———lcsu—<_:L |¢—tpc —|  |—>rlRgH
tcRp-a—s-{ [*—'RCD — tcas | f—>ticas - CPN
Vin topfo- tcp 1= <> cAs
he - p
CAS " 7 \} \\ _J] \\ /
B e——1AR |
| [—RAL —]
- RO =T s (t tsop .
v 1I-(ASR toAHT™| 44-1CAH_> et [4. ‘CAH
aoDREsses T r oW COLUNN COLOMN
Vi — ADDRESS ADDRESS K ADDRESS 4
] ]
'RAH“"<1RAD - tRCH RCH > L
> 4 4 S ad!
Vit - tRCs 1> -I>1 RCS (™1 RCS RCH
" - RRRKKO \% QXX
vy —
L (CAC -] I {CACe-- ICACa->
la— tAA — Y tAA —o
v la——tRAC |—tCppA — [—tcpp —®|
0Qo-DQ35 'OH ~ VALD VALD LCR
(DATAOUT) ) DATA & DATA AT
torrta—a{ || torrta—a{ || topFtt—n]
tez toLz— tcz

RAS

[

ADDRESSES

=|

DQO-DQ35
(DATAIN)

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

ViH — - tRASP > tRP
ViL- s 4
—tRcD —] tcp-<.>|<——'Pc <—lRgH
{CRPf—> top 1 - {CPN
v ICAS 14 | tcas 1> {cAS T >
H— 3 y
W N N\ N\ i N\
-~ > t
thsa-fea |t L [<e-—tRAL —>
. “SC"J [T thsca et tasc
Y RAH l‘- CAHT™! I*‘CAH* la— |<—‘CAH
- ROW COLUMN COLUMN COLUMN
il — ADDRESS ADDRESS ADDRESS ADDRESS
tweH
ViH - riwe
ViL - T
l-e—tpg
[e—1pH
VIH -
) LI 1 0 O B VOO
-
|<——10HR —]
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RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)
tRC -
Vi | ———— tRAS———————————| | ¢—{RP —]
oL LA ——
RAS
we ) -
{CRP - : <—>1-IRPC

— VH-
CAS / K/
viL -
— l—— tASR
<——1-tRAH

LD 070 A 07000 OO TO AT OOl

VOH
DQ0-DQ35 HIGH-Z
DATA OUT)
( uT) VoL —

CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)

- tRC -
Vi | ————— I RAG ] tRP ——
= - 4
RAS ’t !Q
VL - _/ s
tRPCT—>
{CSR = |¢——— ICHR ———
tCPN—T—>>
— VK-
CAS N /
ViL -
{OFF [

DQo-DQ3s YOH = ————

(DATA OUT) VoL~ 7 HIGH-Z
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HIDDEN REFRESH CYCLE (READ)

- tRC »>| tRAS
Vi |————— tRAS—————~| | <& [RP |
RS N / \
ViL -
»11tCRP tcpN >
|<&—tRCD —»= tRSH [———ICHR ———|
o " K i ﬁ\_
ViL - <'IHAD -><__ tRAL .
lt——tAR -
> 1 {CAH

'RAH R
_IASR—> [ — [4e-tASC |

VIH
sooresses. | X0 aooass KOG samites FQ0OOOOOGOOOCOROONNKX
L

'RCS 4 L tRRH
— VH -
W KXXXXXX0" UXKRKXXKXKXIXKXXX
- ~<—rcac
A {OFF t—m
Vou ——1RAC >
DQ0-DQ3s 'OH =
(DATAOUT) |, VALID DATA )
oL -
toLz—

HIDDEN REFRESH CYCLE (WRITE)

- tRC > |——— tRAS—————>]
Vit — |#———— tRAS———— FIRP-—
s viL \ 7 S 7
tcrRP toPN >
la— tRcD —= tRSH [<———1CHR ——]
— VH-
CAS N /
ViL - —/ |- tRAD > el TrAL — \
|e——1AR L
RAH—> ~——-11- {CAH
v :3;/ Py EEL"S.? \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/
ADDRESSES Vil — ADDRESS;@I ADDRESS ‘A‘A A’A’A A‘A‘A AN A’A‘A‘A‘A‘A‘A‘A‘A‘A
[e——1twCR
- tRWL -;l
twes—Te- | - LWCH
— VH-
[ - —
[a— tDH —]
ViH s> ~—
DQo-Da3s 'H 4 \VAVAVAVAVAVAVAVAVAVAVAV
DATAIN) 3]‘ VALID DATA ‘X‘I I I‘X’X‘X’A‘X A‘X‘X’A’A‘A’A A X‘A

| ———— tpHR ————|
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS | la—=l tRp
— VH - ———— [————tRSH ——
RAS v \ / N
ICSR —»{ |4—ICHR —> tCpT —»| f@———tcas ——»
— VYH -
CAS _\ 7
ViL -
tASC | [<a-ICAH-»]
VIH —
WVYVYWW WYY VWY COLUMN
ADDRESSES V- A A‘A‘A‘A‘A‘A‘A‘A‘A‘A‘A‘A’A‘A‘ ADDRESS
e—{CAC—
- tRAL > '
READ CYCLE - ™ *:?FF -

DQo-Da3s YOH ~

(DATAOUT) ) —

HIGH-Z

RCS T

j g X VALID DATA
> tolz L—»-lRRH

— ViH -
71 - XXX | B
DR s ——
WRITE CYCLE tWCS—Tt—| [a~tWCH —
- WP ——
— VIH—
7, XOO0COOCOCRXXN QOO
ViL-
t DS —t—>| |<t—!DH—>|
" VIH -
B XOOKKXRXRRNIA, o K KKKXIKINKX,

MOTOROLA MEMORY DATA

3-24



MCM36200° MCM361L200

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
eightactive 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 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 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 tygp, which is the row to
column strobe delay. This time intervalis also referredto 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-
cantbiton 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

Aread cycleisreferred to as a normalread 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 Vi to the V)_level. The
CAS clock must also make a transition from V|4 tothe V)|_level
atthe specified trcp 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 trcp maximum specification for an ac-
cess (data valid) from the RAS clock edge to be guaranteed
(tRAC)- If the trcp maximum condition is not met, the access
(tcac) fromthe 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 tgcp minimum specification. The
time difference between tgcp minimum and tgcp 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 (tgag) period for the RAS clock and the mini-

mum (tcas) period for the CAS clock. The RAS clock must
stay inactive for the minimum (tgp) 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 s 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 aread cycle, the write
(W) input must be held at the V)4 level from the time the CAS
clock makes its active transition (tRcg) to the time when ittran-
sitions into the inactive (tgcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the write
(W) clock must go active (V)|_level) at or before the CAS clock
goes active at a minimum tyycg 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 (tcyy|) and the row
strobe to write lead time (tgw ). These define the minimum
time that RAS and CAS clocks need to be active after the write
operation has started (W clock at V| 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
(tRAC) on the Motorola 1M 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 (tpg). 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 Vj level.

MOTOROLA MEMORY DATA
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). 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 V|_and taking RAS
high and after a specified precharge period (tgp), executing a
CAS before RAS refresh cycle. (See Figure 1.)

CAS BEFORE RAS REFRESH COUNTER TEST

Theinternal refresh counter of the device can be tested with
a CAS before RAS refresh counter test. This refresh counter

CAS

r¢—MEMORY CYCLE —<¢—— REFRESH CYCLE —®~<#—REFRESH CYCLE —#{

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 “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

DQ0-DQ35 — HIGH-Z —

= . / Y/ /T
-\
_<

VALID DATA-OUT

/___
>_

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 36200 or 36L200 X XX
Motorola Memory Preﬁx——-l —I_—— Speed (80 = 80 ns, 10 = 100 ns)
Part Number Package (S = SIMM, SG = Gold Pad SIMM)
Full Part Numbers — MCM36200S70 MCM36200SG70
MCM36200S80 MCM36200SG80
MCM36200S10 MCM36200SG10
MCM36L200S70  MCM36L200SG70
MCM36L200S80 MCMB36L200SG80
MCM36L200S10  MCM36L200SG10

NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages.
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== SEMICONDUCTOR

TECHNICAL DATA

Advance Information

256K x 36 Bit Dynamic Random
Access Memory Module

ganized as 262,144 x 36 bits. The module is a 72-lead single-in-line memory module

The MCM36256S is a 9M, dynamic random access memory (DRAM) module or-

(SIMM) consisting of eight MCM514256A DRAMSs housed in 20/26 J-lead small out-

MCM36256

line packages (SOJ) and four CMOS 256K x 1 DRAMSs housed in 18-lead PLCC

packages, mounted on a substrate along with a 0.22 uF (min) decoupling capacitor

mounted under each DRAM. The MCM514256A is a 1.0 p CMOS 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/O 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 uF
(Min) Decoupling Capacitors
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
Fast Access Time (tRAC):

MCMB36256S-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

36

37

L

[00000000000000000000a0000000000000D

Pin | Name [ Pin | Name [ Pin | Name | Pin | Name | Pin | Name | Pin | Name

Vss 13 Al 25 | DQ24 | 37 |DQ17 | 49 DQ9 61 DQ14

DQO 14 A2 26 DQ7 38 | DQ35 | 50 |DQ27 | 62 | DQ33

DQ18 | 15 A3 27 | DQ25 | 39 Vss 51 DQ10 | 63 | DQ15

DQ1 16 A4 28 A7 40 ASO | 52 | DQ28 | 64 | DQ34

DQ19 | 17 A5 29 NC 41 AS2 | 53 | DQNt 65 | DQ16

O
PIN NAMES
AO-A8 ................ Address Inputs
DQO-DQ35 ......... Data Input/Output
CAS0-CAS3 ... Column Address Strobe
PD1-PD4............ Presence Detect
RASO, RAS2 ....... Row Address Strobe
W ... Read/Write Input
VEG v .... Power (+5V)
VGG et Ground
NC ..., No Connection

DQ2 18 A6 30 Vee 42 AS3 | 54 | DQ29 [ 66 NC

DQ20 | 19 NC 31 A8 43 | CASt 55 | DQt2 | 67 PD1

DQ3 20 DQ4 32 NC 44 | RASO | 56 |[DQ30 | 68 PD2

w|lolv|lo|lals|lwln

DQ21 | 21 [DQ22 | 33 NC 45 NC 57 | DQ13 | 69 PD3

10 [vec | 22 [pas | 3¢ [RAs2| 46 | Nc | s8 [Dast | 70 | Pos

1 [ NC | 23 [Da23| 35 |Dazs| 47 | W [ 59 [vge [ 71 | NC

12 A0 24 DQ6 36 DQ8 48 NC 60 |DQ32| 72 Vss

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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BLOCK DIAGRAM
— R 1101
RS TAS ° 880
RASO AAS 1102 1
oF 103 DQ2
__E— W AO-A8 1104 DQ3
= I I
- /01 DQ4
%—: 102 DQ5
o 1103 DQ6
W AO-A8 1104 pQ7
= T I
CAS Din S— DQ8
FAS W Aops Dou
I ]
— /01 DQY
CAST -gi—z 1102 DQ10
oF 1103 DQ11
W AO-A8__ 104 DQ12
= I I
— 101 DQ13
H_/’:: 1102 DQ14
o 1103 DQ15
W A0-A8 /04 DQ16
= I |
CAS Din :—— DQ17
FAS W ___ AoAs Dout
] 1
— _ /01 DQ18
CAS2 CAS o
) s 1102 DQ19
oF 1103 DQ20
_]’_—— W AO-A8__ 1/04 DQ21
= I I
__ /01 DQ22
%:—: 102 DQ23
O — 103 DQ24
W AQ-A8 /04 DQ25
= I ]
CAS Din :——— DQ26
RAS W Ao-as Dout
1 1
— — /01 DQ27
CASS g_:z 1102 DQ28
ot 1103 DQ29
B W noas w04 Q30
— T T
_ 1101 DQ31
%:—2 1102 DQ32
oF 1103 DQ33
w AO-A8 1104 DQ34
= I I
CAS Din _——I_ DQ35
RAS W AoAs Dout
W |
AO-A8 o
VCC _l — UO-U11
T 0.2 uF (Min.)
Vss . — = U0-UT1
PRESENCE DETECT PIN OUT
Pin Name 70 ns 80 ns 100 ns
PD1 Vss Vss Vss
PD2 NC NC NC
PD3 Vss NC Vss
PD4 NC Vss Vss
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Unit
Power Supply Voltage Vee -1to+7 "
Voltage Relative to Vgg Vin: Vout —-1to+7 Y

(For Any Pin Except Vo)

Data Output Current per DQ Pin lout mA
Power Dissipation Pp w
Operating Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg -551t0 + 125 °C

NOTE: Permanentdevice 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.

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

RECOMMENDED OPERATING CONDITIONS

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.

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 55 v 1
N Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 —_ 6.5 A 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 v 1
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current lcct mA 2
MCM36256-70, tgc = 130 ns — 960
MCM36256-80, trc = 150 ns — 840
MCM36256-10, tgc = 180 ns — 720
Ve Power Supply Current (Standby) (RAS = CAS = Vj) Icce - 24 mA
Ve Power Supply Current During RAS only Refresh Cycles Icca mA 2
MCM36256-70, tgc = 130 ns — 960
MCM36256-80; trc = 150 ns _ 840
MCM36256-10, tgc = 180 ns —_ 720
Ve Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM36256-70, trc = 40 ns — 720
MCM36256-80, tRc = 45 ns — 600
MCM36256-10, tgc = 55 ns — 480
Ve Power Supply Current (Standby) (RAS = CAS = Vg -0.2V) Iccs — 12 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM36256-70, trc = 130 ns — 960
MCM36256-80, tyc = 150 ns —_ 840
MCM36256-10, tgc = 180 ns — 720
Input Leakage Current (Vgg < Vin <Vgg) lkg(1) -120 120 HA
Output Leakage Current (CAS at Logic 1, Vgg < Vout < Vo) ||kg(0) -10 +10 uA
Output High Voltage (IoH = — 5 mA) VoH 24 -
Output Low Voltage (g = 4.2 mA) VoL — 0.4 \

NOTES:
1. All voltages referenced to Vgg.

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, Tp = 25°C, V¢ = 5 V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit Notes
Input Capacitance (A0-A8) Ciq — 88 pF 1
Input Capacitance (W) Ci2 — 94 pF 1
Input Capacitance (RAS0, RAS2) Ci3 — 52 pF 1
Input Capacitance (CASO-CAS3) Cis — 36 pF 1
1/0 Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) Cpa1 — 17 pF 1
1/0 Capacitance (DQ8, DQ17, DQ26, DQ35) Cpq2 — 22 pF 1

NOTE:
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V+10%, Tp = 0to 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 Unit | Notes

Random Read or Write Cycle Time | tRELREL tRC 130 — 150 — 180 - ns 5
Page Mode Cycle Time tCELCEL tpc 40 — 45 — 55 — ns

Access Time from RAS tRELQV tRAC - 70 — 80 o 100 ns | 67
Access Time from CAS tCELQV tcAC — 20 — 20 - 25 ns | 6,8
Access Time from Column Address tavav tAA — 35 — 40 — 50 ns 6,9
Access Time from Precharge CAS t{CEHQV tcrPA — 35 — 40 — 50 ns 6
CAS to Output in Low-Z tCELQX toLz 0 — 0 — 0 — ns 6
Qutput Buffer and Turn-Off Delay tCEHQZ toFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL | RP 50 — 60 - 70 — ns

RAS Pulse Width tRELREH | 'RAS 70 | 10,000 | 80 | 10,000 | 100 | 10,000 | ns

RAS Pulse Width (Fast Page Mode) | tRELREH | 'RASP 70 100,000 | 80 100,000 | 100 | 100,000 | ns

RAS Hold Time {CELREH tRSH 20 — 25 — 25 — ns

CAS Hold Time tRELCEH | tCSH 70 - 80 - 100 — ns

CAS Pulse Width 1CELCEH | tCAS 20 | 10000 | 20 | 10000 | 25 | 10,000 | ns

RAS to CAS Delay Time tRELCEL | RCD 20 50 20 60 25 75 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 20 50 ns 12
NOTES: (continued

1.
2.
3.

(S Y

(=2

V|H min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V).

An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V|_ (or between Vji_and V) in a monotonic manner.

. AC measurements tT = 5.0 ns.
. The specifications for tg (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature range

(0°C < TA £70°C) is assured.

. Measured with a current load equivalentto 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo = 2.0 V and

VoL=08V.

. Assumes that trcp < tRcp (Max).

. Assumes that tyop 2 tRep (Mmax).

. Assumes that tRAp 2 tRAD (Max).

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

. Operationwithin the trc p (max) limitensures that trpc (max) can be met. tycp (max) is specified as a reference point only; iftrc p is greater

than the specified tycp (max) limit, then access time is controlled exclusively to tcAC.

. Operationwithinthe tgap (max) limitensures thattg Ac (max) can be met. ty Ap (max) is specified as areference point only; if trAp is greater

than the specified trap (max), then access time is controlied exclusively by taa.
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READ AND WRITE CYCLES (Continued)

Symbol MCM36256-70 MCM36256-80 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 | tayREH 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 WLWH twp 15 — 15 — 20 — ns
Write Command to RAS Lead Time | tw| REH tRWL 20 — 20 — 25 - ns
Write Command to CAS Lead Time | tw) CEH tcwL 20 — 20 — 25 — ns
Data in Setup Time tDVCEL tps 0 — 0 — 0 - ns | 14,15
Data in Hold Time tCELDX tOH 15 — 15 — 20 — ns |[14,15
Data in Hold Time Referenced to tRELDX tDHR 55 — 60 — 75 — ns
RAS
‘Refresh Period tRVRV tRFSH — 8 — 8 — 8 ms
Write Command Setup Time tWLCEL twes 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 | tRE| CEH 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 t{CEHCEL 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 2 twes (min)).
16. twcsisnotarestrictive operating parameter. Itisincluded in the data sheet as an electrical characteristic only; if tyc s 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 satisifed,
the condition of the data out (at access time) is indeterminate.
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RAS

CAS

ADDRESSES

DQ0-DQ35

(DATAOUT) o _

RAS

CAS

ADDRESSES

=|

DQO-DQ35
(DATAIN)

READ CYCLE
- tRC >
Vi j—————————tppA5$— | |a—tRP —>
- \
\ /
ViL - \_
<——1—'CSH 1 | CPN
{oRP R DT ™| tcRp fa—n
ViH — \4— CAS —
ViL - _/ \ / \_
tASR @ | tAR »
<& {RAD > {RAL >
v tASC » - -t CAH
H = Row COLUNN
Vi - ADDRESS # ADDRESS 4
{RAH T—>- |<—>-‘RCH
tRes "'" [ tRRH —»|
ViH - : : : : :
ViL- \ [ toaC 3
AA g 1, <<
1oLzt OFF
VoH — le——tRAC - \
HIGH-Z ,X>§ VALID DATA —
EARLY WRITE CYCLE
< trRe .y
Viu - tRAS F‘RP —
——_—
ViL - S A \__
<—t—‘CSH —1> |« tCPN
‘CRP1<> |«——— tRCD ———»ta——1tRSH > tored ‘
ViH — \4—1cAs —
ViL - _/ \ / \_
tasRTe»-| e——1AR
{RAD 'RAL
v tASC -] ~—»1CAH
H - oW COLUMN Y
Vil — ADDRESS ADDRESS 7
{RAH +— - towL ——’l
twes— — |a—tyCoHT—>
" SXRXOOOL | [ | KXXKXCKXKXIX
ViL - |
- RWL »|
twer >
ViH DS~ | |iDy >
- 2 Y'WWVWVVY VYW WY WIWWWWY
Vi — XXXXXXXXXXXX v oara KX XXX XXXXXAXX XXX
j——toHR ————
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FAST PAGE MODE READ CYCLE

Vi 'RASP > {RP
RAS )
ViL - A d
re———1CSH —::l_ [—tpc—1 | {RSH
tcRp-a—s- [*—RCD — lcAS | |—tlcAs S
Wi top - tcp <> {CAS
=T - 4 X
\ N\ R X
- —/ f——1n \ > \ - {RAL
D I i A Py x
> [1NSR o™ [Ttoate| (et | = tcan

VIH -
ADDRESSES ROW COLUMN
ViL - m ADDRESS ADDRESS £
I

1
tRAH] tRCH > L_t
RCH -
|t
'R M| fincs [ e-lRos [t inc
v RCS T >
— VH-
" - KX V% QX
Vi —
I 1CAC ] I {CACH ICAC—a-
— thp —] AN — tAn —o=|
v [e——RAC [—!cpa —»| I<—licpA —~
DQO-DQ35 OH ~ ALD Y | VALD VALD ¥
(DATAOUT) DATA 1 DATA DATA
tOFFt—p| tOFF Ha—| tOFF +t—n-|
tcz toLz— toiz

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

- 'RASP > {RP

S VIH—ﬁg B

ViL -
l—— tRCD —>] 1CP.<_>I<—lpc «—1 tRSH
lCHF <-> tCop 1| FtCPN
v IcAS > tcas T tcas T
R )
ViL - t \\ Z \\ ?
la——— AR > t
tasrfea={ [ 1 L] _.I RAL—
SN A
v lRAH— CAHT™ | [ toanr™]  |=— tcaH
aoDRESSES T FOW TOLUMN TOLUMN @1 COM Y SNSNNYY
Vi - ADDRESS ADDRESS F\/\/XADDRESS ADDRESS AANAAAAAN
= taap 2 twes ->|
twes e tweH
_ VH- - [—— tyyp —
W
ViL - 1 L T T
1Ds - tos | ;ll — o
toH tDH lt— -—»-I -— tDH
VIH -
DQO-DQ35 VVV\VNVVN y VALID VALID VVVVWWYW
OATAN) A XOOOOOXN vaupoata X DATA oata_ RXXXXXXX
IDHR ——
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RAS

CAS

A0-A7

DQO-DQ35
(DATAOUT)

RAS

— VH-

DQo-DQ3s YOH =~
DATA OUT
( ) VoL

RAS ONLY REFRESH CYCLE
(W and A8 are Don'’t Care)
- trc -
Vi — | RAG———————————— ] <——1RP—-—>!
ViL - S Z \_
tcRp <—>+1RpC
ViH - Y
ViL - \__/
lt— tASR
_ﬂ <> RAH
Vi - TR
o X s KX KKK KKK
YoH = HIGH-Z
VoL~
CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A8 are Don’t Care)
trRC >
Vi — ————— RAS————————— ] F'RP—P
ViL - » S \_
tRPC W TG
topn—te— |——1CHR ——
ViL - S
{OFF [

P —

b HIGH-Z

MOTOROLA MEMORY DATA

3-34



MCM36256

HIDDEN REFRESH CYCLE (READ)

|¢—————tRC ————— | | #———— RAS—————— >
ViH |————— tRAS———— =] |-t RP
J— - )
RAS v N ’1 \ )/
<>+ ICRP tepN S
[<+—tRCD — —1+tRSH [———ICHR ——]
— VH-
CAS 3 i j\
Vit - - 1RAD | ] ] AL
l——tAR .
{RAHT> <—1ICAH
Vi ASR—={ (qE— | He-tasC | 1

omeses XXM e OOt KK RXIXK XXX XXKXXKKXRX
tRes r»l L»-thH

—_ V-
V- KRR RXCKXXCKXCHKRXCKAXK
- <t lcAC
t
lt— AL —B {OFF -t -
v le——1RAC -
DQO-DQ35 'OH =
(DATAOUT) Vol - VALID DATA —
Ic|_z—>
HIDDEN REFRESH CYCLE (WRITE)
- tRC »| lt—— RAS————— ]
Vi |t————— t RAS ————>] tRP -]
S A \ !
1 {CRP tCPN >
[<¢—tRCD —®= tRSH [——ICHR ——|
s VIH - l ,\
ViL- k-tRAD _><-- tRAL — 2
le——1AR .

tRAH - tcAH

Ry : e Lv.Y T \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,

s S O o Y XXX XX XXX
|<——twCR t

B RWI
twes—Tes) | . 1 tWCH

twp—]

|<t— tpH —-]
la—

=
< =<
= I
[
b

tpg—
" VIH -

"B, XO0COQOOCK v orm KO0RCOO0CROOKKNX

|<——'DHR——————>
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RAS

[

ADDRESSES

READ CYCLE

DQo-DQ35 YOH ~
DATA OUT)
(OATAOUT)

— VH -
W

ViL -

WRITE CYCLE
— VH -

W
viL =

DQo-D35 YH —
DATAN) ,
IL —

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

|———— t g —————]

»-| <a—a=L tRP

l———tcAs ——|

|<-1CAH-»

COLUMN
ADDRESS

la—tCAC

tRAL

{OFF
"-I !

HIGH-Z ﬁ VALID DATA ——
tRCS tclz L——-!Rnu

A
\

KXXXXXKRRXKKXXY

tRwWI
WL

TR 0

towL

YWY

! [<—tWCH ~]
tWp——~

Y

KOOKXXKXHKHKNHKXX

g
)
y

|—tDH —~{

XXXQCXCKXXNKNN, vaoowre

ROOOCKXXXXX
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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 trcp, 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

Aread cycleis 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 Vi to the V)_level. The
CAS clock must also make a transition from V) to the V) _level
atthe specified tgc p 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 tgcp maximum specification for an ac-
cess (data valid) from the RAS clock edge to be guaranteed
(tRAC)- If the trcp maximum condition is not met, the access
(tcac) fromthe 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 tgcp minimum specification. The
time difference between tgcp minimum and tgrcp 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 (tgAs) period for the RAS clock and the mini-
mum (tcAs) period for the CAS clock. The RAS clock must

stay inactive for the minimum (tgp) 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 outis 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 V| level from the time the CAS
clock makes its active transition (trc g) to the time wheniittran-
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 (V||_level) at or before the CAS clock
goes active at a minimum ty,cs 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 clockand the datain 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 (tc\y|) and the row
strobe to write lead time (tgw ). These define the minimum
time that RAS and CAS clocks need to be active after the write
operation has started (W clock at V)|_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
(trac) on the Motorola 1M 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 V| level.
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). 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 V|_ 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
aCAS before RAS refresh counter test. This refresh counter

CAS

T€—MEMORY CYCLE —#>1<¢—— REFRESH CYCLE —#1<&—REFRESH CYCLE —{

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:

e

. Write “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

DQO-DQ35 — HIGH-Z —

= _/ /T
\ /]
— >

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)
MCM 36256 X XX
Motorola Memory Prefix-—J Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns)
Part Number Package (S = SIMM, SG = Gold Pad SIMM)
Full Part Numbers — MCM36256S70 MCM36256SG70
MCM36256S80 MCM36256SG80
MCM36256S10 MCM36256SG10
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mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information MCM36512
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 DRAMSs 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 uF (min) decoup-
ling capacitor mounted under each DRAM. The MCM514256A is a 1.0 4 CMOS high
speed, dynamic random access memory organized as 262,144 four-bit words and
fabricated with CMOS silicon-gate process technology.

e Three-State Data Output
Early-Write Common 1/O Capability
Fast Page Mode Capability
TTL-Compatible Inputs and Outputs
RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

512 Cycle Refresh:

MCMB36512 = 8 ms (Max)

» Consists of Sixteen 256K x 4 DRAMSs, Eight 256K x 1 DRAMSs, and Twenty Four
0.22 pF (Min) Decoupling Capacitors
o Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
e Fast Access Time (tRAC):
MCM36512S-70 = 70 ns (Max)
MCM36512S-80 = 80 ns (Max)
MCM36512S-10 = 100 ns (Max)

o 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 NAMES
PIN OUT AO-A8 ................ Address Inputs

Pin | Name | Pin | Name | Pin | Name | Pin |Name | Pin | Name | Pin | Name SEERI A bl
1 | Ves | 13 Al 25 | DQ24| 37 |DQ17| 49 | DQ9 | 61 | DQ14 PDI-PD4............ Presence Detect
2 |Dao | 14 | A2 | 26 | Do7 | a8 |Dass| so | o2z | e2 | Dass GASO-RASS .- P s rove
3 |DQig| 15 A3 27 | DQ25| 39 | Vgg | 51 [DQ10 | 63 | DQ15 PowerG(;o?Jch:
4 | DQt | 16 | A4 | 28 | A7 | 40 |CASO| 52 |DQ28 | 64 |DQ34| | NC.......oevririnnn.. No Connection
5 |DQ19 | 17 A5 29 NC 41 |CAS2 | 53 | DQM 65 | DQ16 All power supply and ground pins must be
s | 0z | 18 26 30 | Voo | 42 |CAS3| 54 |Da29 | 66 NG connected for proper operation of the device.
7 |DQ20| 19 | NC [ 3t A8 | 43 |CAST| 55 |DQ12| 67 | PDI1
8 | DQ3 | 20 [ DQ4 | 32 | NC | 44 |RASO| 56 |DQ30 | 68 | PD2
9 |[DQ21| 2t [DQ2| 33 |RAS3| 45 |RAST| 57 |[DQ13| 69 | PD3

0 | Voo | 22 | Dos | 34 |RAS2| 46 | NC | 58 [DQ3t| 70 | PD4

| NC | 23 |[DQ23| 35 |[DQ2 | 47 W | 59 |Vgg | 71 | NC

12 | A0 | 24 [ DQs | 36 | D08 | 48 | NC | 60 |DQ32| 72 | Vs

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
CASO
1101 DooDas /01
__ CAS o2 o2 CAS
RASO RAS 103 1103 RAS
OF W avhAs o4 o4 noAs W OE
= | | | | —
— ToT]—Da4par 701 —
CAS 102 102 CAS
RAS 103 103 RAS
[ OF W acas 104 os no-as W OF
— _ | | DQ8 1 I — =
RAS W Ao-Ag  Dout Dout  Ag-A8 W RAS
CASt —T— T DGSD T T
—_— /01 Q12 1101 —_
CAS 1102 00— 1102 g_;‘\g
RAS 103 o 103 s
OF W acas  vo4 04 pops WO
— | | L I —
— ToT}— A1 RA6 —
CAS 102 o2 CAS
RAS 103 103 RAS
(oS- = OF
W AcA8_ 04 04 AO-A8 W
J=':— ' I DQt7 ' | _15
CAS Din in CAS
__ RAS W ao-ag_ Dout Dot aops W __RAS
CAS2 i I DaTE-DaaT T i
— ToT o1 —
_ CAS 102 o2 CAS
RAS2 RAS 103 o 103 RAS
OF W s 104 o4 nons W OF
= I I DQ22-DQ25 I I =
- 1101 /01 —_
CAS 102 o2 CAS
RAS 103 o 103 RAS
OF W  avas 104 o o4 _nops W OF
= | T 0026 | —— =
CAS Dip j_o_t_—_ Din CAS
_ RAS W Ao-As Dout Dot po-ns W __FAS
CAS3 i T - = =
— To— 2 RA0 sy —
CAS 10 o—Ji02 CAS
RAS 0 o lios RAS
OF W asms o— 104 pops W OE l
= 1 I DQ31-DQ34 I I =
— 70T ° 7ot —
CAS 102 o o2 CLg
RAS 103}——o 103 ROA_E
OF & poas woab o 4 pops WY ]
= _ I | DQ35 I 1 — =
TAS Din n TAs
RAS W Ao-A8  DPout Dout  Ag-A8 W RAS
w i | T ]
AO-A8 + i
Voo + = U0-U23
T 0224F (an)
Vss * > U0-U23
PRESENCE DETECT PIN OUT
Pin Name 70 ns 80 ns 100 ns
PD1 NC NC NC
PD2 Vss Vss Vss
PD3 Vss NC Vss
PD4 NC Vss Vss

RAS1

RAS3
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Unit
Power Supply Voltage Vee -1t0+7 \
Voltage Relative to Vgg Vin. Vout -1to+7 \%

(For Any Pin Except Vi)

Data Output Current per DQ Pin lout mA
Power Dissipation Pp w
Operating Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg —-551t0 + 125 °C

NOTE: Permanentdevice 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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0V£10%, Tp =0to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

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 voitage
higherthan maximum rated voltages
to these high impedence circuits.

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 v 1
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Unit Notes
Vo Power Supply Current Icct mA 2
MCM36512-70, trc = 130 ns — 984
- MCM36512-80, tyc = 150 ns — 864
MCM36512-10, trc = 180 ns — 744
Ve Power Supply Current (Standby) (RAS = CAS = V|p) lcce — 48 mA
V¢ Power Supply Current During RAS only Refresh Cycles lcca mA 2
MCM36512-70, tgc = 130 ns — 984
MCM36512-80, tyc = 150 ns — 864
MCM36512-10, tyc = 180 ns — 744
Ve Power Supply Current During Fast Page Mode Cycle lcca mA 2
MCM36512-70, trc = 40 ns — 744
MCM36512-80, tRc = 45 ns — 624
MCM36512-10, tc = 55 ns — 504
Ve Power Supply Current (Standby) (RAS = CAS = Vg —0.2 V) lces — 24 mA
V¢ Power Supply Current During CAS Before RAS Refresh Cycle lcce mA 2
MCM36512-70, tgc = 130 ns — 984
MCM36512-80, tyg = 150 ns — 864
MCM36512-10, tgc = 180 ns — 744
Input Leakage Current (Vgg < Vin < Vgg) likg(1) - 240 240 MA
Output Leakage Current (CAS at Logic 1, Vgg < Vout < Veeo) likg(0) -20 20 nA
Output High Voltage (o = — 5 mA) VoH 2.4 —
Output Low Voltage (Iof_ = 4.2 mA) VoL — 0.4

NOTES:
1. All voltages referenced to Vgg.

2. Currentis 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, Tp = 25°C, Vo = 5V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit Notes
Input Capacitance (A0-A8) Cpy — 161 pF 1
Input Capacitance (W) Ci2 — 178 pF 1
Input Capacitance (RAS0-RAS3) Ci3 — 52 pF 1
Input Capacitance (CAS0-CAS3) Cia — 52 pF 1
1/0 Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) Cpa1 —_ 29 pF 1
1/0 Capacitance (DQ8, DQ17, DQ26, DQ35) Cpq2 — 39 pF 1

NOTE:
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =1 At/ A V.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V £10%, Ta = 0to 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 Unit | Notes
Random Read or Write Cycle Time | tRELREL tRC 130 — 150 —_ 180 —_ ns 5
Page Mode Cycle Time {CELCEL tpc 40 - 45 —_ 55 —_ ns
Access Time from RAS tRELQV tRAC — 70 — 80 — 100 ns 6,7
Access Time from CAS tCELQV tcac — 20 — 20 — 25 ns 6,8
Access Time from Column Address tavav tAA — 35 — 40 — 50 ns 6,9
Access Time from Precharge CAS {CEHQV tcPA — 35 — 40 — 50 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 —_ 0 — 0 — ns 6
Output Buffer and Turn-Off Delay {CEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tT T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 50 — 60 — 70 — ns
RAS Pulse Width ) tRELREH tRAS 70 10,000 80 10,000 100 10,000 ns
RAS Pulse Width (Fast Page Mode) | tRELREH | tRASP 70 100,000 80 100,000 | 100 | 100,000 ns
RAS Hold Time tCELREH tRSH 20 — 25 — 25 — ns
CAS Hold Time tRELCEH tcSH 70 — 80 — 100 — ns
CAS Pulse Width tCELCEH tcAS 20 10,000 20 10,000 25 10,000 ns
RAS to CAS Delay Time tRELCEL tRCD 20 50 20 60 25 75 ns 1
RAS to Column Address Delay Time | tRELAV tRAD 15 35 15 40 20 50 ns 12
(continued
NOTES:
1. V) min and V)_ max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V) .
2. Aninitial pause of 200 us 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 V| and Vy_ (or between V|_and V) in a monotonic manner.
4. AC measurements t1 = 5.0 ns.
5. The specifications for ty (min) and tgyc (min) are used only to indicate cycle time at which proper operation over the fulltemperature range
(0°C < Tp £70°C) is assured.
6. Measured with a current load equivalentto 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V and
VoL=08V.
7. Assumes that tycp < trcp (Mmax).
8. Assumes that tgcp 2 trep (Mmax).
9. Assumes that tRap 2 tRAD (max).
10. tofFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
11. Operationwithinthe tgcp (max) limitensures thattgac (Max) can be met. trcp (max) is specified as areference pointonly; iftrc p is greater
than the specified tycp (max) limit, then access time is controlled exclusively to tcac.
12. Operationwithinthe tgap (max) limit ensures thattgAc (Max) can be met. tAp (Max) is specified as a reference point only; if t A p is greater

than the specified trap (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 t{CEHREL 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 tAVGEL tasc 9} — 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 | tayREH 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 tweCH 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 | tw| REH tRWL 20 — 20 — 25 — ns
Write Command to CAS Lead Time | tw| CEH tcwL 20 — 20 — 25 - ns
Data in Setup Time tDVCEL tps 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
Refresh Period tRVRV tRFSH — 8 — 8 — 8 ms
Write Command Setup Time tWLCEL twes 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 {CHR 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 tgrH or tgcH 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 = twges (min)).

16. twcgis notarestrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; iftwcs 2twcs (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, RAS0 and RAS1 may not be active low simultaneously. Similarly, RAS2 and
RAS3 may not be simultaneously active low.
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READ CYCLE
- tRC >
Vi - tRAS: | |t—tRP —»]
RAS Vil s Z K
l—————— {CSH ——————— ] e CPN
| ———tRCD ———p— -
!CRP (o RCD o Fen {CRP {t— ’
— VH- <@— [CAS —]
CAS 4 \\ / q\—
Vi -
t tASR €™ [¢———1AR -
et~ tRAD —> tRAL
v tASC > —»-1CAH
ADDRESSES XX>]‘ ROW COLUMN
ViL— ADDRESS ADDRESS
1RAH - et thcH
1RCS —IPI - <"‘tRHH —]
_ VIH-
- XX
* | \ <& {CAC
AA — t .
tCLL - OFF &
DQo-Dags YOH = e x
(DATAOUT) ) _ HIGH-Z VALID DATA —
EARLY WRITE CYCLE
n RC >
ViH —“tRAS_——ﬂPp—,_.
TR —
RAS v N K
[t CSH ] e tCPN
t t >
toRP < RO RS g Rt I
— VH- (@— CAS —| .
CAS v _/ \ \ 7 \_
IL-
tasR e f4————1AR >
- RAD &~ tRAL >
v tASC—a- <—-1CAH
ADDRESSES — ROW COLUMN
viL - ADDRESS ADDRESS
1RAH - - towL —te-|
wes—~| | [a—tycHt—
ViL - .
- tRWL >
-t 5 IV‘IER_ . »
. DS - |~& \DH ]
VIH —
DQ0-DA3s VVWWYWYW/W VYV A \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
OATAIN) vy _ LA A‘A‘A‘A‘A‘A‘A A A’A‘ VALID DATA A‘A‘A A‘A‘A‘A‘A’A‘A‘A‘A‘A‘A‘A A
) I
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FAST PAGE MODE READ CYCLE

Vi — - 'RASP > {RP
RAS ’g
ViL - 5 —7
<—tCSH—<_:L |—tpc—>~ |a—>rlpsy
tcrp+e—s-{ [*—'RCD— IcAS |  f=—tlcAs - topN
< el t
Vi {cpie> tcp <> CAS
V- g :
oA ViL - ._/ \._\L___y \.\_ i\‘ J ,\_
ey ™1 e RAL —
‘ASC"H T ‘ASC—>I |- tasc |t |
, > [eiasR oA o] o] |t tcan
apoResses T ROW TOLUMN COLUMN COLUNN
Vil — ADDRESS 4 ADDRESS ADDRESS 4 ADDRESS 4
| 1
RAHT™ | {RCH-»> {RCH | | peten
RAD
- t t -t
Vi tRCS T —l>| ~aRcs - e-IRCS RCH
v Y \/ XX
Vi —
L {CAC ] tCACHa>] cAC=
t—1tpp —| tap — tAA —
v {——1RAC | [a—tcpp —»| |a—1icpp —>
DQo-DQ35 'OH VALID ) VALID VALD
(DATAOUT) ) DATA ,?‘ DATA DAaTA
torFte—=1 || torrte—s{ || toFF ]
tcz toLz—> teLz
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
Vi — - tRASP - tRP
RAS 1
Vi — 1
la— trop — tcp-‘,l<—'Pc——>‘ <—>RsH
toRpte—> tcp 1] - ICPN
Vi tcas > toAs T toag T
v - 4
cAs o _/ . \\ /N / )
=
t - > tRAL —=]
ASR-H'P ‘ASC—’| T tasc la tagc—- RAL
v RAHT O] [ ioaup| e | toan
aooREssEs T ROW COLUMN COLUMN ) COLUMN
Vi - ADDRESS ADDRESS ADDRESS 3 ADDRESS 7
)
= tRAD > !wcs-»l
[——twc el
t - W
" OO
ViL— =
tps - ps -~
tpH -] tDH
VIH —
DQO-DQ35 \
G000 AT 1 5
‘4———‘DHR —
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RAS ONLY REFRESH CYCLE
(W and A8 are Don’t Care)

tRC

— VH - ——
RAS N

ViL -

|¢———————— tRAsS———————————]

tCRP:

VIH —

CAS
ViL -

DQo-DQ35 YOH ™

KXCKXKXXXXXXXXXXXXXXXXKXKXXX

(DATAOUT) VoL -

ViH —

HIGH-Z

CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A8 are Don’t Care)

trc

RAS
ViL -

- L RAS——————— tRP —=
N ?I A

tRPC

tCsR

A
Y

|<——ICHR ——»

t
 VH- CPN

ViL -

-

toFF

DQo-DQ3s YOH ~ ————
DATA OUT
(DATAOUT) yg - e

HIGH-Z
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HIDDEN REFRESH CYCLE (READ)

|} ¢——-——— g —————— | |- &——— I RAS———— ]
v |———— t RAS————>] |<aRP -]
— VH - ——— I
RAS N / N\ 4
ViL - 7
- tcRP CPN >
[<—tRCD —| tRSH <@———— {CHR ——]
— ViH-
oA b i L
ViL— t \
o e R >
—IAR >
{RAH - -t (CAH
tASR—=| 4 —»  |[4e-1ASC |
VIH —
ADDRESSES ROW ‘@ COLUMN vvvy' wvvwvwwwimn wwwwwy
i XX)‘ ADDRESS# ADDRESS ‘A‘A‘A’A‘A‘A‘A‘A‘A’A‘A‘A‘A‘A‘ ‘A‘A‘A‘A A
{RCS 4> --tRRH
7 ViH —
ViL - <«—icac
|—t tAA —] tOFF .
——1RAC >
DQo-Dags YOH = —
ATAGT VALID DATA —
toLz—
HIDDEN REFRESH CYCLE (WRITE)
|4~ R ———————— | |-&———RAS
Vi — |————— tRAS————— tRp ey
RS N ) \
ViL -
<>+ tcRp tCPN >
l—tRcD —a-{=e w1 RSH [<————ICHR ———
— VH-
s f X / \
IL- t
- HAD“;H’L-- {RAL —
. {RAHT> ‘r tcAH
ASR—~| [#— | | |qe-1ASC
VIH —
ADDRESSES ROW ![<X>! VYR "AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
VL - m ADDRESSA\/\/X__ADDRESS "A‘A‘A‘A‘A‘A‘A‘A‘A’A‘A‘A‘A’A‘A‘A‘A‘A’A A

[——1twcr
~—RWL -;]
twos—e - =t tWCH

ViL - ¥,

< tyyp —
— tDH —>]
l—

=|

ps—-1
VIH —
Towan X voowm KXOOOOOKXXXXKXNXX

|t R —————]
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS!

ViH - |——— tRgH ————— |
== —
RAS N i
ViL - 7 \
CSR <a—>| |¢—ICHR —] {CPT —-| [———1tCAS ——>
— VIH-
CAS \ /
ViL -
tASC - [<-ICAH-»
VIH —
Vi — ADDRESS
a—tCAC -] i
- tRaAl po
READ CYCLE < RAL
1
Vo - < tAA > <—I(I)FF->
DQ0-DQA35 p
(DATA OUT) VoL - HIGH-Z VALID DATA —
Res T+ tclz L_._:RHH
— VH -
71— KX XX
viL - . < RCH->|
- WL —————
WRITE CYCLE twes—— lat—twcH —
- t WP ——]
_ ViH -
W, X000 OOOOOOXX
ViL -
tp§ ~t—>| |@—1DH—1>
Vi —
oo U VAVAVAVAVAVAVAVAVAVAVAVAVAV,
(DATAN) y, _ QUOOOXXXXXXX) VALID DATA KXXXXXXXXXXXX
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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 trcp, 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

Areadcycle 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 V| to the V) _level. The
CAS clock must also make a transition from V|4 to the V_level
atthe specified tgcp 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 mustbe
active before or at the tgcp maximum specification for an ac-
cess (data valid) from the RAS clock edge to be guaranteed
(tRAC)- Ifthe tgcp maximum condition is not met, the access
(tcac) fromthe 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 (tgaH) specification has
been met and defines the trcp minimum specification. The
time difference between tgcp minimum and trcp 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 (trag) period for the RAS clock and the mini-
mum (tcag) period for the CAS clock. The RAS clock must

stay inactive for the minimum (tgp) 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 outis 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 aread cycle, the write
(W) input must be held at the V| level from the time the CAS
clock makes its active transition (trc g) tothe time whenittran-
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 (V)_level) at or before the CAS clock
goes active at a minimum tyycg time. If the above condition is
met, then the cycle in progress is referred to as an early write
cycle. Inan 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 (tc\y) and the row
strobe to write lead time (trw ). These define the minimum
time that RAS and CAS clocks need to be active after the write
operation has started (W clock at V)_ 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
(tRAC) on the Motorola 1M 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 (tpgc) 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 V| level.
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR)- 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 Vy_and taking RAS
high and after a specified precharge period (tgp), 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

CAS

[<&—MEMORY CYCLE —{<#—— REFRESH CYCLE —®1<&—REFRESH CYCLE —#>

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 “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

DQ0-DQ35 = HIGH-Z ~

w  _ / /N /T
\ /]
— H

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Fuil Part Number)

MCM

Motorola Memory Prefix——-—]

Part Number

36512

Full Part Numbers — MCM36512S70
MCM36512580
MCM36512810 .

X XX

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

Package (S = SIMM, SG = Gold Pad SIMM)

MCM36512SG70
MCM365128G80
MCM36512SG10
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= SEMICONDUCTOR
TECHNICAL DATA

MCM81000

Advance Information MCMS8L1000

1M x 8 Bit Dynamic Random
Access Memory Module

The MCM81000L and MCMB81000S are 8M, dynamic random access memory
(DRAM) 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 uF {min) decoupling

capacitor mounted under each DRAM. The MCM511000A is a 1.0p CMOS high S PACKAGE
speed, dynamic random access memory organized as 1,048,576 one-bit words SIMM MODULE
and fabricated with CMOS silicon-gate process technology. CASE &9
® Three-State Data Output
® Early-Write Common 1/0 Capability
® Fast Page Mode Capability 30-PIN
® TTL-Compatible Inputs and Outputs SINGLE IN-LINE PACKAGE
® RAS Only Refresh (TOP VIEW, MCMB81000S/8L1000S)
@ CAS Before RAS Refresh
@ Hidden Refresh ,——J o)
©® 512 Cycle Refresh: Ve
MCM81000=8 ms (Max) s l
MCMB8L1000 =64 ms (Max) 0ag |
® Consists of Eight 1M DRAMSs and Eight 0.22 uF (Min) Decoupling Capacitors AA? {f’: B
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection oo 5[ I
® Fast Access Time (tRAC): A3 (8)3
MCMB81000-70=70 ns (Max) s (,‘9’§| l
MCMB81000-80 =80 ns (Max) A (00
MCMB81000-10=100 ns (Max) o i 5":]
©® Low Active Power Dissipation: A8 (140
MCMB81000-70=3.6 W (Max) oty 1B
MCM81000-80=3.1 W (Max) A8 (17D l
MCM81000-10=2.7 W (Max) NC (1915
@ Low Standby Power Dissipation: bas %0 =
TTL Levels=88 mW (Max) vw 22) B I
CMOS Levels (MCM81000) =45 mW (Max) "g %l -
(MCM8L1000) =9 mW (Max) D07 (25 :[:I
@ CAS Control for Eight Common 1/0 Lines n%g %9; B
® Available in Edge Connector (MCM81000S) or Pin Connector (MCM81000L) Hg %g,) - :]
vee 3013
O
MCM81000S OR MCMB8L1000S (SIMM) PIN NAMES
r— 1 ] r_ AGAD oo Address Inputs
DQO-DA7 . .......... Data Input/Output
(@] (@] CAS ........... Column Address Strobe
_Q__AS ............. Row Address Strobe
?nnl'ﬁn OONONONONNNNONNOnNN; lllml yccﬁea:;xfﬁ:%pc:
VS « v vt v iiii i Ground
NC .......oiinn No Connection

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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0ao

Da1

Da2

AD-A9
RAS
TAS

WRITE
Vee
Vss

FUNCTIONAL BLOCK DIAGRAM

—l

—l— Da4 —L—————- D a
AQ-A9 AO-AS
—— +—TAS 1 TAs
—W W
+— +
l —a0 Q J Da5 I —0 1}
> AO-A9 AO-A9
&— +—RAS [ — .:2 RAS
—1TAS — TAS
—1W —W
— — ¢
‘[ —— 0D Q -—I Daé I ——1D a
$ A0-A9 :> AO-A9
IH L— RAS &— |—RAS
—— CAS [—1CAS
L -
1 4 +
1 ——D [1} —J pa7 J: —D 1}
:> AD-A9 3'1\0-1\9
— F—1RAS b— |—RAS
— oA s
— W W
+ 1 }-4
1 [
|
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit This device contains circuitry to protect the

mputs against damage due to high static

Power Supply Voltage Vce —1to +7 v or el fields; however, it is ad-

Voltage Relative to Vgg for Any Pin Except Voc | Vin, Vout| —1t0 +7 \Y vised that normal precautions be taken to

. avond application of any voltage higher than

Data Out Current per DQ Pin lout 50 mA r rated voltages to this high-imped-

Power Dissipation Pp 48 w ance circuit.

Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -55t0 +125| °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \ 1
Vss 0 0 0
Logic High Volitage, All Inputs VIH 2.4 — 6.5 \ 1
Logic Low Voltage, All inputs ViL -1.0 - 0.8 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
V¢ Power Supply Current Icct mA 2
MCM81000-70, trc = 130 ns - 640
MCM81000-80, trc = 150 ns - 560
MCM81000-10, tgc =180 ns — 480
Vcc Power Supply Current (Standby) (RAS =CAS =V|) Icc2 — 16 mA
Ve Power Supply Current During RAS only Refresh Cycles Iccs mA 2
MCM81000-70, trc =130 ns - 640
MCM81000-80, tgc = 150 ns - 560
MCM81000-10, trc = 180 ns — 480
Vcc Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM81000-70, tpc =40 ns - 480
MCM81000-80, tpc =45 ns - 400
MCM81000-10, tpc =55 ns - 320
Vgc Power Supply Current (Standby) (RAS=CAS=Vcc-0.2 V) MCM81000 Iccs - 8 mA
MCMB8L1000 — 1.6
Ve Power Supply Current During CAS Before RAS Refresh Cycle Iccs mA 2
MCM81000-70, trc =130 ns - 640
MCM81000-80, trc =150 ns - 560
MCM81000-10, trc =180 ns - 480
Input Leakage Current (Vgg <Vijy<Vcc) likg(1) -80 80 A
Output Leakage Current (CAS at Logic 1, Vgg=<Vout=Vcc) likg(0) -20 20 uA
Output High Voltage (loH= —5 mA) VOoH 2.4 — Vv
Output Low Voltage (Igy =4.2 mA) VoL - 0.4 \'/
CAPACITANCE (f=1.0 MHz, Tp =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit . | Notes
Input Capacitance A0-A9, W, TAS, RAS Cin 50 pF 3
Input/Output Capacitance DQO-DQ7 Ci/o 15 pF 3

NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; maxnmum current is measured at the fastest cycle rate with the output open.
3. C 7 d with a B Meter or effectit Iculated from the equation: C=I1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +10%, TA=0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM81000-70 | MCM81000-80 | MCM81000-10
Parameter Unit | Notes
Standard| Alternate | Min | Max Min | Max Min | Max

Random Read or Write Cycle Time tRELREL tRC 130 - 150 - 180 — ns 5
Page Mode Cycle Time tCELCEL tpC 40 - 45 - 55 - ns

Access Time from RAS tRELQV | tRAC — 70 — 80 - 100 ns | 67
Access Time from CAS tCELQV | . tCAC — 20 — 20 — 25 ns | 68
Access Time from Column Address tAvQv tAA - 35 - 40 - 50 ns 6,9
Access Time from Precharge CAS tCEHQV | tcPA - 35 — 40 — 50 ns 6
CAS to Output in Low-Z tcELOX | tolz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr T 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL| tRP 50 — 60 — 70 - ns

RAS Pulse Width tRELREH| tRAS 70 | 10,000 80 (10,000 ( 100 {10,000 { ns

RAS Pulse Width (Fast Page Mode) tRELREH | 'RASP 70 |100,000{ 80 }100,000] 100 }100,000| ns

RAS Hold Time tCELREH| tRSH 20 - 20 - 25 - ns

CAS Hold Time tRELCEH| tCSH 70 — 80 - 100 — ns

CAS Pulse Width tCELCEH| tCAS 20 [10000| 20 [10000] 25 [10,000]| ns

RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 ns 12
TCAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 5 — ns

CAS Precharge Time (Page Mode Cycle Only) | tCEHCEL tCP 10 — 10 — 10 - ns

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 it ns

Column Address Hold Time tCELAX | tCAH 15 — 15 - 20 - ns

Column Address Hold Time Referenced to RAS | tRgl AX tAR 55 — 60 — 75 — ns

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

(continued)
NOTES:
1. V|4 min and Vi max are refi levels for ing timing of input signals. Transition times are measured between Vi and Vj .
2. An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

o

-

12.

280w

. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

transition between V| and V|_ (or between V|| and V|4) in a monotonic manner.

. AC measurements tT=5.0 ns.
. The specifications for trc (min) and tgwc (min) are used only to indicate cycle time at which proper operation over the full temperature

range (0°C <Tp <70°C) is assured.

. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at

VoH=2.0V and Vo_=0.8 V.

Assumes that trcp <tgcp (max).

Assumes that trcp =trcp (max).

Assumes that tRAD =tRAD (max).

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

. Operation within the tgcp (max) limit ensures that tgoc (max) can be met. tgcp (max) is specified as a reference point only; if tcp is

greater than the specified tgcp (max) limit, then access time is controlled exclusively by tCAC.
Operation within the tgap (max) limit ensures that tRac (max) can be met. trap (max) is specified as a reference point only; if tRAD is
greater than the specified tRAp (max), then access time is controlled exclusively by taa.
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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 | tRCS 0 — 0 — 0 — ns

Read Command Hold Time Referenced to CAS | tcEHwX | tRCH 0 - 0 - 0 — ns 13
Read Co d Hold Time Ref d to RAS | tRenwx | tRRH 0 - 0 - 0 — ns 13
Write C d Hold Time Ref d to CAS | tcELWH | tWCH 15 — 15 — 20 — ns

Write C d Hold Time Ref: d to RAS | tRelwH | tWCR 55 - 60 — 75 - ns

Write Command Pulse Width WILWH twp 15 - 15 — 20 - ns

Wirite 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 DS 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 | !DHR 55 — 60 — 75 — ns

Refresh Period MCM81000| trvRvV tRFSH - 8 - 8 - 8 ms

MCMB8L1000 - 64 — 64 — 64

Write Command Setup Time tWLCEL | twceCs 0 — 0 — 0 — ns | 15,16
CAS 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

CAS Precharge to CAS Active Time tREHCEL| tRPC 0 — 0 — 0 — ns

TAS Precharge Time for CAS Before RAS tCEHCEL| tcPT 40 - 40 - 50 - ns

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 ('WCSE‘WCS (mm))

16. twcs is not a g p It is included in the data sheet as an electrical characteristic only; if tyycs =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
g tRC :
tRP ———
- - 1RAS
RAS
ViL—
- tesH - tCPN
‘CRP—r—" tRCD tRSH > tCRP—*

Vin- [ teAS——>]
=/ \ L
ViL-

- R
«——tRAD tRAL >
NSR—>{  |— tASC > - teAH >
Vi —
ADDRESSES Row COLUMN
Vi - ADDRESS ADDRESS
- tRAH > L_ 1 tRCH
tncs_pl [<&———— RRH!
V-
W
iL- [ tCAC
|4—————tAA ————::
1CLZ tOFF >
tRAC -
Vou - ;
DQ0-DQ7 (DATA OUT) HIGH Z VALID DATA }-——
VoL -
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EARLY WRITE CYCLE

tRC

tnp———;
o V'H_ ——ﬁ . '..';,‘.o > =
RAS \
ViL- : .
RCD - tRSH CPN—]
tcnp—r—» tcsH tCRP
ViH— —/_ \ [—— tCAS ——> /
ViL-
. - "R >
Ld—-—'nuu - tRAL
. tASR —> — 1ASC —1— [-1CAH =1
H - c
ROW COLUMN
ADDRESSES
Vit - @Z ADDRESS A ADDRESS
tRAH . - tcm————>|
twes [——1weH
_Vim- - twp
w
ViL- =
- tRWL L]
WCR >
tpS—] b tDH
ViH -
D00-D7 (DATA IN) VALID DATA
vy -
* e DHR »
FAST PAGE MODE READ CYCLE
< tRASP tRP
V- 'ﬁx /
RAS
Vi - . o
[ g ———— ] |e—— tpg = | tggH |
< tRCO > tCAS - CAS CPN
ICRP tcp > tcp > i tCAS
w " R\ \
ViL- = \ \—
- AR tRAL
tASC [t— tCAH tASC tCAH
tASR—1 4}— tASC, - tCAH |
Vi — . f
ADDRESSES @g ROW §®§ COLUMN COLUMN COLUMN m
VL - ADDRESS ADDRESS _{' ADDRESS X ADDRESS
{RAH
[ tRAD — ] tRCH F— tRCH—> << RRH
tRCS > -—-r—bl le—tRCS #»1 le—tRCS tRCH
ViH- 3
T XXX
Vi - - :
t 1AL —f—> 1cAC icac
l— tAA +—>] tAA AR 2>
ﬁ——— tRAC o B tcPA > [P
VoH -
D00 DO7 (DATA OUT) VALID VALID ;_ VALID >_____
VoL - X _DATA DATA _Y DATA _JY
{OFF — {2~ bt torr " e —torr
Lz —» teLz —» gLz —
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRASP tRp
W/
RAS
ViL-
|&«— tP0 ——
l&——— tRCD > 1CP—e P et~ tRSH
- fempicre 1CAS -t 1CAS > 1CAS e — tcoN
__Vm
=,/ N N
Vi —
AR > - tRAL ——]
- {RAH tASC{ | oTv tCAH
ASR3»|  ft— lAsc-ﬂ [ -toan tASC— e tCAH
Viy —
ADDRESSES H ROW COLUMN COLUMN COLUMN
W - ADDRESS ADDRESS ADDRESS ADDRESS
|— tRAD —>~ WCS—1 [ | tWCH
l————— WCR >
twcs — > tWCH twes— I tWCH
" ST TIANTTTIAOOROKK
(]
ViL
DS —py e > tDH
DS > 1 tpy tps» |le = toH
Vi — L
DQO-DQ7 (DATA IN) VALID DATA VALID DATA VALID DATA
ViL—
I"—'——~tDHR—.
RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)
tRC L
‘———‘RP-———»
_ Vm- tRAS >
RAS \
ViL=
‘CRP—i-—» tRPC
Vin-
ViL- L
—» +—tASR
< tRAH
Yin = ROW
ViL-
VoH -

DQ0-DQ7 (DATA OUT)

HIGH Z

VoL -
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Vin =

VL=

tRpC —

CSR >
ICPN —te

CAS BEFORE RAS REFRESH CYCLE
(W and AO to A9 are Don’t Care)

[&—————————— tRAS

tRC

i<—lRP E—

Vin -

> l——— {CHR ——>

CAS 7
ViL -

1OFF

Vo
DQ0-DA7 (DATA OUT)

Vo — ——————eeeeee— A

_F

HIGH Z

HIDDEN REFRESH CYCLE (READ)

RC

|
ol

Vik— —ﬁ\

tRAS

ViL—

[———-tRCD ——fat—RSH —{

| tRAs ——————»]
|— tpp —3

l———— tCHR——————» |&—1ICPN

Vin -
= ]
ViL-
—1 tRAH

tASR B> ]

- TRAL—

et~ ICAH 1
—»  fe—tagc

Vik - ROW
ADDRESSES ADDRESS
Vi -

COLUMN
Y. ADDRESS

| tacs —>

e — —sl I*—tmm I

Vin -
v MUK XIAIXIXXIHIAXN
ViL—- < CAC
AR —]
lt—————tRAC > tOFF |
VoH -
0Q0-DQ7 (DATA OUT) VALID DATA }—
VoL -
toLz —>
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HIDDEN REFRESH CYCLE (WRITE)

- 'RC >
e tRAS ——————— tRP —»] tRAS
Vi - =
= N \ 2
L= 3
- tcRP [&—tcPN—>
[€&———1RCD ———>-1<-RSH >~ j———1CHR———]
Vin -
vy -
* > tRAD lAR RAL: >
te—— ‘RAD
tAsn——I -— tASC
v tRAH > S CAH>
W=
ROW COLUMN
ADDRESSES Vi - ADDRESS ADDRESS
[——————tW(| l
g tRWL—>
Vih - e~ tWCH >~
w <—>1—1tWCS
-
' WP ——|
D5
tDH ——
ViH— =
DQ0-DQ7 (DATA IN) v m VALID DATA
IL-
je——topp——————»]
CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
v 1RAS ‘ RP
= =
RAS \ ¢ IRSH———————p] Z
ViL-
tcSR »{ e— CHR tepT—» | e—— tcAs ————]
Vih-
"\ \
ViL-
tasc > |e—1CAH —>
Vi —
ADDRESSES V‘V’V’V’V‘v‘v‘v’v‘v‘y V‘V‘ COLUMN X><><><><><><><><><><><><
RVAVAVAVAVAVAVAVAVAVAVAVAVA ADDRESS
{CAC —>| I
tRAL
READ CYCLE < 7Y p— | !q;;—»
VoH—
DQ0-DQ7 (DATA OUT) HIGH Z VALID DATA >—-—
VoL -
1
r. tRCS 3] cLz l<——->—'mm
ViL- et 1RCH —>|
WRITE CYCLE » - _
VoL - M o
- tewL »
V- [ tWCS>>|  |t— tWCH—»]
W - twp ————
ViL-
<—'us > |a— DH —>]

ViH-
DQ0-DA7 (DATA IN) VALID DATA m
ViL-
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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 V|H to the V| level.
The CAS clock must also make a transition from V| to the
V|L level at the specified trcp 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 tRcp 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 (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 (tRAH)
specification has been met and defines the tcp minimum
specification. The time difference between trcp 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 (tCAS) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgrp) 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 ac% the output will switch to the three-state mode when
the Cﬁé clock goes inactive. To perform a read cycle, the
write (W) input must be held at the V| 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
(W) clock must go active (V|_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 (tcw() and
the row strobe to write lead time (trw| ). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at V)_ 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 (tRAC)
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
(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 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 V|H 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 V||_ 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

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.  Wirite “0”'s into all memory cells (normal write mode).
Select a column address, and read 0" 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 REFRESH CYCLE

=\ B

s \

DQ0-DQ7 — HIGH Z —*ﬁ

VALID DATA-OUT

t
)

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 81000 or 8L1000 X XX

Motorola Memory Prefix

-l_——— Speed (70=70 ns, 80=80 ns, 10=100 ns)

Part Number Package (L=SIP, S=SIMM)
Full Part Numbers—MCM81000L70 MCMB81000S70
MCM81000L80 MCM81000S80
MCM81000L10 MCM81000S10
MCMB8L1000L70 MCMB8L1000S70
MCMS8L1000L80 MCMB8L1000S80
MCMB8L1000L10 MCM8L1000S10

NOTE: Contact your Motorola representative for further information on the SIP package.

MOTOROLA MEMORY DATA

3-61




MOTOROLA
R SEMICOND U CTO R 155000
TECHNICAL DATA

MCM84000
MCMB8L4000
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 S PACKAGE
mounted under each DRAM. The MCM514100is a CMOS high speed, s'(':‘ysgg:l;)g%l'e
dynamic random access memory organized as 4,194,304 one-bit words
and fabricated with CMOS silicon-gate process technology.
e Three-State Data Output
e Early-Write Common I/O Capability Vog
e Fast Page Mode Capability CAS
o TTL-Compatible Inputs and Outputs oo
o RAS Only Refresh Al
o CAS Before RAS Refresh 0221,
o Hidden Refresh 838
e 1024 Cycle Refresh: DQ2
MCM84000 = 16 ms e
MCMB8L4000 = 128 ms DQ3
e Consists of Eight 4M x 1 DRAMSs and Eight 0.22 pF (Min) Decoupling ﬁg
Capacitors DQ4
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection ﬁg (
e Fast Access Time (tRAC): éég
MCM84000S-80 = 80 ns (Max) W
MCMB84000S-10 = 100 ns (Max) 582 22
e Low Active Power Dissipation: NC
MCM84000S-80 and MCM8L4000S-80 = 4.4 W (Max) 0&7
MCM84000S-10 and MCMB8L4000S-10 = 3.75 W (Max) ﬁ,é
o ‘Low Standby Power Dissipation: Ne
TTL Levels = 88 mW (Max) Vec (30)
CMOS Levels (MCM84000) = 45 mW (Max)
(MCM8L4000) = 18 mW (Max)
e CAS Control for Eight Common I/O Lines
PIN NAMES
AO-A10 ... ...l Address Inputs
DQO-DQ7 ............... Data Input/Output
CAS ... Column Address Strobe
RAS ..ot Row Address Strobe
W Read/Write Input
VEG vvvrrmeereinaeeiniinn, Power (+5 V)
VGG +vvrvnrieiiiii 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
DQO —l———— D Q J DQ4 —l———~ D Q ———J
ﬂ A0-A10 __:) AO-AT0
] [ |RAS | 1RAS
T s
& %
e e
DQt l D Q ~—| DQs5 l —{0o Q J
Y not0 y, L
— | —{RAS —| [—{RAS
——{CAS —{CAS
LW 1w
HH !
DQ2 l —o Q —-’ DQ6 l —o Q —l
:'\) AC-AT0 :> AO-AT0
— —RAS & —RAS
L cas —{cAs
1w &
e Hhe
DQ3 l ——Io Q ———J o L —o Q J
:> A0-A10 _L:) AQ-A10
— s *~— RAS
—{cas —{cAs
- W
Hhe Hhe
o py ||
i f— -
WRITE
Voo
Vss
ABSOLUTE MAXIMUM RATINGS (See Note)
Smbe | Ve [ um | Tdeenarscin oy
Power Supply Voltage Vee -1t0+7 \ to high static voltages or electric
Voltage Relative to Vg for Any Pin ExceptVeg | Vin Vout —Tt0+7 v :f;f;:;‘;‘;’j:g;s" Eea‘t’;’fe?:za;\’/‘;z
Data Out Current per DQ Pin lout 50 mA applicatiqn of any voltage highgr
Power Dissipation Po 48 w :};ﬂ_?:;;’::&féﬁgxmges tothis
Operating Temperature Range Ta 0to +70 °c
Storage Temperature Range 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.
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MCM84000 MCM8L4000

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Voo =5.0V£10%, Ta = 0to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 — 6.5 " 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vg Power Supply Current Icct mA 2
MCM84000-80, trg = 150 ns — 800
MCM84000-10, tgc = 180 ns . — 680
V¢ Power Supply Current (Standby) (RAS = CAS = V|) Icc2 — 16 mA
Ve Power Supply Current During RAS Only Refresh Cycles Icca mA 2
MCM84000-80, trg = 150 ns — 800
MCMB84000-10, tgc = 180 ns — 680
Ve Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCMB84000-80, tpg = 45 ns — 480
MCMB84000-10, tpg = 55 ns — 400
Ve Power Supply Current (Standby) (RAS = CAS = Vg —0.2 V) MCM84000 Iccs -—_ 8 mA
MCMB8L4000 — 3.2
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM84000-80, tgc = 150 ns — 800
MCM84000-10, tgc = 180 ns — 680
Input Leakage Current (Vgg < Vin < Vo) lkg(1) -80 80 UA
Output Leakage Current (CAS at Logic 1, Vgg < Vin < Vgg) likg(0) -20 20 UA
Output High Voltage (loH = -5 mA) VOH 2.4 —_
Output Low Voltage (Io = 4.2 mA) VoL — 0.4

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

Parameter Symbol Max Unit Notes
Input Capacitance A0-A10, W, CAS, RAS Cin 50 pF 3
Input/Output Capacitance DQO-DQ7 Cyo 15 pF 3

NOTES:
1. Ali voltages referenced to Vgg.
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 = IAVAV.
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MCM84000° MCM8L4000

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0V£10%, Tp =0 to 70°C, Unless Otherwise Noted

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

Symbol MCM84000-80 | MCM84000-10
Parameter Standard | Alternate | Min Max Min Max Unit | Notes
Random Read or Write Cycle Time tRELREL tRC 150 — 180 — ns 5
Page Mode Cycle Time tCELCEL tpc 50 — 60 - ns
‘Access Time from RAS tRELQV tRAC — 80 — 100 ns 6,7
Access Time from CAS tCELQV tcAC — 20 — 25 ns 6,8
Access Time from Column Address tavav tAA — 40 — 50 ns 6,9
Access Time from Precharge CAS {CEHQV tcPA — 45 — 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ toFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 60 — 70 — ns
RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH | 'RASP 80 | 200,000 | 100 | 200,000 | ns
RAS Hold Time tCELREH tRSH 20 — 25 — ns
CAS Hold Time tRELCEH tCSH 80 — 100 — ns
CAS Pulse Width tCELCEH tcAS 20 10,000 25 10,000 ns
RAS to CAS Delay Time tRELCEL tRCD 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL tcrP 5 — 10 — ns
CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 10 —_ 10 - ns
Row Address Setup Time tAVREL tASR 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 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 to RAS tRELAX tAR 60 — 75 — ns
Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns
(continued)
NOTES:
1. Vi min and V| max are reference levels for measuring timing of input signals. Transition times are measured between Vi and Vj..
2. An initial pause of 200 LLs is required after power-up followed by 8 RAS cycles before proper device operatior 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 V| and V| (or between Vy_and V) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications for trc (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature range
(0°C < Tp < 70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (~200 (LA, +4 mA) loads and 100 pF with the data output trip points setat Vol = 2.0 V and
VoL=08V.
7. Assumes that tgop < trgp (Max).
8. Assumes that tgop 2 tRcp (Mmax).
9. Assumes that tRap 2 tRAD (Max).
10. tofFF (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 trcp (max) limit ensures thattrAc (max) can be met. ty p (max) is specified as a reference pointonly; iftcp is greater
than the specified tgcp (max) limit, then access time is controlled exclusively by tcAc.-
12. Operationwithin the trap (max) limit ensures thattgAc (max) canbe met. trap (max) is specified as a reference pointonly; if tg Ap is greater

than the specified tRap (max), then access time is controlled exclusively by taa.

MOTOROLA MEMORY DATA

3-65




MCM84000° MCM8L4000

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 tcenwx | tRcH 0 — 0 — ns 13
Read Command Hold Time Referenced to RAS tREHWX | 'RRH 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 WLWH twp 15 — 20 — ns
Write Command to RAS Lead Time tWLREH | trwL | - 20 — 25 — ns
Write Command to CAS Lead Time twLCEH | towL 20 — 25 — ns
Data in Setup Time tDVCEL tps 0 — 0 -— ns | 14,15
Data in Hold Time tcetox |  toH 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 twes 0 — 0 — ns | 15,16
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tCSR 5 — 10 — ns
CAS 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
CAS Precharge Time {CEHCEL icPN 10 — 10 — ns

NOTES:
13. Either tgrH or tcH 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 notarestrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; if tywc s 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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READ CYCLE
- tRC >
VI — — le——————— tRAS————————— > |a—Rp —
ViL - \
l———————1CSH ———————— > PN
{CRP Jata] [ 'ROD ——>——!RSH > | {cRp s
VIH — a—CAS —]
s _/I‘ \ \ / \_
b ntes] le— 1 >
ASR
< {RAD = tRAL >
v tASC - ~<—>{CAH
H—
ADDRESSES ROW [<X>! COLUMN
i - ADDRESS 4 ADDRESS
1RAH a—> et trcH
tRCS —q-‘ — tRAH —
— ViH-
- XX
L \ [ tcAC B
- AA > I <
toLz - OFF >
pQo-na7 YoH - re——————"RAC >
(DATAOUT) o HIGH-Z VALID DATA b
EARLY WRITE CYCLE
< tRC >
ViH - tRAS = %,
RAS )
ViL - \
le——————tCSH ———————»] eGP
tcRP |<———!RCD ———>a——!RSH ey
Vi — [<a—tCAS
CAS J \ \ . 1\_
ViL -
tASR e [———1AR -
[~ RAD —» 'RAL >
v tASC—a-- <+—»-tcAH
ADDRESSES XX); ROW COLOMN
Vil — ADDRESS ADDRESS
{RAH - - towL — ]
‘WCS—»‘ [— |a— tyoH—
— VIH- - twp >
: (R XRRNRRR
ViL =
- tRWL »|
- wer >
Vi s | |e!DH >
[l A VAVAVAVAVAVAVAVAVAVAY, Y \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
(DATAIN) "y, _ A‘A‘A A A‘A‘A’A‘A’A‘A‘ VALID DATA A‘A’A‘A‘A JAY A‘A’A‘A’A‘A‘A‘A‘A A
e tDHR >
1
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FAST PAGE MODE READ CYCLE

ViH — - tRASP trp
RAS X
ViL -
ICsH |¢—tpc —> |—1!RSH
tCRP-a—a ‘<—'Rco—>::]-'c;\s |+ 1cAS 1 1opN
Vi lcpi tcptad  [=oricas
o NSNS BN A

ADDRESSES

o o

™1 Ttcan
COLUNN
ADDRESS '

s RAL
tASC e
] e B et

- tRcs [ le-trcs |ertRcH
— VH- H i
- RXXXXX \ V4 QXX
L 1CAC - l {CACHa {CACHa-
lat— tAp —> tAA — L—‘AA —
v <——1RAC la—ticpa —»| [<—topA —P]
DQo-Da7 *OH = A0 Y | VALD VALD
(DATAOUT) o _ DATA DATA DATA 4
torrte—a- || torFta—s || toFFe—s-
tclz tcLz—> tcLz
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
ViH — - 'RASP > tRP
RAS ‘g
VL=
—tRCD — tcp-d—b"_'PC::l > {RSH
top HioPN
v ICAS 1> tcas T teas >
oYy X
oAs NI AN AN
> [t-{—tRAL —
T 'ASC"I 1 ASC
v ICAHT™] [ tcan> ; e toan
ADDRESSES ¢ COLUMN COLUMN COLUMN
ADDRESS ADDRESS ADDRESS
1
t
———tweR W,Cs"‘ "L— WeH 'WeH
tweste—> tweH twesT-
W X 1] "R
ViL - JAV | | ! r
tpg Ja—> tpg - — [e-1ps
tpHtee  tDH |— la—tpH
ViH -
DQo-ba7 ) VALID VALID
OATAIN) VALID DATA ,[<X>] DATA DATA
|<—lDHn —
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RAS ONLY REFRESH CYCLE
(W and A10 are Don’t Care)
tRC -
Vi - - tRAS | |<e—tRP —=
ms TN / X
ViL -
tCRP <—-1RpC
o5 VIH -
o ViL - —/ \\
— ft— tASR
<> tRAH

oo XU s KKK R XXX KKK XXX KK XXRX

v -
DQo-Da7 'OH
HIGH-Z
DATA OUT
( ) Vo -

CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A10 are Don’t Care)

- tRC
| ——— 1RAS——————— 1RP —p
__ VK- L
RAS v _/ N \—
t
RPC v P
1, < |——tCHR ———
CPN!
— VH-
CAS /
ViL -
{OFF -

pQo-ng7 YOH = ————
DATA OU

HIGH-Z
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HIDDEN REFRESH CYCLE (READ)

|l¢—————tRC ———————— > |#———— tRAS——]
Vi | tRAS —————] |- {RP >
T —
RAS v \ A \ ] [
tcrp tCPN >
[<¢—tRCD —>} tRSH |¢——ICHR ——|
o ViH -
e [ RAD g i
l——1AR .
'RAH <«—1{CAH
V'H_IASXR;,SEF N S ' \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AV
Vi~ ADDRESS ADDRESS ‘A A‘A‘A‘A A’A A’A A‘A’A’A’A‘ ’A‘A’A‘A‘A
'RCS o> 'RRH
— VH-
- KXXXXXXX XRRXCKXXXIKXIRIXX
* <—»1-1CAC
a1 tAA —] {oFF
VOH <—~‘RAC L
DQO-DQ7 "OH =
(DATA OUT) VoL VALID DATA -
toLz—>

RAS

ADDRESSES

=

DQo-DQ7
(DATAIN)

HIDDEN REFRESH CYCLE (WRITE)

- tRC | [——— tRAS————
ViH [ ¢———— tRAS—————>>| |- {RP >
_—— |;‘____, /___
ViL - \
e~ ICRP tCPN >
[¢—tRCD —-} - RSH [——1CHR ——|
- ! P \
Vi -
* [ 1RAD > H o —
. —!AR > toaH
A -—
Vg SR 1 | e He-lasc
ROW COLUMN
Vi - ADDRESS ADDRESS
l«——tWCR
tRWL -;l
twos—fee| |a——p—1-tWCH
ViL -
- !wp‘—->
[a—tDH —1
tps—=~ lt—
VIH —
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
Vi— A woomn XOOOOKXXXXXRXXXXX XXX
- 'DHR >
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- tRAS —>~ —=L 1Rp

|———— t ggH —————>]

4 =

[———1tCAS ——>|

tASC | [<&-tCAH-»
VIH —
ADDRESSES COLUMN
la—1CAC -]
t Py
- RAL >
READ CYCLE " __: ?FF -
VoH =
DQO-DQ7 Y
(DATAOUT) | HiGH-Z VALID DATA —
RCS T teiz L——-‘RRH
— VIH—
"y - KXXXCKKKXXXXXXN XX
viL ~ {RCH-#>]

Vi

tRwi
RWL.

Lo —
|<a—tWCH —]
tWp——~

— VH -
W, XCO000COOCRON Q000000

ViL -
tpg—ft—=| |<a—tDH—>]

VIH ~
ket - OOCCXOOOCXXKIAwmmormn JOOOXXKXXKX

L A A

A

WRITE CYCLE twes

A
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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 (CAS), into
two separate 11-bit address fields. A total of twenty two ad-
dress bits, eleven rows and eleven columns, will decode one
ofthe 4,194,304 byte locations in the device. RAS active tran-
sition is followed by CAS active transition (active = V|, tRcD
minimum) for all read or write cycles. The delay between RAS
and CAS 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 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 ad-
dress hold time (ty AH) specification is met (and defines trcp
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 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 (W) input level must be
high (ViH), tRcs (minimum) before the CAS active transition,
to enable read mode.

~ Boththe 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 ac-
cess time of the device is independent of the address multi-
plex window. However, CAS must be active before or attrcp
maximum to guarantee valid data out (Q) at tgac (access
time from RAS active transition). If the tggp maximum is ex-
ceeded, read access time is determined by the CAS clock ac-
tive transition (t{cAC)-

The RAS and CAS clocks must remain active for a mini-
mum time of tgag and tcag respectively, to complete the
read cycle. W must remain high throughout the cycle, and for
time tRRH or tRgH 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 tgp 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 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
(V)L)- 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 tyycg before CAS active transition. Data in
(D) is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tyyy| and toyyy , 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.

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 (tcaC) is typically half the
regular RAS clock access time, tgac. Page mode operation
consists of keeping RAS active while toggling CAS between
ViH and V. The row s 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, CAS transitions to inactive for
minimum of tcp, while RAS remains low (Vj| ). The second
CAS active transition while RAS is low initiates the first page
mode cycle (tpc or tprw()- 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 tragp-
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 arow 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 (V)
throughoutthe cycle. An external counter is employed to ensure all
fows are refreshed within the specified iimit.

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 CAS active the end of aread or

MEMORY CYCLE | o

write cycle, while RAS cycles inactive for tgp and back to active,
starts the hidden refresh. This is essentially the execution ofa 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
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 “0"s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

CAS BEFORE RAS CAS BEFORE RAS
REFRESHCYCLE | o REFRESHCYCLE

r—

= Y/ Z / /|

s T\
_<

DQO-DQ7 — HIGH-Z —

VALID DATA-OUT

/___
)._

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 84000 or 8L4000

Motorola Memory Prefix

X XX

—I:_—— Speed (80 = 80 ns, 10 = 100 ns)

Part Number Package (L = SIP, S = SIMM)
Full Part Numbers — MCM84000L80  MCM84000S80
MCM84000L10  MCM84000S10
MCM8L4000L80  MCM8L4000S80
MCM8L4000L10  MCM8L4000S10

NOTE: Contact your Motorola Representative for further information on the SIP package.
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MOTOROLA
R SEMICOND U CT O R 50mmm
TECHNICAL DATA

MCM84256
Advance Information ; MCM8L4256
- -
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 20/26
J-lead small outline packages (SOJ) and mounted on a substrate along with a
0.22 yF (min) decoupling capacitor mounted adjacent to each DRAM. The S PACKAGE
MCMb514256A is a 1.0p CMOS high speed, dynamic random access memory SIMM MODULE
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate pro- ) CASE 839A
cess technology.
® Three-State Data Output
@ Early-Write Common 1/0 Capability
® Fast Page Mode Capability 30-PIN
® TTL-Compatible Inputs and Outputs SINGLE IN-LINE PACKAGE
® RAS Only Refresh (TOP VIEW, MCMB84256S/8L4256S)
® CAS Before RAS Refresh :
® Hidden Refresh :
® 512 Cycle Refresh: O
MCM84256 =8 ms (Max) : o B O
MCM8L4256 = 64 ms (Max) s @
® Consists of Two 256K x4 DRAMs and Two 0.22 xF (Min) Decoupling ﬁ }g;
Capacitors a1 {‘75}
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection IR
@ Fast Access Time (tRAC): Vss 1(%)
MCMB84256-70 = 70 ns (Max) oz (¢
MCM84256-80 =80 ns (Max) A5 {12
MCM84256-10= 100 ns (Max) nag (13
©® Low Active Power Dissipation: Da} }g
MCMB84256-70 =0.9 W (Max) A8 (17 O
MCMB84256-80=0.8 W (Max) WH]
MCM84256-10=0.7 W (Max) DQ5 (20
® Low Standby Power Dissipation: v ] %;
TTL Levels=22 mW (Max) Dlslg 23
CMOS Levels (MCM84256) =11 mW (Max) DH? %g
(MCM8L4256) =2.2 mW (Max) NC (26)
@ CAS Control for Eight Common 1/0 Lines % %Q
@ Available in Edge Connector NC (29)
Vee (30)
©)
PIN NAMES
AO-A8 . .............. Address Inputs
DQO-DQ7 ........... Data Input/Output
% ........... Column Address Strobe
ys ............. Row Address Strobe
Wi Read/Write Input
VEC ¢t vvee i Power (+5 V)
V8S + v it Ground
NC ....... i 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

DQo-003 DQ0-Da3
AD-A8
RAS
TAS

W

]

TR

DQ4-007 — 004-007
:> A0-A8
RAS ——1RAS
[ —1CAS
] L
AD-A8 'Ll |“"

Veo

Vss

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voitage Vee -1to +7 \'; or electric fields; hi , itis ad-
" " - _ vlsed that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vo | Vin, Vout 1to +7 v avoid application of any voltage higher than
Data QOut Current per DQ Pin lout 50 mA i rated voltages to this high-imped-
Power Dissipation Pp 2 w ance circuit.
Operating Temperature Range TA O0to +70 °C
Storage Temperature Range Ts_gl -55t0 +125| °C
NOTE: Permanent davnce damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. F ion should be icted to RECOMMENDED OPER-
ATING CONDITIONS. Exposureto higher than ded voltages for ded

periods of time could affect device reliability.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voitage Range) vee 45 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All inputs VIH 24 — 6.5 v 1
Logic Low Voltage, All inputs ViL -1.0 - 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current icct mA 2
MCMB84256-70, trc =130 ns - 160
MCMB84256-80, tgc = 150 ns — 140
MCM84256-10, tgc =180 ns — 120
V¢ Power Supply Current (Standby) (RAS = CAS =Vy) Icc2 — 4 mA
Vg Power Supply Current During RAS only Refresh Cycles icc3 mA 2
MCMB84256-70, trc =130 ns - 160
MCM84256-80, trc =150 ns - 140
MCMB4256-10, trc = 180 ns — 120
Vcc Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCMB84256-70, tpc =40 ns - 120
MCM84256-80, tpc =45 ns - 100
MCM84256-10, tpc =55 ns — 80
Vg Power Supply Current (Standby) (RAS=CAS=Vgc—0.2 V) MCM84256 Iccs - 2 mA
MCMB8L4256 - 400 A
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCMB84256-70, trc =130 ns - 160
MCMB84266-80, trc =150 ns — 140
MCMB84256-10, tgc = 180 ns — 120
Input Leakage Current (Vgg<Vjn<Vcc) likg(l) -20 20 rA
Output Leakage Current (CAS at Logic 1, V§g<Vout<Vcc) likg(0) -10 10 uA
Output High Voltage (ipH= —5 mA) VOH 24 — \
Output Low Voltage (ig| =4.2 mA) VoL —_ 0.4 \

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

Parameter Symbol Max Unit | Notes
Input Capacitance A0-A8, W, CAS, RAS Cin 20 pF 3
Input/Output Capacitance DQO-DQ7 Ci/0 15 pF 3

NOTES:
1. All voltages referenced to Vgs.
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.C itance d with a B Meter or effective capacitance calculated from the equation: C=IAt/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce=5.0V +£10%, TA =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCMB84256-70 | MCM84256-80 | MCM84256-10
Parameter Unit | Notes
Standard| Alternate | Min | Max Min | Max Min | Max

Random Read or Write Cycle Time tRELREL tRC 130 — 150 — 180 - ns 5
Page Mode Cycle Time tCELCEL tpc 40 - 45 - 55 - ns

Access Time from RAS tRELQV tRAC - 70 — 80 - 100 ns 6,7
Access Time from CAS tceLav | tcAc - 20 - 20 - 25 ns | 68
Access Time from Column Address tAVQV tAA — 35 - 40 - 50 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA - 35 - 40 - 50 ns 6
CAS to Output in Low-Z tCELOX | tcLz 0 - 0 - 0 - ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 50 — 60 — 70 — ns

RAS Pulse Width tRELREH| tRAS 70 | 10,000 80 | 10,000 100 | 10,000 | ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 {100,000/ 80 100,000 100 |100,000| ns

RAS Hold Time tCELREH| tRSH 20 — 20 — 25 — ns

CAS Hold Time tRELCEH | tCSH 70 - 80 - 100 - ns

CAS Pulse Width tCELCEH | tCAS 20 {10,000 20 | 10,000 25 (10,000 | ns

RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns "
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL| tCRP 5 - 5 — 10 - ns

CAS Precharge Time (Page Mode Cycle Only) | tCEHCEL tcp 10 - 10 - 10 - ns

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 Referenced to RAS | tRgLAX tAR 55 — 60 — 75 - ns

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

(continued)
NOTES:
1

. VjH min and V| max are reference levels for measuring timing of input signais. Transition times are measured between V| and V.

2. An initial pause of 200 us 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 V| and V|_ (or between V)|_and V|H) in a monotonic manner.

4. AC measurements tT=5.0 ns.

5. The specifications for tgc (min) and tgw (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.

6. Measured with a current load equivalent to 2 TTL (—200 xA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vg =0.8 V.

7. Assumes that tgcp <trcp (max).

8. Assumes that tRcp =trcp (max).

9. Assumes that tRaAp =tRAD (max).

0

1

. tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operation within the tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if tgcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac-

12. Operation within the tRap (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if tRaD is

greater than the specified tRaop (max), then access time is controlled exclusively by taA.
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READ AND WRITE CYCLES (Continued)

Symbol MCMB84266-70 | MCM84266-80 | MCB84256-10
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 | 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 CAS | tcELWH | tWCH 15 - 15 — 20 — ns
Write Command Hold Time Referenced to RAS | tRELWH | TWCR 55 — 60 - 75 — ns
Write Command Pulse Width WLWH twp 15 — 15 - 20 — ns
Write Command to RAS Lead Time WLREH [ tRWL 20 — 20 - 25 — ns
Write Command to CAS Lead Time WLCEH | towL 20 — 20 - 25 — ns
Data in Setup Time tDVCEL tps 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 MCMB84256] trvRv | tRFSH - 8 - 8 - 8 ms
MCMB8L4256/ - 64 - 64 — 64
Write Command Setup Time tWLCEL | twcs 0 - 0 - 0 - ns |15, 16
CAS 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
CAS Precharge to CAS Active Time tREHCEL| tRPC 0 — 0 — 0 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL| tcPT 40 - 0 - 50 - ns
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 p: are ref d to CAS leading edge in random write cycles.
16. Early write only (twcs =twcs {min)).
16. twcs is nota . It is included in the data sheet as an electrical characteristic only; if tywcs=twcs (min),

the cycle is an early write cyde 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.

W

READ CYCLE
- tRC >
| tRP ————>

_ ViH— jt———————————RAS 3~
RAS \

Vi - .

1CSH - 1CPN
‘CﬂP—r-> - tRCD 1RSH > tCRP -

ViH— f e A S~
[ /

ViL— .

- AR
f<¢——tRAD tRAL -
ASR—p>  feg— tASC [ 1CAH -]
ViH -
ADDRESSES Row COLUMN
L - ADDRESS ¥ ADDRESS y
RAH RCH
'ncs—-H - [———RRH
_ Vm-
W
- { [e— tcAC
[ AR
L2 —ft—] OFF 3
1RAC >
VALID DATA >_

Vou -
000-0Q7 (DATA OUT) HIGH Z J&
VoL -
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EARLY WRITE CYCLE

t -
e tRp ———1
ik = _—X - 1RAS > N
RAS
Vit -
l&«———— R0 tRSH - tcPN
tcnp—r-» - tCSH 'CRP >
ViH - [e———1CAS
Vi - l _}
- AR >
RAD tRAL
tASR —> HF tASC - tCAH 3
Vin -
ROW COLUMN
£
ADDRESSES V|L~Q>§ ADDRESS ADDRESS
tRAH - thL——————-—I
twes > l——— tyoH———
V- - typ ———————>
v KXRXXAXXRAINS
ViL - =
< thwL >
twCR >
s —] bt tpH >}
ViH -
0Q0-DQ7 (DATA IN) VALID DATA
ViL - T =
| 1
DHR
|
FAST PAGE MODE READ CYCLE
tRASP » tRp
VIH_ —_—
s /
ViL - - o
[ g ——— ] tt—— tpC b— tRSH —3>
[*— W®cD > ((AS tCAS tCPN
‘CRP—,&—»‘ tcp > tcp - < CAS
ViH -
ViL-
l€«——— AR i tRAL
hse—fa|  |am tcan tASC toAH
v TASR— t— 'ASC —t= - tCAH |
IH = i
ADDRESSES ROW COLUMN COLUMN COLUMN
i - ADDRESS ADDRESS _J ADDRESS 4 Y_ ADDRESS
RAH »
[ tRAD — RCH — tRCH—3 L tRRH
RS ] fe—tacs 5] fe—1RCS tRCH
Vig -
[
Vi —
. 1CAC tCAC S tcAC
l— tAA +—3 tAA 1AA
e 'RAC > —1CpA »  la— tcpA
VoH -
DQ0-DA7 (DATA OUT) VALID VALID VALID
VoL - DATA DATA DATA
i — t0FE Jat— torF
1oLz —» tcLz —> Lz —»
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRASP > P
Vip ="
7S N
vy —
n |———— tPC ———
Fa——— tRep ———] 1P ~4a— 1| > e tRSH
et tcRP 1CAStt—> 1CAS e teAs - e 1CPN
VW
oS j \\ \ Z \\
Vi —
t tAR > RAL ——>
< RAH SC— | - 1CAH
UNE ST WSC [« [e>T-toAH tASC— [ [ toAH
Vi~ ROW COLUMN COLUMN COLUMN
ADDRESSES W ADDRESS Y/ ADDRESS ADDRESS ADDRESS
|¢— tRAD — WCS - (& | 'WCH
WCR
tWCS —t—> B tWCH WCS| [ | 'WCH
ViH = l——twp typ——] | —tWP——]
w
Vit
DS — | 1 tDH
ps -ty tps ] L— a—1- tDH
Vig -
D00-DQ7 (DATA IN} ZXXXXXXX VALID DATA VALID DATA VALID DATA
Vi -
fe——— 1o ———|

RAS ONLY REFRESH CYCLE
(W and A8 are Don’t Care)

tRC -
j—— tpp——
. ViH-— RAS: >
RAS
ViL -
tCRP > tRPC
_ Vm-
o j \__/
Vit -
—»| |le—tsn
v a tRAH
-
ROW
AQ TO A8
v ADDRESS
-
VoH -
000-DQ7 (DATA OUT) HIGH Z
VoL -
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CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A8 are Don’t Care)

'RC

Vin = L - tRAS ——————————— ]
ViL- \_
'RPC —>~{

tCSR >
tCPN l—— tCHR ———

Vi ~

[y 2
Vip -

tOFF

Vo - —————————
000-DA7 (DATA OUT} % HIGH Z
Vo - ——————

HIDDEN REFRESH CYCLE (READ)

_ e < 1RAS -
[ tRAS———— [ =—tRp—>
L /
Vi -
1—1CRP
l«——-tpco —ur—lnsu - F—————ICHR————— (CPN
Vin =
oS j
-
—RAD—>> 'RAL—
[-——1aR —>
_: tRAH r— JG‘CAH"
W tasR —»] — —> —tASC
) ROW COLUMN ]
ADDRESSES W ADDRESS X ADDRESS

| tacs —>] e — —] k——tnnu I
Vi =
ViL- - L tcAC
tAA —=
l&—————1RAC > tOFF f—
Vou -

[
0Q0-DQ7 (DATA 0UT) VALID DATA }_'—

VIJL -
oLz —»
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HIDDEN REFRESH CYCLE (WRITE)

tRC -

e tRAS——————> 1Rp—»|  |— RAS

V- ——
s N\ \ /
ViL- = "
- tCRP e——tepN—]

[&———1RCD ———>><-!RSH > CHR

ViH—
=, _/ \

ViL- R -

————— P

le—— 'RAD RAL:

‘ASH—»I e — tASC >
TRAH -] l— H’:‘cm-»
ViH-
ROW COLUMN
ADDRESSES . ADDRESS ADDRESS
<———-‘wca—,r
RWL
ViH— - tWCH >
Vit -
WP ———|
tos >
D —
Vig—
D00-DQ7 (DATA IN) " VALID DATA
-
[ 1DHR >

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

1RAS > | tRp
_ wm—
RAS \ Z

le——————— RSH————

ViL=
CSR »| |— ICHR tceT | e——— 1CAS ————>
VK-
CAS \ \
ViL-
tASC j—> le—1CAH
ViH— -
ADDRESSES COLUMN
ADDRESS
ViL-
l— {CAC —|
READ C pl ‘AL
YCLE - tha —— e t0FF ]
Vou— .
DQ0-DQ7 (DATA OUT) HIGH Z VALID DATA }——
VoL -
1
| 1RES oL - tRRH
ViL= e tRCH —>
WRITE CYCLE .
VoL - -~ RWL T
Vi - - tWCS>|  F— 'WCH—]
W - WP —————=
Vi -
|- tpS —»1 pH
i A e

ViH -
000-DQ7 (DATA IN) ><><><><><>Q<><><><><X>< VALID DATA
v h

L=
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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 “tRcp,” 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 the 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 V|H to the Vi level.
The CAS clock must also make a transition from V|4 to the
VIL level at the specified trcp 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 tRcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRAC). If the trcp 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 (tRAH)
specification has been met and defines the tcp minimum
specification. The time difference between tgcp 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 (tcAs) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgrp) 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 V| 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
(W) clock must go active (V)| level) at or before the CAS clock
goes active at a minimum tywyCs 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 (trw ). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at V|(_ level).

PAGE-MODE CYCLES

Page mode operation allows fast successive data operations
at all 512 column locations on a selected row. Page access
(tCAC) is typically half the regular RAS clock access (tRAC)
on the Motorola 1M d_ygmic 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 AS_cycles
(tpc). The CAS cycle time me (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 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 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 V|H level.
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). 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 V)i 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

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 “0"'s into all memory cells (normal write mode).
Select a column address, and read 0" 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 REFRESH CYCLE

Tas \

DQ0-DQ7 — HIGH Z ———(

=/ /T
] /]
s

VALID DATA-QUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 84256 or 814256

Motorola Memory Prefix

X XX

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

Part Number Package (S =SIMM)
Full Part Numbers— MCM84256570 MCM8L4256570
MCM84256S80 MCMBL4256S80
MCM84256S10 MCMB8L4256S10
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

MCM91000

Advance Information MCMSL1000

1M 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 DRAMSs housed in a 20/26 J-lead small outline pack-
age (SOJ) and mounted on a substrate along with a 0.22 xF (min) decoupling S PACKAGE
capacitor mounted under each DRAM. The MCM511000A is a 1.0 CMOS high SIMM MODULE
speed, dynamic random access memory organized as 1,048,576 one-bit words CASE 839
and fabricated with CMOS silicon-gate process technology.

® Three-State Data Output
@ Early-Write Common 1/0 Capability 30-PIN
® Fast Page Mode Capability SINGLE IN-LINE PACKAGE
® TTL-Compatible Inputs and Outputs (TOP VIEW, MCM91000S/9L.1000S)
® RAS Only Refresh
® CAS Before RAS Refresh e}
©® Hidden Refresh gg_g n (:I
@ 512 Cycle Refresh: Al (2
MCM31000 =8 ms (Max) oo &
MCMSL1000=64 ms (Max) Al S
® Consists of Nine 1M DRAMs and Nine 0.2 xF (Min) Decoupling Capacitors oo
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection W l:]
® Fast Access Time (tRAC): 53 1‘%
D02
MCM91000-70 =70 ns (Max) Mo [_——I
MCM91000-80 =80 ns (Max) 003 13
MCM91000-10= 100 ns (Max) A5 e
® Low Active Power Dissipation: D04 16 D
MCM91000-70=4.0 W {Max) N
MCM91000-80=3.5 W (Max) NC 19 D
MCMB91000-10=3.0 W (Max) oG 2
® Low Standby Power Dissipation: Vss 22 ‘:}
TTL Levels =99 mW (Max) o 123
CMOS Levels (MCM91000) =50 mW (Max) D07 (25
{(MCMSL1000) = 10 mW (Max) o I:I
® CAS Control for Eight Common 1/0 Lines TASE  (28)
@ CAS Control for Separate 1/0 Pair v?;?; ;2,8; I:I
® Available in Edge Connector (MCM91000S) or Pin Connector (MCMS1000L}) [@)
® Available in Gold Pad Edge Connector (MCM91000SG)
P!N NAMES
AG-A9 . .............. Address Inputs
MCM91000S OR MCMSL1000S (SIMM) DQO-DQ7 .. ......... Data Input/Output
D8 . ... e Data Input
QB . ... Data Output
CAS ........... Column Address Strobe
(@) ] D[ ’:Hi D [ O RAS ............. Row Address Strobe
W. . oo Read/Write Input
AannnonnNOnannnnNNOOnnONOoNNannne CASB........... Column Address Strobe
1 0 VEC + v oot iiiie e Power (+5 V)
VS « v it Ground
NC........ ...t No Connection

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS (See Note)

. 3 This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Vce ~1to +7 \2 voltages or electric fields; however, it is ad-
. : 3 — vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vcc | Vin, Vout 1to +7 \Z avoid application of any voltage higher than
Data Out Current per DQ Pin lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation PD 5.4 w ance circuit.
Operating Temperature Range Ta 0to +70 °C
Storage Temperature Range Tstg -55t0 +125| °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.
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V £10%, Tao=0 to 70°C, Unless Otherwise Noted)
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voitage Range) Vce 4.5 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 2.4 - 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM91000-70, trc =130 ns - 720
MCM91000-80, trc =150 ns - 630
MCM91000-10, trc =180 ns — 540
Ve Power Supply Current (Standby) (RAS = CAS =V|y) Icc2 - 18 mA
Vcc Power Supply Current During RAS only Refresh Cycles Icc3 mA 2
MCM891000-70, trc =130 ns — 720
MCM91000-80, trc =150 ns - 630
MCM91000-10, trc =180 ns — 540
Vcc Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM91000-70, tpc =40 ns — 540
MCM91000-80, tpc =45 ns — 450
MCM91000-10, tpc =55 ns — 360
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—-0.2 V) MCM91000 Iccs — 9 mA
MCMSL1000 —_ 1.8
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCMB91000-70, trc =130 ns — 720
MCM91000-80, trc =150 ns - 630
MCM91000-10, trc =180 ns - 540
Input Leakage Current (Vgg <Vjnh<Vcc) likgti) -90 90 pA
Output Leakage Current (CAS at Logic 1, Vgg<Vout=<Vece) lkg(0) -20 20 HA
Output High Voltage (o= —5 mA) VoH 2.4 — \"
Output Low Voltage (g =4.2 mA) VoL - 0.4 \"
CAPACITANCE (f=1.0 MHz, TA=25°C, V=5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance A0-A9, W, TAS, RAS Cin 60 pF 3
D8, CAS8 7 pF 3
Input/Output Capacitance DQO-DQ7 Ci/0 15 pF 3
Output Capacitance (CAS =V to Disable Output) Q8 Cout 10 pF 3
NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; imum current is d at the fastest cycle rate with the output open.
3. Capacif d with a B Meter or effective capacitance calculated from the equation: C=1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Veec=5.0V +£10%, TA =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM91000-70 | MCM91000-80 | MCM91000-10
Parameter - Unit | Notes
Standard| Alternate | Min | Max Min | Max Min | Max
Random Read or Write Cycle Time tRELREL tRC 130 - 150 — 180 - ns 5
Page Mode Cycle Time tCELCEL tpC 40 - 45 — 55 - ns
Access Time from RAS tRELQV tRAC — 70 — 80 — 100 ns 6,7
Access Time from CAS tcELav | tCAC — 20 — 20 — 25 ns | 6,8
Access Time from Column Address tavav tAA — 35 - 40 - 50 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA - 35 — 40 - 50 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 - 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 50 — 60 — 70 — ns
RAS Pulse Width tRELREH| tRAS 70 (10,000 | 80 |10,000| 100 |10,000 | ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 {100,000| 80 [100,000( 100 100,000 ns
RAS Hold Time tCELREH| tRSH 20 — 25 — ns
CAS Hold Time tRELCEH | tCSH 70 - 80 - 100 - ns
CAS Pulse Width tCELCEH| tCAS 20 | 10,000 20 | 10,000 25 [10,000 | ns
RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 5 — ns
CAS Precharge Time (Page Mode Cycle Only) | tceHCEL| tcp 10 — 10 — 10 — ns
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 Referenced to RAS | tRgLAX tAR 55 — 60 — 75 — ns
Column Address to RAS Lead Time tAVREH | tRAL 35 — 40 — 50 — ns
(continued)
NOTES:
1. V|4 min and Vj_max are reference levels for measuring timing of input signals. Transition times are measured between V| and V..
2. An initial pause of 200 us 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 V| and Vj_ (or between Vj|_and VjH) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for trc (min) and tgyyc (min) are used only to indicate cycle time at which proper operation over the full
range (0°C <Tp <70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (—200 puA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.
7. Assumes that tgcp <trcp (max).
8. Assumes that tgcp =trcD (max).
9. Assumes that tRAp =tRAD (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 tgcp (max) limit ensures that tgac (max) can be met. tgep (max) is specified as a reference point only; if tgcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcaC-
12. Operation within the tRap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if tRAD is

greater than the specified tRap (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 CAS | 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 CAS | tCELWH | twcH 15 — 15 - 20 — ns
Wirite Command Hold Time Referenced to RAS | tRetwH | twCR 55 - 60 - 75 — ns
Write Command Pulse Width WLWH 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 tps 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 MCMS1000| tRvRv tRFSH - 8 - 8 - 8 ms
MCMB3L1000| - 64 - 64 - 64
Write Command Setup Time tWLCEL [ twCS 0 - 0 — 0 - ns | 15,16
CAS 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
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
CAS Precharge Time tCEHCEL| tCPN 10 — 10 — 15 - ns
NOTES:
13. Either tRrH or tRCH Must be satisfied for a read cycle.

h.

14. These parameters are referenced to CAS leading edge in random write cycles.

16. Early write only (hwcs=twcs (min)).

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tycs =twgcs (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
tRC >
tRP ————>]
Vi - - tRAS
RAS
ViL -
nl 1CSH tCPN —>I
CRP —-11—' | ———————1RCD > RSH: tCRP —t&
o Vi — [———toAs ——>
w T \ /
Vi -
i AR g
|«——tRAD 1RAL —>
tASR — ,— tASC > &= 1CAH ]
Vi —
ADDRESSES ROW COLUMN
Vi - ADDRESS ADDRESS A
| tRAH > RCH
tRCS -»I fs— [<&——— 1RRH -
~ Vi
¥ XX
i - — tCAC
|le tAA
10LZ —ft— tOFF -
tRAC >
Vou - p
DQ0-DA7 (DATA OUT) HIGH Z 4 VALID DATA }_
VoL — A
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EARLY WRITE CYCLE

tRC >
tRP ————
V- —“—1\4 tRAS
RAS \
iL-
'RCD 1RSH————> et tPN—]
'cRP —r—q - 1csH tcRP —>
Vi — L ——
VL= - .
| tRAD— tRAL
SR> |tf— tsc - &-1CAH >
Vin—
ROW COLUMN
ADDRESSES Vi - ADDRESS m ADDRESS
tRAH > - ‘CWL—‘>I
twes e tWoH—— !
_Vim- twp -
W
Vi — A
* - RwL L >
tWeR
tps ——] - <t tDH
ViH—
D00-DQ7 (DATA IN) QXXXXXZXXXX VALID DATA
ViL- L =

)
2

x|

ADDRESSES

=|

DQ0-DA7 (DATA 0UT)

DHR

FAST PAGE MODE READ CYCLE

tRASP - tRp
N /
ViL -
[ teg — |—— tpe l&— tRSH —3>] \
[e—— tRcD >l tcAs tCAS CPN
tCRP—j‘—D top 4+ tep > < tcAs
7N\ N/
ViL- —/ \ \ \_
lt—————— AR - tRAL
tASC [— tCAH tASC +—jtp> tCAH
tASR—| e — tASC, < tCAH |
V- !
" TG O O WO KKK
- ADDRESS ADDRESS | ADDRESS ADDRESS
tRAH -
[&— tRAD —> RCH — tRCH—3> <>} tRRH
tRCS -». le—tRCS -H lee—tRCS tRCH
o XX ' XXX,
Y —
'L tCAC tCAC > | 1CAC — -
lt— tapn 1—> tAR tAA
[&————— tRAC > — ICPA > [&— CPA >
V, —
OH VALID VALID VALID
D
VoL - ) DATA E DATA ATA
OFF —| et H— tOFF |mt— tor
toLz —> toLz —» toLz —»
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

< tRASP tRP
Vg -
xS \
Vi -
|¢——— P ——>
F&——— 1RO ————] tcp > P |~ tRSH -
h—-'car CAS T tCAS: tCASt—— |9— tCPN
Vin
=/ N NN
Vi
: fe—————R » 1RAL —3»
- 'RAH 'ASC- - e t0AH
ASR-9  jet— tASC»| | |a>t-toan INSC—> | | tCAH
ADDRESSES Vin = ROW COLUMN COLUMN COLUMN
WL - ADDRESS ADDRESS ADDRESS ADDRESS
ﬁ—'nAn—Tw o WCS—»t [ |a—{- WCH
WCS fa—> < WEH WCS»| e WCH
v o OO0 I TN T TR TR
Vit
105~ |- ]
1ps —a—> -t tDH PS> e = tDH
ViH—
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ld———-lnnn————v
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HIDDEN REFRESH CYCLE (WRITE)

e o
< tRAS RP—| |————— tRAS ————»]
Vi — e —
RAS \ \ {
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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 “tRcp,’’ 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 V|H to the V| level.
The CAS clock must also make a transition from V|H to the
V| level at the specified trcp 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 tRcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRAC). If the tRcp 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 (tRAH)
specification has been met and defines the trcp minimum
specification. The time difference between trcp 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 (tRAg) period for the RAS clock and the
minimum (tcag) period for the CAS clock. The RAS clock

must stay inactive for the minimum (tgp) 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 V) level from the time
the CAS clock makes its active transition (tRCg) 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 (Vj_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 (tcwi) and
the row strobe to write lead time (trw(). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at V||_ level).

PAGE-MODE CYCLES

Page mode operation allows fast st data operations
at all 1024 column locations on a selected row. Page access
(tcAC) is typically half the regular RAS clock access (tRAC)
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
(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 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 V|H level.
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MCM91000° MCM9L1000

CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). 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 Vj_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

REFRESH 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:

-

Write ““0”'s into all memory cells (normal write mode).

2. Select a column address, and read ‘0" 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

CAS

DQ0-DQ7 — HIGH Z —

S e e Vb
- /7]
— >

VALID DATA-QUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 91000 or 9L1000 X

Motorola Memory Prefix

Part Number

Full Part Numbers— MCM91000L70
MCM91000L80
MCM91000L10

MCMBSL1000L70
MCMSL1000L80
MCMSL1000L10

XX

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

Package (L=SIP, S =SIMM,
SG=Gold Pad SIMM)

MCM91000S70 MCM91000SG70
MCM91000S80 MCM831000SG80
MCM91000S10 MCM91000SG10
MCMS9L1000S70 MCMS9L1000SG70
MCMB9L1000S80 MCMSL1000SG80
MCM9L1000S10 MCMSL1000SG10

NOTE: Contact your Motorola representative for further information on the SIP and Gold Pad SIMM packages.
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MOTOROLA
EE SEMICOND U CT O R 50mmm

TECHNICAL DATA
MCM94000
MCM9L4000

Advance Information
4M x 9 Bit Dynamic Random
Access Memory Module

The MCM94000S is a 36M, dynamic random access 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 S PACKAGE
mounted under each DRAM. The MCM514100 is a CMOS high speed, 5@%’;‘3&%‘-5
dynamic random access memory organized as 4,194,304 one-bit words
and fabricated with CMOS silicon-gate process technology.

e Three-State Data Output

e Early-Write Common I/O Capability Ve " _—_1_) O —

e Fast Page Mode Capability s B

e TTL-Compatible Inputs and Outputs DAOg (i) % ]

o RAS Only Refresh At fs | L

e CTAS Before RAS Refresh ooy gsg = —

e Hidden Refresh VA3 Ea; N

. ss OB —

e 1024 Cycle Refresh: DQ2 }10 M L
MCM94000 = 16 ms ﬁg }12 g
MCM9L4000 = 128 ms DQ3 }13 5 ]

© Consists of Nine 4M x 1 DRAMs and Nine 0.22 uF (Min) Decoupling ﬁg }}g{ g L
Capacitors DQ4 216 O [

¢ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection ﬁg (}g) % |

e Fast Access Time (tRaC): A0 (19) 3 ]
MCM94000S-80 = 80 ns (Max) oo e ||
MCM94000S-10 = 100 ns (Max) Vss §22 % ]

. o DQ6 (23

e |ow Active Power Dissipation: NC (o) B3 L
MCM94000S-80 and MCM9L4000S-80 = 4.95 W (Max) D_g; Egg) g ]
MCMB94000S-10 and MCMSL4000S-10 = 4.21 W (Max) RAS (27) 3 L—

e Low Standby Power Dissipation: ﬁoﬁé ggg %

TTL Levels = 99 mW (Max) Ve G0 O L__]

CMOS Levels (MCM94000) = 50 mW (Max)
(MCMB9L4000) = 20 mW (Max)
e CAS Control for Eight Common /O Lines
A

e CAS Control for Separate 1/0 Pair

.................... Address Inputs
.. Data Input/Output
AAAAAAAA Data Input
.................. Data Output
Column Address Strobe
.......... Row Address Strobe
............. Read/Write Input
Column Address Strobe
................. Power (+5 V)
F Ground
No Connection

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM94000 MCM9L4000

FUNCTIONAL BLOCK DIAGRAM
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;’) AO-AT0 p L0
— —]RAS o —{ /s
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p (9 a0
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—1—1 —CAS y—— [——{CAS
- — W
! s
08 o af—os
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CASE TR
WAITE. W
HH
Voo
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ABSOLUTE MAXIMUM RATINGS (See Note)

N This device contains circuitry to pro-

Rating Symbol Value Unit tect the inputs against damage due

Power Supply Voltage Vee -tto+7 \4 to high static voltages or electric

. - fields; however, itis advised that nor-

Voltage Relative to Vgg for Any Pin Except Voo Vin: Vout -1to+7 \ mal precautions be taken to avoid

Data Out Current per DQ Pin lout 50 mA application of any voltage higher

o than maximum rated voltages to this

Power Dissipation Pp 5.4 w high-impedance circuit.

Operating Temperature Range Ta 0to+ 70 °c
Storage Temperature Range Tstg -55t0 + 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.
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MCM94000° MCM9L4000

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0 V£ 10%, Tp =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
3 Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vss 0 0 0
Logic High Voitage, All Inputs VIH 24 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 —_ 0.8 \2 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current Icct mA 2
MCM94000-80, tgc = 150 ns — 900
MCM94000-10, trc = 180 ns — 765
Vcc Power Supply Current (Standby) (RAS = CAS = V) Icc2 —_ 18 mA
Vcc Power Supply Current During RAS only Refresh Cycles Icca mA 2
MCM94000-80, trc = 150 ns — 900
MCM94000-10, trc = 180 ns — 765
Ve Power Supply Current During Fast Page Mode Cycle lcca mA 2
MCM94000-80, tpg = 45 ns — 540
MCM94000-10, tpc =55 ns — 450
Ve Power Supply Current (Standby) (RAS = CAS = Vg ~0.2 V) MCM94000 lccs —_ 9 mA
MCMS9L4000 — 3.6
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM94000-80, trg = 150 ns — 900
MCM94000-10, tyc = 180 ns — 765
Input Leakage Current (Vgs < Vin < Voe) lIkg(1) -80 %0 | uA
Output Leakage Current (CAS at Logic 1, Vgg < Vin < Voo) likg(0) -20 20 UA
Output High Voltage (IoH = —5-mA) VOH 24 — v
Output Low Voitage (o = 4.2 mA) VoL — 04
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, V¢ = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter » Symbol Max Unit Notes
Input Capacitance A0-A10, W, CAS, RAS Cin 60 pF 3
D8, CAS8 7 pF 3
Input/Output Capacitance DQO-DQ7 Cio 15 pF 3
.| Output Capacitance (CAS = V| to Disable Output) Q8 Cout 10 pF 3

NOTES:
1. All voltages referenced to Vgg.

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 = IAVAV.
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MCM84000° MCM9L4000

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V £10%, Tp =0 to 70°C, Unless Otherwise Noted

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

Symbol MCMS94000-80 | MCM94000-10
Parameter Standard | Alternate | Min Max Min Max Unit | Notes

Random Read or Write Cycle Time tRELREL tRC 150 — 180 — ns 5
Page Mode Cycle Time tCELCEL tpc 50 — 60 — ns

Access Time from RAS tRELQV tRAC — 80 — 100 ns | 67
Access Time from CAS tCELQV tcAC — 20 — 25 ns | 68
Access Time from Column Address tavaQv tAA — 40 — 50 ns 6,9
Access Time from Precharge CAS tCEHQV tcPA — 45 — 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay {CEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 60 — 70 — ns

RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 ns

RAS Puise Width (Fast Page Mode) tRELREH | tRASP 80 | 200,000 | 100 200,000 | ns

RAS Hold Time tCELREH | tRSH 20 — 25 - ns

CAS Hold Time tRELCEH tCSH 80 — 100 — ns

CAS Pulse Width {CELCEH tcAs 20 10,000 25 10,000 | ns

RAS to CAS Delay Time tRELCEL tRCD 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL | tcRp 5 — 10 — ns

CAS Precharge Time (Page Mode Cycle 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 tAVCEL tasc 0 — 0 — ns

Column Address Hold Time tCELAX tCAH 15 — 20 — ns

Column Address Hold Time Referenced to RAS tRELAX tAR 60 — 75 — ns

Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns

(continued)

NOTES:
1. Vi min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V4 and Vy; .
. Aninitial pause of 200 Ws is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

w N

. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V4 and V)_ (or between V)| and V) in a monotonic manner.

AC measurements tt = 5.0 ns.

The specifications for tgc (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature range
(0°C < Tp < 70°C) is assured.

Measured with a current load equivalent to 2 TTL (-200 LA, +4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V and
VoL=08V.

Assumes that tgcp < trop (max).

Assumes that tRcp = tRcD (Max).

Assumes that tRaD 2 tRAD (max).

tofFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operationwithin the tycp (max) limitensures thattg A (max) can be met. trc p (max) is specified as a reference point only; ifty g p is greater
than the specified trgp (max) limit, then access time is controlled exclusively by tcac.

12. Operationwithin the trAp (max) limit ensures thattgAc (max) can be met. tyAp (max) is specified as a reference pointonly; ifty Ap is greater

than the specified tRap (max), then access time is controlled by taa.

o

I

cweN

-
oy
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MCM94000° MCM9L4000

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 Time Referenced to CAS tCEHWX tRCH 0 —_ 0 — ns 13
Read Command Hold Time Reference to RAS tREHWX tRRH 0 — 0 — ns 13
Write Command Hold Time Referenced to CAS tCELWH | tWeCH 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 WLREH tRWL 20 - 25 -— ns
Write Command to CAS Lead Time tWLCEH | towL 20 — 25 — ns
Data in Setup Time tDVCEL tps 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 MCM94000 tRVRV tRFSH - 16 — 16 ms

MCMSL4000 - 128 — 128

Write Command Setup Time tWLCEL twes 0 — 0 — ns [15,16
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tCSR 5 — 20 — ns
CAS 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 {CEHCEL | tCPT 40 - 50 — ns
CAS Precharge Time {CEHCEL tCPN 10 —_ 10 — ns

NOTES:
13. Either tgr 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 = twes (min)).
16. twCs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tycg 2 twgs (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.

MOTOROLA MEMORY DATA

3-100



MCM84000 MCM9L4000

READ CYCLE
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MCM94000° MCMSL4000

FAST PAGE MODE READ CYCLE
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MCM$34000 MCM9L4000

RAS ONLY REFRESH CYCLE
(W and A10 are Don't Care)
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MCM94000° MCM9L4000

HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)

| ¢————tRC ——————— > | ¢———RAS——— >

Vi — [——— tRAS—————>| |- AP >
ViL - y,
>+ {CRP tcPN >
<—tRpCD —»-= #1-1RSH |——tcHR ——
— VH-
CAS _/ N 7 \
ViL - |- tRAD > AL —]
~—!AR >
{RAH <——1i- {CAH
Vi ASR—>| e~ —»{ [|qe-tASC
ADDRESSES  ROW COLUMN
Vi - ADDRESS ADDRESS
|——1twcr
tRWL -;l
twes - =1 tWCH
— VIH-
" e Q000K OOOOOOARRXXRINXINX
ViL - .
twp—
<e— {DH —>]
v tpg— le—
DQo-DQ7 H -~ \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,
(DATAIN -y, _ X vaooars  JOOOOOOOOOOOOONXXX

t————— DR ————]

MOTOROLA MEMORY DATA

3-104



MCM94000° MCM9L4000

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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MCM94000° MCMS9L4000

-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
alldynamic 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 = V), tgcp 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 (tRAH) specification is met (and defines tgcp 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 (W) input level must be
high (V|H), tRcs (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
time of the device is independent of the address multiplex win-
dow. However, CAS must be active before or attgcp maximum
to guarantee valid data out (Q) at tgac (access time from RAS
active transition). If the tycp maximum is exceeded, read ac-
cess time is determined by the CAS clock active transition
(tcac)___

The RAS and CAS clocks must remain active for a minimum
time oftgag andtc Ag respectively, to complete the read cycle.
W must remain high throughout the cycle, and for time tRg or
tRcH after 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 tgp to
precharge the internal device circuitry for the next active cycle.
Qs 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
(V)L)- Minimum active time tag and tc A, 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 tyycg before CAS active transition. Data in (D) is
referenced to CAS in an early write cycle. RAS and CAS clocks
muststay active for tgyy andtow, 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.

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 (tcac) is typically half the reg-
ular RAS clock access time, tRac. Page mode operation con-
sists of keeping RAS active while toggling CAS between V|y
and V). The rowis 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 (V) ). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc or tprwc)- Either a read or write
operation can be performedin apage 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 tgAgp. 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 arow 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
MCMB94000 and 128 milliseconds on the MCMSL4000.

A normal read, write, or read-write operation to the RAM will
refresh all the bytes (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
(V)H) 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

MEMORY CYCLE

of a read or write cycle, while RAS cycles inactive for tgp and
back to active, starts the hidden refresh. This is essentially the
execution of a CAS before RAS refresh froma 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 “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

. Read “1"s (normal read mode), which were written at step 3.

. Repeat steps 1 to 4 using complement data.

[0

CAS BEFORE RAS CAS BEFORE RAS

REFRESH CYCLE

ol REFRESHCYCLE _

P

DQ0-DQ7 — HIGH-Z —

= w / Y/ /|
[\
_<

)__

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 94000 or 94000

Motorola Memory Prefix

X XX

—E_— Speed (80 = 80 ns, 10 = 100 ns)

Part Number Package (L = SIP, S= SIMM,
SG=Gold Pad SIMM)
Full Part Numbers — MGM94000L80 MCM94000S80 MCM94000SG80
MCM94000L10 MCM94000S10  MCM94000SG10
MCMS9L4000L80 MCM9L4000S80 MCM9L4000SG80
MCMQL4000L10 MCM9.4000S10 MCM9L4000SG10
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MOTOROLA
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 pF (min) decoupling capacitor mounted adjacent to each DRAM. The
MCM514256A is a 1.0u 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 I/O Capability

Fast Page Mode Capability

TTL-Compatible Inputs and Outputs

RAS Only Refresh

o CAS Before RAS Refresh

Hidden Refresh

e 512 Cycle Refresh:

MCM94256 = 8 ms (Max)

e Consists of Two 256K x 4 DRAMs, One 256K x 1 DRAM, and
Three 0.22 uF (Min) Decoupling Capacitors

e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection

e Fast Access Time (tRAC):

MCM94256S-70 = 70 ns (Max)
MCM94256S-80 = 80 ns (Max)
MCM94256S-10 = 100 ns (Max)

e Low Active Power Dissipation:
MCM94256S-70 = 1.32 W (Max)
MCM94256S-80 = 1.16 W (Max)
MCM94256S-10 = 1.05 W (Max)

e Low Standby Power Dissipation:

TTL Levels = 33 mW (Max)

CMOS Levels = 16.5 mW (Max)
o CAS Control for Eight Common I/O Lines
o CAS Control for Separate I/O Pair

ER SEMICOND U CT O R 55500

MCM94256

S PACKAGE
SIMM MODULE
CASE 839A

30-PIN
SINGLE IN-LINE PACKAGE
(TOP VIEW, MCM94256)

J

O

=

ULIULIULIUULIULILILILJLIDIJIJLIULJUUUUULIUUU

0
®)

..................... Address Inputs
. Data Input/Output
AAAAAAAA Data Input
................. Data Output
Column Address Strobe
Column Address Strobe
.......... Row Address Strobe
Read/Write Input
..... Power (+5 V)
D 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

DQO0-DQ3 bQ
g [
RAS
CAS
— w
HH
DQ4-DQ7 pQ
:> A0-A8
RAS
cAS cAS
W. w
A0-A8 "—I |"1'
S f
& - T oH
CAS8 CAS  RAS |—
[T Hnons W
Hhe
Vss
ABSOLUTE MAXIMUM RATINGS (See Note)
Smbol | vawe [ um | ey oo
Power Supply Voltage Vee 11047 Vv to high static voltages or electric
Voltage Relative to Vgg for Any Pin Except Voo Vin: Vout -11t0+7 \ ::Z'??gxs;szs“ Eea?::;id:ga;c;z
Data Out Current per DQ Pin lout 50 mA application of any voltage higher
Power Dissipation Pp 26 w :;;:_ﬁ;g::c;ac‘ﬁg&’ii"ages tothis
Operating Temperature Range TA 0to +70 °c
Storage Temperature Range Tsig ~55t0 +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.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0V£10%, Tp = 0to 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 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 —_ 6.5 " 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current ) Icct mA 2
MCM94256-70, tgc = 130 ns — 240
MCM94256-80, tpg = 150 ns — 210
MCM94256-10, trc = 180 ns — 190
Ve Power Supply Current (Standby) (RAS = CAS = V) Icc2 — 6 mA
Ve Power Supply Current During RAS only Refresh Cycle lcca mA 2
MCM94256-70, tgc = 130 ns — 240
MCM94256-80, tgc = 150 ns - 210
MCM94256-10, tgc = 180 ns — 190
Vcc Power Supply Current During Fast Page Mode Cycle Icca mA 2
MCM94256-70, tpc = 40 ns — 180
MCM94256-80, tpi = 45 ns — 150
MCM94256-10, tpc = 55 ns — 130
Ve Power Supply Current (Standby) (RAS = CAS = Vg - 0.2 V) Iccs — 3 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM94256-70, trc = 130 ns —_ 240
MCM94256-80, tgc = 150 ns — 210
MCM94256-10, tc = 180 ns — 190
Input Leakage Current (Vss < Vin < Vce) likg(1) -30 30 UA
Output Leakage Current (CAS at Logic 1, Vgg < Vin < Vce) lIkg(0) -10 10 HA
Output High Voltage (IoH = =5 mA) VOH 24 - \
Output Low Voltage (Io| = 4.2 mA) VoL —_ 0.4 \"

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

Parameter Symbol Max Unit Notes
Input Capacitance A0-A8, W, CAS, RAS Cin 20 pF 3
D8, CAS8 7
Input/Output Capacitance DQo-DQ7 Cio 15 pF 3
Qutput Capacitance Q8 Cout 10 pF 3

NOTES:
1. All voltages referenced to Vgg.
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 = IAVAV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0V£10%, Tp = 0to 70°C, Unless Otherwise Noted

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

Symbol MCM94256-70 | MCM94256-80 | MCM94256-10
Parameter Standard | Alternate | Min Max Min Max Min Max Unit | Notes

Random Read or Write Cycle Time tRELREL tRC 130 — 150 — 180 — ns 5
Page Mode Cycle Time tCELCEL tpc 40 — 45 — 55 - ns

Access Time from RAS tRELQV tRAC — 70 — 80 — 100 ns 6,7
Access Time from CAS tCELQV tcAC — 20 — 20 — 25 ns | 6,8
Access Time from Column Address tavQv tAA — 35 — 40 — 50 ns 6,9
Access Time from Precharge CAS tCEHQV tcPA — 35 — 40 — 50 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 50 — 60 — 70 — ns

RAS Pulse Width tRELREH tRAS 70 10,000 80 10,000 | 100 | 10,000 | ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 1100,000 | 80 | 100,000 | 100 | 100,000 | ns

RAS Hold Time tCELREH tRSH 20 — 20 — 25 — ns

CAS Hold Time tRELCEH tcsH 70 — 80 — 100 — ns

CAS Pulse Width tCELCEH tCAS 20 10,000 20 10,000 | 25 10,000 | ns

RAS to CAS Delay Time tRELCEL | RCD 20 50 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 20 50 ns 12
CAS to RAS Precharge Time tCEHREL | ICRP 5 — 5 — 10 — ns

CAS Precharge Time {CEHCEL tcp 10 — 10 — 10 — ns

(Page Mode Cycle 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 Referenced | tRgLAX tAR 55 — 60 — 75 — ns

to RAS
Column Address to RAS Lead Time tAVREH tRAL 36 — 40 — 50 — ns
(continued)
NOTES:

-

. Vi min and Vi max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .
2. Aninitial pause of 200 us 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 Vyy and V|_(or between V) and V) in a monotonic manner.

4. AC measurements tT = 5.0 ns.

. The specifications for trc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature range

(0°C < Tp < 70°C) is assured.

Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V and

VoL=08V.

. Assumes that tgop < tRcp (Mmax).

. Assumes that tRcp 2 tRop (max).

. Assumes that tRaD 2 tRAD (Max).

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

. Operationwithinthe trcp (max) limit ensures that trac (max) can be met. tgcp (max) is specified as areference pointonly; iftrcp is greater
than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

T owoeN o O

- -

12. Operationwithinthetgap (max) limitensures thattgAc (max) canbe met. tgap (max) is specified as areference pointonly; iftRAp is greater
than the specified tgap (max), then access time is controlled by tpA.
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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 WHCEL tRCS 0 — 0 — 0 — ns
Read Command Hold Time Referenced | tCEHWX tRCH 0 - 0 — 0 — ns 13
to CAS
Read Command Hold Time Referenced | tREHWX tRRH 0 — 0 - 0 — ns 13
to RAS
Write Command Hold Time Referenced | tcg wH twcH 15 — 15 - 20 — ns
to CAS
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 YWLCEH tcwL 20 — 20 — 25 — ns
Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns | 14,15
Data in Hold Time {CELDX tDH 15 — 15 — 20 — ns (14,15
Data in Hold Time Referenced to RAS tRELDX DHR 55 — 60 — 75 — ns
Refresh Period tRVRV tRFSH — 4 — 4 — 4 ms
Write Command Setup Time WLCEL twes 0 — 0 — 0 — ns |15,16
CAS Setup Time for CAS Before RAS tRELCEL tCsR 10 — 10 — 10 — ns
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 Before tCEHCEL tCPT 40 —_ 40 — 50 - ns
RAS Counter Test
CAS Precharge Time tCEHCEL {CPN 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 2 twcs (min)).

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tywcg = 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

Y
J
1

s ViL - \ / \

1 —_— |
le——1RCD —Csf><———tRSH - [P
‘cnpr» ™| tcrp{a—s]
V- [—{CAS —
CAS 4 ’1\ \ y/ 1\_
vy — /
tASR T |la—tAR >
<~ {RAD —>~ {RAL >
v {ASC -~ ~<—{CAH
ADDRESSES XX>§ ROW COLUMN
Vi - ADDRESS ADDRESS
{RAH {— |<_>_1RCH
'Rcs —c-l [ |«— tRARH —>-]
ViH —

=

Vi —
* 1ry [¥ICAC ™
AA > L
oLz {OFF T—>
DQo-pa7 YOH = 'R ~ N
1
(DATAOUT) ) HIGH-Z ,@; VALID DATA —

EARLY WRITE CYCLE
__ VIH———N:——*tRAS‘jE‘———‘> " —a]
RAS " \ ’,F T
__ VH- 1" . [a—tCAS —
&/ AN / / X\

tASR}e>| [a———1AR >
|~ tRAD - tRAL >
v tASC > ~<—>1CAH
ADDRESSES ROW E<X>g= COLUMN
Vi — ADDRESS K ADDRESS
{RAH t—>> - towL —fo-|
twes—- | [a—tyoHT—b~
— VIH- - twp >
™ - X000 OOARANNX
ViL -
- tRWL —|
[e————wcR >

DS+~ |- | !DH >
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FAST PAGE MODE READ CYCLE

Vi — lRASP > tRP
RAS v ‘g )
L -
<—lc3H—<_:l_ |¢—tpc —»{ |—>1I1RSH
toRp-a—p| [ RCD—> lcAs | |—ticas - topN
Vi tcpie tep < 1CAS
— VIH- . \
CAS
ViL - _/ taR \}L;._y \__\ \\ Z \_
< > [<&—tRAL
sc+| = tAsc~>| - tasc
, = SR toanr™|  [*Toate] et -t toan
aooresses T ROW COLOMN COLUMN COLUMN
ViL— ADDRESS ADDRESS ADDRESS 4 ADDRESS
tran—>] ! ! - t
i I medl B TR L_lRCH | ] - tRRH
g t t »lt
Vet tRes T x| RCS [ le-tRcs RCH
" - KRXXKO0" V% V% XX
Vi —
L {CAC 1] tCACH=> 1CAC->
la—tap — tAA —] lq—tAA —
y [——1RAC lt— tcpp —o| - [<t—tcpa —|
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(DATAOUT) v, _ DATA_{ DATA_ DATA £~
torFta—s{ || torre—a{ || toFrta—n]
tewz tcz— teiz
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
VIH = —————— ~ RASP — P
RAS " N
e— tRCD —] Icp—d—br_tpc — 1RSH
tep t
teRpa— cp - - (CPN
Vi - (CAS =1 | lcas T {CAS T+
oA ViL - __/ ta \\ — Z \\ ?F A
tasR--] ] [ tRAL —~
ASR tasc—| T ‘Asc—>| - tasc- ]
'CAHT™ ] [~ tcanr>] B e B
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Vi — E ADDRESS F\/\/kADDRESS ADDRESS
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- X001 M
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RAS ONLY REFRESH CYCLE
(W and A8 are Don’t Care)
tRC -
Vi - tRAS | |=—1RP —
S N / X
ViL -
{CRP —>1-lRpC
— VH-
CAS 7 \ /
Vit —
— — {ASR
1~ IRAH

s ROW
Vil - _ADDRESS

RXCXXKXKXXKXX

VoH ~
DQO-DQ7 HIGH-Z
DATA OU
CAS BEFORE RAS REFRESH CYCLE
(W and AO to A8 are Don’t Care)
< tRC >
Vi — ————————  RAS tRP —»1
RAS
ViL - s \—
{RPC———
{CSRT1>
1oPN—t—n [¢——1{CHR ——»~|
N—-—n
o M /
iL - /
{OFF -
VoH - ———
DQO-DQ7 N
HIGH-Z
DATA OUT] '
(oatAoU o
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HIDDEN REFRESH CYCLE (READ)

- tRC <in {RAS———>
Vi |————tRAS———— > |-t RP -]
AR N / N Y
ViL -
tcrp teeN -
[—1RCD —»- tRSH [¢———1!CHR ——]
— VH-
CAS 3 7 \
Vi - |<e-tRAD > e Ty
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tRAHT+> -+ -+ LCAH
Vi tASR—~| H&— —»| |4etasc ||
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_VlH—::c::::::, 3
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HIDDEN REFRESH CYCLE (WRITE)
|¢———————tR¢ ——————»| j&——— tRAS———p>]
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- tRAS | [—a1-tRP
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tRCS T+ tcLz L—b-tRRH
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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 correctbias voltage. This s 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 muilti-
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 “tgcp,” 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

Aread 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 V)4 to the V_level.
The CAS clock must also make atransition from Vi tothe V)
level at the specified typ timing limits when the column ad-
dresses 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 ad-
dress multiplex window. The only stipulation is that the CAS
clock must be active before or at the tycp maximum specifi-
cation for an access (data valid) from the RAS clock edge to
be guaranteed (tRaC). If the tRcp 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 (tRAH)
specification has been met and defines the tgcp minimum
specification. The time difference between tgcp minimum
and tgcp 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 (tgAg) period for the RAS clock and the mini-
mum (tcas) period for the CAS clock. The RAS clock must
stay inactive for the minimum (tgp) 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 outis 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 aread cycle, the write
(W) input must be held at the V) level from the time the CAS
clock makes its active transition (trcg) 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 (V))_level) at or before the CAS clock
goes active ata minimum tyycs 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 inare
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 (tcyy( ) and the row
strobe to write lead time (trw). These define the minimum
time that RAS and CAS clocks need to be active after the write
operation has started (W clock at Vy_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
(trAC) on the Motorola 1M 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
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 pre-
viously described, followed by the shorter CAS cycles (tpg).
The CAS cycle time (tpg) 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 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).
Anormal read or write operation to the module will also refresh
all the bytes associated with the particular row(s) decoded.
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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 ata V| level.

CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS
has been low (by tcgR). 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 V| and taking RAS

MEMORY CYCLE

»

high and after a specified precharge period (tgp), executinga
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:

-

. Write “0”s into all memory cells (normal write mode).

2. Select a column address, and read “0” 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.

REFRESH CYCLE REFRESH CYCLE

>

RAS

CAS

DQO-DQ7 — HIGH-Z —

_\\—ﬁ
\
—C

./ /S
Ve
W

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM 94256 x

Motorola Memory Prefix

Part Number

XX

_TT_

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

Full Part Number — MCM94256S70
MCM94256S80
MCM94256S510

Package (S = SIMM)
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DUAL PORT VIDEO RAMs

Motorola Address Operating
Organi- Part Access Time| Current Pin Package
Density zation Number (ns_Max) (mA Max) Count Options
™ 256Kx4  |MCM524258A 100/120 140/150 28, 28 |(Z)IP, SO(J)
128Kx8 |MCM528128A 100/120 140/150 40, 40 |(P)DIP, (2)IP, SO(J)
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MCM524258A
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, J PACKAGE
serial access, memory (SAM) port. The MCM524258A is flexible, offering: random read 400 MIL SOJ
and write to the RAM port, high-speed read and write to the SAM port, and bidirectional CASE 810
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 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 2 PACKAGE
is fabricated with a 1.0 p CMOS silicon gate process, which provides fast access times, PLASTIC
low power dissipation, and wide operating margins. ZIG-ZAG IN-LINE
¢ Organization: « SAM Port: CASE TBD
RAM Port 256K x 4 Bits Split Register Data Transfer
SAM Port 512 x 4 Bits Static Register, No Refresh Required
 RAM Port: 512 Tap Locations
Page Mode, Block Write, Flash Write, Fast Access Time (tgcA):
Write Per Bit MCM524258A-10 = 25 ns (Max)
512 Cycle, 8 Millisecond Refresh MCM524258A-12 = 35 ns (Max) PIN ASSIGNMENTS
RAS Only Refresh Low Serial Cycle Time (tgcc):
CAS Before RAS Refresh MCM524258A-10 = 30 ns (Min) 400 MIL ZIP
Hidden Refresh MCM524258A-12 = 40 ns (Min) T
Three-State Data Outputs « RAM — SAM Bidirectional Transfer: psk | == |
TTL Compatible Inputs and Outputs Read and Write I 2 Q2
Fast Access Time (tRaC): Real Time Read o3 | =& :
MCM524258A-10 = 100 ns (Max) Split Read/Write i A =
MCM524258A-12 = 120 ns (Max) 5 |
Low Active Power Dissipation sbaz ==, ¢
(Max, SAM Standby): | 77 Sbas
MCM524258A-10 = 110 mA Vss [ == |
MCM524258A-12 = 100 mA ' s¢
Low Standby Power Dissipation 400 MIL SOJ sbqo | == | 10
(Max, SAM Standby): T el
MCM524258A-10 = 10 mA sclj1® 2l vss TEI==1 1
MCM524258A-12 = 10 mA spao ] 2 27]] sbas |
soat [] 3 2] soc2 Rl Il (VY [
PIN NAMES TG [] 4 5[] S N | 4 : %
AO-A8 ................ Address Inputs pao [ 5 24[] D3 | == RAS
RAS ... Row Address Strobe as | dE |
CAS .. Column Address Strobe bat iy 6 23] oz 1 28| pe
TRG . Data Transfer/Output Enable wew [l 7 22[] DsF a5 | 2% |
WB/W ... Write Per Bit/Write Enable . =Tl 2
Special Function Control ne [l s 21]] CTAS ol =£=| M
....... RAM Write Mask/ == E
RAM Input-Output sl s 2] osF Yoo : 2| a7
SCviei i Serial Clock A8 []10 19]] Ao a3 | 2% |
................ Serial RAM Enable 24
SDQO-SDQ3 ... SAM Input-Output a6 []11 18] A 2 : ==| A
QSF ............. Output Split Register ==
VGG o P ower (25 V) s [f12 7]l a2 Al [
VES tooeei Ground aals 16]] A3 ase| 22 !
NC oo No Connect vee[l1e 150 a7 : 2 | o
All power supply and ground pins must be
connected for proper operation of the device.

This document contains information on a product under d

the right to change or discontinue this product without notice.
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MCM524258A

DQo-DQ3

BLOCK DIAGRAM
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4 4] e CONTROL
v
WM1
WRITE WRITE-PER
4 REGISTER
CONTROL BIT o
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4 4

—1 — = o«

—] ., [ =
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m SEMICONDUCTOR

MOTOROLA
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 p CMOS silicon gate process, which provides fast access times,
low power dissipation, and wide operating margins.

e Organization:
RAM Port 128K x 8 Bits
SAM Port 256 x 8 Bits
e 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

e SAM Port: PIN NAMES

Split Register Data Transfer

. . . AO-A8 ................ Address Inputs

Static Reglstef, No Refresh Required RAS ... Row Address Strpobe

256 Tap Locations CAS .......... Column Address Strobe

Fast Access Time (tgcA): TRG...... Data Transter/Output Enable

MCM528128A-10 = 25 ns (Max) WBW ...... Write Per Bit/Write Enable

_ DSF .......... Special Function Control

MCM528128A-12 = 35 ns (Max) DQO-DQ7........... RAM Write Mask/

Low Serial Cycle Time (tsce): RAM Input-Output

MCM528128A-10 = 30 ns (Min) SC viii Serial Clock
MCM521288A-12=40ns (Min) | SE ............... Serial RAM Enable

¢ RAM — SAM Bidirectional Transfer: 8[5),?0"8007 o 'dﬁsx g;ﬁﬁ;g;igg:
Read and Write Power (+ 5 V)
RealTimeRead @~ | Vgs1, V882 ivvvvvvennnnnn. Ground

... No Connect

Split Read/Write

MCM528128A

P PACKAGE
600 MIL PLASTIC
CASE TBD
J PACKAGE
400 MIL SOJ
CASE TBD
PIN ASSIGNMENT
sc [l 1 [l vsg
soao [| 2 39[] sbaz
soat [| 3 38[] sbas
spaz [} 4 a7{] sbas
spas [| 5 36[ spas
6 6 sfl s
pao []7 all oar
pat [ s 33[] pas
pa2 [| ¢ 32[] oas
pas [J10 3]l pas
Vot [ 30{] Vss2
Weiw 12 2[] DsF
e [[43 28[ Ne
AAS [J1a 27[] °As
Ne [|15 %[ asF
a8 |16 [ Ao
A [|17 4[] At
A5 |1 3] A
a4 [J1 2[] wn
vecz [J20 afl a7

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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MCM528128A

BLOCK DIAGRAM
DQO-DQ7 $DQO-8DQ7

M 2828 5 o1 B
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8 REGISTER [ 8
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8 TRANSFER  |«g
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\ <—
8 8!
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—] =2 | E =28
Tl = X155l [ X|E0
gl w - u |g|Ea
Q frd Nl |l |D)ag
8| = e 8Kz
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2= CELL
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312 =l |3 =128
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Pseudo Static RAMs “
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PSEUDO STATIC RAMs (HCMOS unless otherwise noted)

Motorola Address Operating
Organi- Part Access Time Current Pin
Density | zation Number (ns Max) (mA Max) | Count Packaging
M 128Kx8 |[MCM518128 100 60 32 [(P)DIP, (F)&(SF)SOG
Pseudo [MCM518129 100 60 32 |(ASOG
SRAM  |[MCM51L8128 80/100 70/60 32 |(P)DIP, (F)&(SF)SOG
MCM51L8129 80/100 70/60 32 (F)SOG
MCMS51LV8128 80/100 70/60 32 |(P)DIP, (F)&(SF)SOG
mm Lv8129 80/100 70/60 32 (FISOG
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MOTOROLA
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 um 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 (F) 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 alternative to 1M SRAMSs 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—385 mW (Maximum Active)

TTL Compatible Inputs and Outputs

Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51LVv8128)

Low Standby Current 200 xA (Maximum) with MCM51L8128 and MCM51LV8128

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: MCM51L8128-80/MCM51LV8128-80 =80 ns (Max)
MCM518128-10/MCM51L8128-10/MCM51LVv8128-10 = 100 ns (Max)

Ve Vss 8 COLUMN T

DECODER 58

COLUMN SENSE AMP. 5= £

A16-A9 ADDRESS /0 GATE =3

oo ozssxﬂo'oe

BUFFER (8) -GI

~
g
o
AB-AD » ROW ADDRESS | 9 > g2 g
BUFFER (9) ] e _
g S |51y | MEMORY ARRAY 28
[_’ s |3 (512 256 x 8) PER
REFRESH 3 g . =g
COUNTER (9) o =3l
)
_ 1
El—»  [oiock REFRESH [~  REFRESH
2 —| GENERATOR CONTROLLER | |  TIMER

f )

— 1 4

B SEMICONDU CT O R /mmmmm

MCM518128
MCM51L8128
MCM51LV8128

P PACKAGE
600 MIL PLASTIC DIP
CASE 850

SF PACKAGE
330 MIL SOG
CASE 854

PIN ASSIGNMENT

Flj1e 32[1Vee
A18[] 2 31[]A15
A14[]3 30 [JE2
A12[] 4 29[W
AT} 5 28 [1a13
A8[] 6 27 [1A8
A5[] 7 26 []A9
Ad[l 8 25 A1
A3[]9 2418
A2[ 10 23[jA10
AN 22 JE7
aof} 12 21 foa7
Daoff 13 20 [] Da6
paif 14 19 []Das
Da2[] 15 18 [1D04
Vssl] 18 17 [oa3
PIN NAMES
AO-A16........... Address Input
Wi Write Enable
ELE2............. Chip Enable
G ... Output Enable
For e Refresh Input
DQo-DQ7. . ... .. Data Input/Output
VG- v v vv v et Power Supply
VES v v v vt vieeeens Ground
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MCM518128*MCM51L8128sMCM51LV8128

TRUTH TABLE

3] E2 G w F Mode Supply Current | 1/0 Pin This device contains circuitry to protect the
L|H | L |H|HL Read* IccA Dout '"‘f‘“f Sgamet d?'“f;'jl:s‘;’:e to ""f’;t b
LI H | X ] L |HL Write* Icca Din vised that normal precautions be taken to
L H | H* | H* | H/L | CE Only Refresh Icca High Z avoid application of any voltage higher than
H | X | X | X |7MM]  Auto Refresh ICCF3 High Z I’:;’:';‘a“:;e ;?:::h."d"’ges to this high-
X L X | X |4 Auto Refresh IcCF3 High Z
H| x| x| x|t Self Refresh IcoF** High Z
x|t x]x]u Self Refresh IccE* * High Z
H X X X H Standby Igg*** High Z
X L X X H Standby Igp*** High Z

L=V H=V)y X=don'tcare l*=Toggle  H/L=Vyy or V), but must not toggle
*The Read and Write operations effectively perform a CE Only Refresh of the row being addressed.
**|ccF1 or Igcr2 depending on input voltage levels (see DC Characteristics).
*%%|gp1 or Igp2 depending on input voltage levels (see DC Characteristics).

ABSOLUTE MAXIMUM RATINGS (See Note)

" - NOTE:
Rating Symbol Value Unit P device d may occur if AB-

Power Supply Voltage Vee -1.0t07.0 v SOLUTE MAXIMUM RATINGS are ex-
Voltage to Any Pin with Respect to V. Vin Vout -1.0t07.0 v ded. Functional operation should be

— 2 i _—ou w d to RECOMMENDED OPERATING
Power Dissipation Pp 600 m CONDITIONS. Exposure to higher than rec-
Soldering TemperaturesTime Tsolder 260-10 °C.s C ded voltages for ded period:
Operating Temperature TA 0to +70 oC of time could affect device reliability.
Storage Temperature Tgtg —55to +150 °C
Short Circuit Output Current lout 50 mA

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +£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
Input High Voltage VIH 2.4 — 6.5 \
Input Low Voltage ViL -1.0 - 0.8 \

NOTE: All voltages are referenced to GND.
DC CHARACTERISTICS

Parameter Symbol Min Typ Max Unit
Input Leakage Current (All inputs, Vi, =0 to Vcc) likg(l) -10.0 — 10.0 A
Output Leakage Current (ET=Vjy or 2=V, G=V|y or W=V, likg(0) -10.0 - 10.0 BA
Vout=0 to Vee)
Operating Current (ET=V)_and E2=V}y, Address trc=130ns | Icca* - 50 70 mA
Cycling, tgc =tRc min) tRc =160 ns - 40 60
Standby Current (ET=V|y or E2=V|, F=V|y) MCM518128 IsB1 - - 2 mA

MCM51L8128/MCM51Lv8128 - - 1

Standby Current (ET=Vcc—0.2V or E2<0.2V, MCM518128 | Igpo** - - 1 mA
F=Vcc—-0.2V) MCM51L8128/MCM51LV8128 - 100 200 pA
Self Refresh Current (ET=V|y or E2=V|, F=V1) MCM518128 IcCF1 - - 2 mA
(Average Current) MCM51L8128/MCM51LV8128 - - 1
Self Refresh Current (ET=Vcc-0.2Vor E2<0.2V, MCM518128 | iccra* * - - 1 mA
F=0.2 V) (Average Current) MCM51L8128/MCM51LV8128 - 100 200 A
Auto Refresh Current (Average Current) (F Toggling, trc=tFc min) ICCF3 - - 2 mA
Output Low Voltage (Ig| =4.2 mA) VoL - - 0.4 \4
Output High Voltage (IgH = —5.0 mA) VoH 2.4 — — \'/

*Icca depends on cycle rate and output loading. Specified values are obtained with the output open.
**In the standby and self refresh modes with E1=Vcc—0.2 V, these limits are guaranteed when E22Vcc—0.2 V or E2<0.2 V. Conversely,
if the device is disabled with E2<0.2 V, these limits are guaranteed when ET=Vcc—0.2V or ET<0.2 V.

MOTOROLA MEMORY DATA

54




MCM518128cMCM51L8128¢ MCM51LV8128

CAPACITANCE (f=1 MHz, Tp =25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit
Input Capacitance AO-A16 Cin - 5 pF
E1,E2,G W,F — 7
Output Capacitance DQO-DQ7 Cout = 7 pF

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

InputPulseLevels . .................... 06V, 26V Output Timing Measurement Reference Levels. . . . . 0.8and 2.2V
InputRise/Fall Time . . . .............c00uuuuenun 5ns Outputload. . . ............... 2 TTL Loads and 100 pF
Input Timing Measurement Reference Levels . . . . . . 0.8and 2.4V

READ, WRITE, AND READ-MODIFY-WRITE CYCLES
(An initial pause of 100 us with high ET or low E2 is required after power-up, before proper device operation is achieved.)

MCM51L8128-80 MCM518128-10
Parameter Symbol MCMS51LV8128-80 | MCM51L8128-10 Unit | Notes
MCM51LV8128-10
Standard | Alternate| Min Max Min Max
Random Read, Write Cycle Time tEVEVI(R) tRC 130 — 160 — ns 1
Read Modify Write Cycle Time tEVEV(RW) | tRMW 195 - 235 - ns 1
Chip Enable Pulse Width tELEH 1CE 80 10,000 100 10,000 ns 1,2
Chip Enable Precharge Time tEHEL tp 40 — 50 - ns 1
Chip Enable Access Time tELQV tCEA - 80 — 100 ns 1
Output Enable Access Time tGLQV tOEA = 35 40 ns
Chip Enable to Output in Low-Z tELQX tcLz 30 — 30 — ns 1
Output Enable to Output in Low-Z tGLQX toLz 0 — 0 - ns
Output Active from End of Write tWHQX twiLz 0 — 0 - ns
Chip Disable to Output in High-Z tERQZ tCHZ 0 25 0 30 ns 1,3
G Disable to Output in High-Z tGHQZ tOHZ 0 25 0 30 ns 3
Write Enable to Output in High-Z twLQz tWHZ 0 25 0 30 ns 3
G Output Disable Set-Up Time tGHEL toDs 0 - 0 - ns 1
G Output Disable Hold Time tEHGL tODH 10 — 10 - ns 1
Read Command Set-Up Time tWHEL tRCS 0 - 0 ns 1
Read Command Hold Time tEHWL tRCH 0 - 0 - ns 1
Write Pulse Width tWLWH twp 60 - 70 - ns
Write Command Hold Time tELWH tWCH 60 10,000 70 10,000 ns 1
Wirite Command to CE Lead Time tWLEH tCWL 60 10,000 70 10,000 ns
NOTES: (Continued)

1. Chip is Enabled only when ET is set low and E2 is set high.

E_‘ -
E
E2
The start of a memory cycle is determined by the latter of ET going low or E2 going high (E going low), and the end of the memory cycle
is determined by the earlier of ET 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, tcg (min) and tcg (max), must be kept for proper device operation as follows.

& Vin-""\ o ViH - 2
ViL- S [ —

tcE - tCE

g M- j g M-
ViL- ViL -

3. tCHz. tOHZ, twHz define the time at which the output achieves the open circuit condition and is not refi i to output voltage levels.
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MCM518128MCM51L.8128¢MCM51LV8128

READ, WRITE, AND READ-MODIFY-WRITE CYCLES
(An initial pause of 100 us with high ET or low E2 is required after power-up, before proper device operation is achieved.)

Symbol momsusizsso | WEUSIRELT
Parameter MCM51LV8128-80 MCM51LV8128-10 Unit | Notes
Standard | Alternate| Min Max Min Max
Data Set-Up Time from W tDVWH tpsw 30 - 35 — ns 4
Data Set-Up Time from CE tDVEH tpsc 30 - 35 - ns 1,4
Data Hold Time from W tWHDX tDHW 0 - 0 — ns 4
Data Hold Time from CE tEHDX tDHC 0 - 0 - ns 1,4
Address Set-Up Time tAVEL tASC 0 - 0 - ns 1,5
Address Hold Time tELAX tAHC 20 - 25 - ns 5
Auto Refresh Cycle Time tFVFV tEC 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 6
F Precharge Time tFHFL tFp 30 — 30 — ns 6
F Command Hold Time tELFL tRHC 15 — 15 - ns 1
F Pulse Width (Self Refresh) tFLFH tFAS 8,000 — 8,000 - ns 6
CE Delay Time from F (Self Refresh) tEHEL tFRS 160 — 190 - ns 1,6
Refresh Period (512 Cycle A0 to A8) tRF tREF - 8 - 8 ms
E2 Low Set-Up Time tE2LEIL tCES 5 — 5 — ns 1,7
E2 Low Hold Time tETHE2H tCEH 5 — 5 - ns 1,
Transition Time (Rise and Fall) T tT 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 (tpgw or tpsc) and hold time (tpHw or tpHC)-
6. All address inputs are latched at the falling edge of E1 and the rising edge of E2. Therefore all the address inputs must be valid during tAsSC
and tAHC-
6. Two refresh operations—auto refresh and self refresh are defined by the F pulse width under the condition of ET=V|H or 2=V):
Auto refresh: F pulse width <tpap (max).
Self refresh: F pulse width=tpag (min).
The timing parameter (tFrg) must be kept for proper device operation in the following conditions:
a. After self refresh.
b. In case F=V_after power-up.
7. When switching disable controls, the timings tcgs and tcgH must be kept for proper device operation as follows:

g Wwm 31§ | g W 7

Vi —

teES > tGEH
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DATA RETENTION CHARACTERISTICS (T =0~70°C) (MCM51LV8128 Only)

Symbol Parameter Min Typ Max Unit
VDR Data Retention Supply Voltage 3.0 - 5.5 v
IcCcF2 Self Refresh Current VpRr=3.0V — 40 100 A

(Average Current) VpR=5.5V — 100 200
trec Recovery Time 5 - — ms

*The falling slope of Vcc must be more than 50 ms in order to operate the device safely. (20 ms/V)

vee
45V = e e e —_— e e e M
v
cC VbR -....-...-—.—..—.—..—K 7_._._._.—..—.—
- DATA RETENTION MODE <« tRS
v > fat—0 ns MIN REC—{ ||
H
F <02V
=Vgg—-02V
/\ 1\
3 Vm———-——-7 R-_-——_
Vi
E22Vgp—0.2 VOR E2<0.2V
OR
ViH -/"'_
B2 V) e — <02V ——————

El=Vgc-02VORET<02V

NOTES:
1. G, W, A0-A16=Don't Care.
. IccF1 is applied in F=V)_max, ET=V)y min, E2=Vj_max.

2
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 with 512 cycles/8 ms.

4. Enter the Self Refresh mode before dropping Ve below 4.5 V for Data Retention mode.

The Motorola MCM51LV8128 pseudo static RAM has data
retention capability at a V( 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 Vg in the
temperature range from 0°C to 70°C. 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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READ CYCLE

< tRC
< tcE > tp

aw_ /) 1N
€2 vl':: E /
ASC—e]  |e—tAHC >

Vin—
A0-A16 v'.'l'_ ADDRESS XXXXE

= V-
6 ViL -
'Rcs—»l l}— <—>'-'nl:l1
= V- 7 \
L ViL -
- CEA ————>]
——tgEA ———> —»{ re—1CHZ
fe—— 10HZ
Vou -
| DATA OUT
000-007 yy,
tFRS— |- fe—t0Lz -] tRFD
13 RHC
< oLz —Pl P
Fw /\
F
Vit
- tFP >

NOTE: The device can be operated with clocking “ET” (or E2) pin only provided that “E2” (or ET) is connected to V) (or Vjp) i vel.

A read cycle is initiated by E and G going low during the of G and tcHz from the rising edge of E. All address inputs
same cycle while the W signal is held high. Valid data will be are latched at the falling edge of E, therefore, all the address
output after a delay of tCgA from the falling edge of E and a inputs must be valid during address setup and address hold
delay of togA from the falling edge of G. The data will remain times tASC and tAHC.
valid on the outputs for the time tgHz from the rising edge
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WRITE CYCLE 1
(G Fixed High)

3 tRC

- tcE

Vin -
E2
ViL—

— V-
E1 ViL—

N,

tASC —» -
[&—TAHC —

Ao-a1g VM- ADDRESS XX><><>
ViL—

tuns——l |l > r——tonu

5 VH-
S w ~__/ \__
WCH »
towt >
e WP ———t
L \ /
- tpSW -1
1DHW 4 p=—tDHC
t——1DSC
ViH - 7
Dao-
0-007 i 4 DATA IN

RS |
—»  ta—tRHC

/L N

150>

FP

——
- — tRFD
2=
/ \

NOTE: The device can be operated with clocking ““ET"" (or E2) pin only provided that “E2” (or ET) is connected to VjH (or Vj) level.

A wirite cycle is initiated when both E and W go low during whichever occurs first. Therefore, the input data must be valid
the same cycle. The write operation is terminated with the during data setup and data hold times tpsw/tpsc and
input data being latched at the rising edge of either E or W, tDHW/tDHC-
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WRITE CYCLE 2
(G Clock)

- e
- tcE [e—tp —>

— V-
Bov-

Vin—
ViL—-

E2

N, -

tASC—> -
[~ tAHC—>>]

A0-A16 ‘ox:m ADDRESS XXXXXXXXXXX

~ V-
& vy / \
tRCS et~ WL
- WCH
’] lt— twp —>
w Vm- /" \
W
ViL - Z
- 1p§¢ ———————]
—p |- tDHW
pSW —1 —> |— tDHC
Vin- / N N
D0-D7 y _ { oATAW ) 4
et tCLZ WHZ —  |e— | <> 1012
twLz —>
lt— toHZ —> ——CHZ
Vou - 7 y,
RS fe—t— D
<—>—1RHC — P
- V-
P / \ / \
[— tpp —

NOTE: The device can be operated with clocking “E1" (or E2) pin only provided that “E2” (or ET) is connected to V| (or V) level.
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E2

AO-A16

D0-D7

Q0-07

-

Vin—
ViL—

ViH—
ViL—

Vin-
ViL—

ViH-—
ViL—-

ViH—
ViL—

Vin—
ViL—

Vo -
VoL —

ViH—
ViL—

WRITE CYCLE 3
(G Fixed Low)
R
< tCE — tp —3
AN ,
ASC—o=  f—
-tAHC—>
tRCS > » towL
WCH
lt— twp ——
psc >
DHC—>{  fe—
Z N
\ DATA IN ’
[t-t0LZ > DSw —
WHZ—> | —»| (e—'DHW
l—tWLZ —>] < toHz
{ > XXX
1FRS —& I'G—P—“ RFD
<«—»— RHC |— trp
le—— tfp ——

NOTE: The device can be operated with clocking ““ET” (or E2) pin only provided that “E2 (or ET) is connected to Vjy (or V|| ) level.
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— V-
ViL-

ViH-—

E2 ViL—

ViH—

AD-A16 ViL—

ViH-—
ViL -

[]]

Vin-
ViL -

ViH-

D0-D7
ViL-

Von -

00-07 yo

Vi -
ViL—-

-

READ MODIFY WRITE CYCLE

< RMW
1CE - tp
\ N Y
la— tAHC—>] =
tASC — le—
XXX ADDRESS
| ——— oW —>
lncs-»l y— l—twp
—> - tnsw
. _me .
*——lisc |<-— DHC
< DATAIN e
Y
—-CEA —| || etwhz Chz
t0EA - 0HZ | |e-twiz
DATA OUT H
RS> |4—
—> toLz tRFD
RHC —>] 4
<1017 FP—bl
[ tFP ————»|

NOTE: The device can be operated with clocking “ET"” (or E2) pin only provided that “E2" (or ET) is connected to V)i (or Vi) level.
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CHIP ENABLE ONLY REFRESH
(A9-A16=Don’t Care)

« CE > 1 tp
— Vig-—- |
By ; \ Z \
Vin— } g /
E2 Vi —
1" [— tanc -
U T
Vig—
AO-AB v ADDRESS
tons—>| - —10DH
~ V-
S - __f \_
lncs-»l a <—>D1cu
W Vih—
ViL—
V, —_
bus-0a7 OPEN
~—>—RHC <> tRFD
tFRS el —>l [~ tFp
- Y-
Fu- /] N\ /N
[ tpp — >

NOTE: The device can be operated with clocking “ET"” (or E2) pin only provided that “E2 (or ET)
is connected to Vi (or V) ) level.

The chip enable only refresh is similar to the RAS-only re- performing a memory cycle at each of the 512 rows (defined
fresh of a DRAM. This type of refresh is accomplished by by A0-A8) within the specified refresh period.

MOTOROLA MEMORY DATA

5-13



MCM518128eMCM51L8128¢MCM51LV8128

AUTO REFRESH
(G, W, A0-A16=Don’t Care)
31 ViH- b d
Vi - ._./ S
Vin- \<
7] ViL—
OR
= ViH-
El ViL— x
l«— tFC —»| |—— FC —>]
ViH- f
E2
- tRHC
[
RFD-a—> 1P P
- ViH-
P - \ \
v tFP tFAP tFAP
OH —
D0o-Da7
VoL— OPEN
NOTE: During an auto refresh, an internal row addi counter is i d 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 E is 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 (tgAp) must be more than 30 ns and less than 8 us for
this type of refresh operation to properly take place.
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SELF REFRESH
(G, W, A0-A16=Don’t Care)

((
— Vin— 4 )
3] ViL—
S —
)
ViH-
E2
Y TR,
OR
— VIH- ‘
J
Vin- /F
E2
ViL— ((C
))
- tRFD—} =tpps—> 01—'!“«:
i Vin- / X
iL-
tFp e S 1FRS
Vou
OPEN
Do0-0a7 o

NOTE: In the self refresh mode, after F has been held low for trag, an internal timer will refresh
a new row approximately every 150 us. Due to the long period of this method of refresh,

itis recommended that self refresh only be used for

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 (tFag)
exceeds 8 us, a timer activates an internal refresh operation

o P

ly long yp such

"

atcol internal h address 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)

MCM 518128 or 51L8128 or 51LV8128 XX XX
Motorola Memory Prefix Speed (80=80 ns, 10=100 ns)
Part Numb Package (P =600 mil Plastic DIP,
(With L=Low Power Version, SF =330 mil SOG)
with LV =Low Power with
Data Retention Version)
Full Part Numbers—MCM518128P10 MCMb518128SF10
MCMb51L8128P80 MCM51L8128SF80
MCM51L8128P10 MCM51L8128SF10
MCM51LVv8128P80 MCM51LV8128SF80
MCM51LVv8128P10 MCMb51LV8128SF10
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B SEMICONDUCTOR

MOTOROLA
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 um 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 (F) 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 TM 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)
TTL Compatible Inputs and Outputs
Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51LV8129)
Chip Select Standby Mode
Low Standby Current 200 xA (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/MCM51L8129-10/MCM51Lv8129-10 = 100 ns (Max)

Vee  Vss )

COLUMN .
DECODER 5s
co SENSE AMP. 2 £
A16-A8 ADDRESS /0 GATE § g
BUFFER (8) oo 0256 [ 5
"1 x8ee e — 5
‘?
g ROW ADDRESS | 9 e | — g
A ‘" BUFFER (9) g =
< S | g7, |  MEMORY ARRAY £8
S |9 (512 x 256 x 8) D Er
REFRESH 9 § o =5
COUNTER (9) ° S ®lae
[
_ ]
E—» ok [ REFRESH ™  REFRESH
§— GENERATOR CONTROLLER g | TIMER
F A
: =
G ————

MCM518129
MCM51L8129
MCM51LV8129

\

F PACKAGE
450 MIL SOG
CASE 855

PIN ASSIGNMENT

flj1o 32 flvee
A18[] 2 31 {]A15
A4l 3 30118
A12[} 4 29Q1W
A7[] 5 28 [1A13
AB[J 6 27 [] A8
asq]7 26149
Adfl8 25 f1aN1
A3[} 9 24018
A2[) 10 23 []A10
apgn 22]E
Aof[] 12 21 {joa7
paof] 13 20 {1 D06
Da1j 14 19 [j D05
Da2[j 15 18 [J004
Vssfl 16 17 [joa3
PIN NAMES
AO-A16........... Address input
W... ... oo Write Enable
B Chip Enable
S e Chip Select
G . Output Enable
B Refresh Input
DQo-pA7. ... ... Data Input/Output
VCC v v vveeeeees Power Supply
V88t v vv e Ground
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MCM518129¢MCM51L8129¢ MCM51LV8129

TRUTH TABLE

SatE This device contains circuitry to protect the

E Goi at G w F Mode 1/0 Pin inputs against damage due to high static
oing Low voltages or electric fields; however, it is ad-

L H L H H/L Read* Dout vised that normal precautions be taken to

L H X L H/L Write * Din avoid application of any voltage higher than

L n H* H* | AL CE Only Refresh High Z maximum rated voltages to this high-

imped: circuit.

H X X X e 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=V)L H=Vjy X=don'tcare -|l*=Toggle
H/L=V\y or Vi, 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)
. NOTE:
Rating Symbol Value Unit P device d ge may occur if AB-
Power Supply Voltage Vee -1.0t07.0 \ SOLUTE MAXIMUM RATINGS are ex-
Voltage to Any Pin with Respect to Vgg Vin, Vout -1.0t07.0 \ ceeded. Functional operation should be
——— restricted to RECOMMENDED OPERATING
Power Dissipation Pp 600 mw CONDITIONS. Exposure to higher than rec-
Soldering Temperature«Time Tsolder 260-10 °Css ommended voltages for extende.d_ periods
Operating Temperature TA 0t +70 oC of time could affect device reliability.
Storage Temperature Ts_tg ~55t0 +150 °Cc
Short Circuit Output Current lout 50 mA

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \"
Input High Voltage VIH 2.4 — 6.5 \
Input Low Voltage ViL -1.0 - 0.8 \J
NOTE: All voltages are referenced to GND.
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcg) Nikg(h) -10.0 — 10.0 KA
Output Leakage Current (E=Vjy, G=Viy or W=V}, Vout=0 to Vce) likg(0) —-10.0 — 10.0 A
Operating Current (E=V};, Address Cycling, trc =trc min) trc=130 ns lcca* - 50 70 mA
trc=160 ns — 40 60
Standby Current (E=Vjy, F=Vy) MCM518129 IsB1 - - 2 mA
MCM51L8129/MCM51LV8129 — - 1
Standby Current (E=Vgc—0.2V, F2Vec-0.2V) MCM518129 | Iggo** — - 1 mA
MCM51L8129/MCM51LV8129 — 100 200 A
Self Refresh Current (E=Viy, F=Vj1) MCM518129 IcCF1 - - 2 mA
(Average Current) MCM511L8129/MCM51LV8129 - — 1
Self Refresh Current (E=Vcc—0.2V, F<0.2V) MCM518129 | Iccr2** - - 1 mA
(Average Current) MCM51L8129/MCM51LV8129 — 100 200 A
Auto Refresh Current (Average Current) (F Toggling, tFc=tFc min) ICCF3 — — 2 mA
Output Low Voltage (lg| =4.2 mA) VoL — — 0.4 \
Output High Voltage (igy = —5.0 mA) VoH 24 — — \

*Icca depends on cycle rate and output loading. Specified values are obtained with the output open.
*¥*|n the Standby mode with E=Vcc—0.2 V, these limits are guaranteed when F=Voc—0.2 V. In the Self Refresh mode with EzVcc—0.2 V,
these limits are guaranteed when F<0.2 V. In the Chip Select Standby mode, these limits are guaranteed when E<0.2 V, S<0.2 V (when E
goes low), and F=Vgc—0.2Vor F=<0.2 V.
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MCM518129¢MCM51L8129¢ MCM51LV8129

CAPACITANCE (f=1 MHz, TA=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit
Input Capacitance A0-A16 Cin - 5 pF
E,S,GWF — 7
Output Capacitance DQO-DQ7 Cout - 7 pF

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0 V +10%, TA=0 to 70°C, Unless Otherwise Noted)

InputPulselevels . .................... 06V, 26V Output Timing Measurement Reference Levels. . . . . 0.8and2.2V
InputRise/Fall Time . . . ...................... 5ns Outputload. . . ............... 2 TTL Loads and 100 pF
Input Timing Measurement Reference Levels . . . . . . 0.8and 24 V

READ, WRITE, AND READ-MODIFY-WRITE CYCLES
(An initial pause of 100 us with high E is required after power-up, before proper device operation is achieved.)

Symbol memsnsizse | WEURIRELT
Parameter MCMB51LV8129-80 MCMB51LV8129-10 Unit | Notes
Standard | Alternate| Min Max Min Max

Random Read, Write Cycle Time tEVEV(R) tRC 130 - 160 - ns 1
Read Modify Write Cycle Time tEVEV(RW) | tRMW 195 — 235 - ns 1
Chip Enable Pulse Width tELEH tCE 80 10,000 100 10,000 | ns 1
Chip Enable Precharge Time tEHEL tp 40 - 50 - ns 1
Chip Enable Access Time tELQV tCEA 80 - 100 ns 1
Output Enable Access Time tGLQV tOEA - 35 - 40 ns

Chip Enable to Output in Low-Z tELQX tcLz 30 - 30 - ns 1
Output Enable to Output in Low-Z tGLQX toLz 0 - 0 - ns
Output Active from End of Write tWHQX twiLz 0 - 0 - ns

Chip Disable to Output in High-Z tEHQZ tCHZ 0 25 0 30 ns 2
G Disable to Output in High-Z tGHQZ tOHZ 0 25 0 30 ns 2
Write Enable to Output in High-Z twLQz tWHZ 0 25 0 30 ns 2
G Output Disable Set-Up Time tGHEL toDs 0 - 0 — ns 1
G Output Disable Hold Time tEHGL tODH 10 — 10 — ns 1
Read Command Set-Up Time tWHEL tRCS 0 - 0 - ns 1
Read Command Hold Time tEHWL tRCH 0 — 0 - ns 1
Chip Select Set-Up Time tSHEL tcss 0 - 0 - ns 1
Chip Select Hold Time tELSL tCSH 20 - 25 - ns 1
Write Pulse Width tWLWH WP 60 — 70 - ns

Write Command Hold Time tELWH tWCH 60 10,000 70 10,000 ns 1
Write Command to CE Lead Time tWLEH tCWL 60 10,000 70 10,000 ns

(Continued)

NOTES:

1. The timings, tcg (min) and tcg (max), must be kept for proper device operation as follows:

T e\
L ]
7 X

ViL

Y

The start of a memory cycle is determined by E goiltg low while S is high, and the end of the memory cycle is determined 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 us with high E is required after power-up, before proper device operation is achieved.)

Symbol MCM51L8129-80 xgm1l?‘gl':)
Parameter MCMS5ILV8129-80 |\, areqiv8129.10 | Unit | Notes
Standard | Alternate| Min Max Min Max
Data Set-Up Time from W tDVWH tpSW 30 - 35 - ns 3
Data Set-Up Time from CE tDVEH tpsc 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 tFC 130 — 160 - ns
F Delay Time from CE tEHFL tRED 40 — 50 — ns 1
F Pulse Width (Auto Refresh) tFLFH tFAP 30 8,000 30 8,000 ns 5
F Precharge Time tEHEL tEp 30 — 30 — ns 5
F Command Hold Time tELFL tRHC 15 — 15 — ns 1
F Puise Width (Self Refresh) tFLFH tFAS 8,000 — 8,000 — ns 5
CE Delay Time from F (Self Refresh) tFHEL tFRS 160 — 190 - ns | 1,6
Refresh Period (512 Cycle AO to A8) tRF tREF - 8 - 8 ms
Transition Time (Rise and Fall) tT tT 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 (tpsw
or tpgc) and hold time (tpHw or tpHC)-
4. All address inputs are latched at the falling edge of E. Therefore all the address inputs must be valid during tagc and taHC.
5. Two refresh operations—auto refresh and self refresh are defined by the F pulse width under the condition of E=V|H:
Auto refresh: F pulse width <tpap (max).
Self refresh: F pulse width=tpag (min).
The timing parameter (tfrg) must be kept for proper device operation in the following conditions:
a. After self refresh.
b. In case F=V)_ after power-up.
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DATA RETENTION CHARACTERISTICS (Tp=0~70°C) (MCM51LV8129 Only)

Symbol Parameter Min Typ Max Unit
VDR Data Retention Supply Voitage 3.0 - 5.5 \
Iccr2 Self Refresh Current Vpr=3.0V — 40 100 A
(Average Current) VpRr=5.5V - 100 200
trec Recovery Time 5 - - ms

*The falling slope of V¢ must be more than 50 ms in order to operate the device safely. (20 ms/V)

*

Vee
45V = o e e e o ——— o —— — ———— —— — ‘-———-————-——
Vi
cc VDR == omtom ettt e R 7—.‘_._._.—.—._
tRFD—3 DATA RETENTION MODE trRs
v | |at—0 ns MIN tREC—>{ ||
H
F =02V
=Vec—-0.2V
3 V|H——--—————7f ——— —— —

iL

NOTES:

*The falling slope of V¢ must be more than 50 ms in order to operate the device safely. (20 ms/V)

1.
2.
3.

S, G, W, A0-A16=Don't Care. _
IccF1 is applied in F=V)|_max, E=V)y min.

Refresh with 512 cycles/8 ms.
4.

The Motorola MCM51LV8129 pseudo static RAM has data
retention capability at a VC( 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 V¢ in the
temperature range from 0°C to 70°C. 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

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

Enter the Self Refresh mode before dropping Vcc below 4.6 V for Data Retention mode.

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¢ MCM51L8129¢ MCM51LV8129

READ CYCLE
'Re
_ Vy— 'ce 1"
F ViL— \ Z |
t css < [— ICSH —p
Viy— X
R | R |
t ASC >
w1 ooess X XXXAX XOXOXOXOIOXOIOZXOIOX‘XOXOX

tacs —1<—> < >—tRCcH

=|
< =<
- I
1

tcEA > oz
e 10gpA — "] tcHz
DooDa7 ‘OH gxx DATA OUT e
Voo—
'RHC [T l‘—"—‘RFD
tFRS P> 4———-(0“1 —|

Lt

oz f—1rp

Pz /) N /N

la—tpp —o

A read cycle is initiated by E and G going low during the of G and tcHz from the rising edge of E. All address inputs
same cycle while the W signal is held high. Valid data will be are latched at the falling edge of E, therefore, all the address
output after a delay of tCgA from the falling edge of E and a inputs must be valid during address setup and address hold
delay of tQEA from the falling edge of G. The data will remain times tASC and tAHC-
valid on the outputs for the time tQHZz from the rising edge
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MCM518129¢MCM51L8129¢MCM51LV8129

- YiH—
ie—

ViH—
Vi—

tasc
Viy —
L=

ViH—

(2]}

w—

— VIH—

w 'm
iL—

v —
pao-na7 M
ViL—

ViH—

w—

A write cycle is initiated when both E and W go low during
the same cycle. The write operation is terminated @th g_ile
input data being latched at the rising edge of either E or W,

WRITE CYCLE 1
(G Fixed High)

tre

tce

toss 1| [tes—"]
_____/ e ‘\
wovess X XXXXXXXXXXXX
'QDS—P—P‘ ‘_T 0K
; - 'we
1 >
\ o CWL Z
tpsc —" < 'pHC
le—tpsw—> >4~ DHw
{ DATAIN - _‘é
—taHe Fe-1RFp
s . l<-—->—tFP

/

N\

\

| e—tpp —>|

tDHW/tDHC-

whichever occurs first. Therefore, the input data must be valid
during data setup and data hold times tpsw/tpsc and
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MCM518129eMCM51L8129eMCM51LV8129

WRITE CYCLE 2
(G Clock)

'Re
o

(o7 T\
vy — I
'CSS San
»I 'osH
s “’lm: r A
L

ViR—
A0-A16 ADDRESS

v, —
[ [

— iH— le— typ— £
W /
L
tpsg—————|
1
DsW N ™ [+ o
ViH— R
D0-07
v — DATAN [} "
— 'Whz oz
toiz omz iz ‘chz
0q7 YOH 4 }—
Vo— \
'FRs > = tRFD

_VH—
= Vi / \
ie—

e— t—
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MCM518129¢MCM51L8129s MCM51LV8129

WRITE CYCLE 3
(G Fixed Low)

tre B
.t

tasc =™
aHC
Vin—
A-A16 ADDRESS
YiL—
~ VH—
g M
ViL—

'res - - towL >
tweH ——|

ViH / \"‘"‘WP —-»Z
Vi —

W
t tps¢c ————»
DSW >
, —| ety —1 (*'oxc
pop7 M 0 oaan B 3
L p 4 4
torz—t= > — =ty F—'wu-ﬁ l‘”“"CHZ
o XXX (XXX —
VoL— \
‘RS L“""“RFD
—"'RHC 'Fp >

e ]
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MCM518129¢ MCM51L8129¢ MCM51LV8129

mi

AC-A16

[2]]

=|

Do-D7

Qo-Q7

Vi —

-

ViL

READ MODIFY WRITE CYCLE

YW -
I—-q—‘p—»
\< tcE >
‘CSS—T‘-— ——1csH—>]
|——tAHC —
tASC —|  [-d— |
1\ /
ln(:s-—»' l— |t t G ————
\4—‘WP~>J A
DSW—]  fel—
i 'DHW
~e— tpsc — tDHC
{ DATAIN } }
- {CEA ——»] — ra—! Wiz
l— tOpA — e topzo~  WZ—fa— <oy
{ DATA OUT >—< >————
tRHC — P |—
FRS—] |t -t—to 7 lq—»—tRFD
[— 1 |7 —
t
Fp—f—=
“'tFP"
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MCM518129eMCM51L8129¢ MCM51LV8129

CHIP ENABLE ONLY REFRESH

et—t p
_VYH— \- 'ce >
E \
ViL—
tcss—|<> <—'csu——‘
Viy—
s 'H 7 ‘\
iL—
tASC —o]
ViL—
t ODS'—>| 4-— tODH __4._>I
G ViH—
VL — / -\
tRcs—>1 et — 'ROH —fet—
= Vig—
w / \
iL—
paona7 YoH OPEN
VoL—
— le—1tRHC tRFD .
'FRs —| |=— {Fp-a
Fur AN /N
iL—
pag—t Fp—-i
NOTE: A9-A16=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 A0-A8) within the specified refresh period.
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MCM518129¢MCM51L8129e MCM51LV8129

AUTO REFRESH

(G, W, A0-A16=Don’t Care)
&Ym= \
ViL—
Vil - \<
€y _

oR
— V-
B oy
|«— tFC —» |—— FC —
_ —
£2 ‘C'l': \ /
- wen tRHG
RFD -f—> tp ] P
_ V-
F - \ \
tFP tFAP tFAP
VoH -
D00-DQ7
0 VoL OPEN

NOTE: Dunng 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 subsequent row is refreshed and the internal refresh address
of a DRAM. When the F signal is clocked while E is high, the counter is automatically incremented in preparation for the
internal refresh counter and on-chip refresh circuitry are en- next auto refresh cycle. Note that the auto refresh F pulse
abled and an internal refresh operation takes place. Each time width (tFaAp) must be more than 30 ns and less than 8 us for
the F signal is clocked (as specified and with E high), a this type of refresh operation to properly take place.
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MCM518129¢ MCM51L8129¢ MCM51LV8129

SELF REFRESH
(G, W, A0-A16=Don’t Care)
((
— V- Yy U
E1 Vit - /
 ——
{5
Vin - 7
O0R
— V- C
w_ AXKXOGXXXXR
2
ViH— i
- ( 1/
- tRFD-—3] as—>] tRHC
=1EpS *’]—
Vin- X
F (C \
tFp 7 g tFRS
bao-pa7 Y04~ OPEN

VoL -

NOTE: In the self refresh mode, after F has been held low for tgag, an internal timer will refresh
a new row approximately every 150 us. 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- 8 us, a timer activates an internal refresh operation at con-
ommended for use during the period when the PSRAM is in secutive internal refresh address counter locations. Note that
the standby mode for extended periods of time. For this type upon completion of the self refresh cycle the timing parameter
of refresh the F signal is held low for as long as the device is tFRS (chip enable delay time from F self refresh) must be
deselected. When the self refresh F pulse width (tFAS) exceeds followed for proper device operation during the following

cycle.

CHIP SELECT STANDBY MODE

ch >
—— — >
= Viy \ tce Z
L— ) W
t -4——-!,;———»
> losH
‘CSS lt—
Vig —
s VIH /
L— )
v
paoba7 O PEN
Vor—

NOTE: G, W, A0-A16=Don’t Care.
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MCM518129¢MCM51L8129¢ MCM51LV8129

ORDERING INFORMATION
(Order by Full Part Number)

MCM 518129 or 51L8129 or 51LV8129 XX XX

Motorola Memory Prefix Speed (80=80 ns, 10= 100 ns)

Part Number Package (F =450 mil SOG)
(With L=Low Power Version,
with LV = Low Power with
Data Retention Version)

Full Part Numbers—MCM518129F10
MCM51L8129F80
MCM51L8129F10
MCM51LV8129F80
MCM51LV8129F 10
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GENERAL STATIC RAMs (HCMOS unless otherwise noted)

Motorola Address Operating
Organi- Part Access Time Current Pin
Density | zation Number (ns Max) (mA Max) | Count Packaging
16K 2Kx8 _|MCM2018AN 35/45/55 135 24 1300 mil, (P)DIP
256K 32Kx8 |MCM60256A 85/100/120 70 28 |(P)DIP, (F)SOG
MCM60L256A  170/85/100/1 20 70 28 |(P)DIP, (F)SOG
MCM60L256A-C 100 70 28 |(P)DIP, (F)SOG
MCM60L256A-V 100 70 28 |(P)DIP, (F}SOG
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MOTOROLA
TECHNICAL DATA

m SEMICONDUCTOR I

MCM2018A

- -
Fast 16K Bit Static RAM
The MCMZ2018A 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 N PACKAGE
ease-of-use features of fully static operation (no external clocks or timing strobes PLASTIC
required) with the reduced standby power dissipation associated with clocked CASE 724
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 PIN ASSIGNMENT
performance and reliability.
Chip enable (E) controls the power-down feature. It is not a clock but rather a ATfj1 @ 24 fIvee
chip control that affects power consumption. In less than a cycle time after E goes asl] 2 23 P A8
high, the part automatically reduces its power requirements and remains in this asll 3 22ln9
low-power standby mode as long as E remains high. This feature provides signifi- -
cant system-level power savings. Aalla 21 fIw
The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the indus- A3ll s 201G
try standard JEDEC approved pinout. n2lls 19 flato
® Single +5 V Operation, +10% a7 18 [IE
® Fully Static: No Clock or Timing Strobe Required
® Fast Access Time: MCM2018A-35 =235 ns (Maximum) nols 17 floe7
MCM2018A-45 =45 ns {Maximum) ool 9 16 [1006
® Power Supply Current: 135 mA Maximum (Active) nmﬁ 10 15 [Jpas
20 mA Maximum (Standby)
pazQ 11 14 1 D04
® Three-State Output !
BLOCK DIAGRAM Vsl 12 13 {1003
AL 4 ™~
A5 3 ~N_Lo—— — PIN 24=Vgg
" 2 L 6'—?\6-—_ ° PIN 12=Vgg — PIN NAMES -
1 ~NYS—— ew |l memnevmaraw | |AGATOLLL Address Input
A7 Lo—— DE'[‘)g‘I'JIER ° MEMORY MATRIX DQO-DQ7 . ........ .. Data Input/Output
A8 23 ™~ 128x128 Wi Write Enable
A9 22 N L——] L] G.oviiiii Output Enable
E . Chip Enable
A10 19 S VCC - v vvv e +5 V Power Supply
6 T l VS v v i Ground
Dao 9 ° N~ o ]
w ] < == . COLUMN /0 M
um ' ! COLUMN DECODER
outtt P> ]
D03 | NS INPUT 8 [T 6] s
[ S——— DATA
pog 141 > CONTROL
A L I N . N M A A
[ o <R §
pag —& 1 NS \
I |92 <t 3 1
na7 — 7 *
®
e |
B 18 1
=_ 20 CONTROL
§2! LOGIC
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MCM2018A

MODE SELECTION

Mode E [ G [ W ] vogcurent | 00 i deicocontns sty o prtet e
n X e [wanz) e o e
Read L L H Icc Q avoid application of any voltage higher than
Write Cycle Ll x| L Icc D e mno rated voltages to_ this high-
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voltage Vee -0.5t0 +7.0 \'
Voltage on Any Pin With Respect to Vgg Vin, Vout | —0.5to +7.0 \
DC Output Current lout +20 mA
Power Dissipation Pp 1.1 Watt
Temperature Under Bias Thias —10to +80 °C
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg —65to +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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +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 1
Vss 0 0 0 \
Input Voltage VIH 2.0 3.0 6.0 \
ViL —0.5% 0 0.8 \

*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 =5.5V, Vi, =GND to V) likg(l) -1.0 1.0 rA
Output Leakage Current (E=V|y or G=V|y, V|;0=GND to Vcc) likg(0) -1.0 1.0 A
Operating Power Supply Current (E=V|, I;/0 =0 mA) Icc - 135 mA
Standby Power Supply Current (E=V)y) Iss - 20 mA
Output Low Voltage (g = 8.0 mA) VoL - 0.4 \
Output High Voltage (I = —4.0 mA) VoH 24 - \"

CAPACITANCE (f=1.0 MHz, Tp =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 Ci/o 5 7 pF

MOTOROLA MEMORY DATA
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MCM2018A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V +£10%, TA=0to +70°C, Unless Otherwise Noted)

Input Pulse Levels . .. ................... 0and 3.0V Input and Output Timing Measurement Reference Levels. . . 1.5V
Input Riseand Fall Times . . .. .................. 5ns Outputload. . . ..... ... ... .. un.. See Figure 1

READ CYCLE (See Note 1)

Symbol MCM2018A-35 | MCM2018A-45
Parameter Units | Notes
Standard | Alternate| Min | Max | Min | Max
Address Valid to Address Valid (Read Cycle Time) tAVAV tRC 35 - 45 - ns
Address Valid to Output Valid (Address Access Time) tavav tAC - 35 - 45 ns
Chip Enable Low to Chip Enable High (Read Cycle Time) tELEH tRC 35 - 45 - ns
Chip Enable Low to Output Valid (Chip Enable Access Time) teLQv tACS - 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) | tgLQx tcLz 5 - 5 - ns 2
Chip Enable High to Output High Z (Chip Disable to Output tEHQZ 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 tGHQZ tOHZ 0 20 0 20 ns 2
Disable)
Address Invalid to Output Invalid (Qutput Hold Time) tAXQX toH 5 - 5 - ns
Chip Enable Low to Power Up tELICCH tpy 0 - 0 - ns
Chip Enable High to Power Down tEHICCL 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 V) and Vi (or between V| and VjL) 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.

READ CYCLE 1 (W=Vjy, E=Vy)

- tAVAV .
A (ADDRESS) )(
T E—
|e—— taLoy — »|— tgHaz
3 A 4
{OUTPUT ENABLE) N 7
t6LaX > tAXQX >
@ (DATA 0UT) < OUTPUT DATA VALID )(XE————

READ CYCLE 2 (W= V), G=Vj; See Note 3 Above)

- TELEH >
E (CHIP ENABLE) 5( ]Z
<-——— Ly
1EL0X — |} tenz
Q (DATA OUT) OUTPUT DATA VALID )
tELICCH — |<€— tEHICCL —

Ve SUPPLY  igg

CURRENT
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MCM2018A

WRITE CYCLE (See Notes 1 and 2)

Parameter Symbol MCM2018A % | MCM208A 45 Units | Notes
Standard | Alternate| Min | Max | Min | Max

Address Valid to Address Valid (Write Cycle Time) ’ tAVAV twe 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) | tavgL tas 0 - 0 - ns
Address Valid to Write Low (Address Setup to Write) tAVWL tAS 0 - 0 - ns
Address Valid to Write High tAVWH AW 30 - 40 — ns 3
Write Low to Write High (Write Pulse Width) WLWH 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 (Qutput Active After End of Write) | twHQx twiz 0 - 0 - ns 5
Write Low to Output High Z (Write Enable to Output Disable) twLQz tWHZ 0 20 0 20 ns 5
Data Valid to Write High (Data Setup to End of Write) tDVWH tps 15 - 20 - ns 3
Write High to Data Don’t Care (Data Hold After End of Write) tWHDX tDH 0 - 0 - ns 3,5
Output Enable High to Output High Z tGHQZ toHZ 0 20 0 20 ns
NOTES: _

1. Write enable (W) 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.
. Both chip enable (E) and write enable (W) 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.
tWHAX is measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle.
Output enable (G) can be either low or high during a write cycle. If chip enable (E) 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.

w

o s

WRITE CYCLE 1 (W Controlled)

tAvAV

A (ADDRESS) )

A

A 2] <1
Iy
Ny

teLwH > ot B
Eop enaple) \ {/ / / / / / / //
tAVWL > - WLWH >
4
W WRITE ENABLE) S\\ \& 7
- VWH >
7 \
T (OUTPUT ENABLE)
>} twiez
l—— tgHoZ —— [——— tWHaX ——— |
\ HIGH IMPEDANCE
0 (OATA OUT)
tDYWH ————>} TWHDX
I DATA IN VALID
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MCM2018A

WRITE CYCLE 2 (E Controlled)

-— tavAv »|
A (ADDRESS) )L
tAVEL -l W ———————————————— | WHAX
E (CHIP ENABLE) N y,
WLWH »
W (WRITE ENABLE) \\\\\ \\\34\ r// / / / / / /
- tAVWH >
G (QUTPUT ENABLE) / \ } } : \
<—»1— tWL0Z
16HOZ —
HIGH IMPEDANCE N\ HIGH IMPEDANCE
Q (DATA OUT) /
IDVWH ————> tWHDX
D (DATA IN) DATA IN VALID
5V
480
a
L 30 pF
255 S (INCLUDING
S
< SCOPE AND JIG)

Figure 1. Output Load

ORDERING INFORMATION
(Order by Full Part Number)

MCM 2018A X XX

Motorola Memory Preﬁx———j_ _I-_— Speed (35=35 ns, 45=45 ns)

Part Number Package (N =300-mil Plastic)

Full Part Numbers—MCM2018AN35
MCM2018AN45
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MOTOROLA

R SEMICONDUC T O R 55
TECHNICAL DATA

MCMG60256A
Advance Information MCMG60L256A
32K x 8 Bit CMOS Static Random
Access Memory

The MCMB60256A 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 P:LA::TI:SE
power consumption and provides greater reliability. The operating current is 5 mA/MHz CASE 710

(typ) and the minimum cycle time is 85 ns. For long cycle times (> 100 ns), the automatic
power down (APD) 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 fow

power standby mode. The maximum standby current for MCMB0L256A is 2 pA \ " F PACKAGE
(TA=25°C). Chip enable also controls the data retention mode. Another control SOG
feature, output enable (G) allows access to the memory contents as fast as 45 ns CASE 761H
(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 MCMB60256A is offered in a 600 mil, 28 pin plastic dual-in-line package as well as PIN ASSIGNMENT
the 330 mil, 28 pin plastic small outline gullwing package.
® Single 5 V Supply, +10% aafl1 e 28 flvgg
® 32K x 8 Organization a2l 2 2w
@ Fully Static — No Clock or Timing Strobes Necessary
® Low Power Dissipation—27.5 mW/MHz (Typical Active) A7fl 3 26 {1a13
® Output Enable and Chip Enable Inputs for More System Design Flexibility and Low a6l 4 25 [1A8
Power Standby Mode aslls 24 [1ag
@ Battery Backup Capability (MCM60L256A)
® Data Retention Supply Voltage=2.0V to 5.5 V alie 3 ]A_”
@ All Inputs and Outputs Are TTL Compatible asf]7 218
© Three State Outputs a2fls 21 {110
® Fast Access Times: MCM60256A-85 and MCM60L256A-85 =285 ns (Max) nilse 20 [E
MCM60256A-10 and MCM60L256A-10= 100 ns (Max)
MCM60256A-12 and MCMBOL256A-12= 120 ns (Max) a0l 10 19 floa?
oaof] 11 18 [nas
s—L 5 BLOCK DIAGRAM oat 12 17 logs
ne— 3 — o213 16 [loas
Ay - — Vsl 14 15 [1003
m—3 ] ~—Vee
ROW MEMORY ARRAY | Vss
M—L{3 pecopen| o | (512 ROWS AND
Al —*,&\_: . 512 COLUMNS) N NAES
mz Wt A0-A14 Address
kR > m— [ 2 Write Enable
me—L3 ] B Chip Enable
_,_._J?_. S G....... .. .. Output Enable
o0 . %‘:1[’,: COLUMN 1/0 H DQO-DA7. . . .. Data Input/Output
pa7 ?:. CONTROL m VG v e v v e e +5 V Power Supply
. COLUMN DECODER VES: v v e Ground

L]

! AD_ A1 A2 A3 A4 A0
AT

=|

[

This document contains information on a new product. Specifications and information herein are subject to charige without notice.
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MCM60256A * MCM60L256A

TRUTH TABLE
E I} W Mode Supply Current 1/0 Pin This device contains circuitry to protect the
. mputs against damage due to high static
H X X Not Selected Isg High Z or el fields; h , itis ad-
L H H Output Disabled icc High Z wsed that normal precautions be taken to
avoid application of any voltage higher than
L L H Read Icc Dout maximum rated voltages to this high-
L X L Write Icc Din impedance circuit.
X =don’t care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee -0.3to0 +7.0 \
Voltage to Any Pin with Respect to Vgg Vin» Vout | —0.5to Vgc+05| V
Power Dissipation (T =25°C) PDIP Pp 1.0 w
SOG 0.6

Operating Temperature TA Oto +70 °C
Storage Temperature Tg_tg —55to +150 °C
NOTE: Permanent devvce damage may occur if ABSOLUTE MAXIMUM RATINGS are

ded. Fur ion should be restricted to RECOMMENDED

OPERATING CONDITIONS Exposure to higher than recommended voltages for
extended periods of time could affect device reliability.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \
Input High Voltage ViH 2.2 - Vcc+0.3 v
Input Low Voitage VIL -0.3% - 0.8 "
*VjL (min)= —0.3 V de; V| (min)= —3.0 V ac (pulse width <50 ns)
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) likgin) — <0.01 +1.0 A
Output Leakage Current (E=Vy or G=V| or W=V, Vout=0 to Vel likg(0) — <0.01 +1.0 »A
Operating Current (Read Cycle) Iccal mA
(E=V), W=Vjy, Other Input=Vj/V, loyt=0 mA)
MCMB60L256A: tayay =1 us - 10 15
MCMB60256A, MCM60L256A-85: tayay =85 ns - - 70
MCMB60256A, MCM60L256A-10: tayay =100 ns - - 70
MCMB60256A, MCM60L256A-12: tayay =120 ns — — 70
(E=0.2V, W=Vc-0.2V, Other Input=Vec—-0.2 V/0.2 V, iccaz
lout=0 mA) MCMB60L256A: tayav =1 us - 5 8
MCM60256A, MCM60L256A-85: tayay =85 ns - - 60
MCM60256A, MCMB60L256A-10: tayay = 100 ns - - 60
MCM60256A, MCM60L256A-12: tayay = 120 ns — - 60
Standby Current (E=Vy) ISB1 — - 3.0 mA
Standby Current (E2Vgoc—0.2V, Voc=2.0 to 5.5 V) MCMB60256A IsB2 - 2 100 rA
MCM60L256A - - 30
MCM60L256A (T p =25°C) - - 2
Output Low Voltage (i =4.0 mA) VoL — - 0.4 \
Output High Volitage (io = —1.0 mA) VOH 2.4 - - \'/
Typical values are referenced to T4 =25°C and Vg =5.0 V
CAPACITANCE (f=1 MHz, Tp=25°C, Periodically Sampled Rather Than 100% Tested)
Characteristic Symbol! Min Max Unit
Input Capacitance (Vin=0 V) Al Inputs Except DQ Cin - 10 pF
1/0 Capacitance (Vj;0=0V) DQ Cy/o — 10 pF

MOTOROLA MEMORY DATA
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MCM60256A e MCMG60L256A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0V +£10%, TA =0 to 70°C, Unless Otherwise Noted)

InputPulse Levels . .................... 06V, 24V Output Timing Measurement Reference Levels. . . . . 08and 2.2V
InputRise/Fall Time . ... ...............0 ... 5ns Outputload. . ... ...... .. .. See Figure 1
Input Timing Measurement Reference Levels . . . . . .. ... 15V

READ CYCLE (See Note 1)

MCMG60256A-86 | MCM60256A-10 | MCM60266A-12
Parameter Symbol s y:::)ol MCMG60L256A-85 | MCMG60L256A-10 | MCMG6O0L266A-12 | ynit | Notes
* Min Max Min Max Min Max
Read Cycle Time tAVAV tRC 85 - 100 - 120 — ns —
Address Access Time taAvav tAA — 85 — 100 — 120 ns —
E Access Time tELQV tAC — 85 - 100 — 120 ns -
G 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 tELQX tcLz 10 — 10 — 10 — ns | 2,3
Output Enable to Output Low-Z tGLOX 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 Enable 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 volitage.
3. These p are periodically led and not 100% tested.
READ CYCLE
| = tavav >
A (ADDRESS)
= tavav taxax —»]
E (CHIP ENABLE) 5\
-t gLy L EHOZ —>
G (OUTPUT ENABLE) \&
< tgrLav > 1GHOZ —>>
HIGH-Z HIGH-Z
Q (DATA OUT) DATA VALID
|@— tgLAX —>|
|—— gl QX ——

50V
R =930
TEST POINT
1N9148
100 pF* 24k OR EQUIV.

*Includes jig capacitance. = =

Figure 1. AC Test Load

MOTOROLA MEMORY DATA
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MCM60256A * MCM60L256A

WRITE CYCLE 1 AND 2 (See Note 1)

NOTES:

MCM60256A-85 | MCMG60266A-10 | MCMG60266A-12
Parameter Symbol Sy‘v\nltxol MCM60L256A-85 | MCM60L256A-10 | MCMG60L266A-12 | ynit | Notes
Min Max Min Max Min Max
Write Cycle Time tAVAV twe 85 — 100 - 120 - ns -
Address Setup Time tAVWL/tAVEL tAS 0 — 0 — 0 — ns -
Address Valid to End of Write tAVWH/tAVEH tAW 75 — 80 — 85 — ns —
Write Pulse Width WLWH WP 60 - 60 - 70 - ns 2
Data Valid to End of Write tDVWH/tDVEH | tDwW 35 - 35 - 40 - ns —
Data Hold Time tWHDX/tEHDX | tDH 0 - 0 — 0 - ns —
Wirite Low to Output in High-Z twLaz tWHZ 25 0 25 0 30 ns 3,4
Write High to Output Low-Z WHQX twLz 10 — 10 — 10 - ns 3,4
Write Recovery Time tWHAX/tEHAX | tWR 5 - 0 - 0 - ns 5
Chip Enable to End of Write tELWH/tELEH tcw 65 = 80 - 85 - ns -

1. Outputs are in high impedance state if G is high during Write Cycle.

y led and not 100% tested.

2.

state.
3.

the previous steady state voltage.
4. These p are periodicall
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 write occurs during the overlap (tywp) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance

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

tAVAV

A (ADDRESS)

A

)

R

tAVWH

IWHAX

E (CHIP ENABLE) \\

NN

ELWH

77777777

W (WRITE ENABLE)

U

r——— IWLWH ——————— |

/]

l—— tAyW| —>|

1DVWH ——>

4

<~>]—— 'WHDX

Q (DATA OUT)

twiaz

HIGH-Z

DATA VALID

L RXRX

HIGH-Z

tWHOX

MOTOROLA MEMORY DATA
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MCM60256 A e MCM60L256A

WRITE CYCLE 2 (E Controlled)

tAvAV |
A (ADDRESS)*
j— tpyf| ——— P ————— | ] ————— ] tEHAX
E (CHIP ENABLE) \( 7{
tWLWH
W (WRITE ENABLE) \\\\\\\\\)\
\ ; ; ; ; ; ;J
HIGH IMPEDANCE HIGH IMPEDANCE
Q (DATA 0UT)
{DVEH ——— tEHDX
D (DATA IN) DATA VALID
DATA RETENTION CHARACTERISTICS (TA=0to +70°C)
Parameter Symbol Min Typ Max Unit
V¢ for Data Retention (E=Vcc—0.2 V) VDR 2.0 — 5.5 \
Data Retention Current (E=Vcc—0.2 V) MCMB60266A : Vcc=3.0V | Iccpr - - 50 KA
Vee=5.5V - - 100
MCM60L256A: Ve =3.0 V - - 10%*
Vee=565V — — 30
Chip Disable to Data Retention Time tCDR 0 — — ns
Operation Recovery Time trac tAvav® = — ns

*tavAv = Read Cycle Time
**This characteristic is guaranteed to meet 3 A max at To=0 to +40°C.

DATA RETENTION MODE

[&————— DATA RETENTION MODE ————>1
vee 45V VoR=20V Vi
CDR — — trgc
B Exvpp-02V
E CONTROL iy Vin

NOTE: If the Vi of Eis 2.4 V in operation, Igg1 current flows during the period that the V¢ voltage is decreasing from 4.5V to 2.4 V.

MOTOROLA MEMORY DATA
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MCM60256A * MCM60L256A
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MCM60256 A s MCM60L256A
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MCM60256 A« MCM60L256A

ORDERING INFORMATION
(Order by Full Part Number)

MCM 60256A or 60L256A X XX XX

Motorola Memory Prefix —[-— Shipping Method (R2=Tape & Reel,

Part Number
(With L= Low Power Version)

Blank = Rails)

Speed (85=85 ns, 10=100 ns,
12=120 ns)

Package (P = Plastic DIP, F=SO0G)

Full Part Numbers—MCM60256AP85 MCM60256AF85 MCMB60256AF85R2
MCM60256AP10 MCM60256AF10 MCM60256AF10R2
MCM60256AP12 MCM60256AF12 MCMB60256AF12R2
MCM60L256AP85  MCMG60L256AF85 MCM60L256AF85R2
MCM60L256AP10  MCM60L256AF10 MCMB60L256AF10R2
MCM60L256AP12  MCM60L256AF12 MCM60L256AF12R2

MOTOROLA MEMORY DATA
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MOTOROLA
TECHNICAL DATA

Advance Information

32K x 8 Bit CMOS Static Random
Access Memory

The MCM60L256A-70 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 minimum cycle time is 70 ns. For long cycle times (> 100 ns),
the automatic power down (APD) 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 for MCM60L256A-70 is 2 A
(TA=25°C). Chip enable also controls the data retention mode. Another control fea-
ture, output enable (G) allows access to the memory contents as fast as 40 ns
(MCMB60L256A-70). Thus the MCM60L256A-70 is suitable for use in various micropro-
cessor application systems where high speed, low power, and battery backup are
required.

The MCM60L256A-70 is offered in a 600 mil, 28 pin plastic dual-in-line package
(PDIP) 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 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
Data Retention Supply Voltage=2.0 V to 5.5 V
All Inputs and Outputs Are TTL Compatible
Three State Outputs
Fast Access Times: 70 ns (Max)
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MCMG60L256A-70

P PACKAGE
PLASTIC
CASE 710

S0G
CASE 75TH

PIN ASSIGNMENT

PIN NAMES
AG-A14. ... ... . ..., Address
W Write Enable
B Chip Enable
[ S Output Enable
DQO-DQ7. ....... Data Input/Output
VCC: v v v veeeen +5 V Power Supply
V88 v v vt viiiii i Ground

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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MCMG60L256A-70

TRUTH TABLE
= ) " This device contains circuitry to protect the
E [ w Mode Supply Current 1/0 Pin inputs against damage due to high static
H X X Not Selected Isg High 2 itages or electric fields; h , itis ad-

" " vised that normal precautions be taken to

L H H Output Disabled Icc High Z avoid application of any voltage higher than
L L H Read Icc Dout maximum rated voltages to this high-
L X L Write icc Din impedance circuit.

X=don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee —-03to +7.0 v
Voltage to Any Pin with Respect to Vgg Vin: Vout | =0.5to Vgc+05| V
Power Dissipation (T =25°C) PDIP Pp 1.0 w
SOG 0.6
Operating Temperature TA Oto +70 °C
Storage Temperature Tstg -55to +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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vee 45 5.0 5.5 v
Input High Voltage ViH 2.2 — Vce+0.3 Vv
Input Low Voltage VIL —-0.3% — 0.8 v
*V)L (min)= —0.3 V dc; V) (min)= —3.0 V ac (pulse width <50 ns)
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vin=0 to Vo) likg(l) — <0.01 +1.0 A
Output Leakage Current (E=Vjy or G=Vjy or W=V, Vout=0to Vcc) likg(0) — <0.01 +1.0 uA
Operating Current (Read Cycle) lccat mA
(E=Vj, W=V|y, Other Input=V|y4/V|L, loyt=0 mA)
MCM60L256A-70: tayay =1 us - 10 15
MCM60L256A-70: tayay =70 ns - - 70
(E=0.2V, W=Vcc~0.2 V, Other Input=Vgg—0.2 V/0.2 V, Iccaz
lout=0 mA) MCMB60L256A-70: tayay =1 us - 5 8
MCMB60L256A-70: tayay =70 ns — — 60
Standby Current (E=V|y) 1SB1 — — 3.0 mA
Standby Current (E=Vcc—0.2V, Voc=2.0t05.5V) MCMBOL256A-70 Isg2 - — 30 A
MCM60L256A-70 (T A =25°C) — - 2
Output Low Voltage (Ig| =4.0 mA) VoL — — 0.4 Vv
Output High Voltage (IopH = — 1.0 mA) VOH 24 — — \

Typical values are referenced to T =25°C and Voc=5.0 V

CAPACITANCE (f=1MHz, Ta=25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit
Input Capacitance (Vi =0 V) All Inputs Except DQ Cin — 10 pF
1/0 Capacitance (V|;0=0 V) DQ Ci/0 - 10 pF

MOTOROLA MEMORY DATA
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MCMG60L256A-70

AC OPERATING CONDITIONS AND CHARACTERISTICS
{Vce=5.0 V +10%, TA=0 to 70°C, Unless Otherwise Noted)

InputPulse Levels . . ................... 06V, 24V Output Timing Measurement Reference Levels . . . . . 0.8and 2.2V
Input Rise/Fall Time .. . ... ........coiuieuuenn. 5ns Outputload. . . ... .. ... nnn See Figure 1
Input Timing Measurement Reference Levels. . . . . ... .. 1.5V

READ CYCLE (See Note 1)

Alt | MCM60L256A-70
Parameter Symbol Symbol | Min Mo Unit | Notes
Read Cycle Time tAVAV tRC 70 — ns —
Address Access Time tavQv tAA — 70 ns —
E Access Time tELQV tAC - 70 ns —
G Access Time tGLQV t0E — 40 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 tGLAX toLz 5 — ns 2,3
Chip Enable to Output High-Z tEHQZ tCHZ 0 25 ns 2,3
Output Enable to Output High-Z tGHaz | toHz 0 25 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. These f are periodically led and not 100% tested.
READ CYCLE
| tavav |
A (ADDRESS)
tavgy ——————— taxax —]
E (CHIP ENABLE) 5\
|t tg Qv ———— > EHOZ —p>|
G (OUTPUT ENABLE) \K
——— 6LV ———>| GHOZ —>>
Q (DATA OUT) HEHZ DATA VALID ?n_mz_
|<— 16LOX
|—— tg0x —
50V
R =930
TEST POINT
100 pF* 24k 011":&:;.

*Includes jig capacitance. = =

Figure 1. AC Test Load

MOTOROLA MEMORY DATA
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MCMG60L256A-70

WRITE CYCLE 1 AND 2 (See Note 1)

Alt | MCM60L256A-70
Parameter Symbol Symbol - Unit | Notes
ym! Min Max
Write Cycle Time TAVAV tWC 70 — ns —
Address Setup Time tAVWL/tAVEL tAS 0 — ns -
Address Valid to End of Write tAVWH/tAVEH tAW 60 - ns —
Write Pulse Width tWLWH twp 50 — ns 2
Data Valid to End of Write tDVWH/tDVEH | tDow 25 — ns —
Data Hold Time tWHDX/tEHDX | tDH 0 — ns —
Write Low to Output in High-Z twLQz tWHZ 0 25 ns 3,4
Write High to Output Low-Z tWHQX twLz 5 — ns 3,4
Write Recovery Time tWHAX/tEHAX | tWR 0 — ns 5
Chip Enable to End of Write tELWH/tELEH 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 (typ) 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 p are periodically pled and not 100% tested.

5. twR is measured from the earlier of EorW going high to the end of write cycle.

WRITE CYCLE 1 (W CONTROLLED)

A

tavav >

A

IWHAX

77777777

W (WRITE ENABLE) #K /'/

t— tAYW| ——>>| ‘DVWN'_"’]— tWHDX

|

wLaz —r > IWHOX

A (ADDRESS) }
TAVWH >

E (CHIP ENABLE) \\ \\Xi{‘ ELWH

IWLWH >

W

Ny

HIGH-Z HIGH-Z
Q (DATA OUT)

MOTOROLA MEMORY DATA
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MCMG60L256A-70

WRITE CYCLE 2 (E CONTROLLED)

- AV - {
A (ADDRESS)
AVEL > TELEN — tEHAX
E (CHIP ENABLE) XK ]r
WLWH
woare s y \\ A\ A NN\ NK . S
HIGH IMPEDANCE HIGH IMPEDANCE
0 (DATA OUT)
ovEH ———— tEHDX
D (DATA IN) DATA VALID

DATA RETENTION CHARACTERISTICS (TA =0 to +70°C)

Parameter Symbol Min Typ Max Unit
V¢ for Data Retention (E=Vcc—0.2 V) VDR 2.0 — 5.5 \Y
Data Retention Current (E=Vgc—-0.2 V) MCMB60L256A-70: Vcc=3.0V | ICcCDR - - 10%* A
Vee=55V - - 30
Chip Disable to Data Retention Time tCDR 0 - — ns
Operation Recovery Time trac tAVAV* — = ns

*tavav = Read Cycle Time
**This characteristic is guaranteed to meet 3 uA max at To =0 to +40°C.

DATA RETENTION MODE

[&————— DATA RETENTION MODE —————>
vee 45V ‘ VoR=20V 7 45V
1COR —»] [— troc
_ E=Vpg-02V
E CONTROL Vig Viy

NOTE: If the V| of E is 2.4 V in operation, Igg1 current flows during the period that the V( voltage is decreasing from 4.5V to 2.4 V.

MOTOROLA MEMORY DATA
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MCM60L256A-70

ViH, INPUT HIGH VOLTAGE (NORMALIZED)
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Figure 1. Input High Voltage versus Supply Voltage

Isg1, STANDBY CURRENT (NORMALIZED)

VL. INPUT LOW VOLTAGE (NORMALIZED)
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Figure 2. Input Low Voltage versus Supply Voltage
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Figure 4. Igg1 Standby Current versus Ambient
Temperature

Ta, AMBIENT TEMPERATURE (°C)

Figure 5. Igg2 Standby Current versus Ambient
Temperature

MOTOROLA MEMORY DATA

6-21



MCM60L256A-70

ICCA. OPERATING CURRENT (NORMALIZED)

tavQy. ADDRESS ACCESS TIME (NORMALIZED)

4 6 8 10
f, FREQUENCY (MHz)

Figure 6. Low Power Operating Current versus
Frequency (Read)

IcCcA. OPERATING CURRENT (NORMALIZED)
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Figure 7. Operating Current versus Frequency (Write)
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Figure 8. Low Power Igg2 Standby Current versus

Supply Voltage
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MCMG60L256A-70

ORDERING INFORMATION
(Order by Full Part Number)

MCM 60L256A X XX XX

Motorola Memory PrefixJ _r——— Shipping Method (R2=Tape & Reel,

Blank = Rails)

Part Number
(With L=Low Power Version) Speed (70=70 ns)

Package (P = Plastic DIP, F=SO0G)

Full Part Numbers—MCM60L256AP70  MCM60L256AF70 MCMB60L256AF70R2

MOTOROLA MEMORY DATA
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MOTOROLA
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 (APD) 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 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 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 A @ 25°C)

Data Retention Supply Voltage=2.0 V to 5.5 V

All Inputs and Outputs Are TTL Compatible

Three State Outputs

Fast Access Time: MCM60256A-C10 and MCM60L256A-C10 =100 ns (Max)

BLOCK DIAGRAM

e D —
A8 — .
a7 —{3—] -
A8 5 "
MEMORY ARRAY | o
a0 —L3—1 now | < | (512 pows ano s
an [——]"econeR 2 | 512 coumms)
A2 —{ 5
a3 —{ 35—
A4 —3 1
0o —'—_P—' B
0 : ";‘3’: || cowmnio :
0oz ?A CONTROL
COLUMN DECODER

mi

AC A1 A2 A3 A4 A10

!

R SEMICOND U CT O R /55

MCMG60256A-C
MCMG60L256A-C

P PACKAGE

PLASTIC
1 CASE 710
2% ‘M F PACKAGE
\, S0G
CASE 75TH
PIN ASSIGNMENT
At4fj1 @ 28 fIvgg
mﬂ 2 270w
A7) 3 26 [1A13
A6l 4 25 [1A8
Asl]s 24 [1A8
asfl 6 23 1A
Asfl7 218
A2l 8 21 f1A10
allo 20[IE
aofj 10 19 [1oa7
paof] 1 18 {10as
pai1ff 12 17 [l a5
paz2f} 13 16 {1 na4
vgsll 14 15 {] 003
PIN NAMES
AGAMA. ... Address
Woooooooooon Write Enable
E..ooovviiii oo Chip Enable
G . Output Enable
pao-bQ7. ...... Data input/Output
VeC- v oo v e et +5 V Power Supply
V88 v v v v i et Ground

This document contains information on a new product. Specifications and information herein are subject to charige without notice.
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MCM60256A-C*MCM60L256A-C

TRUTH TABLE

" This device contains circuitry to protect the

E [ w Mode Supply Current 1/0 Pin inputs against damage du;y to ‘r’nigh static

H X X Not Selected IsB High Z | " tham lectric fields; h: ver itis ad-

" " viset t normal precautions taken to

L H H Output Disabled Icc High Z avoid application of any voltage higher than

L L H Read Icc Dout maximum rated voltages to this high-
L X L Write lcc Din—— impedance circuit.

X=don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage vVce —-03t0 +7.0 \Y
Voltage to Any Pin with Respect to Vgg Vin. Vout | —0.5t0 Vcc+05] V
Power Dissipation (T =256°C) PDIP Pp 1.0 w
SOG 0.6
Operating Temperature TA —40to +85 °C
Storage Temperature Ts_tg —55to +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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, TA= —40 to 85°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voitage Range) Vee 4.5 5.0 5.5 Vv
Input High Voltage VIH 2.2 = Vee+0.3 v
Input Low Voltage ViL —0.3% — 0.8 \"
*VL (min)= - 0.3 V dc; V) (min)= —3.0 V ac (pulse width <50 ns)
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Input Leakage Current (All inputs, Vi, =0 to Vcc) likg(1) — <0.01 +1.0 rA
Output Leakage Current (E=Vj or G=V| or W=V}, Vout=0 to Vcc) likg(0) - <0.01 +1.0 A
Operating Current (Read Cycle) Iccat mA
(E=V), W=V}, Other Input=Vjq/ViL, lout=0 mA)  tayav=1us - 10 15
tavav =100 ns - - 70
(E=0.2V, W=Vcc—0.2 V, Other Input=Vcc—0.2 V/0.2 V, iccaz
lout=0 mA) tavav=1us - 5 8
tavay =100 ns - — 60
Standby Current (E=V|y) 1SB1 — — 3.0 mA
Standby Current (EzVcc-0.2V, Vgc=2.010 5.5 V) IsB2 — 2 100 A
(TA=25°C) - - 2
Output Low Voltage (ig| =4.0 mA) VoL — — 0.4 \
Output High Voltage (loH = —1.0 mA) VOoH 2.4 - - \

Typical values are referenced to Tp=256°C and Vcc=5.0V

CAPACITANCE (f=1 MHz, Tp=25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit
Input Capacitance (Vin =0 V) All Inputs Except DQ Cin — 10 pF
1/0 Capacitance (V|;0=0V) DQ Ci/o — 10 pF

MOTOROLA MEMORY DATA
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MCM60256A-C*MCM60L256A-C

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, Ta = —40 to 85°C, Unless Otherwise Noted)

InputPulseLevels . . ................... 06V, 24V Output Timing Measurement Reference Levels. . . . . 0.8 and 2.2 V
InputRise/Fall Time . . . . ... 5ns Outputload. . . .. ... .ovviii et i nnnnn See Figure 1
Input Timing Measurement Reference Levels . . . .. ... .. 1.5V

READ CYCLE (See Note 1)

Parameter Symbol Sv?l:;ol Min Max Unit | Notes
Read Cycle Time tAVAV tRC 100 - ns -
Address Access Time tAvQV tAA - 100 ns -
E Access Time tELQV tAC — 100 ns —
G Access Time tgLQV 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 tGLQX toLz 5 — ns 2,3
Chip Enable to Output High-Z tEHQZ tCHZ 0 35 ns 2,3
OQutput 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. These p. are peri lly pled and not 100% tested.
READ CYCLE
| tAvav >
A (ADDRESS)
gy ————————> taxax —>]
E (CHIP ENABLE) 5‘
- tELQy > tEHQZ —>>
G (OUTPUT ENABLE) \'&
- 1GLQV ———— tGHQZ ——>>
HIGH-Z 2 HIGH-Z
Q (DATA OUT) { DATA VALID
-€— tGLAX —>|
|<«—— tglgx —»

50V
R =930
TEST POINT
1N9148
100 pF* 24k OR EQUIV.

*Includes jig capacitance. = =

Figure 1. AC Test Load
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MCM60256A-C*MCMG60L256A-C

WRITE CYCLE 1 AND 2 (See Note 1)

Parameter Symbol Alt Min Max Unit | Notes
Symbol
Write Cycle Time tAVAV wc 100 - ns -
Address Setup Time tAVWL/tAVEL tAS 0 - ns -
Address Valid to End of Write tAVWH/tAVEH taw 80 - ns -
Write Pulse Width tWLWH twp 60 - ns 2
Data Valid to End of Write tDVWH/tDVEH tow 35 - ns -
Data Hold Time tWHDX/tEHDX tDH 0 - ns -
Write Low to Output in High-Z twLQZ TWHZ 0 25 ns 3,4
Write High to Output Low-Z tWHQX twiz 10 - ns 3.4
Write Recovery Time TWHAX/ tEHAX tWR 0 - ns 5
Chip Enable to End of Write tELWH/tELEH 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 (typ) 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 p. are periodically pled 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)

[ tAVAV >
A (ADDRESS) ){
- TAVWH > -+ TWHAX

owonms (NN 777777

[————————— WLWH
= \ /
W (WRITE ENABLE) L j'
[ tAyW| —> 1DVWH -——-»4—»-'— TWHDX
|
D @A oATA VAL XXZXZXXX
wioz —r > »1— WHOX
HIGH-Z HIGH-Z
Q (DATA OUT)

MOTOROLA MEMORY DATA
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MCMG60256A-C*MCM60L256A-C

WRITE CYCLE 2 (E Controlled)

tavav

A (ADDRESS)-

[ tAVEL - tELEH

E (CHIP ENABLE)

tAVEH

tEHAX

T IAAARARNNN,

WLWH

HIGH IMPEDANCE

HIGH IMPEDANCE

Q (DATA OUT)
DVEH —— EHDX
D (DATA IN) DATA VALID
DATA RETENTION CHARACTERISTICS (T = —40 to 85°C)
Parameter Symbol Min Typ Max Unit
V¢ for Data Retention (E=Vcc—0.2 V) VDR 2.0 — 5.5 \%
Data Retention Current (E=Vcc—0.2 V) Vecc=3.0V | Iccpr - - 50 »A
Vecec=5.5V — — 100

Chip Disable to Data Retention Time tCDR 0 — - ns

Operation Recovery Time trec tavav* = — ns
*tavav = Read Cycle Time

DATA RETENTION MODE

Vee 45V

1COR —]

E CONTROL Vil

\ VpR=20V

}<&—————— DATA RETENTION MODE —————

] 45V

E=vpp-02V

[ trgc

Vin

NOTE: If the Vj of E is 2.4 V in operation, Igg1 current flows during the period that the V¢ voltage is decreasing from 4.5V to 2.4 V.
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MCM60256A-C*MCM60L256A-C
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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 4. Igg1 Standby Current versus Ambient
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Figure 5. igp2 Standby Current versus Ambient
Temperature
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MCMG60256A-C* MCM60L256A-C
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MCM60256A-C* MCM60L256A-C

ORDERING INFORMATION
(Order by Full Part Number)

MCM 60258A X X XX XX

Motorola Memory Prefix —I—— Shipping Method (R2=Tape & Reel, Blank = Rails)

Part Number Speed (10=100 ns)

Operating Temperature Range
(C=Industrial Range, —40 to 85°C)

Package (P = Plastic DIP, F = Gull-Wing SO)

Full Part Number —MCM60256APC10 MCMB60L256APC10
MCM60256AFC10 MCM60L256AFC10
MCM60256AFC10R2 MCM60L256AFC10R2

MOTOROLA MEMORY DATA
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MOTOROLA
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 (APD) 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 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 50 ns. Thus the MCMGB0L256A-V is suitable for
use in various microprocessor application systems where high speed, low power, and
battery backup are required.

The MCMB60L256A-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 uA @ 25°C)

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 (Max)

BLOCK DIAGRAM

s —L3—
—s 1 1
n—{3
M—3 MEMORY ARRAY ::cc
a—L3—] Aow | * | (512 rows AND ss
a1t — 3 ——{ECO0ER| | 512 columns)
az— 3 1
N D a—
ae—{3— —

D00 —9¢

2y
:

DATA ] COLUMN /0
ba7 CONTROL

COLUMN DECODER

JAYAS

1 AD A1 A2 A3 A4 AT0

PZER
Dl

mi

ol =

R SEMICONDU CT O R /550

MCMG60L256A-V

P PACKAGE
PLASTIC
1 CASE 710

F PACKAGE
S0G
CASE 751H

2N

1

PIN ASSIGNMENT

AMafl1 e 28 [Ivge
a2l 2 27 [IW
A7l} 3 26 [1A13
A6 4 25 [1a8
aslls 24 [1a9
A4ll s 23 [1a1
Asl}7 201§
a2l s 21 [Ja10
alfle 20 IE
a0f] 10 19 [Joa7
paof} 11 18 {1006
pai1] 12 17 {1005
pa2f] 13 16 {1 D04
vssl] 14 15 [1003
PIN NAMES
AO-A14 . ... .......... Address
W.. oo Wirite Enable
B Chip Enable
G ... Output Enable
DQO-DQ7....... Data Input/Output
VG- v ve e e +5 V Power Supply
VES: v v v v it Ground

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCMG60L256A-V

TRUTH TABLE

= This device contains circuitry to protect the

E [ w Mode Supply Current 1/0 Pin inputs against d due o high static

H X X Not Selected Isg High Z voltages or electric fields; however, it is ad-
: : vised that normal precautions be taken to

L H H Output Disabled Icc HighZ avoid application of any voltage higher than

L L H Read Icc Dout maximum rated voltages to this high-

L X L Write icc Din impedance circuit.

X=don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voitage vee -03to0 +7.0 A"
Voltage to Any Pin with Respect to Vgg Vin: Vout | —0.6t0Vcc+05| V
Power Dissipation (Ta =25°C) PDIP Pp 1.0 w
SOG 0.6
Operating Temperature TA —40to +105 °C
Storage Temperature ‘I;,_tg —-55to +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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V £10%, Ta= —40 to 105°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 \'
Input High Voltage ViH 22 - Vee+0.3 \'
Input Low Voltage ViL —0.3% — 0.8 \
*V|L (min)= —0.3 V dc; V)_ (min) = —3.0 V ac (pulse width <50 ns)
DC CHARACTERISTICS
Parameter Symbol Min Typ Max | Unit
Input Leakage Current (All Inputs, Vih =0 to Vcc) IM - <0.01 +1.0 pA
Output Leakage Current (E=V)y or G=Vjy or W=V, Vout=0 to Vcc) likg(0) — <0.01 +1.0 pA
Operating Current (Read Cycle) Iccat mA
(E=V|L, W=V}y, Other Input=V|{/V|_, lout=0 mA)  tayav=1ss - 10 15
tavav =100 ns - - 70
(E=0.2V, W=Vcc—-0.2V, Other Input=Vcc—0.2V/0.2 V, IccA2
lout=0 mA) tavav=1us - 5 8
tavay = 100 ns — — 60
Standby Current (E=Vjy) IsB1 — — 3.0 mA
Standby Current (EzVcc—0.2V, Vcc=2.0 t0 5.5 V) IsB2 - 2 100 pA
(TA=25°C) — — 2
Output Low Voltage (g =4.0 mA) VoL — — 0.4 \
Output High Voltage (IgH = — 1.0 mA) VOH 24 - - \
Typical values are referenced to Tp =26°C and Vcc=5.0 V
CAPACITANCE (f=1 MHz, Tp =25°C, Periodically Sampled Rather Than 100% Tested)
Characteristic Symbol Min Max Unit
Input Capacitance (Vi =0 V) All Inputs Except DQ Cin - 10 pF
1/0 Capacitance (Vj;0=0 V) DQ Ci/0 - 10 pF

MOTOROLA MEMORY DATA
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MCMG60L256A-V

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0V +£10%, Ta= —40 to 105°C, Unless Otherwise Noted)

InputPulselevels . .................... 06V, 24V Output Timing Measurement Reference Levels . . . . . 0.8and 2.2V
InputRise/Fall Time . .. ........oiiiieunnn. 5ns Outputload. . ............. v, See Figure 1
input Timing Measurement Reference Levels. . . . . ... .. 1.5V

READ CYCLE (See Note 1)

Parameter Symbol Sy:::ml Min Max Unit | Notes
Read Cycle Time tAVAV tRC 100 - ns -
Address Access Time tAvaQv tAA — 100 ns -
E Access Time tELQV tac — 100 ns —
G Access Time tGLQV 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 tGLAX toLz 5 — ns 2,3
Chip Enable to Output High-Z tEHQZ tCHZ 0 35 ns 2,3
Output Enable to Qutput 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. These p are periodically sampled and not 100% tested.
READ CYCLE
| tAvAv >
A (ADDRESS)
tavgy ————— > taxax —>
E (CHIP ENABLE) XK
- tELav > EHOZ —>>
§ (OUTPUT ENABLE) \(
———— L0V —>>| 1GHOZ ——>>1
HIGH-Z 4 HIGH-2
0 (DATA OUT) { DATA VALID
l— tGLOX —>|
[ ——— g QX —>

50V
R =930
TEST POINT
N914B
100 pF* 24k OR EQUIV.

*Includes jig capacitance. = =

Figure 1. AC Test Load
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MCM60L256A-V

WRITE CYCLE 1 AND 2 (See Note 1)

Paramater Symbol sy"‘“';m Min | Max | Unit | Notes
Write Cycle Time tAVAV twWe 100 — ns —
Address Setup Time tAVWL/tAVEL tAS 0 — ns —
Address Valid to End of Write tAVWH/tAVEH tAW 80 — ns —
Write Pulse Width tWLWH tWP 60 - ns 2
Data Valid to End of Write tDVWH/tDVEH tDW 35 - ns —
Data Hold Time tWHDX/tEHDX tDH 0 - ns -
Write Low to Output in High-Z twLQz tWHZ 0 30 ns 3,4
Write High to Output Low-Z tWHQX twiLz 10 — ns 3,4
Wirite Recovery Time TWHAX/tEHAX tWR 0 — ns 5
Chip Enable to End of Write tELWH/tELEH 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 (typ) 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 p are periodically pled 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)

[ tavav
A (ADDRESS) %

NOZ

_

tAVWH |t IWHAX
tELWH ~/
E(cmﬂunl!)\ 7