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MEMORIES SELECTION GUIDE

NOTES
Not all package options are listed.
Operating temperature ranges:
MOS — 0°C to 70°C
CMOS — 0°C to 70°C

ECL — Consult individual data sheets
TTL — Military —55°C to +1256°C, Commercial 0°C to 70°C

FOOTNOTES

TMotorola’s innovative pin #1 refresh
2Al MOS memory outputs are three-state except the open collector MCM2115A series.

3Character generators include shifted and unshifted characters, ASCII, alphanumeric
control, math, Japanese, British, German, European and French symbols.

*To be introduced.
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MEMORIES SELECTION GUIDE (continued)

RAMs
MOS DYNAMIC RAMs
—_ Access Time Power No. of
Organization Part Number {ns max) Supplies Pins

4096 % 1 MCM4027AC-2 150 12, £5V 16
4096 1 MCM4027AC-3 200 +12, £5V 16
4096 x 1 MCM4027AC-4 250 +12, 5V 16
16384 % 1 MCMA4116BC15 150 +12, £5V 16
16384 1 MCM41168C20 200 +12, 45V 16
16384 x 1 MCM4116BC25 250 +12, £5V 16
16384 x 1 MCMA4116BC30 300 +12, 5V 16
16384 x 1 MCM4516C12° 1 120 +5V 16
16384 x 1 MCM4516C15° 1 150 +5V 16
16384 x 1 MCM4516C20° 1 200 +5V 16
16384 x 1 MCM4517C12 120 +5V 16
16384 x 1 MCM4517C15 150 +5V 16
16384 1 MCM4517C20 200 +5V 16
32768 1 MCM4132L15 150 +12, £5V 18
32768 x 1 MCM4132L20 200 +12, 5V 18
32768x 1 MCMA4132L25 250 +12, £5V 18
32768 1 MCM4132L30 300 +12, £5V 18
32768 1 MCM6632L.15) 150 +5V 16
32768 x 1 MCM6632L.20! 200 +5V 16
32768 x 1 MCM6632L.25" 250 +5V 16
32768 x 1 MCM86633L15 150 +5V 16
32768 1 MCM6633L20 200 +5V 16
32768 1 MCM6633L25 250 +5V 16
65536 % 1 MCM6664L15! 150 +5V 16
65536 1 MCM6664L.20' 200 +5V 16
65536 1 MCM6664L.25' 250 +5V 16
65536 % 1 MCM6665L15 150 +5V 16
65536 x 1 MCM6665L.20 200 +5V 16
65536 % 1 MCM6665L25 250 +5V 16

ITL BIPOLAR RAMs

Organization Part Number m(nn : smaﬂ;':)“a Output N,‘,’i'n:'

256x 4 MCM93412 45 Open Collector 2
256 4 MCM93422 45 3-State 2
1024 x 1 MCM93415 45 Open Collector 16
1024 x 1 MCM93425 45 3-State 16

See Notes on Page 1-2.




MEMORIES SELECTION GUIDE (continued)

MOS STATIC RAMs (+5 Volts)

Organization Part Number A‘;m?‘e Ngih:f
128x8 MCM6810 450 24
128x8 MCM68A10 360 24
128x8 MCM68B10 250 24
1024 x 4 MCM2114P20 200 18
1024 x 4 MCM2114P25 250 18
1024 x 4 MCM2114P30 300 18
1024 x 4 MCM2114P45 450 18
1024 x4 MCM21L14P20 200 18
1024 x4 MCM21L14P25 250 18
1024 x 4 MCM21L14P30 300 18
1024 x 4 MCM21L14P45 450 18 .
1024 x1 MCM2115AC452 45 16
1024 x1 MCM2115AC552 55 16
1024 x 1 MCM2115AC702 70 16
1024 x 1 MCM21L15AC45! 45 16
1024 x 1 MCM21L15AC702 70 16
1024x 1 MCM2125AC45 45 16
1024 x 1 MCM2125ACB5 55 16
1024 x1 MCM2125AC70 70 16
1024 x 1 MCM21L25AC45 45 16
1024 x 1 MCM21L25AC70 70 16

4096 x 1 MCM2147C55 55 18 -
4096 x 1 MCM2147C70 70 18
4096 x 1 MCM2147C85 85 18
1024 x 4 MCM2148C55* 55 18
1024 x 4 MCM2148C70* 70 18
1024 x4 MCM2148C85* 85 18
1024 x4 MCM2149C55* 55 18
1024 x4 MCM2149C70* 70 18
1024 x 4 MCM2149C85* 85 18
CMOS STATIC RAMs (+5 Volts)

Organization _ Part Number A(:f‘:i::)“e N:,)i;‘:f
256 x 4 MCMb5101P65 650 22
256x 4 MCM5101P80 800 22
256 % 4 MCMb1L01P45 450 22
256x 4 MCMb1L01PE5 650 22
1024 x 1 MCM6508C30 300 16
1024 x 1 MCM®6508C46 460 16
1024 1 MCM6518C30 300 18
1024 x 1 MCM6518C46 460 18

ECL BIPOLAR RAMs
Organization Part Number At:g:s's“:lr)ne QOutput N;,)i;,':f

8x2 MCM10143 15 ECL output 24
256% 1 MCM10144 26 ECL output 16
16x4 MCM10145 15 ECL output 16
1024 x 1 MCM10146 29 ECL output 16
128x 1 MCM10147 15 ECL output 16
256 1 MCM10152 15 ECL output 16
256 x4 MCM10422° 10 ECL output 24

See notes on page 1-2




MEMORIES SELECTION GUIDE (continued)

EPROMs
MOS EPROMs
— Access Time Power No. of
Organization Part Number (ns max) Supplies Pins
1,024x8 MCM2708C 450 +12, +5V 24
1024 %8 MCM27A08C 300 +12, £5V 24
1024x 8 MCM68708C 450 +12, £5V 24
1024 % 8 MCMB68A708C 300 +12, +5V 24
2048 x 8 TMS2716C 450 +12, 5V 24
2048 % 8 TMS27A16C 300 +12, £5V 24
2048 x 8 MCM2716C 450 +5V 24
2048 x 8 MCM2716C35 350 +5V 24
2048 x 8 MCM27L16C 450 +5V 24
2048 x 8 MCM27L16C35 350 +5V 24
4096 x 8 MCM2532C 450 +5V 24
4096 x 8 MCM2532C35 350 +5V 24
4096 x 8 MCM25L32C 450 +5V 24
4096 % 8 MCM25L32C35 350 +5V 24
8192x 8 MCM68764C 450 +5V 24
8192x 8 MCM68764C35 350 +5V 24
8192x 8 MCM68L764C 450 +5V 24
8192x 8 MCM68L764C35 350 +5V 24
8192x 8 MCM68766C35 350 +5V 24
MOS EEPROM
. Access Time Power No. of
Organization Part Number (ns max) Supplies Pins
16x 16 MCM2801C* 10 us +5V 14

See notes on page 1-2
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MEMORIES SELECTION GUIDE (continued)

ROMs
MOS STATIC ROMs (+5 Volts)

Character Generators3

Organization Part Number At(:g:s:‘:;i(r;\e Ngi;‘:f
128 % (7x5) MCM6670P 350 18
128x (7 x 5) MCM6674P 350 18
128x% (9% 7) MCM®66700P 350 24
128% (9% 7) MCM66710P 350 24
128x (9% 7) MCM66714P 350 24
128x (9% 7) MCM66720P 350 24
128x(9x7) MCM66730P 360 24
128x (9% 7) MCM66734P 350 24
128x (9% 7) MCM®66740P 350 24
128 x (9% 7) MCM66750P 350 24
128x (9% 7) MCM66760P 350 24
128x (9% 7) MCM®66770P 350 24
128x% (9% 7) MCM66780P 350 24
128x(9x7) MCM66790P 3560 24

Binary ROMSs (+ 5 Volts)

Organization Part Number A (ns m;'(r)m ngih:f
1,024x8 MCM68A308P 350 24
1024 %8 MCM68A308P7 350 24
1024 x 8 MCM68B308P 250 24
2048 x 8 MCM68A316AP 350 24
2048 x 8 MCM68A316EP 350 24
2048 x 8 MCM68A316P91 350 24
4096 x 8 MCMB68A332P 350 24
4096 x 8 MCM68A332P2 350 24
8192x 8 MCM68A364P 350 24
8192x8 MCM68A364P3 350 24
8192x 8 MCM68B364P 250 24
8192x8 MCM68365P25 250 24
8192x8 MCM68365P35 350 24
8192x8 MCM68366P25 250 24
8192x8 MCM68366P35 350 24
8192x 8 MCM68766C45 450 24

CMOS ROMs (+5 Volts)

Organization Part Number A?m;;i(r)ne NI(;i'ng f
256 x 4 MCM 14524 1200 16
2048 x 8 MCM65516C43 430 18
2048x 8 MCM65516C55 550 18

See notes on page 1-2



MEMORIES SELECTION GUIDE (continued)

PROMs
ECL PROMs
Organization Part Number At:g:szl:;i:)ne Output N:i.n:f
32x8 MCM10139 25 ECL output 16
256 x 4 MCM10149 30 ECL output 16
ITL PROMs
Organization Part Number A (n: sE m:':(r)ne Output Ngi;,,: f
64x8 MCMB5003/5303 1256 Open Collector 24
64x8 MCMb5004/5304 126 2K Pull-Up 24
512x4 MCM7620 70 Open Collector 16
512x 4 MCM7621 70 3-State 16
512x 8 MCM7640 70 Open Collector 24
512x8 MCM7641 70 3-State 24
1024x 4 MCM7642 70 Open Collector 18
1024 x 4 MCM7643 70 3-State 18
1024x 8 MCM7680 70 Open Collector 24
1024x 8 MCM7681 70 3-State 24
2048 x 4 MCM7684* 70 Open Collector 18
2048 % 4 MCM7685* 70 3-State 18
2048x 4 MCM7686* 70 Open Collector 20
2048 4 MCM7687* 70 i Sate 20
. Open Collector
2048 x 4 MCM7688 - with Registers 20
. 3-State
2048 % 4 MCM7689 — with Registers 20
1Kx8 MCM76LS81* 175 3-State 24
1K x8 MCMm82708* 70 3-State 24

See notes on page 1-2
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Memory Systems Board Selector Guide and Cross Reference

ITHIG STANDARD
DEC MOTOROLA DEC INTEL MOSTEK NATIONAL MONOL DATARAM PLESSEY g
COMPUTERS MEMORY SIZE | PhRT NUMBER PART NUMBER | PARTNUMBER | PART NUMBER PARTNUMBER | Diihuwoer | PARTNUMBER | PARTNUMBER | PARTNUMBER | MEMORIES o
LI 11 8K x 1 MMS1102-31 MSV11-8G - MK 8005-03 - - DR-115: PM-SV32A/103 - -
(sl 11/02 16K x 1 MMS 1122N3032 MSV11-0C CM-5004-616 MK 8005-02 : MSC4601 16K x 16 DR-115 PM-SV32A/102 94123-16
181 11/23 3K x 1 MMS 1122N3064 MSV11-00 CM-5004-632 MK 8005-00 NS23P MSC4601 32K = 16 DR-115 PM-SV32A/100 9412332
11/ 64K x 1 MMS1132 - - - - - DR-113 . - -
|- (QBusPius 4 128K x 1 1 MMmS1132 L " + N 4 " + N + N + DR-113; + " + N 4 N 4
o 8K x 1 MMS1102-31PC MSV11-EC - I MK 800514 : : DR-115 PM-SV32AP/103 r :
16K x 1 MMS1102-32PC MSV11-E8 CM-5004-816 MK 8005-12 - MSCA604 16K x 18 DR-115 PM-SV32AP/102 - :
32K x 1 MMS1102-34PC MSV11-6D CM-5004-832 MK 8005-10 NS23P MSC4604 32K x 18 DR-115 PM-SV324P/100
84K x 1 MMS 1132 - Hhae - : : DR-113: : - -
128K x 1 MMS1132 - - - - - DR-113 - - -
+PDP 11/04 16K x 1 MMS1117-x2 - - VK 800102 NS11/34-16 C3503 16K x 16 DR-114 - - + PINCOMM PS
05, 10,34, 32K x 1 MMS1117-x4 - : MK 8001-01 NST1/3432 | MSC3503 32K x 16 OR-114 PM-51164/102 : PINCOMM PS
35, 40, 45, 48K x 1 MMS1117-x6 - - - MSC: 48K x 16 DR-114 PM-51164/101 - PINCOMM PS
| 505560 |  64Kx16 | MMSI117x8 | L 1 wmxesooro0 | - | MSC3503 64K x 16 DR114S | PM-51164/100 | : L PinGommps |
(MUDBUS 16K 1 MMS1117-%2PC - S I MKB8011-02, NS11/34P-16 3605 16K x 18 DR 114 - I 9423416 PINCOMM P3
s 3K x 1 MMS1117-x4PG - CM-5034-832 MK 8011-01 NSTI/34P32 | MSC3605 32K x 18 DR-114 PM-51164A/102 9423432 PINGOMM PS
48K x 1 MMS1117-x6PG - CM-5034-848 - - 3605 48K x 18 DR-114 PM-31164A7107 : PINCOMM PS
64K x 1 MMS1117-x8PC : CM-5034-864 MK 8011-00 MSC3605 64K x 18 OR-114 PM-511644/100 : PINCOMM PS
+PDP-11/04 16K x 1 MMS1128P 016 . - MK 8011-02 NST1/34P-16 | MSC3606 16K x 18 DR-114: R 9423416 ~PINCOMM PS
PDP-11/34 3K x 1 MMS1128Px 032 MSTI-LA CM-5034-632 MK 8011-01 NST1/34P32 | M3C3606 32K x 18 DR-114 PM-S11L/100 94234-32 PINCOMM PS
| PDP-11/60 |  4BKx18 | MMS1128Px048 | - | Oms034eas | - 1 : | MSC3606 48K x 18]  DR-114 PMSTIL/I00 | . | PINCOMM pS
(Mudbus 64K x 1 -MMS1128Px064 T MS11-L8 - MK 8012-00 MSC3606 128K x 18 DR1143 T - 1 : T PINCOMM PS
slot) 96K x 1 TMMIS1128P %096 MS11-LC - - - - DR-114 - - .
+POP-11/04 32 x 1 MMS1119P =032 MSTI-LA CM-5034-832 MK 8012-03 - MSC3606 32K x 18 DR-114 PM-ST1L/100 9413432 +PINCOMM PS
POP-11/34 BAK 1 MMS 11199 x 064 MS11-B CM-5034-864 MK 8012-02 NS11/340 MSC3606 64K 18 DR-114 PM-ST1L/100 9413464 PINCOMM P3
POP-11/60 96K x 1 MMS1119P = 096 MS11-LC - MK 8012-01 NS11/34Q MSG3606 6K x 18 DR-114 PM-S11L/100 : -
L (Mugbus 4 128K | MMSITI9Px128 | MSTAD | - | MK801200 |  NS11/340 | MSC3606 128K x 18]  DR-114S | PMSTILA0 | 94134128 | - ]
siot) 256K x 1 *MMS1119Px 256 - - T - - 1 - - - - -
512K x 1 ~MMS1119Px512 : : : - - :
+ POP-11/70 32Kx39 MMS1170E1064 ; . R B - R - . +PINCOMM
(Add-In) 70
+VAX 11/780 3K x 72 MMS780AE1032 MS780-DA - MK 8016-01 NS 780 MSC 3610 DR1785 - - +PINGOMM
{Memory SUB- (M8210) 7805
YSTEM slot)

+ Populated with 32K RAMS NOTE: THIS DOCUMENT IS INTENDED AS AN AID
* Populated with 64K RAMS T0 OUR CUSTOMERS IN SELECTING THE
x =3 for fast speed PROPER ADD-IN MEMORY BOARD. WE
=4 for standard speed RECOMMEND THAT THE DATA SHEET &
P/PC- Parity + Controller eliminates the need for MOTOROLA INTEL NATIONAL CHRISLIN TECHNICAL MANUALS FOR THE

DEC's 7850 controller. m:%ocoumrms “Es'llz%m' PART PARY PART PART PARTICULAR BOARD IN QUESTION BE .
NUMBER NUMBER NUMBER NUMBER USED BEFORE INSTALLATION.
+ DEG, LSI-11, PDP-11, and VAX-11/780 are
, LSI-11, PDP-11, +iSBC 80/10, 16K % 8 MMS801 SBC 016 +BLG 016 Cl 8080
trademarks of Digital Equipment Corp. 32K x 8 28C 032 BLC 032 ¢l 8080
PINCOMM is a registered trademark of Trendata 86/12 48K x 8 SBC 048 BLC 048 Cl 8080
Standard Memories. +(MULTIBUS) 64K x 8 MMSB06: SBG 064 BLC 064
MDS Development 16K x 9 58016P
System 32K 9 MMS8032P
SYSTEM 80 18K x 9
64K x 9
+1SBC 80/10, 16K x 8 MMS80810-1 SBG 016 BLG 016 ¢l 8080
32K x 8 MMS80810 $BC 032 LG 032
+MDS Development 8 Cl 8080
%slem
SYSTEM 80

+ MULTIBUS and iSBC are trademarks of INTEL Corp.

BLCisa of NATIONAL Semi:

Corp.

1 Compatible with limitations



THE OFFICIAL MOS MEMORY
CROSS-REFERENCE
From Motorola

NOVEMBER 1980

[o] Izati .M°‘°'°|°'° Number of Power Motorola Pin-to-Pin
Part Number Description e M::')” Pins Supplies Replacement
AMD
Am2708 1024 x 8 EPROM 300-450 24 +12, £5V MCM2708
Am2716 2048 x 8 EPROM 450 24 +5V MCM2716
Am4044 4096 x 1 SRAM 200-450 18 +5V MCMe66L41
Am9016 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
Am9114 1024 x 4 SRAM 200-450 18 +5V MCM2114
Am9iL14 1024 x 4 SRAM 200-450 18 +5V MCM21L14
Am9147 4096 x 1 SRAM 55-85 18 +5V MCM2147
Am9208B 1024 x 8 SROM 350 24 +5V MCM68A308
Am9217 2048 x 8 SROM 350 24 +5V MCM68A316A
Am9218 2048 x 8 SROM 350 24 +5V MCMB8A316E
Am9232 4096 x 8 SROM 350 24 +5V MCM68A332
AMI
S2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
S2114L 1024 x 4 SRAM 200-450 18 +5V MCM21L14
S2147 4096 x 1 SRAM 70-100 18 +5V MCM2147
54264 8192 x 8 SROM 350 24 +5V MCM68A364
$5101 256 x 4 SRAM 450-800 22 +5V MCM5101
S$6508 1024 x 1 SRAM 300-460 16 +5V MCM6508
56518 1024 x 1 SRAM 300-460 18 +5V MCM6518
S6810 128 x 8 SRAM 250-450 24 +5V MCM6810
S6830 1024 x 8 SROM 350 24 +5V MCMG68A30A
S6831A 2048 x 8 SROM 350 24 +5V MCM68A316A
568318 2048 x 8 SROM 350 24 +5V MCMB68A316E
$68332 4096 x 8 ROM 350 24 +5V MCM68A332
FAIRCHILD
F16K 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
F2708 1024 x 8 EPROM 450 24 +12, £5V MCM2708
F27081 1024 x 8 EPROM 300 24 +12, 5V MCM27A08
2716 2048 x 8 EPROM 450 24 +5V MCM2716
3508 1024 x 8 SROM 350 24 +5V MCMG68A308
F3516E 2048 x 8 SROM 350 24 +5V MCM68A316E
FM4027 4096 x 1 DRAM 120-250 16 +12, 5V MCM4027A
F68B10 128 x 8 SRAM 250-450 24 +5V MCM68B10
F68B308 1024 x 8 SROM 250-350 24 +5V MCM6E8B308
F68708 1024 x 8 EPROM 450 24 +12, 5V MCM68708
FUJITSU
MB2147 4096 x 1 SRAM 70-100 18 +5V MCM2147
MBM2716 2048 x 8 EPROM 450 24 +5V MCM2716
MB4044 4096 x 1 SRAM 200-450 18 +5V MCM6641
MB8114 1024 x 4 SRAM 200-450 18 +5V MCM2114
MB8116 16,384 x 1 DRAM 150-300 16 +12, x5V MCM4116
mMB8227 4096 x 1 DRAM 120-250 16 +12, x5V MCM4027A
MB8308 1024 x 8 SROM 350 24 +5V MCM68A308
MB8518H 1024 x 8 EPROM 450 24 +12, 5V MCM2708
GENERAL INSTRUMENT
RO3-8316B 2048 x 8 SROM 350 24 +5V MCMG68A316A
RO3-93168 2048 x 8 SROM 350 24 +5V MCM68A316E
RO3-9332C 4096 x 8 SROM 350 24 +5V MCMB68A332
RO3-9364B 8092 x 8 SROM 350 24 +5V MCM68365-35
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Motorola’s

Organization Number of Power Motorola Pin-to-Pin
Part Number Description Access Time Pins Supplies Replacement
(ns Max)
HARRIS
6501 256 x 4 SRAM 450-800 22 +5V MCM5101
6508 1024 x 1 SRAM 300-460 16 +5V MCM6508
6514 1024 x 1 SRAM 200-450 18 +5V MCM65114
6518 1024 x 1 SRAM 300-460 18 +5V MCM6518
HITACHI -
HM4334P 1024 x 4 SRAM 300-450 18 +5V MCM65114
HM435101 256 x 4 CMOS SRAM 450-800 22 +5V MCM5101
HM462316EP 2048 x 8 SROM 350 24 +5V MCM68A316E
HM462532 4096 x 8 EPROM 450 24 +5V MCM2532
HM462708 1024 x 8 EPROM 450 24 +5V MCM2708
HM462716 2048 x 8 450 24 +5V MCM2716
HM46332 4096 x 8 SROM 350 24 +5V MCM68A332
HM46364 8192 x 8 SROM 350 24 +5V MCM68A364
HM468A10 128 x 8 SRAM 350 24 +5V MCM68A10
HM46830 1024 x 8 SROM 350 24 +5V MCMB68A30A
HM4716 16,384 x 1 DRAM 150-300 16 +12, x5V MCM4116
HM472114A 1024 x 1 SRAM 200-450 18 +5V MCM2114"
HM48016 2048 x 8 EEPROM 350 24 +5V MCM2816
HM4816 16,384 x 1 DRAM 100-200 16 +5V MCM4517
HM4847 4096 x 1 SRAM 55-85 18 +5V MCM2147
HM4864 65,536 x 1 DRAM 150-200 16 +5V MCM6665
HM6116P 2048 x8 CMOS SRAM 120-200 18 +5V MCM65116
HM6147P 4096 x 1 CMOS SRAM 55-70 18 +5V MCM65147
HM6148P 1024 x4 CMOS SRAM 55-85 18 +5V MCM65148
INTEL
2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
2114L 1024 x 4 SRAM 200-450 18 +5V MCM21L14
2115A 1024 x 1 SRAM 45-70 16 +5V MCM2115A
2115AL 1024 x 1 SRAM 45-70 16 +5V MCM21L15A
2115H 1024 x 1 SRAM 20-35 16 +5V MCM2115H
2117 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
2118 16,384 x 1 DRAM 100-200 16 +5V ' MCM4517
2125A 1024 x 1 SRAM 45-70 16 +5V MCM2125A
2125AL 1024 x 1 SRAM 45-70 16 +5V MCM21L25A
2125H 1024 x 1 SRAM 20-35 16 +5V MCM2125H
2147 4096 x 1 SRAM 55-100 18 +5V MCM2147
2147H 4096 x 1 SRAM 35-55 18 +5V MCM2147H
2148 1024 x 4 SRAM 70-85 18 +5V MCM2148
2148H 1024 x 4 SRAM 45-55 18 +5V MCM2148H
2149H 1024 x 4 SRAM 45-55 18 +5V MCM2149H
2308 1024 x 8 SROM 350 24 +5V MCM68A308
2316A 2048 x 8 SROM 350 24 +5V MCM68A316A
2316E 2048 x 8 SROM 350 24 +5V MCM68A316E
2332 4096 x 8 SROM 350 24 +5V MCM68A332
2708 1024 x 8 EPROM 450 24 +12, x5V MCM2708
2708-1 1024 x 8 EPROM 350 24 +12, x5V MCM27A08
2716 2048 x 8 EPROM 450 24 +5V MCM2716
27161 2048 x 8 EPROM 350 24 +5V MCM27A16
2816 2048 x 8 EEPROM 350 24 +5V MCM2816
INTERSIL
2114 (IM2114) 1024 x 4 SRAM 200-450 18 +5V MCM2114
IM2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
MK4027 4096 x 1 DRAM 150-250 16 +12, 5V MCM4027A
IM6508 1024 x 1 SRAM 300-460 16 +5V MCM6508
IM6518 1024 x 1 SRAM 300-460 18 +5V MCM6518
IM7027 4096 x 1 DRAM 120-250 6 +12, 25V MCM4027A
IM2114L 1024 x 4 SRAM 200-450 18 +5V MCM21L14
IM4116 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
IM7141 4096 x 1 SRAM 200-450 18 +5V MCM6641
IM7141L 4096 x 1 SRAM 200-450 18 +5V MCM66L41
ITT
1TT4027 4096 x 1 DRAM 120-250 16 +12, 5V MCM4027A
ITT4116 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
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Motorola’s

Organizati a Number of Power Motorola Pin-to-Pin
Part Number Description ns M::(')m Pins Supplies Replacement
MiC
MIC2316E 2048 x 8 SROM 350 24 +5V MCM6EBA316E
MIC2332 4096 x 8 SROM 350 24 +5V MCMB68A332
MOSTEK
MK2147 4096 x 1 SRAM 70-100 18 +5V MCM2147
MK2716 2048 x 8 EPROM 450 24 +5V MCM2716
MK4027 4096 x 1 DRAM 150-250 16 +12, 5V MCM4027A
MK4116 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
MK4516 16,384 x 1 DRAM 120-200 16 +5V MCM4516
MK4164 65,536 x 1 DRAM 150-250 16 +5V MCM6664
MK30000 1024 x 8 SROM 350 24 +5V MCM68A308
MK31000 2048 x 8 SROM 350 24 +5V MCM68A316A
MK32000 4096 x 8 SROM 350 24 +5V MCM68A332
MK34000 2048 x 8 SROM 350 24 +5V MCM68A316E
MK36000 8192 x 8 SROM 350 24 +5V MCM68A364
MK36000-4 8192 x 8 SROM 250 24 +5V MCM68B364
NATIONAL
MM2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
MM2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
MM2708 1024 x 8 EPROM 450 24 +12, £5V MCM2708
MM2716 2048 x 8 EPROM 450 24 +5V MCM2716
MM5235 8192 x 8 SROM 350 24 +5V MCME8A364
MM5257 4096 x 1 SRAM 200-450 18 +5V MCM6641
MM5257L 4096 x 1 SRAM 200-450 18 +5V MCMe66L41
MM5290 16,384 x 1 DRAM 150-300 16 +12, x5V MCM4116
NEC/EA
uPD414A 4096 x 1 DRAM 150-250 16 +12, x5V MCM4027A
uPDA416 16,384 x 1 DRAM 150-300 16 +12, £5V MCM4116A
uPD2114L 1024 x 4 SRAM 200-450 18 +5V MCM21L14
pPD2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
#PD2332 4096 x 8 ROM 350 24 +5V MCM68A332
»PD2716 2048 x 8 EPROM 450 24 +5V MCM2716
nPD4104 4096 x 1 SRAM 200-450 18 +5V MCM66L41
#PD5101 256 x 4 SRAM 450-800 22 +5V MCM5101
1»PD6508 1024 x 1 SRAM 300-460 16 +5V MCM6508
EA2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
EA2308/8308 1024 x 8 SROM 350 24 +5V MCMB68A308
wPD or
EA2316A/8316A 2048 x 8 SROM 350 24 +5V MCM68A316A
uPD or
EA2316E/8316E 2048 x 8 SROM 350 24 +5V MCM68A316E
EA2708 1024 x 8 EPROM 450 24 +12, 5V MCM2708
uPD or EA2716 2048 x 8 EPROM 450 24 +5V MCM2716
EAB332 4096 x 8 SROM 350 24 +5V MCM68A332
NITRON
NC6570 128 x (7 x 8) SROM 350 24 +5V MCM66700
NCB571 128 % (7 x 9) SROM 350 24 +5V MCM66710
NC6572 128 x (7 x 9) SROM 350 24 +5V MCM66720
NC86573 128 x (7 x 9) SROM 350 24 +5V MCM66730
NC6574 128 x (7 x 9) SROM 350 24 +5V MCM66740
NC6575 128 x (7 x 9) SROM 350 24 +5V MCM66750
SIGNETICS
2607 1024 x 8 SROM 350 24 +5V MCM68A308
2608 1024 x 8 SROM 350 24 +5V MCMB68A30A
2609 128 x (7 x 9) SROM 350 24 +5V MCM66700
2660 4096 x 1 DRAM 120-250 16 +12, x5V MCM4027A
2614 1024 x 4 SRAM 200-450 18 +5V MCM21L14
2616 2048 x 8 SROM 350 24 +5V MCM68A316E
2633 4096 x 8 SROM 350 24 +5V MCM68A332
2664 8192 x 8 SROM 350 24 +5V MCM68A364
2690 16,384 x 1 DRAM 250-350 16 +12, 5V MCM4116
2708 1024 x 8 EPROM 450 24 +12, x5V MCM2708
2716 2048 x 8 EPROM 450 24 +5V MCM2716
4027 4096 x 1 DRAM 150-250 16 +12, x5V MCM4027A
5101 256 x 4 SRAM 450-800 22 +5V MCM5101




Motorola’s
Organization Number of Power Motorola Pin-to-Pin
Part Number Description Access Time Pins Supplies Replacement
(ns Max)
SYNERTEK
SY2114 1024 x 4 SRAM 200-450 18 +5V MCM21L14
SY2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
SY2316A 2048 x 8 SROM 350 24 +5V MCMB68A316A
SY2316B 2048 x 8 SROM 350 24 +5V MCM68A316E
S§Y2332 4096 x 8 ROM 350 24 +5V MCM68A332
8Y2716 2048 x 8 EPROM 450 24 +5V MCM2716
SY5101 256 x 4 SRAM 450-800 22 +5V MCM5101
TEXAS INSTRUMENTS
TMS2114 1024 x 4 SRAM 200-450 18 +5V MCM2114
TMS2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
TMS2516 2048 x 8 EPROM 450 24 +5V MCM2716
TMS2532 4096 x 8 EPROM 350-450 24 +5V MCM2532
TMS2708 1024 x 8 EPROM 450 24 +12, £5V MCM2708
TMS2716 2048 x 8 EPROM 450 24 +12, 5V TMS2716
TMS4016 2048 x 8 SRAM 200 24 +5V MCM4016
TMS4044 4096 x 1 SRAM 200-450 18 +5V MCM6641
TMS4116 16,384 x 1 DRAM 150-300 16 +12, 5V MCM4116
TMS4164 65,536 x 1 DRAM 150-250 16 +5V MCM6665
TMS4732 4096 x 8 SROM 350 24 +5V MCM68A332
TMS4764 8192 x 8 SROM 350 24 +5V MCM68365
TOSHIBA )
TMM314 1024 x 4 SRAM 200-450 18 +5V MCM2114
TMM2147 4096 x 1 SRAM 55-85 18 +5V MCM2147
TC5516P 2048 x 8 SRAM 200 24 +5V MCM4016
Part Number Guide
Directly 6800
Generic Part Number Speed Designator — 450 ns MPU Compatible Improved Version
CM21L14P45 MCM68A30A
MotorolaM{ Low Power Package Type Motorola MOS Access Time Designator
Memory Prefix Version P ="Plastic Memory Prefix No Letter = = 450 ns
L =Side Braze A==<350ns
C = Cerdip Frit-Seal Ceramic B==<250ns
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MOS Memories
RAM, EPROM, EEPROM, ROM
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(M) mororoLa MCM4027A

4096.BIT DYNAMIC RANDOM ACCESS MEMORY MOS
(N-CHANNEL, SILICON-GATE)
The MCM4027A is a 4096 x 1 bit high-speed dynamic Random
Access Memory. It has smaller die size than the MCM4027 pro- 4096-BIT DYNAMIC
viding improved speed selections. The MCM4027A is fabricated RANDOM ACCESS
using Motorola’s highly reliable N-channel silicon-gate technology. MEMORY

By multiplexing row and column address inputs, the MCM4027A
requires only six address lines and permits packaging in Motorola’s
standard 16-pin dual-in-line packages. Complete address decoding is
done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The MCM4027A incorporates a one-transistor cell
design and dynamic storage techniques, with each of the 64 row
addresses requiring a refresh cycle every 2.0 milliseconds.

® Maximum Access Time = 120 ns — MCM4027AC1
150 ns — MCM4027AC2 C SUFFIX
200 ns — MCM4027AC3 FRIT-SEAL CERAMIC PACKAGE
250 ns — MCM4027AC4 CASE 62000

® Maximum Read and Write Cycle Time =
320 ns — MCM4027AC1, C2
375 ns — MCM4027AC3, C4

® |ow Power Dissipation — 470 mW Max (Active) PIN ASSIGNMENT
27 mW Max (Standby)

® 3:State Output for OR-Ties Vo8

® On-Chip Latches for Address, Chip Select, and Data In [_DT

® Power Supply Pins on Package Corners for Optimum Layout WE

® Industry Standard 16-Pin Package RAS

® Page-Mode Capability "o

® Compatible with the Popular 2104/MK4096/MCM6604 ﬁ

® Second Source for MK4027

VoD!
TRUTH TABLE
Inputs Data Out .

RAS | CAS | €5 | WE Previous Interim Present Cyele Power Ref Function

L L L L Valid data High Imp. Input data Full-operating Yes Write cycle

L L L H Valid data High Imp. Valid data (cell) Full-operating Yes Read cycle

L L H X Valid data High Imp. High Imp. Full-operating Yes Deselected-refresh

L H X X Valid data Valid data Valid data Reduced operating Yes RAS only-refresh

H L X X Valid data High 1mp. High Imp. Standby No Standby-output disabled

H H X X Valid data Valid data Valid data Standby No Standby-output valid
H = High, L = Low, X = Don’t Care

DS9464R1/11-78
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BLOCK DIAGRAM

WRITE wrire
Clocks
RAS RAS Clocks
-
.______.__J Data In Data In
[ Buffer
Address
Clocks
F CAsS
Clocks T
T Reset Data
CAS hd 3 Data Out Qut
Chin Selact =|'—\ Enable Buffer
— ip Selec
—_—_
cs Input Buffer U
A5 . Dummy Cells
—_—
A4 Address Memory Array
;
A3 — Buffers Row
®) Decoder ifi 1-0f-2
A ——— 64 Sense Refresh Amplifiers Data Bus
Am—— & Rowand (1-0f-64) Data in/Out Gating Select
I
AD Column 3 [}
IMemorv Array :
|
| Dummy Cells |
1 1

Cotumn Decoder
(1-0f-32)

|

OPERATING CHARACTERISTICS

ADDRESSING

The MCM4027A has six address inputs (AO—AB) and
two clock signals designated Row Address Strobe (RAS)
and Column Address Strobe (CAS). At the beginning of
a memory cycle, the six low order address bits AQ through
A5 are strobed into the chip with RAS to select one of
the 64 rows. The row address strobe also initiates the tim-
ing that will enable the 64 column sense amplifiers. After
a specified hold time, the row address is removed and the
six high order address bits (A6—A11) are placed on the
address pins. This address is then strobed into the chip
with CAS. Two of the 64 column sense amplifiers are
selected by A1 through A5. A one of two data bus select
is accomplished by AO to complete the data selection.
The Chip Select (CS) is latched into the port along with
the column addresses.

24

DATA OUTPUT

In order to simplify the memory system designed and
reduce the total package count, the MCM4027A contains
an input data latch and a buffered output data latch. The
state of the output latch and buffer at the end of a mem-
ory cycle will depend on the type of memory cycle per-
formed and whether the chip is selected or unselected for
that memory cycle.

A chip will be unselected during a memory cycle if:

(1) The chip receives both RAS and CAS signals,
but no Chip Select signal. ,

(2) The chip receives a CAS signal but no RAS
signal. 'With this condition, the chip will be
unselected regardless of the state of Chip
Select input.

If, during a read, write, or read-modify-write cycle,




MCM4027A

the chip is unselected, the output buffer will be in the
high impedance state at the end of the memory cycle.
The output buffer will remain in the high impedance state
until the chip is selected for a memory cycle.

For a chip to be selected during a memory cycle, it
must receive the following signals: RAS, CAS, and Chip
Select. The state of the output latch and buffer of a
selected chip during the following type of memory cycles
would be:

(1) Read Cycle — On the negative edge of CAS,
the output buffer will unconditionally go to a
high impedance state. It will remain in this
state until access time. At this time, the out-
put latch and buffer will assume the logic

state of the data read from the selected cell.

This output state will be maintained until the

chip receives the next CAS signal.

(2) Write Cycle — If the WE input is switched to a
logic O before the CAS transition, the output
latch and buffer will be switched to the state
of the datainput at the end of the access time.
This logic state will be maintained until the
chip receives the next CAS signal.

(3) Read-Modify-Write — Same as read cycle.

DATA INPUT

Data to be written into a selected storage cell of the
memory chip is first stored in the on-chip data latch.
The gating of this latch is performed with a combination
of the WE and CAS signals. The last of these signals to
make a negative transition will strobe the data into the
latch. If the WE input is switching to a logic O in the
beginning of a write cycle, the falling edge of CAS strobes
the data into the latch. The data setup and hold times
are then referenced to the negative edge of CAS.

If a read-modify-write cycle is being performed, the
WE input would not make its negative transistion until
after the CAS signal was enabled. Thus, the data would
not be strobed into the latch until the negative transistion
of WE. The data setup and hold times would now be ref-
erenced to the negative edge of the WE signal. The only
other timing constraints for a write-type-cycle is that both
the CAS and WE signals remain in the logic O state for a
sufficient time to accomplish the permanent storage of
the data into the selected cell.

INPUT/OUTPUT LEVELS

All of the inputs to the MCM4027A are TT L-compatible,
featuring high impedance and low capacitance (5 to 7 pF).
The three-state data output buffer is TTL-compatible and
has sufficient current sink capability (3.2 mA) to drive
two TTL loads. The output buffer also has a separate
V¢ pin so that it can be powered from the same supply
as the logic being employed.

REFRESH

In order to maintain valid data, each of the 64 internal
rows of the MCM4027A must be refreshed once every 2 ms.
Any cycle in which a RAS signal occurs accomplishes a
refresh operation. Any read, write, or read-modify-write
cycle will refresh an entire internally selected row. How-
ever, if a write or read-modify-write cycle is used to per-
form a refresh cycle the chip must be deselected to pre-
vent writing data into the selected cell. The memory can
also be refreshed by employing only the RAS cycle. This
refresh mode will not shorten the refresh cycle time; how-
ever, the system standby power can be reduced by approx-
imately 30%.

If the RAS only refresh cycles are employed for an ex-
tended length of time, the output buffer may eventually
lose data and assume the high impedance state. Applying
CAS to the chip will restore activity of the output buffer.

POWER DISSIPATION

Since the MCM4027Ais a dynamic RAM, its power
drain will be extremely small during the time the chip is
unselected.

The power increases when the chip is selected and
most of this increase is encountered on the address
strobe edge. The circuitry of the MCM4027A is largely
dynamic so power is not drawn during the whole time
the strobe is active. Thus the dynamic power is a function
of the operating frequency rather than the active duty
cycle.

In a memory system, the CAS signal must be supplied
to all the memory chips to ensure that the outputs of
the unselected chips are switched to the high impedance
state. Those chips that do not receive a RAS signal will
not dissipate any power on the CAS edge except for that
required to turn off the chip outputs. Thus, in order to
ensure minimum system power, the RAS signal should be
decoded so that only the chips to be selected receive a
RAS signal. If the RAS signal is decoded, then the chip
select input of all the chips can be set to a logic O state.

the patent rights of Motorola or others.

product(s) at any time.

Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Compiete information
sufficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the




MCM4027A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg = Ground.)

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage VpD 108 12.0 13.2 Vdc 2
Vce Vss 5.0 Vpp Vdc 3
Vss 0 0 0 Vdc 2
N VBB -45 -5.0 -55 Vdc 2
Logic 1 Voltage, RAS, CAS, WRITE ViHC 24 5.0 7.0 Vdc 2,4
Logic 1 Voltage, all inputs except RAS, CAS, WRITE ViH 2.2 5.0 7.0 Vdc 2,4
Logic O Voltage, all inputs ViL -1.0 0 0.8 Vdc 2,4
DC CHARACTERISTICS (Vpp- =12V £10%, Ve =5.0V £10%, Vgg = -5.0 V #10%, Vgg =0 V, Tp =0 to 70°C.) Notes 1,5
Characteristic Symbol Min Typ Max Units Notes
Average Vpp Power Supply Current IpD1 35 mA 6
Ve Power Supply Current Icc mA 7
Average Vg Power Supply Current IgB 250 HA
Standby Vpp Power Supply Current IpD2 2 mA 9
Average Vpp Power Supply Current during 1oD3 25 mA 6
“RAS only” cycles
Input Leakage Current (any input) (L) 10 HA 8
Output Leakage Current lo(L) 10 LA 9,10
Output Logic 1 Voltage @ Iyt = -5 mA VoH 24 Vdc
Output Logic 0 Voltage @ lgyt = 3.2 mA VoL 0.4 Vdc
NOTES 1 through 11:
1. Tp is specified for operation at frequencies to trc = trcimin). 6. Current is proportional to cycle rate. Ipp4{max) is measured
Operation at higher cycle rates with reduced ambient temperatures at the cycle rate specified by tgg{min).
and higher power dissipation is permissible provided that all ac 7. Icc depends on output loading. During readout of high level
parameters are met. data Vg is connected through a low impedance (135 §2 typ) to
2. Ali voltages referenced to Vgs. Data Out. At all other times lgc consists of leakage currents only.
3. Output voltage will swing from Vgg to Ve when enabled, 8. All device pins at O volts except Vgg which is at -5 volts and
with no output load. For purposes of maintaining data in standby the pin under test which is at +10 volts.

mode, Vcc may be reduced to Vgg without affecting refresh
operations or data retention. However, the VgpH(min) specifica-
tion is not guaranteed in this mode.

9. Output is disabled (high-impedance) and RAS and CAS are
both at a logic 1. Transient stabilization is required prior to
measurement of this parameter.

4. Device speed is not guaranteed at input voltages greater than 10.0V < Voue < +10 V.
TTL levels (0 to 5v). 11. Effective capacitance is calculated from the equation:
5. Several cycles are required after power-up before proper .
device operation is achieved. Any 8 cycles which perform refresh C= % with AV = 3 volts.

are adequate for this purpose.

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested) Note 11

Characteristic Symbol Max Unit
Input Capacitance (AO-AS5), Di,, CS Cin(EFF) 5.0 pF
' RAS, CAS, WRITE 10.0
Output Capacitance Cout(EFF) 70 pF

ABSOLUTE MAXIMUM RATINGS (See Notes 1 and 2)

Rating Symbol Value Unit

Voltage on Any Pin Relative to Vgg* Vi, Vout -0.5 to +20 Vdc

Operating Temperature Range TA 0to+70 °c
Storage Temperature Range Totg 265 to +150 oc This device contains circuitry to protect the
— inputs against damage due to high static volt-
Output Current (Short Circuit) lout 50 mAdc ages or electric fields; however, it is advised that

*(Vss- Ves >4.5V) normal precautions be taken to avoid applica-
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS tion of any vgltavge higher than n‘waxi‘mum rated
ARE EXCEEDED. Functional operation should be restricted to RECOMMENDED voltages to this high impedance circuit.
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time could affect device reliability. Vgg must be applied
prior to Vgc and Vpp. VBB must also be the last power supply switched off.
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MCM4027A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS (Vpp =12V +10%, Vo = 5.0 V + 10%, Vgg - -5.0 V + 10%, Vgs = 0 V,
Ta = 0to 70°C.) Notes 1, 5, 12,18

MCM4027AC1 | MCM4027AC2 | MCM4027AC3 | MCM4027AC4

Parameter Symbol | Min Max Min Max Min Max Min Max Units Notes
Random Read or Write Cycle Time ‘RC 320 320 375 375 ns 13
Read Write Cycle Time ‘RWC | 320 320 375 375 ns 13
Page Mode Cycle Time —PC 160 170 225 285 ns 13
Access Time From Row Address Strobe 'RAC 120 150 200 250 ns 14, 16
Access Time From Column Address Strobe 'CAC 80 100 135 165 ns 15, 16
| Output Buffer and Turn-Off Delay 'OFF 35 40 50 60 ns
Row Address Strobe Precharge Time 'RP 100 100 120 120 ns
Row Address Strobe Pulse Width ‘RAS 120 | 10,000 | 150 | 10,000 | 200 | 10,000 | 250 | 10.000 ns
Row Address Strobe Hold Time ‘RSH 80 100 135 165 ns
| Column Address Strobe Pulse Width 'CAS 80 100 135 165 ns
Column Address Strobe Hold Time 'CSH 120 150 200 250 as
Row to Column Strobe Lead Time ‘RCD 15 40 20 50 25 65 35 85 ns 17
Row Address Setup Time 'ASR 0 4] 0 0 ns
Row Address Hold Time ‘RAH 15 20 25 35 ns
Column Address Setup Time '‘ASC -5 -10 -10 -10 ns
Column Address Hold Time 'CAH 40 45 55 75 ns
Column Address Hold Time Referenced to RAS 'AR 80 95 120 160 ns
Chip Select Setup Time ‘csc 0 -10 -10 -10 0s
Chip Select Hold Time 'CH 40 45 55 75 as
|Chip Select Hold Time Referenced to RAS 'CHR 80 95 120 160 ns
Transition Time Rise and Fall T 3 35 3 35 3 50 3 50 ns 18
Read Command Setup Time 'RCS 0 0 0 0 ns
Read Command Hold Time 'RCH [ 0 [ [¢] ns
Write Command Hold Time ‘WCH 40 45 55 75 ns
Write Command Hold Time Referenced to RAS | 'WCR 80 95 120 160 ns
Write Command Pulse Width ‘WP 40 45 55 75 ns
Write Command to Row Strobe Lead Time 'RWL 50 50 70 85 ns
Write Command to Column Strobe Lead Time 'CWL 50 50 70 85 ns
Data in Setup Time ‘DS 0 0 0 0 ns 19
Data in Hold Time 'DH 40 45 55 75 ns 19
Data in Hold Time Referenced to RAS 'DHR 80 95 120 160 ns
Column to Row Strobe Precharge Time 'CRP [¢] 0 0 0 ns
Column Precharge Time ‘cP 60 60 80 110 ns
Refresh Period 'RFSH 2 2 2 2 ms
Write Command Setup Time 'WCS 0 0 0 0 ns
CAS to WRITE Delay 'CWD 60 60 80 90 ns 20
RAS to WRITE Delay ‘RWD | 100 110 145 175 ns 20
Data Out Hold Time 'DOH 10 10 10 10 us

NOTES 12 through 20:

12. AC measurements assume ty = 5 ns.

13. The specifications for tgrg(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.

14. Assumes that trcp < trcp(max).

15. Assumes that tycp = tRcp (max).

16. Measured with a load circuit equivalent to 2 TTL loads and
100 pF.

17.0peration within the tgcp(max) limit insures that tgac(max)
can be met. tgcplmax) is specified as a reference point only; if
tRCD is greater than the specified tgcp(max) limit, then access
time is controlled exclusively by tcac-
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18.V)yctmin) or V) (min) and V|| (max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between Vg or ViH4 and V.

19.These parameters are referenced to CAS leading edge in
random write cycles and to WRITE leading edge in delayed write
or read-modify write cycles.

20.twcs. tcwD. and tRwp are not restrictive operating para-
meters. They are included in the data sheet as electrical charac-
terisitcs only: If tycs > twcs(min), the cycle is an early write
cycle and Data Out will contain the data written into the selected
cell. If tcwp = tcwp({min) and trwp > tRwp(min), the cycle is
a read-write cycle and Data Out will contain data read from the
selected cell. If neither of the above sets of conditions is satisfied,
the condition of Data Out (at access time) is indeterminate.
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READ CYCLE TIMING
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WRITE CYCLE TIMING
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_ ViH
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MCM4027A

READ-MODIFY-WRITE TIMING

tRwC N
tRAS
AR
aas VY Iv HC “‘_ﬁ\
1L N__
tRp—
tecD »| tcas *—ICRP
—— ViHc
CAS viL Y J
TRAH
TASR — 1+ tAsCH TCAH
ViH s )
sovmesses M SN Ton Soorm ] RIRSEIX
I | TRWD tcwL —
tRCs tcwp TRWL——
——— ViHC
WRITE N tZ
[*——'CcHR < twp
tcsc 7401 ‘*fc H
Vio X
fcac tDOH
tOFF ' 1
VoH ) VALID
Dout VoL ) Oper\———gr DATA }
tRAC *! ]
tps tDH
. ViH TS ’v’v‘v v’v v.v‘v’v.v.v.v.v.v.v.v.v.v"’v"‘\ v‘v NS v’v’v.v‘v’v WA
D; Ve 0.0
P SRRRRERLARRLRRLERLEIEIKKEKE) 0020200020 %0 % % 0% %%

Vio

RAS ONLY REFRESH TIMING

| tRC
tRAS !
— ViHe s \
RAS Vi Sk
—tRAH AP
—*{ TASR

V1M 5ZELITRRS IEITIIILKLILILS
HOBRESSES | 1 SRR, Row Address SERHKRRRKKRKRRKK
Dout Vou

VoL
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MCMA4027A

PAGE MODE READ CYCLE

TRAS
RAS
(
7T
c TRSH tRP
—tCAS [«tCP™ [w—1CAS [*—tcAS—= |e——ICRP
I R T
CA é
.- I K .
tcAH <—.|—‘CAH
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Addresses
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)
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cs v

‘@
f
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TOFF tOFF t 'DOH
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Write .
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—— (R 5o XEKIEXXK,

. X
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MCM4027A

Columns

Row Addresses
A AAAAA
10

5 4 3 2

Row Address
Column Address

Rows

A5 A4 A3 A2 A1 AD
A5 A4 A3 A2 A1 AD

Column Addresses

203E 2030 | 202E 2020

183E 1830 |182E 1820

201€E 2010

181E 1810

200E 2000

180E 1800

283E 2830 | 282E 2820

103E 1030 |102E 1020

281E 2810

101E 1010

280E 2800

100E 1000

303E 3030 [302E 3020

083E 0830 | 082E 0820

301E 3010

081E 0810

300E 3000

080E 0800

383E 3830 | 382€ 3820

003E 0030 | 002E 0020

381E 3810

001E 0010

380E 3800

000E 0000

FFITCrrIICCFIICC I IICCIICCIICCIIMCIICCIICCIICCIICCIICAIICAIICCIIOP

FEIIFCIICCIICC IO IICCIICCIICCIIIICCAIICAIICCIICC|IICCIICCIICCIICN DD

FCFIIFFIICCIICCII|IICCFIICCIICCIICF|[FCIIFCIICCIICCII|IICCIICIIICAIICN| WD

FrIIFFIITIICFIICCFCIICCIIIICCIICC|CCITICCIIIICCIICC|CCIICFIIIICCIICCIND
FFIIIIFFCrCIITIICCFCFITIIICrFCCIIIICC|rFITIIICCCCIIIICC|FEFIIIICCFCIIIICC =D

-ITIrFIIrCIICCIICFIIFCIICCIICCIICCIECCIICFIICCIIC|FIICCIICCIICCIICOD

JITJUTITJJITJIITA(IIT ST T JJTITJIII
ITJUITJdIT ST I I T ST TSI T IJT T a

I T 4T I 4|z I JT I -

T 4l I

Hex
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3F

AITJ4ITJJTITJITT I
II_JJII_I_III_I_III.JJ
T Ia 4T I -4
I -

I

H

WLDOLDORONDINM=O

SITJJITJJIITJIIT
ITJJITJITIJIII oL
I I SJIIITJdodd
I S T
o O O |

[ N )

MCMA4027A BIT ADDRESS MAP
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@ MOTOROLA

MCM4116B

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4116B is a 16,384-bit, high-speed dynamic Random
Access Memory designed for high-performance, low-cost
applications in mainframe and buffer memories and peripheral
storage. Organized as 16,384 one-bit words and fabricated using
Motorola’s highly reliable N-channel double-polysilicon technology,
this device optimizes speed, power, and density tradeoffs.

By multiplexing row and column address inputs, the MCM41168B
requires only seven address lines and permits packaging in
Motorola’s standard 16-pin dual in-line packages. This packaging
technique allows high system density and is compatible with widely
available automated test and insertion equipment. Complete
address decoding is done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The data output of the MCM4116B is controlled by the
column address strobe and remains valid from access time until the
column address strobe returns to the high state. This-output scheme
allows higher degrees of system design flexibility such as common
input/output operation and two dimensional memory selection by
decoding both row address and column address strobes.

The MCM4116B incorporates a one-transistor cell design and
dynamic storage techniques, with each of the 128 row addresses
requiring a refresh cycle every 2 milliseconds.

@ Flexible Timing with Read-Moaify-Write, RAS-Only Refresh, and
Page-Mode Capability

Industry Standard 16-Pin Package

16,384 X 1 Organization

+10% Tolerance on Al! Power Supplies

All Inputs are Fully TTL Compatible

Three-State Fully TTL-Compatible Output

Common |/0 Capability When Using “Early Write”" Mode
On-Chip Latches for Addresses and Data In

Low Power Dissipation — 463 mW Active, 20 mW Standby (Max)

Fast Access Time Options:150 ns — MCM4116BP-15, BC-15
200 ns — MCM4116BP-20, BC-20
250 ns — MCM4116BP-25, BC-25
300 ns — MCM4116BP-30, BC-30

MOS

(N-CHANNEL)

16,384-BIT DYNAMIC
RANDOM ACCESS
MEMORY

IR
P SUFFIX i
PLASTIC PACKAGE 16
CASE 648 s
C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 620

PIN ASSIGNMENT
pVss
NCAS
na
A6
A3
DA4
A5
OVce

PIN NAMES

Address Inputs
.Column Address Strobe

® Easy Upgrade from 16-Pin 4K RAMs D....
Q..
_RKS Row Address Strobe
ABSOLUTE MAXIMUM RATINGS (See Note) W. ..Read/Write Input
VBB- Power {(~5 V)
Rating Symbol Value Unit Vee ...Power (+5 V)
N N VDD. ..Power (+12V)
Voltage on Any Pin Relative to Vgg Vin, Vout | -0.51t0+20 v Vss Ground
Operating Temperature Range Ta 0 to +70 oc
Storage Temperature Range Tstg —65 to +150 oc
Power Dissipation Pp 1.0 w
Data Out Current lout 50 mA This device contains circuitry to protect the

inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

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

DS9806/10-79
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MCM4116B

BLOCK DIAGRAM

- +«———VDD
WRITE —:]:‘ ) Write -— vce
Clocks «+——— VSS
Clock T i Ves
RAS Generator
No. 1
(T __ Dataln
Multipiexed o
Clock
Generator
J_-CE)ck Inhibit Data Data Out
Generator Latch Out Q
CAS No. 2 ' Release Buffer
Dummy Cells |
A —— .
P e — ) Memory Array 1-0f-2
T
Mux | Data
—_—
Ad Address Row 128 Bus
A3 — _ ——»{ Input Decoder RADW 128 — Sense — Refresh Amps Select
Buffers 1:128 Lines Data
A2 ——————*
(7) T in/Out
Al ——m : Memory Array
N
A0 Dummy Cells
| | __ 64-Column _ _ _
r7 Select Lines
Mux Coiumn Decoders
Switch Al1-A6 1.0f-64
I [
AQ
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min Typ Max Unit Notes
Supply Voltage Vpbp ‘108 12.0 13.2 \% 1
Vee 45 5.0 5.5 \% 1,2
Vss 0 0 0 \ 1
VBB -4.5 -5.0 -5.5 \ 1
Logic 1 Voltage, RAS, CAS, WRITE VIHC 24 — 7.0 \ 1
Logic 1 Voltage, all inputs except RAS, CAS, WRITE ViH 24 - 7.0 vV 1
Logic O Voltage, all inputs ViL -1.0 - 0.8 \% 1
DC CHARACTERISTICS (Vpp - 12V "10%, Voo - 50V -10%,Vgg -50V "10%,Vgs - 0V, T4 - 010 70°C.)
Characteristic Symbol Min Max Units Notes
Average Vpp Power Supply Current IpD1 - 35 mA 4
V¢ Power Supply Current Icc - - mA 5
Average Vgg Power Supply Current '881,3 — 200 HA
Standby Vgg Power Supply Current Igg2 — 100 uA
Standby Vpp Power Supply Current IpD2 - 15 mA 6
Average Vpp Power Supply Current during “RAS only” cycles 'pD3 - 27 mA 4
Input Leakage Current {any input) hi(L) - 10 A
Output Leakage Current lo() - 10 HA 6,7
Output Logic 1 Voltage @ 15, = -5 mA VoH 24 - \ 2
Output Logic 0 Voltage @ 154y =4.2 mA VoL — 04 vV
NOTES:
1. All voitages referenced to Vgg. Vgg must be applied before and removed after other supply voltages.
2. Output voltage will swing from Vgg to Vg under open circuit conditions. For purposes of maintaining data in power down mode, Vcc

may be reduced to Vgg without affecting refresh operations. Vo 4(min) specification is not guaranteed in this mode.

Output is disabled (open-circuit) when CAS is at a logic 1.

3
4
5
6
7. 0V < Vgup < +5.5 V.

CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5V, periodically sampled rather than 100% tested) (See Note 8)

. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycies which perform refresh are adequate.
Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate
lcc depends upon output loading. The V¢ supply is connected to the output buffer only.

Parameter Symbol | Typ | Max | Unit| Notes
Input Capacitance (A0-Ab), Diy Cl1 40| 5.0 | pF 9
Input Capacitance RAS, CAS, WRITE Cip 80| 10 | pF| 9
Output Capacitance (Do) Co 50| 70 | pF] 7.9
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MCM4116B

AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9, 14)

READ, WRITE, AND READ-MODIFY-WRITE CYCLES
(Vpp =12V £10%, Ve = 5.0 V 2 10%, Vpg = -5.0 V £ 10%, Vss = 0 V, T = 0 to 70°C.)

MCM4116B-15| MCM4116B-20| MCM4116B-25 | MCM41168-30
Parameter Symbol | Min Max Min Max Min Max Min Max Units | Notes
Random Read or Write Cycle Time tRC 375 - 375 - 410 - 480 - ns
Read Write Cycle Time tRWC 375 - 375 - 515 - 660 - ns
Access Time from Row Address Strobe tRAC - 150 - 200 - 250 - 300 ns 10,12
Access Time from Column Address Strobe tCAC - 100 - 135 - 165 - 200 ns 11,12
Output Buffer and Turn-off Delay tOFF 0 50 0 50 0 60 0 60 ns 17
Row Address Strobe Precharge Time tRP 100 - 120 - 150 - 180 - ns
Row Address Strobe Pulse Width tRAS 150 | 10,000| 200 |10,000| 250 [10,000( 300 [10,000| ns
Column Address Strobe Pulse Width tCAS 100 | 10,000{ 135 [10,000f 165 |10,000/ 200 [10,000| ns
Row to Column Strobe Lead Time tRCD 20 50 25 65 35 85 60 100 ns 13
Row Address Setup Time tASR 0 - 0 - 0 - 0 - ns
Row Address Hold Time tRAH 20 - 25 - 35 - 60 - ns
Column Address Setup Time tASC -10 - -10 - -10 - -10 - ns
Column Address Hold Time tCAH 45 - 55 - 75 - 100 - ns
Column Address Hold Time tAR 95 - 120 - 160 - 200 - ns
Referenced to RAS
Transition Time (Rise and Fall) tT 3.0 35 3.0 50 30 50 3.0 50 ns 14
Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns
Write Command Hold Time WCH 45 - 55 - 75 - 7100 - ns
Write Command Hold Time WCR 95 - 120 — 160 - 200 - as
Referenced to RAS
Write Command Pulse Width twp 45 - 55 - 75 - 100 - ns
Write Command to Row Strobe Lead Time TRWL 60 - 80 — 100 - 180 - ns
Write Command to Column Strobe tCWL 60 - 80 - 100 — 180 - ns
Lead Time
Data in Setup Time tps 0 - 0 - 0 - o - ns 15
Data in Hold Time tpH 45 = 55 - 75 - 100 - ns 15
Data in Hold Time Referenced to RAS tDHR 95 - 120 - 160 - 200 - ns
Column to Row Strobe Precharge Time tCRP -20 — -20 - -20 — -20 - ns
RAS Hold Time trRsH | 100 - 135 - 165 - 200 - ns
Refresh Period tRESH - 20 - 29 — 2.0 - 2.0 ms
WRITE Command Setup Time wes -20 - -20 - -20 - -20 - ns
CAS to WRITE Delay tcwp | 70 - 95 - 125 - 180 - ns 16
RAS to WRITE Delay trwp | 120 — 160 — 210 — 280 — ns 16
CAS Precharge Time (Page mode cycle only) tcp 60 - 80 - 100 - 100 - ns
Page Mode Cycle Time tpc 170 - 225 - 275 - 325 - ns
CAS Hold Time tCSH 150 - 200 - 250 - 300 — ns

NOTES: (continued) ™~
8. Capacitance measured with a Boonton Meter or effective capacitance calcuiated from the equation: C - v
9. AC measurements assume tT = 5.0 ns.

10. Assumes that tRcp * tT < trep (max).

11. Assumes that trcp + tT = trep (max).

12. - Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

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

14. ViHc (min) or V|H (min) and V| (max) are reference leveis for measuring timing of input signals. Also, transistion times are measured
between Vg or Vi and V.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

16. twcs. tcwD and tryp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: |If
twes = 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) and tgyp > tRwD (Min), the cycle is a read-write cycle and the data out will contain data read from
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate.

17. Assumes that tcrp > 50 ns.
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MCM4116B

READ CYCLE TIMING

tRC -
tRAS
— ViH —\ AR —‘_ﬂ
il |
tcsH i - tRp
e tRCD ——— e~ 'ASH -— tCRP j
tcAs
s Vin '
cas ViL \ N ‘ ,/ /
1
r-‘ASR’ :A-T ‘ASC" e letcAH
Vi Row Column NSNS YNNI Y Y
D i
'Rcs~|~-— —a tRCH !<~
"+ L———— ICAC ———
tRAC ——a }-—— toFF
VoH . : Valid I
Q (Data Out) VoL High Z ____________< A

WRITE CYCLE TIMING

RC
RAS
RAS V{/H 5\¢~—~—~ AR —
1N R %‘ \
f———————— tRSH tRp ——®
Ftcsk
[ 'RCD > tcAs [4 tCRP —w
= \ /1 /
ME X .
TRAH tCAH
I"ASR’ tAsr:u-1 -
VIH Row Column
ADDRESSES VILM Address Address %
| tewl
wcs
- —‘-l "-‘WCHD
Vv,
S R 4 SRR SR
I8 y
: tRWL
\% NI 2%
D (Data In) TH LXK X)
vie 30RO
O .
Q (Data Out) VoL High Z
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MCM4116B

READ-WRITE/READ-MODIFY-WRITE CYCLE

S v
HAS IH
Vic
— v
CAS H
Vi

tASR T— ke  wtasc

ViH R
ADDRESSES ow
ViL Address

RAH

tRWC -
e tRAS -
AR
K_
tRSH tRp
tcsH
tRCD tcas

e-tCAH

e

Cotomn YR L O XAXTX L XIXTA
AR R

Address ..

] X

‘RCS‘]"‘

ViH
Viu

WRITE

O tRWD ;:
- tcwo

re— ‘WPj
ICAC ———

tCW L —
TRW L=

—e{ @ tOFF

VoH
Q (Data Out)
VoL

T

2 Valid X
\\ Data

‘mac - -l tDH’j

Vikr
D (Data in) ViL

RAS ONLY REFRESH TIMING
Note: CAS = V¢, WRITE = Don’t Care

ViH
ADDRESSES v,

VoH
Q (Data Out)
VoL

Valid
Data

R

RC

RAS

XOOOOOKXNK
SRR

OO

tAsSR

SRR

RUXXXXXX

) Y
J[_ \
trp ———=

Row
0.?(’ Address

R XX XXX
R RS LR XKL

High Z
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MCM4116B

PAGE MODE READ CYCLE

Add Vi
resses v

Q Vo
(Data Out)
VoL

Vio

PAGE MODE WRITE CYCLE

TRAS

/@\
F‘CRP

R

Addesesv
res: VL

Write
WP
WCR
. . tpste k—tpH—] tps
ViH F valid Y Valid  Valid LRR XXX XX
0 (Data i {11t 0] bats [ Do §§ Bats KERRLRRLS
IDHR
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MCM4116B BIT ADDRESS MAP

Pin8

Row Address A6 A5 A4 A3 A2 A1 A0
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@ MOTOROLA

MCM4117

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4117 is a 16,384-bit, high-speed dynamic Random Access
Memory designed for high-performance, low-cost applications in main-
frame and buffer memories and peripheral storage. Organized as 16,384
one-bit words and fabricated using Motorola’s highly reliable N-channel
double-polysilicon technology, this device optimizes speed, power, and
density tradeoffs.

By multiplexing row and column address inputs, the MCM4117 re-
quires only seven address lines and permits packaging in Motorola’s
standard 18-pin dual in-line packages. This packaging technique allows
high system density and is compatible with widely available automated
test and insertion equipment. Complete address decoding is done on
chip with address latches incorporated.

Allinputs are TTL compatible, and the output is 3-state TTL compati-
ble. The data output of the MCM4117 is controlled by the column ad-
dress strobe and remains valid from access time until the column ad-
dress strobe returns to the high state. This output scheme allows higher
degrees of system design flexibility such as common input/output
operation and two dimensional memory selection by decoding both row
address and column address strobes.

The MCM4117 incorporates a one-transistor cell design and dynamic
storage techniques, with each of the 128 row addresses requiring a
refresh cycle every 2 milliseconds.
® Flexible Timing with Read-Modify-Write, RAS-Only Refresh, and

Page-Mode Capability
® Industry Standard 18-Pin Package
® 16,384 x 1 Organization
® +10% Tolerance on All Power Supplies
® All Inputs are Fully TTL Compatible
® Three-State Fully TTL-Compatible Output
® Common |/O Capability When Using “‘Early Write” Mode
® On-Chip Latches for Addresses and Data In
® Low Power Dissipation — 463 mW Active, 20 mW Standby (Max)
® Fast Access Time Options:
150 ns — MCM4117L-15
200 ns — MCM4117L-20
250 ns — MCM4117L-25
300 ns — MCM4117L-30

® Easy Upgrade from 16-Pin 4K RAMs

MOS

(N-CHANNEL)

16,384-BIT DYNAMIC
RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 680-06

-| ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin. Vout | —0.6to +20 Vdc
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C
Power Dissipation Pp 1.0 w
Data Out Current lout 50 mA

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

PIN ASSIGNMENT

*Tie pins 4 and 5 together.
**Tie pins 16 and 17 together.
Consideration should be given in PC
board layout to allow easy upgrade to the
MCM4132.

PIN NAMES

AC-A Address Inputs
CAS ..Column Address Strobe
D

W... ..Read/Write Input
VgB ....Power (=5V)
vee - .Power (+5V)
Vpp Power (+12V)
Vss. Ground

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit.
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MCM4117

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Ranges Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit | Notes
Supply Voltage Vpp 10.8 112.0| 13.2 1
Vee 45 | 60| 65 v 1,2
Vss 0 0 0 1 "
Vg |-45|-50|-55 1
Logic 1 Voltage, All inputs VIH 2.4 - 7.0 N 1
Logic 0 Voltage, All Inputs ViL -10]| - 0.8 \" 1
DC CHARACTERISTICS (Vpp=12V +10%, VCcCc=5.0 V+10%, VBg=—-5.0 V +10%, Vss=0V, TA=0 to 70°C)
Characteristic Symbol | Min | Max | Unit [ Notes
Average Vpp Power Supply Current 1DD1 — 35 | mA 4
Ve Power Supply Current Icc - - |mAl 5
Average Vgg Power Supply Current 1BB1,3 [ — | 200 | pA
Standby Vgg Power Supply Current 1BB2 - 100 | pA
Standby Vpp Power Supply Current IDD2 - 15 [ mA| 6
Average Vpp Power Supply Current During “RAS Only"’ Cycles iDD3 - 27 | mA 4
Input Leakage Current (Any Input) IT(N) - 10 wA
Output Leakage Current lo(L) - 0 | pA| 6,7
Output Logic 1 Voltage @ loyt= —5 mA VOH 24 - \2 2
Output Logic 0 Voltage @ loyt=4.2 mA VoL - 0.4 \
NOTES:
1. All voltages referenced to Vgg. Vgg must be applied before and removed after other supply voltages.

2. Output voltage will swing from Vgg to Vg under open circuit conditions. For purposes of maintaining data in power-down mode, Vcc
may be reduced to Vgg without affecting refresh operations. Vo (min) specification is not guaranteed in this mode.

. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which pe:form refresh are adequate.

Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate.

lcc depends upon output loading. TE"_VCC supply is connected to the output buffer only.

Output is disabled (open-circuit) when CAS is at a logic 1.

OV < Vg, <+65V

Capacitance, measured with a Boonton meter or effective capacitance calculated from the equation: C=IAt/AV.

® N ;AW

BLOCK DIAGRAM

v
«——VDD
WRITE ":]: 3 Write -— vce
Clocks «————— VSS
Clock Ves

Generator
No. 1

Multiplexed
Clock
Generator

Clock | ibi Data Out
JE— Generator a
CAS No. 2 I
Dummy Cells
A ——————————

T
A5 i | Memory Array 1-0f-2
i t
A4 ———— o Mux | 1&8 Data
Address Row Bus
A3 ————————»{ Input Decoder '+ Row 128 —'Sense — Refresh Amps Select
U
A2 Buffers 1128 ines Data
N T In/Out
Al : Memory Array
A0 B Dummy Cells
- | __ 64-Column _ _ |
‘ Select Lines
Mux L Column Decoders
Switch &.‘, 1-0f-64
l [
AQ
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 3, 9, 14)
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS
(Vpp=12 V+10%, Vce=5.0 V+10%, Vgg=—5.0 V+10%, V55=0V, TA=0 to 70°C)

MCM4117-15 | MCM4117-20 | MCM4117-25 | MCM4117-30 .
Parameter Symbol "Min | Max | Min | Max | Min | Max | Min | Max | Unit| Notes
Random-Read or Write Cycle Time tRC 375 - 375 - 410 - 480 - ns
Read Write Cycle Time tRWC 375 - 375 - 515 — 660 - ns
Access Time from Row Address Strobe tRAC - 1650 - 200 - 250 - 300 ns |10, 12
Access Time from Column Address Strobe tCAC -~ 100 — 135 - 165 — 200 ns [ 11,12
Output Buffer and Turn-off Delay tOFF 0 50 0 50 0 60 0 60 ns 17
Row Address Strobe Precharge Time tRP 100 — 120 - 150 - 180 - ns
Row Address Strobe Pulse Width tRAS 150 |10,000f 200 |10,000f 250 | 10,000 300 {10,000 ns
Column Address Strobe Pulse Width tCAS 100 |10,000f 135 |10,000| 165 |10,000| 200 |10,000| ns
Row to Column Strobe Lead Time tRCD 20 50 25 65 35 85 60 100 ns 13
Row Address Setup Time TASR 0 - 0 - 0 — 0 — ns
Row Address Hold Time tRAH 20 - 25 — 35 — 60 — ns
Column Address Setup Time tASC -10 — -10 - -10 — -10 — ns |-
Column Address Hold Time tCAH 45 - 55 - 75 - 100 - ns
Column Address Hold Time Referenced AR % _ 120 _ 160 _ 200 _ ns
to RAS
Transition Time (Rise and Fall) tT 3.0 35 3.0 50 3.0 50 3.0 50 ns 14
Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 — 0 — 0 - 0 - ns
Write Command Hold Time tweH | 45 - 55 - 75 ~ 100 - ns
W:;e%_s[nmand Hold Time Referenced WCR % _ 120 _ 160 _ 200 _ ns
Write Command Pulse Width twp 45 - 56 - 75 - 100 - ns
Write Command to Row Strobe Lead Time tRWL 60 — 80 — 100 — 180 — ns
Wtzéjgri:\nn;and to Column Strobe oWl 60 _ &0 _ 100 _ 180 B ns
Data in Setup Time DS 0 - 0 - 0 - 0 - ns 15
Data in Hold Time tDH 45 - 55 - 75 - 100 - ns 15
Data in Hold Time Referenced to RAS IDHR 95 — 120 — 160 — 200 - ns
Column to Row Strobe Precharge Time tCRP -20 — -20 - -20 - 1 -20 - ns
RAS Hold Time tgsH | 100 — 135 — 165 — 200 — ns
Refresh Period tRFSH — 2.0 ~ 2.0 - 2.0 - 2.0 ms
WRITE Command Setup Time tWCS -20 — -20 - -20 - -20 — ns
CAS to WRITE Delay tewp | 70 - 95 - 1256 - 180 - ns | 16
RAS to WRITE Delay tRwD | 120 - 160 - 210 — 280 — ns | 16
e e o o o] - Jo[-Jw[-[w[-]=
Page Mode Cycle Time tpC 170 - 225 - 275 - 326 - ns
CAS Hold time tcsH | 150 - 200 - 250 - 300 - ns
NOTES: (continued) Parameter Symbol | Typ | Max | Unit | Notes
9. AC measurements assume tT = 5.0 ns. Input Capacitance (AO’A‘E)'_? _ Ci1 - |40 [ 60| pF 8
10. Assumes that tRep < tRCD (max). | Input Capacitance RAS, CAS, W Cp2 80 | 10 | pF 8
11, Assumes that trcp > tRep (max). Output Capacitance (Q) Co 50 | 70| pF| 8
12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
13. Operation within the trcp (max) limit ensures that tRac (max) can be met. trcp (max) is specified as a reference point only; if tRcD
is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcaC.
14. V|Hc (min) or V| (min) and V{_ (max} are reference levels for measuring timing of input signals. Also, transistion times are measured

16.

17.

between Vg or Vi and V.

These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

- WCS. tCWD and tgwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: |If

tWwCs > 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 tcwp 2 tcwp (min) and tRWD = tRWD (min), the cycle is a read-write cycle and the data out will contain Yata read from
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate.
Assumes that tcrp > 50 ns.
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READ CYCLE TIMING

RC
tRAS ———=|
ViH — ‘AR ————]
ARS Vi Et y ,[ X
tcsH tRp ——
fe——— tRCD ——» tRSH [e— tCRP —om]
cAs
= ) / ﬁ\_
tRAH
r—'ASR" ~a~| ‘Asc—1 e jetCAH
ViH Row Colurmn X AN
ADDRESSES 00 nmnnnn
RS
tRcs «’-’b —a| tRCH '_,

. v
I
TCAC ————mf

la——  tRAC
oH T

v .
Q (Data Out High Z Z Valid
VoL X Data A

WRITE CYCLE TIMING

——— — j@— 'OFF

tRC
- tRAS
RAS ViH \G————— TAR — g
Vio 4 N
[ o RsH tRp ——|
T tcsH
trRCD tcAS l-t tCRP —ul
.
CAS ViH \ /1
ViL " ]
tRAH tCAH
l’“ASR— b——‘ 'ASC.‘ - -
ADDRESSES H Row Column
ViL Address Address

‘ WL —— e

twc_s-| "-
f-— tWCH
T o S R oo

n VlH .V.V’V.V’V.V.V’V‘VV‘ V’V.V.V.V.V’V.\\ , V.V‘V’Vov.V‘V’v.v’vov’Veov.V’V’V’V.V‘Vov.V‘V‘V.V.V’V.v’v’V.v‘v’
A9 o e 000 0 e

o
Q (Data Out) Vou High Z
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READ-WRITE/READ-MODIFY-WRITE CYCLE

RS v :/ r-: L___\\‘ tAR
tRCD
=i5 ViH ‘
cAs v “\ N\
t
TASR nHAHu tasc l’ F—‘CAH
ViH R Colum
ADDRESSES ViL m Ad:l\'/:ss AZdres:
| |
tRCS ]-0‘ }4
wrre M
Vio
tcAC —a  ba—toFF
v -
Q (Data Out) VZT L v High Z 4 ‘é:"’:
g tRAC t
DS Jwa o DH—
Vir 7 SR
DOt v, oare PRI
RAS ONLY REFRESH TIMING
Note: CAS = ViHe. WRITE = Don't Care
tRC
} tRAS
. Vin — T — \
RAS
Vie X
tTRAH — v tap ™
tASR le— )
Vv H ."V’V.""V‘V’V‘V’V’V‘V’V‘V"‘ Row 07".7".' V’V.V.V‘V’V.V""’V'V’V '.V‘V’V"’V.V’V.V’V’V \/ V’V’V’V"’V’V‘V‘V.V
aooResses v, XXRNGROOEON_ address QKKK XXX KKK XXX XXX KK

VoH

Q (Data Out)
VoL

High Z
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PAGE MODE READ CYCLE

tRAS

v
Addresses

Q v {
Daaou M1 iz | | — |
VoL

tRCH
1 F r._
Vie

PAGE MODE WRITE CYCLE

F‘CRP

REER%

Addre: esv
resses

Write

twp N WP J ~—twp
WCR AL -
DSt F-tDH - tps It H—=] DS—

F—tpH—

v i 4 ia ) - i A} XX KKK KR
0 (Date in {11 SN, b Vet W A T R
I"—“DHR——l
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MCM4117
BIT ADDRESS MAP

Pin8

Row Address A6 A5 A4 A3 A2 A1 AQ
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@ MOTOROLA MCM4132

32,768 x 1 BIT DYNAMIC RAM

The MCM4132 is a 32,768-bit high-speed Dynamic Random Access
Memory designed for high-performance, low-cost applications in main-
frame and buffer memories and peripheral storage. Organized as 32,768
one-bit words and fabricated using Motorola's highly reliable N-channel
double-polysilicon technology, this device optimizes speed, power, and
density tradeoffs.

The MCM4132 consists of two MCM4116 16,384-bit high-speed MOS
dynamic Random Access Memories, each in its own package per-
manently connected, pin-for-pin, one on top of the other. The lower
package is referenced as Module 1, the upper as Module 2, thereby
resulting in an 18-pin memory device, organized as 32,768 words of one
bit each, with essentially the same characteristics of the MCM4116.

MOS

(N-CHANNEL, SILICON-GATE)

32,768-BIT DYNAMIC
RANDOM ACCESS MEMORY

® 32,768 x 1 Organization
® +10% Tolerance on All Power Supplies

® All Inputs Are Fully TTL Compatible

® Three-State Fully TTL Compatible Output 'S-lgg;';‘:;

® Common |/0O Capability when using "“Early-Write”" Mode CERAMIC PACKAGE
® Flexible Timing with Read-Modify-Write, RAS-Only Refresh, and CASE 749-01

Page-Mode Capability
On-Chip Latches for Addresses and Data In
Fast Access Time Options:

PIN ASSIGNMENT

150 ns — MCM4132L15 vee]1@~ 18hvss
200 ns — MCM4132L20 od2 170CAS1
250 ns — MCM4132L25 )
300 ns — MCM4132L30 LLE 16 ACAS2
RAS104 15fQ
RAS205 14[1A6
ABSOLUTE MAXIMUM RATINGS (See Note) Aode6 13pA3
Rating Symbol Value Unit AR 7 12 A4
Voltage on Any Pin Relative to Vgg Vin. Vout -0510 +20 \ A208 11 A5
Operating Temperture Range TA 0to +70 °C vopl9 108vee
Storage Temperature Range Tstg —-65to +150 | °C _ — .
Power Dissipation Po 70 W NOTE: RAS1 and CASj indicate bottom device.
Data Out Current lout 50 mA PIN NAMES
- A Input
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- é—\i—g\f Cgﬁlrris: Andpduresss Strobe, Module 1
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING CASy Column Address Strobe' Module 2
CONDITIONS. Exposure to higher than recommended voltages for extended periods D Data In ’
of time could affect device reliability. Q Data Out
RASq Row Address Strobe, Module 1
RAS7 Row Address Strobe, Module 2
W Read/Write Input
CAPACITANCE o Ves Power (=5 V)
(f=1.0 MHz, Tp=25°C, Vcc=5V, periodically sampled rather than 100% tested.) vee Power (+5 V)
Parameter Symbol | Typ Max Unit Notes xDD Zowerd( +12V)
input Capacitance (A0-A5), D cn 4.0 10 pF 8 5S o
Input Capacitance RAS, CAS, WRITE C2 8.0 13 pF 8
Output Capacitance (Q) Co 5.0 14 pF 8 This device contains circuitry to protect the in-

puts against damage due to high static voltages

or electric fields; however, it is advised that nor-
mal precautions be taken to avod application of
any voltage higher than maximum rated voltages
to this high impedance circuit.

Motorola reserves the right to make changes to any products herein to improve
reliability, function or design. Motorola does not assume any liabilty arising out
of the application or use of any product or circuit described herein; neither does
it convey any lisence under its patent rights nor the rights of others.

DS9827/11-80
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BLOCK DIAGRAM

VbD
N -—
WRITE - Write - VCC
: ) " Clocks +——Vsg
Clock -V
RAS Generator 4 88
tor2 No. 1 I
] Data | Data In (D)
ultiplex n
Clock - Buffer
Generator
Clock Lo Inhibit 5
CAS Ge“graéor —Q‘Etch B%‘:t;? Data Out (@
1or2 - ] Release oo
Dummy Cells
Af ————————— T
A — o " E Memory Array 10f2
- ux Data
Ad "’Address Row R1 2 Bus
A3—— of Input Decoder! low | 128 — Sense — Refresh Amps Select
Buffers 11 Lines
A2 — _—l 128 : Data
7 ‘ In/Out
FY | ! Memory Array n/Ou
A0 B Dummy Ceils
[ Coll —
| SR
':"> Mux Column Decoders
Switch AT-A 10of 64
T
L AQ
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min Typ Max Unit Notes
Supply Voltage VpD 10.8 12.0 13.2 1
Vee 45 5.0 5.5 v 1,2
Vss 0 0 0 1
VBB —45 -5.0 -5.5 1
Logic 1 Voltage, All inputs ViH 2.4 — 7.0 \ 1
Logic 0 Voltage, All Inputs ViL -1.0 — 0.8 \'/ 1
DC CHARACTERISTICS
Ch isti | symbol | Min | Max | unit | Notes
: 1 Chip Selected
Average Vpp Power Supply Current IDD1 — 36.5 mA 4
V¢ Power Supply Current Icc — - mA 5
Average Vgg Power Supply Current BB1, 3 - 300 »A
Standby Vgg Power Supply Current 18B2 - 200 »A
| Standby Vpp Power Supply Current DD2 - 3 mA [3
Average Vpp Power Supply Current During “RAS Only"* Cycles IDD3 - 285 mA 4
Input Leakage Current (Any Input) [[T{%) - 10 »A
Output Leakage Current lo() — 10 pA 6,7
Output Logic 1 Voltage @ lgyt= —5 mA VOH 24 - v 2
Output Logic 0 Voltage @ loyt= 4.2 mA VoL - 0.4 Vv
2 Chip Selected (17)
Average Vpp Power Supply Current IDD1 - 70 mA 4
Ve Power Supply Current Icc - — mA 5
Average Vgg Power Supply Current ) 1881, 3 — 400 uA
Standby Vg Power Supply Current 1882 — 200 uA
Standby Vpp Power Supply Current i IDD2 — 3 mA 6
Average Vpp Power Supply Current During “RAS Only” Cycles IDD3 = 54 mA 4
Input Leakage Current (Any Input) (L) - 10 pA
Output Leakage Current lo(n) - 10 rA 6,7
Output Logic 1 Voltage @ loyt= —5 mA VOH 24 - \ 2
Output Logic Voltage @ loyt=4.2 mA VoL - 0.4 \
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 3, 9, 14)
(Vpp=12V £10%, Vcc=5.0V +10%, Vgg=-5.0V £10%, Vss=0V, TA=0 to 70°C)

READ, WRITE, AND READ-MODIFY-WRITE CYCLES

oo [ HEMITETE | NEMITE2 | NEMITES | NCMITZS | L | hown
Random Read or Write Cycle Time tRC 375 - 375 - 410 — 480 — ns
Read Write Cycle Time tRWC 375 - 375 - 515 — 660 - ns
Access Time from Row Address Strobe tRAC = 150 = 200 - 250 - 300 ns 10, 12
A e o Column eac | - | 10| - || - [ s ]| - | 20| ns |10,12
Output Buffer and Turn-off Delay tOFF 0 50 0 50 0 60 0 60 ns
Row Address Strobe Precharge Time tRP 100 - 120 - 150 - 180 - ns
Row Address Strobe Pulse Width tRAS 150 {10,000 200 {10,000 250 | 10,000| 300 |10,000| ns
Column Address Strobe Pulse Width tCAS 100 {10,000| 135 | 10,000 165 | 10,000| 200 | 10,000 | ns
Row to Column Strobe Lead Time tRCD 20 50 25 65 .35 85 60 100 ns 13
Row Address Setup Time tASR 0 - 0 - 0 - 0 - ns
Row Address Hold Time tRAH 20 - 25 - 35 - 60 — ns
Column Address Setup Time tASC -10 — -10 - -10 — -10 - ns
Column Address Hold Time tCAH 45 - 55 - 75 - 100 - ns
“eroncad 10 FRS w (% | - |@| - | w| - @] - |
Transition Time (Rise and Fall) 1T 3.0 35 3.0 50 3.0 50 3.0 50 ns 14
Read Command Setup Time tRCS 0 — 0 — 0 - 0 - ns
Read Command Hold time tRCH 0 - 0 - 0 - 0 - ns
Write Command Hold Time tWCH 45 — 55 — 75 = 100 - ns
w;t;e?:rr‘r;r:: r:g %g e twcr | 9 - 120 = 160 = 200 = ns
Write Command Pulse Width tWP 45 - 55 - 75 - 100 - ns
W:: ;:;)-anzand to Row Strobe tRWL 60 _ 80 _ 100 _ 180 _ ns
W:-lgea;?;)'riv;]rzand to Column Strobe WL 60 _ 80 _ 100 _ 180 _ ns

| Data in Setup Time tDS 0 - 0 - 0 — 0 — ns 15
Data in Hold Time tDH 45 - 55 - 75 - 100 - ns 15
Data in Hold Time Referenced to RAS tDHR 95 - 120 - 160 - 200 - ns
Column to Row Strobe Precharge Time tCRP -20 - -2 — -20 - -20 — ns
RAS Hold Time tRSH_| 100 - 135 - 165 - 200 - ns
Refresh Period tRESH - 20 - 2.0 - 2.0 - 2.0 ms
WRITE Command Setup Time twcs -20 - -20 - -20 - -20 - ns
CAS to WRITE Delay tewp | 70 - 95 - 125 - 180 - ns 16
RAS to WRITE Delay tRWD | 120 - 160 - 210 - 280 — ns 16
Cffagfﬁﬁ'ﬁéiecwf only) R I It I I Mo I o IR
Page Mode Cycle Time tpC 170 - 225 - 275 - 325 — ns
CAS Hold Time tcSH | 150 - 200 — 250 - 300 - ns

NOTES:

1. All voltages referenced to Vgg, Vgg must be applied before and removed after other supply voltages.

2. Output voltage will swing from Vgg to V¢ under open circuit conditions. For purposes of maintaining data in power-down mode, Vcc may be reduced to

SooNoosw

1.
12
13.

14.
15.
16.

Vgs without affecting refresh operations. VOH (min) specification is not guaranteed in this mode.
Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate.

. Current is proportional to cycle rate, maximum current is measured at the fastest cycle rate.

lcc depends upon output loading. The Ve supply is connected to the output buffer only.

. Output is disabled (open-circuit) when CAS s at a logic 1.
. OVsVouts +565V.

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=I1AT/AV.

. AC measurements assume tT=5.0 ns
. Assumes that tgcp s tRcD (max).

Assumes that trcp 2 tRcD (max).

Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

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

ViH (min) or V{4 (min) and V| (max) are reference levels for measuring timing of input signals. Also, transition times are measured between ViH or Vi and V) .

These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-write cycles.
twCsS. tcwp and tpwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: If twcs = twcs (min),
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if tcyp=tcwp (min) and
tRWD=tRWD (min), the cycle is a read-write cycle and the data out will contain data read from the selected cell; if neither of the above sets of conditions is
satisfied, the condition of the data out (at access time) is indeterminate.

. Two chips selected is only applicable for RAS only refresh on the 32K module.
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READ CYCLE TIMING

tRC -
tRAS ——————»
AR
.
n _ A
tcsH i tRpP
le——— tRCD ———a{ | TRSH — tCRP
CAS
N K R
soomesses | % A LI

IcAC———=
tRAC —m e 'OFF
VoH i
) ¥ Valid 55
Q (Data Out) Vo High Z \ Data p
WRITE CYCLE TIMING
-— RC
tRAS
. Vin o AR ———
ViL . A \____
tTRSH TRPp ——— W
— tcsH !
tRCD tcas — i —
TAS Vin | ]
ViL 1 X u
J tRAH tCAH
l_msn -——1 ‘ASC" -

ADDRESSES Vin Row Column
Vie Address Address
twes
i —-$ |¢-tWCH>

_ v 1
WRITE - | WP —em
Vi

TRWL

tewi

f&—tWCR
Vit XXX R XX XXX RIS
DB v LI KNS
a————— DHR

VoH
VoL

Q (Pata Out) High Z
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READ-WRITE/READ-MODIFY-WRITE CYCLE

— — 'RWC l
tRAS -
e ViH X fe—— AR —-———-———I
RAS Vi \\ 1
e — _ TRSH ———eer e . tRP
—tcsH
fe———'RCD tcas tCRP ==
S Vin { \
cAs ‘ ; \
Vio
. TRAH . .
ASHT.‘ e wtasc la-tcAH
apoResses ' @{ Row Cotumn
VL Address Address
|
] . tRWD le— towL -—-J
y ‘RCSJ'.‘ [|= tcwop -—— TRy ——
____ IH
e, _/
- twp
tcac la— toFE
Q (Data Out) Von High Z ¢ Valid Kk
VoL L k Data 7
| tRAC .l toH
DS S| o
VTR R Ko KN varia
D Dataint v RIS, w4
RAS ONLY REFRESH TIMING
Note: CAS = V|4, WRITE= Don’t Care
tRC
je tRAS
ViK T
AAS viL \_—
tRp ————
Vin 0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'9, ‘ BN X XXX XX XXIOXXXXXXK
avoResses v, KRSKBOOEENNS Adaren e e et e e e o et e

VoH .
Q (Data Out) High Z
VoL

*During a read or write cycle, one 16K segment is selected. Depending on segment being addressed, RAS]/CTS1 or R—A82/CASZ is deselected.
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@ MOTOROLA

MCM4516

Product Preview

16,384-BIT DYNAMIC RAM

The MCM4516 is a 16,384-bit, high-speed, dynamic Random-Access
Memory. Organized as 16,384 one-bit words and fabricated using HMOS
high-performance, N-channel, silicon-gate technology. This new breed of
5-volt only dynamic RAM combines high performance with low cost and
improved reliability.

By multiplexing row- and column-address inputs, the MCM4516 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM4516 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh
modes.

® Organized as 16,384 Words of 1 Bit

MOS

(N-CHANNEL, SILICON-GATE)

16,384-BIT
DYNAMIC RAM

L SUFFIX
CERAMIC PACKAGE
CASE 690-13

C SUFFIX
FRIT-SEAL
CERAMIC PACKAGE
CASE 620-06

...Row Address Strobe
..Column Address Strobe
...Power (+5V)
...Ground

® Single +5 Volt Operation

® Fast 120 ns Operation

® | ow Power Dissipation:

200 mW Maximum (Active)
20 mW Maximum (Standby)

® Three-State Data Output

® Internal Latches for Address and Data Input

® Early-Write Output Capability

® 64K Compatible 128-Cycle, 2 ms Refresh

® Control on Pin 1 for Automatic and Self Refresh

® RAS-only Refresh Mode

® CAS Controlled Output Providing Latched or Unlatched Data

® Upward Pin Compatibility from the 16K RAM (MC!4116)

to the 64K RAM (MCM6664)
OUTPUT BUFFER TRUTH TABLE
Internal
Early Write CAS Refresh Control {CAS Internal) Output Buffer

H X X (X) High Z

X H X (X) High Z

L L L (H) Maintains Previous
Data

L L H (L) Active

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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PIN ASSIGNMENT COMPARISON

MCM4516 MCM4517 MCM6632
vss
CAS
A6
A3 s
A4
A5
N/C
Vss
CAS
A6
A3
A4
A5
A7
PIN VARIATIONS
Pin Number MCM4116 MCM4516 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Vgg(-5V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vppi+ 12 V) vece vee vee vee vee vce
9 Veel+5 V) N/C N/C A7 A7 A7 A7
ON-CHIP REFRESH FEATURES/BENEFITS
Reduce System Refresh Controller Design Problem
Reduce System Parts Count
Reduce System Noise Increasing System Reliability
Reduce System Power During Refresh
READ CYCLE TIMING
d tRC \

k————-—— 'RAS ———

ViHe = k—tAR —

Ras Vie \ \__

tCsH — tRP —
[&——tRCD — tRSH ' le-tcre o

ViHc \A tcas ———q[
Vie \ / \_
—| 4—tasc

tASR - tRAH Io—o— tCAH
Vin

ADDRESSES Row Address Cotumn
Vi Address

0|
p-d
[

tRCs tRCH
ViHCc
e X0 ORKXK
Viu le———tcac —
|¢————— trRAC ——————————— —ﬂ l@— toFF
Von
" y, .
Q (Data Out) High Z Valid Data
VoL b
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WRITE CYCLE TIMING

tRC
v tRAS —————ﬂ
J— HC =y
RAS tHE \ ___.I
ViL
tRSH tRp —»
- tesH
v > ICAS —
IHC
CAs S } \
Viu
tASR tAsC
)"‘.r- tCAH
Vin Column
ADDRESSES Address
Vie
tewL ———
twes - twcH
ViHe twp
VL 2
tRWL ¢'|
D toH
Vi [#os b i
D (Data In) Valid Data
L
IDHR ———
VoH
Q (Data Out) High Z
oL
READ-WRITE/READ-MODIFY-WRITE CYCLE TIMING
tRWC
tRAS >
RAS ViHC =Y e tar ———»
v
it tRSH RP —g
tcsH )
v tcas tCRF
I IHC
CAs /
I~ tAsc
ricAaH
Vin =
Column \VAVAV AV, VAVAVAVAVAVAVAVAVAVAY,
ADDRESSES w Address /\/\ A’A’A’A.A‘A’A‘A‘AQA‘A‘A A
RWD l*— ‘cwn.—-l
l¢————————— 'CWD ——— gl |@— tRWL
P ViHe
WRITE S 7&——————-
Vie
< twp
[&——1CAC —»
Vo J
QDaa Outl High Z — Valid Data
i e————————— tRAc —————— os
A - toH
‘ Vin
D (Data In)

RRXXXXXXX

(KX RRX KKK
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SELF REFRESH MODE (Battery Backup)

(SEE NOTE 17)
VIH I r\ﬁ
AS
ViL
tRFD: tFBP tFBR
VIH
REFRESH
ViL
AUTOMATIC PULSE REFRESH CYCLE — SINGLE PULSE
(SEE NOTE 17)
VIH | \
RAS
ViL - UFRC
HRFD
ViH il
REFRESH
ViL ~
AUTOMATIC PULSE REFRESH CYCLE — MULTIPLE PULSE
(SEE NOTE 17)
Y
H '\i \
RAS \
ViL e——trR | |le——— 1 >
ld——'v—uzsg
ViH
REFRESH

ViL

RAS-ONLY REFRESH CYCLE
(Data-In and WRITE are Don’t Care, CAS is HIGH)

e —— tRC
tRP—>|

. tRAS —
RAS
. ViL

l——tRp——]
tASR - '

VIHFX XX KX ) K AKX K XXX

ADDRESSES, OO0 OO0 OO0
T SRR o mooness DR
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MCM4517

Advance Information

16,384-BIT DYNAMIC RAM

The MCM4517 is a 16,384-bit, high-speed, dynamic Random-Access
Memory. Organized as 16,384 one-bit words and fabricated using
HMOS high-performance, N-channel, silicon-gate technology. This
new breed of 5-volt only dynamic RAM combines high performance
with low cost and improved reliability.

By multiplexing row- and column-address inputs, the MCM4517 re-
quires only seven address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM4517 incorporates a one-transistor cell design and dynamic
storage techniques.
® Organized as 16,384 Words of 1 Bit
® Single +5 Volt Operation
® Fast 100 ns Operation
® Low Power Dissipation:

160 mW Maximum (Active)
14 mW Maximum (Standby)
® Maximum Access Time
MCM4517-10 — 100 ns
MCM4517-12 — 120 ns
MCM4517-16 — 150 ns
MCM4517-20 — 200 ns
® Three-State Data Output
® Internal Latches for Address and Data Input
® Early-Write Common /0 Output Capability
® 64K Compatible 128-cycle, 2 ms Refresh
® RAS-only Refresh Mode
® CAS Controlled Output
® Upward Pin Compatibility from the 16K RAM (MCM4116) to the 64K
~ RAM (MCM6664)
® Allows Negative Overshoot Vi Min= -2V

@ Hidden RAS Only Refresh Capability

MOS

(N-CHANNEL, SILICON-GATE)

16,384-BIT
DYNAMIC RAM

C SUFFIX
CERAMIC PACKAGE
CASE 620-06

P SUFFIX
PLASTIC PACKAGE
CASE 648-05

A0
A
A2
A3
A4
AS.

RAS

1

Generator [
‘5—___”

WE

BLOCK DIAGRAM

~«—VpD
-—Vgg

Column

Sense
Amp
64 128 Cell
Memory Array
Z;C':‘ :> 1 0f 128 Row
7Bt
(Row) ‘—-‘ Loteh Output
64128 Coll

Decoder
Buffer
Memory Array J

Address Bus

-

Decoder

F—> Dout

1 of 128 Column

{Columnl

RAS CAS

PIN ASSIGNMENT

PIN NAMES

AO-AB.....oviiiiiie Address Input

D.. ...Data In
Q .Data Out
W ..Read/Write Input
.Row Address Strobe

CAS. Column Address Strobe
..Power (+5 V)

Ground

L Wwiite

Clock —
loc! Clock Enable

Data
Input
Buffer

P
Generator ;¢ e

Din

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
to this high-impedance circuit.
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MCM4517

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD

Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg Vin. Vout -2t +7 Vdc 970 @
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -65t0 +160 | °C Q <
Power Dissipation PD 1.0 W
Data Out Current lout 50 mA 100 oF* v Y
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- Y
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability. *Includes Jig Capacitance ~—
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted.)
RECOMMENDED OPERATING CONDITIONS
P; Symbol | Min | Typ Max Unit |Notes
Supply Voltage xgg 4(')5 5(')0 5(')5 \ 1
Logic 1 Voltage, Al Inputs VIH 24 | - Vee+1 v [ 1
Logic 0 Voltage, All Inputs ViL -20] — 0.8 " 1
DC CHARACTERISTICS
Characteristics Symbol | Min | Typ | Max | Units| Notes
Ve Supply Current (Standby) lcct — 12 25 mA 5
Vec Supply Current (Operating)
45617-10, tRc=226 - 22 27
4517-12, trc =250 Icc2 -1 2 25 mA 4
4517-15, trc =300 - 18 23
4517-20, tgc =360 - 16 21
V¢ Supply Current (RAS-Only Cycle)
4517-10, trc =225 - 14 18
4517-12, trc =250 lcc3 - 12 16 mA 4
4617-15, tgc =300 - " 14
4517-20, tgc =350 — 10 12
Ve Standby Current (Standby, Output Enable) (CAS at Vi, RAS at Vjy) lcca — 2.5 5 mA
Input Leakage Current (Any Input) {IT{R) - - 10 »A
Output Leakage Current (05 Vo1<5.5) (CAS at Logic 1) 10(L) — - 10 A
Output Logic 1 Voltage@lgyt= —4 mA VOH 24 | - - \
Output Logic 0 Voltage@loyt=4 mA VoL - - 0.4 Vv
AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 9, 14 and Figure 1) (Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)
RECOMMENDED AC OPERATING CONDITIONS
MCM4517-10[MCM4517-12]MCM4516-15|MCM4517-20f .
Parameter Symbol T Max | Min | Max | Win | Max | Min| Max ] | Notes
Random Read or Write Cycle Time tRC 25| — | 250| — {30 — [30] — ns | 8,9
Read-Modify-Write Cycle Time tRwc | 235 — [ 270| - |30 | - |35 - ns | 8,8
Access Time from Row Address Strobe tRAC — 100 - 120 | — 150 | — | 200 | ns | 10,12
Access Time from Column Address Strobe tCAC — 60 - 75 - 95 — | 120 | ns |11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 35 0 40 0 50 ns 18
Row Address Strobe Precharge Time tRP 100 | — 10| - 125 | - 180 | - ns
Row Address Strobe Pulse Width tRAS | 100 | 10000 120 | 10000] 150 {10000 200 { 10000| ns
Column Address Strobe Pulse Width tCAS 60 | 10000{ 75 | 10000{ 95 {10000{ 120 | 10000| ns
Row to Column Strobe Lead Time tRCD 25 | 40 25| 4 | 26 | 55 | 30 | 80 ns 13
Row Address Setup Time tASR 0 = 0 — 0 — 0 - ns
Row Address Hold Time tRAH 15 - 16 - 20 - 25 - ns
Column Address Setup Time tASC 0 - 0 — 0 - 0 - ns
Column Address Hold Time tCAH | 40 — 45 — 55 — 60 — ns
Column Address Hold Time Referenced to RAS tAR 80| — | 9| - 10| - {140] - |.nd
Transition Time (Rise and Fall) T 3 50 3 50 3 50 3 50 ns 6
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MCM4517

AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 9, 14 and Figure 1)
(Read, Write, and Read-Modify-Write Cycles}
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter P MCM4517-10[MCM4517-12JMCM4517-16]MCM4517-20 Unit | Notes
’ Min | Max | Min | Max | Min | Max { Min | Max

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

Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns | 14
Read Command Hold Time Referenced to RAS tRRH 20 — 25 - 35 - 40 - 14
Write Command Hold Time tWCH 40 - 45 - 55 - 60 - ns

Write Command Hold Time Referenced to RAS tWCR 90 — 100 | — 120 — 140 | — ns

Write Command Pulse Width WP 30 — 35 — 40 - 45 - ns

Write Command to Row Strobe Lead Time TRWL 40 — 45 — 50 — 65 - ns

Write Command to Column Strobe Lead Time tCWL 40 - 45 - 50 - 55 - ns

Data in Setup Time DS 0 - 0 - 0 - 0 - ns 15
Data in Hold Time 1DH 40 - 45 — 55 — 60 - ns 15
Data in Hold Time Referenced to RAS tDpHR | 80 | — | 90 | — |110| — [ 140 | - |ns
Column to Row Strobe Precharge Time tCRP 0 - 0 - 4] - 0 - ns

RAS Hold Time' tRSH | 60 | — 7% | - 19| - |120] - ns
Refresh Period tRESH | — 20 | — 20 | - 20 | - 20 | ms

Write Command Setup Time tWcs 0 - 0 - 0 - 0 - ns 16
CAS to WRITE Delay ICWD 50 — 60 - 75 - 80 — ns 16
RAS to WRITE Delay tRwp | 90| - | 10| — [ 140 | — [160| — [ns | 16
CAS Hold Time tcsy | 100] — {120 — |10 — {200 — |ns

CAS Precharge, Non Page Mode tCPN 30 - 35 - 40 - 50 - ns
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc= +5 V. Periodically sampled rather than 100% tested.)

Parameter Symbol | Typ | Max | Units | Notes
Input Capacitance (A0-A6), Dj, (] 40 | 6.0 | pF 7
Input Capacitance RAS, CAS, WRITE Cl2 50 | 70| pF 7

NOTES: 1.

w

o o

10.
1.
12.
13.

14.
15.

All voltages referenced to Vgg.

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

ViL

. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.

Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open.

. Output is disabled {open-circuit) and RAS and CAS are both at a logic 1.
. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-

nals must transmit between V|4 and V| (or between V|| and V|H) in a monotonic manner.

. . . . ) 1A
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=BT}

. The specifications for tg¢ (min), and tRywC (min) are used only to indicate cycle time at which proper operation over the full tem-

perature range (0°C=< T <70°C) is assured.

. AC measurements assume tT=5.0 ns.

Assumes that tRcp<tRCD (Max)

Assumes that tRcp=tRCD (Max)

Measured with a current load equivalent to 2 TTL loads (+200 pA, —4 mA) and 100 pF (VoH=2.0V, VOL=0.8 V).
Operation within the tgcp (max) limit ensures that tRAC (max) can be met. trCp (max) is specified as a reference point only; if
tRCD is greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcAC-

Either tRRH or tRCH must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modity-write cycles.

. twCS. tcwD. and tRwWD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-

istics 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) and trywp = tRWD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate. e

Addresses, data-in and WRITE are don't care. Data-out depends on the state of CAS. if CAS remains low, the previous output
will remain valid. CAS is allowed to make.an active to inactive transition during the RAS-only refresh cycle. When CAS is brought
high, the output will assume a high-impedance state.

. toff {(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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READ CYCLE TIMING
RC
P tRAS
Vin —y\ ¢ 'AR—T' F 3
Z N N
tosH —RP——
l—— tRcD——— | 'RSH Me—tCRP—
v N je———cAS———
CAS
ViL \ / / ﬁ&_
tRAH
ASR-@— ‘-.‘ tasc g-ICAH-S
VIH ’|
Addresses Row Column
viL Address Address
- (RRH -pe
tRCS —.i tRCH |@-
ViH
WRITE g
ViL tCAC————»
e RAC———————— — e tof
Vo J i Valid N
Q (Data Out) [ ~ o
ata Out) High Z X Data V
WRITE CYCLE TIMING
-1 tRC
v tRAS
o ‘AR
tRSH 1RP——=
; tCSH——————————
- (RCD——— Pt ———(CAS————————— j@—CRP—P>
m AN | /1 7
CAS Vil \ £
tRAH "I
1ASR-{— [ (ASC tCAH
%
H Row Column
Addresses L Address Address
<—— l TCWL————————————
tWCS W CHE™
ViH tWP.
WRITE
ViL
g tRWL
— o
WO ol J@-tDs @ —ion
VIH Valid
D (Data In) viL Data
DHR
VOH .
Q (Data Out) High 2
VoL

2-39



MCM4517

RAS-ONLY REFRESH CYCLE

(Data-in and Write are Don't Care, CAS is HIGH)

RE—
RP )
ViH j&————trAs =
RAS \
Vi A
l——tRP——
VIH SARAK VAV, VaVAVAVAVAV,VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
Addresses ""‘"’ 0 "“""V’V‘V".‘ . ‘V‘V“. ’.“”’.”“"0 ’ ’0’. ;’
pretli O o ot ot oot
v OO COCNYOYOCOOOOCYY XX
READ-WRITE/READ-MODIFY-WRITE CYCLE -
1 y
, . e
RAS H ¢—— AR
ViL
. RSH > RP
l@——— tRCD H 1CAS -CRP
A \\/,IH 1'—/
I
RAH
tASR le—ytasc . ca
ViH R ol
' L two [ —ICWVL—
WD ————— | [ —TRWL ——p
Vik VATV VY v T vavaravav vyt
L N f J
lg—twp I tOFF
: 1CAC———0i
VOH Vali
Q (Data Out) High Z alid N—
Date
Yo IQ—————\RAC——————————-D(
DS
MR v e e ava"a"a 0 oA A s a"a aYaYA"aYA"a A A"a AAYAYAYAVAVAY A AVATAVAVAVAVAVAVAVAV.VAV.Va Y. - OVAYAV VA VAV Y V.Y W VAV V.V, V VAV, V.V,
TR KR XXX Vaia XXX R
Dme ARG, oate IR TR

HIDDEN RAS-ONLY REFRESH CYCLE (See Note 18)

RAS

N
« T\

j¢—————— Memory Cycle

/N / N

Refresh Cycle ——————————»f

-

s SR e X o YRR XREELELED

™ XX RO

Q (Data Out)

'
<

Valid Data

>_




MCM4517

PIN ASSIGNMENT COMPARISON

MCM4516 MCM4517 MCM6632
Vss REFRESH(
CAS DQ
wi
AB RAST
A3 A0
A4 A2
A5 AT
N/C Vee [
Vss N/C*{
CAS D
wi
A6 RAS T
A3 A0}
A4 A2 0
A5 Al
A7 Vee [
PIN VARIATIONS
Pin Number MCM4116 MCM4516 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Veg(=5V) REFRESH N/C REFRESH N/C* REFRESH N/C*
8 Vpp(+12 V) vee vee vee Vee vee vVee
9 Veel+56 V) N/C N/C A7 A7 A7 A7

“Internal pullup resistor should be left open or tied to V¢g.
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MCM6632

32,768-BIT DYNAMIC RAM

The MCM®6632 is a 32,768 bit, high-speed, dynamic Random-Access
Memory. Organized as 32,768 one-bit words and fabricated using
HMOS high-performance N-channel silicon-gate technology. This new
breed of 5-volt only dynamic RAM combines high performance with low
cost and improved reliability.

By muitiplexing row- and column-address inputs, the MCM6632 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM®6632 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh
modes.

@ Organized as 32,768 Words of 1 Bit
® Single +5 V Operation
® Fast 150 ns Operation
® Low Power Dissipation
275 mW Maximum (Active)
30 mW Maximum (Standby)
Three-State Data Output
Internal Latches for Address and Data Input
Early-Write Common 1/O Capability
16K Compatible 128-Cycle, 2 ms Refresh
Control on Pin 1 for Automatic and Self Refresh
RAS-only Refresh Mode
CAS Controlled Output
Upward Pin Compatible from the 16K RAM (MCM4116)
One Half of the 64K RAM MCM6664
The Operating Half of the MCM6632 is Indicated by Device Marking:
MCM66320 Tie A7 CAS (A15) Low ""0”
MCM66321 Tie A7 CAS (A15) High 1"

MOS

(N-CHANNEL, SILICON-GATE)

32,768-BIT
DYNAMIC RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 690

BLOCK DIAGRAM

*+—Vce
<+—Vsg
'“CT(')'::" Sense Amplifier 5 Sense Amplifier
8
AO -8 I
4 3 e
Al X | 16,384 BitMemory | = | 16, 384-Bit Memory £ |e-RAS
o Array I Array o
2wl 3 5 § fecas
A3 2 o  (e-Write, W
s 1/2(10f256) |1/2Cell| 1/2(10f256) [* ™ §
Col i 3
A4 % olumn Decoder Logic Column Decoder  fag—p % REFRESH
8 - S
5 Sy -
A5 @ 8 2 le-Dataln, D
g | 16.384-Bit Memory & | 16,384-Bit Memory €
AB—9 11; Array 3 Array g (—# Output
< & = Data, Q
A7 &
- kS
rechargy - - -
Clock Sense Amplifier Sense Amplifier

PIN ASSIGNMENT

REFRESHOQ '@

D g2 CAS
w Q
RAS A6
A0 A3
A2 A4
Al AB
Vee A7

W Read/Write Input
...Row Address Strobe

.Column Address Strobe
VECCirrmmmiiiiiie Power (+5 V)
............... Ground

This device contains circuitry to protect the in-
puts against damage due to high static voitages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
to this high-impedance circuit.
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MCM6632

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
_ Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg (except VG| Vin, Vout -2t0 +7 \ 970 @
Voltage on V¢ Supply Relative to Vgg Vin. Vout -1t +7 \
Operating Temperature Range TaA 0to +70 °C
Storage Temperature Range Tstg -65t0 +160 | °C a <
Power Dissipation Pp 1.0 W \V
Data Out Current lout 50 mA 100 pF* 12k U

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability. -
*Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ Max Unit | Notes
Supply Voltage MCMB664-16, -20 | Vco 45 [ 560 55 V. 1
Vss 0 0 0 Vv 1
Logic 1 Voltage, All Inputs ViH 2.4 - | Vee+1] V 1
Logic 0 Voltage, All Inputs VL -20| — 0.8 vV 1
DC CHARACTERISTICS
Characteristic Symbol | Min | Max | Units | Notes
Vc Power Supply Current (tgc min.) Icch — 50 | mA 4
Standby Vcc Power Supply Current lcc — 5 mA 5
Ve Power Supply Current During RAS Only Refresh Cycles Icca - 40 mA —
Input Leakage Current {any input) (except REFRESH) (Vgs=<Vin=Vcc) {IT18) - 10 | wA -
REFRESH Input Current (VF=Vgg) o IE - 125 | pA -
Output Leakage Current (CAS at logic 1, 0=V ;;<5.6) 10(L) - 10 | wA -
Output Logic 1 Voltage @ loyt= —4 mA VOH 24 - Vv -
Output Logic 0 Voltage @ loyt=4 mA VoL — 0.4 \ -
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V. Periodically Sampled Rather Than 100% Tested)
Parameter Symbol | Typ | Max | Units { Notes
Input Capacitance (A0-A7), Dip Ci 4 5 pF 7
Input Capacitance RAS, CAS, WRITE Cip 8 10 | pF 7
Output Capacitance (Do) (CAS = Vi to disable output) Co 5 7 | oF 7

AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6, and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)

(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol MC_M%“,‘ZJSI MC.M6632'2° Units | Notes
Min | Max | Min | Max

Random Read or Write Cycle Time tRC 300 - 350 - ns 8,9
Read Write Cycle Time tRWC 300 = 350 - ns 8,9
Access Time from Row Address Strobe tRAC - 150 — 200 ns 10, 12
Access Time from Column Address Strobe tCAC — 75 — 110 ns 11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRp 120 — 140 - ns —
Row Address Strobe Pulse Width tRAS 150 | 10000 | 200 |10000| ns -
Column Address Strobe Pulse Width tcAS 76 | 10000 | 110 | 10000 | ns -
Row to Column Strobe Lead Time tRCD 30 75 35 0 ns 13
Row Address Setup Time tASR 0 - 0 — ns =
Row Address Hold Time tRAH 25 — 30 — ns —
Column Address Setup Time 1ASC 0 - 0 - ns —
Column Address Hold Time tCAH 45 - 55 - ns -
Column Address Hold Time Referenced to RAS AR 120 = 155 - ns -
Transition Time (Rise and Fall) T 3 50 3 50 ns 6
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6 and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

MCM6632-15 | MCM6632-20 ;
Parameter Symbol Min Max | Min Mox Units |Notes
Read Command Setup Time tRCS 0 — 0 — ns —
Read Command Hold Time tRCH 10 — 10 — ns 14
Read Command Hold Time Referenced to RAS tRRH 30 — 35 — ns 14
Write Command Hold Time tWCH 45 - 55 - ns -
Write Command Hold Time Referenced to RAS WCR 120 - 155 — ns -
Write Command Pulse Width WP 45 - 56 - ns =
Write Command to Row Strobe Lead Time TRWL 45 - 55 = ns -
Write Command to Column Strobe Lead Time tCWL 45 - 55 - ns -
Data in Setup Time DS 0 - 0 - ns 15
Data in Hold Time tDH 45 — 55 — ns 15
Data in Hold Time Referenced to RAS DHR 120 — 156 — ns —
Column to Row Strobe Precharge Time tCRP -10 — -10 — ns —
RAS Hold Time tRSH 75 - 110 - ns -
Refresh Period tRFSH - 2.0 - 2.0 ms -
WRITE Command Setup Time tWCS -10 | - -10 — ns 16
CAS to WRITE Delay tCWD 45 - 55 - ns 16
RAS to WRITE Delay tRWD 126 - 160 - ns 16
CAS Hold Time tCSH 150 — 200 - ns ~
RAS to REFRESH Delay tRFD 0 — 0 ~ ns —
REFRESH Period (Battery Backup Mode) tEBP 2000 - 2000 - ns -
REFRESH to RAS Precharge Time (Battery Backup Mode) tFBR 390 - 460 - ns -
REFRESH Cycle Time (Auto Pulse Mode) tFC 330 — 380 - ns =
REFRESH Pulse Period (Auto Period Mode) tEp 60 2000 | 60 2000 ns ~
REFRESH to RAS Setup Time (Auto Pulse Mode) tESR 30 - 30 - ns -
REFRESH to RAS Delay Time (Auto Pulse Mode) tFRD 390 — 460 — ns —
REFRESH Inactive Time 1| 30 — 30 — ns -
RAS to REFRESH Lead Time tFRL 390 — 460 — ns -
NOTES: 1. All voltages referenced to Vgs.
2. Vjy min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V| and
ViL.
3. A|nLininaI pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open.
5. O‘l)llpul is disabled (open-circuit) and RAS and CAS are both at a logic 1.
6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between V|4 and Vi (or between Vi and V|H) in @ monotonic manner.
7. Capacitance measured with a Boonton Meter or effective capacitance calculaied from the equation: C=IAAVt
8. The specifications for tgc (min), and tRywC (min) are used only to indicate cycle time at which proper operation over the full tem-
perature range (0°C<Tp <70°C) is assured.
9. AC measurements assume tT=5.0 ns.

10. Assumes that tRep=<trCD (Max)

11. Assumes that tRcp=tRrcD (Max)

12. Measured with a current load equivalent to 2 TTL loads (+ 200 pA, —4 mA) and 100 pF (Vo4 =2.0V, VoL=-0.8 V).

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

14. Either tRRH or tRCH must be satisfied for a read cycle.

16. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

16. twCs. tcwD. and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics only: if tyycg = 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) and tRywp = tRwD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

17. Addresses, data-in and WRITE are don't care. Data-out depends on the state of CAS. If CAS remains low, the previous output
will remain valid. CAS is allowed to 'make an active to inactive transition during the pin #1 refresh cycle. When CAS is brought
high, the output will assume a high-impedance state.

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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MCM6632

PIN ASSIGNMENT COMPARISON

MCM4516 MCM4517 MCM6632
Vss Vss P Vss
CAS CAS 2 [l CAS

3 pa

A6 A6 4 0 A6
A3 A3 5 0 A3
A4 A4 6 N A4
A5 A5 argy 10p A5
N/C N/C vee s 9fl A7

vss
CAS CAS

Q
A6 A6
A3 A3
A4 A4
A5 AB
A7 A7

PIN VARIATIONS

Pin Number MCM4116 MCM4516 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Vgg(—5V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vbp(+12V) vee vee vee vee vee vee
9 Veel+5 V) N/C N/C A7 A7 A7 A7

On-Chip Refresh Features/Benefits

Reduce System Refresh Controller Design Problem
Reduce System Parts Count

Reduce System Noise Increasing System Reliability
Reduce System Power During Refresh

ORDERING INFORMATION

[ Part Number Description Speed ) Marking*
MCM6632L15 32K Dynamic 150 MCM66320L15/ MCM66321L15
MCM66320L15 Random Access 150 MCM66320L15 j
MCM66321L15 Memory 150 MCM66321L15
MCM6632L20 Sidebraze 200 MCM663201L.20/ MCM66321L.20
MCM66320L20 Package “L" 200 MCM66320L20
MCM66321L20 200 MCM66321L20

*MCM66320=Tie A7 CAS (A15) Low 0"
MCM66321 = Tie A7 CAS (A15) High “1”
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MCM6632

READ CYCLE TIMING
- RC
.- tRAS
ViH - 'AR———W‘ )
RAS 'S
S ViL
tcsH- —RP——
—— (RCD———» I RSH . @—CRP—P¥
— ViH t . CAS———
o ) / 1/
ViL
tRAH
tASRA tASC 1
vis s> 4-' b’ h&-CAH-B
Addresses W Row Column
ViL Address Address 7
le- tRRH
tRCS —.| tRCH
—_ ViH T VAYAVATAVAV V. VY.V,
W NSRS
i tcac
- tRAC S —»l e or
VoH Y d Vaid
D iy
Q (Data Out) Vo High Data
WRITE CYCLE TIMING
tRC
v RAS————————————
AAS H [ ¢——tAR—————
viL K 7
——————
+-tcsH RSk H e
l@——tRC tCAS tCRP
ViH \ / l‘—
CAS ViL \ T | f \_
tRAH
1ASR ,Q-p‘ IASC-.I ’q— tCAH
Vi Row Column
Addresses Address Address
ViL
WL ————————————p
WCS tWCHEm
ViH WP Y Y Y Y Y Y YA
w Q——T— w ‘;00.0.:.0.0’0‘0‘0.0’0.0‘0.0’0.
ViL
. tRWL —
1
WER |@-t0s l@—toH
ViH TOOOOOOOOODOCXX XN i (XOLOOOOOOOBOOONOOONORCOOOON0
D (Data In) P
el L BN R RO
Q (Data Outt YOH High Z
VoL



MCM6632

SELF REFRESH MODE (Battery Backup)
(SEE NOTE 17)

ViH '\
RAS
ViL
tRFD tFBP tFBR
ViH
REFRESH
ViL

AUTOMATIC PULSE REFRESH CYCLE — SINGLE PULSE

(SEE NOTE 17)
ViH ' hl
& NN
Vi - tFRD
"_IRFD 1FSR
ViH 1FP
REFRESH
ViL I~
AUTOMATIC PULSE REFRESH CYCLE — MULTIPLE PULSE
(SEE NOTE 17)
. vu-qu ?\‘ j\
RAS
Vit [ ———————tFRL——————{ tFRD—————
[t
— [€—tRFD tF) — HtrSR
VlHﬁ
REFRESH
ViL
tFp-
RAS-ONLY REFRESH CYCLE _
(Data-In and WRITE are Don’t Care, CAS is HIGH)
- tRC
Vin e tRAS
RAS / \
ViL
tRAH— l—tRp——]
tASR
VIH ; I - ,v'v’v’v’v’v’v.v’v’v’v’v.v’v’ 0 "‘v'v’v ’v"’v.v’v'-
ADDRESSES, (KRR XXX XXX XX KRN
o mmc T N XXX
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MCM6632

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC
v tRAS
AAS H tAR
ViL
tRSH tRP
1CSH <
l@— tRCD tCAS l-tCRP9»
— VIH ¢
CAS
ViL /
tRAH
tASR TASCH @ CAH:
ViH Row Column
e ‘ l tRWD. LCWL—p
tRCS: tCWD —q — RWL——p
VIH VAV VAWV VAV V.V 0V Y.
w OB
WL BN
wp —» [ torF
{CAC———
\
Q (Data Out O High Z Valid
vou Data
L——‘RAC—————-—-——' {OH
DS 3
V|H VA A A A A A A AYAYAYA A A A A A A A A AYAY A AYAYAY AV AV WAV AV WAV AV VAV VWV W VAV VAV, VAV, \\/ VAV \ AAANVVAANV VAN
D (Data In) XXXV OO XX
1L R A X R BB
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MCM6632

MCM6664 BIT ADDRESS MAP

Pin 8
Row Address A7 A6 A5 A4 A3 A2 A1 AO
Column Address A7 A6 A5 A4 A3 A2 A1 AQ Column Addresses

Row Hex Dec A7 A6 A3 A4 A5 A2 A0 A1l
FE 254 1 1 1 1 1 1 1 0
FF 255 1 1 1 1 1 1 1 1
FC 252 1 1 1 1 1 1 0 0
FD 253 1 1 1 1 1 1 0 1
FA 260 1 1 1 1 1 0 1 0
FB 251 1 1 1 1 1 0 1 1
F8 248 1 1 1 1 1 0 0 o0
F9 249 1 1 1 1 1 0 0 1
.
.
.
.
.
.
82 130 1 0O 0 0 0 O 1 0
83 131 1 0O 0 0 90 0 1 1
z 8D 128 1 0 ¢ 0 0o 0 0 O
g 81 129 1 0 0 0 0 ¢ O 1
< 7F 127 0 1 1 1 1 1 1 1
E 7€ 126 0 1 1 1 1 1 1 0
3 70 125 0 1 1 1 1 1 0 1
3 .
.
.
.
.
.
.
.
.
.
[t 2-s8 .
1=%=) 5555 .
.
04 4 o 0 0o 0 0o 1 0 O
£ 2288w 2 0 0 0 0 0 0 1 o0
v 2= 1
23 8888|501 0 0 0 0 0 0 0 1
, 00 0 0o 0 0 0 0 0 0 O
vl 35 885838858
gggg @R essrssesemonmnram=o
?20—- o~ co~--o0o0~~o0O
§2—--— - o--0co~-c-0o0
- - - O-—-——0o00O
2——' - — —ooooocooo
3-- - cocooocococoo
2—’ = - [=leleleNo el No]
e~ —— ocococooococoo
cococooocococoo

Pin 16
A7
1
1
0
0

Data Stored = D @ Agx ® A1Y

Column Row Data
s | e | s
0 0 Inverted
0 1 True
1 0 True
1 1 Inverted
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MCM6633

32,768-BIT DYNAMIC RAM

The MCM6633 is a 32,768 bit, high-speed, dynamic Random-Access
Memory. Organized as 32,768 one-bit words and fabricated using
HMOS high-performance N-channel silicon-gate technology. This new
breed of 5-volt only dynamic RAM combines high performance with low
cost and improved reliability.

By multiplexing row- and column-address inputs, the MCM6633 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM6633 incorporates a one-transistor cell design and dynamic
storage techniques.
® Organized as 32,768 Words of 1 Bit
® Single +5 V Operation

@ Fast 150 ns Operation
® Low Power Dissipation
275 mW Maximum (Active)
30 mW Maximum (Standby)
Three-State Data Output
Internal Latches for Address and Data Input
Early-Write Output Capability
16K Compatible 128-Cycle, 2 ms Refresh
RAS-only Refresh Mode
CAS Controlled Output
Upward Pin Compatible from the 16K RAM (MCM4116, MCM4516,
MCM4517)
® One Half of the 64K RAM MCM6665
® The Operating Half of the MCM6633 is Indicated by Device Marking:
MCM®66330 Tie A7 CAS (A15) Low 0"
MCM66331 Tie A7 CAS (A15) High 1"

MOS

(N-CHANNEL, SILICON-GATE)

32,768-BIT
DYNAMIC RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 690

BLOCK DIAGRAM

“*+—Vce
<*—Vss
frecharg Sense Amplifier = Sense Amplifier
Clock |
o
Q
A0 -~ a
[ g s
A1—4 g 16,384 Bit Memory g | 16, 384-Bit Memory 'é 4-RAS
o Array I Array o
A2 é 5 % |ecAs
2 e
A3 2 e T [EWite W
§ 1/2 (1 of 256) 1/2 Cell 1/2 (1 of 256) S
Column Decod Ls Column Decoder ta—#» B
At S Y oder | o9 ' £ |eDatain, D
H . 8
= @
AS— 3 ® @ - Output
2 16,384-Bit Memory g 16,384-Bit Memory € Data, Q
A6 -9 £ Array 3 Array =
< e e
A7 o] 8
B
IET(I;E;(Q Sense Amplifier - Sense Amplifier

PIN ASSIGNMENT

0 Vgg
D CAS
D Q
h A6
h A3
] A4
h A5
h A7

*For maximum compatibility with MCM6632 and
MCM®6664, a Vcc trace should go to pin #1.

PIN NAMES

.Read/Write Input
.Row Address Strobe
.Column Address Strobe
...Power (+5 V)
Ground

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high-impedance circuit.
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MCM6633

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg (Except V) Vin. Vout -2t +7 v 9700
Voltage on Vcc Supply Relative to Vss Vin, Vout -1to0 +7 v
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —-65t0 +150 | °C Q J
Power Dissipation PD 1 W \
Data Out Current lout 50 mA 100 pF* 12k Y ;

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

*Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min | Typ | Max | Unit | Notes
Supply Voltage MCM6633L15/MCM6633L.20 Vee 45| 50| 55
MCM6633L15-6/ MCM6633L20-5 Vee | 475 5.0 | .25 | Vdc 1
Vss 0 0 0
Logic 1 Voltage, All Inputs VIH 24 = 7.0 | Vdc 1
Logic 0 Voltage ViL | —-20{ — | 0.8 | Vdc 1

DC CHARACTERISTICS

Characteristic Symbol [ Min | Max | Units | Notes
Vcc Power Supply Current (tgc min.) Icct - 50 [ mA 4
Standby V¢ Power Supply Current Icc2 - 5 mA 5
Ve Power Supply Current During RAS Only Refresh Cycles Icc3 - 40 | mA -
Input Leakage Current (any input) (0=<Vj,=<5.5) (Except Pin 1) (L) - 10| pA -
Output Leakage Current (0=<V,,;<5.5) (CAS at Logic 1) 10(L) - 10 | wA -
Output Logic 1 Voltage @ loyt= —4 mA VOH 24 | — \ -
Output Logic 0 Voltage @ loyt=4 mA VoL - 0.4 \ -

AC OPERATING CONDITIONS AND CHARACTERISTICS
{See Notes 2, 3, 6, and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol M(.:M6633-15 MFMM'ZO Units | Notes
Min | Max | Min | Max

Random Read or Write Cycle Time tRC 300 - 350 - ns 8,9
Read Write Cycle Time tRWC 300 - 350 - ns 8,9
Access Time from Row Address Strobe tRAC - 150 - 200 ns 10, 12
Access Time from Column Address Strobe tCAC - 75 - 110 ns | 11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 40 ns 17
Row Address Strobe Precharge Time ) tRP 120 — 140 — ns -
Row Address Strobe Pulse Width tRAS 150 | 10000 | 200 | 10000 | ns -
Column Address Strobe Pulse Width tCAS 75 | 10000 [ 110 | 10000 | ns -
Row to Column Strobe Lead Time tRCD 30 75 35 90 ns 13
Row Address Setup Time tASR 0 - 0 - ns -
Row Address Hold Time’ tRAH 25 — 30 - ns -
Column Address Setup Time tASC 0 — 0 — ns -
Column Address Hold Time tCAH 45 — 55 - ns -
Column Address Hold Time Referenced to RAS tAR 120 - 165 — ns
Transition Time (Rise and Fall) 7 3 50 3 50 ns 6
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MCM6633

AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6, and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol M(?MMﬁ MC.M6633-20 Units [ Notes
Min Max Min Max
Read Command Setup Time tRCS 0 — 0 — ns —
Read Command Hold time tRCH 10 — 10 — ns 14
Read Command Hold Time Referenced to RAS tRRH 30 — 35 = ns 14
Write Command Hold Time WCH 45 - 55 - ns -
Write Command Hold Time Referenced to RAS tWCR 120 - 156 - ns -
Write Command Pulse Width twp 45 = 55 - ns -
Write Command to Row Strobe Lead Time tRWL 45 — 55 — ns —
Write Command to Column Strobe Lead Time tcwL 45 - 55 - ns -
Data in Setup Time DS 0 — 0 — ns 15
Data in Hold Time DH 45 — 55 — ns 15
Data in Hold Time Referenced to RAS IDHR 120 - 155 - ns -
Column to Row Strobe Precharge Time ICRP -10 - -10 - ns —
RAS Hold Time tRSH 75 — 110 — ns —
Refresh Period tRFSH — 2.0 — 20| ms —
WRITE Command Setup Time Wes -10 - -10 - ns | 16
CAS to WRITE Delay tCWD 45 - 55 — | ns | 16
RAS to WRITE Delay tRWD 125 — 160 — ns | 16
CAS Hold Time tCSH 150 - 200 - ns | —
CAPACITANCE (f=1.0 MHz, TAo=25°C, Vcc=5 V. Periodically Sampled Rather Than 100% Tested)
Parameter Symbol | Typ | Max | Units | Notes
Input Capacitance (AO-A7), D Ci 4 5 pF 7
Input Capacitance RAS, CAS, WRITE Ci2 8 10 | pF 7
Output Capacitance (Q) (CAS = V| to disable output) Co 5 7 | pF 7
NOTES:
1. All voltages referenced to Vgg.
2. VY min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V| and
ViL.
3. AinLiniual pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.
4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open.
5. O?Jtput is disabled (open-circuit) and RAS and CAS are both at a logic 1.
6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between Vi and V| (or between V)| and V|H) in a monotonic manner.
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= IAAVl
8. The specifications for tgc (min), and tryyC (min) are used only to indicate cycle time at which proper operation over the full tem-
perature range (0°C<Ta=<70°C) is assured.
9. AC measurements assume tT=5.0 ns.

10. Assumes that tRCD<tRCD (max).

11. Assumes that tRCD=tRCD (max).

12, Measured with a current load equivalent to 2 TTL loads (+200 yA, —4 mA) and 100 pF (VoH=2.0V, VoL =-0.8 V)

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

14. Either tRRH or tRCH must be satisﬁe_dfor a read cycle. .

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

16. twcs. tcwD. and tRwpD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics 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 tcwp=tcwp (min) and trywp = tRwD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

17. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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PIN ASSIGNMENT COMPARISON

MCM4516 MCM4517 MCM8632
Vss Vss
CAS CAS
o] Q
A6 A6
A3 A3
A4 A4
A A5
N/C N/C
Vss Vss
CAS CAS
Q Q
A6 A6
A3 A3
A4 A4
A5 A8
A7 A7
PIN VARIATIONS
Pin Number MCM4116 MCM4516 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Vgg(-5 V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vppl+12 V) vee vee vce vce vee vee
9 Veel+56 V) N/C N/C A7 A7 A7 A7
ORDERING INSTRUCTIONS
PART NUMBER DESCRIPTION SPEED MARKING*
MCM®6633L15 150 66330L15/66331L15
MCM66330L15 20K RAM 150 66330L15
MCM66331L15 Sidebraze 150 66331115
MCM6633L20 Package 200 66330L.20/66331L.20
MCM66330L20 o 200 6633020
MCM66331L20 200 66331020

*MCM66330L20 = Tie A7 CAS (A15) Low 0"
MCM66331L20 = Tie A7 CAS (A15) High 1"

2-63




MCM6633

READ CYCLE TIMING

‘RC [R— .[
- tRAS
_ ViH ———\SG—tAR~—~—D‘ —
RAS
ViL &
tCSH —RP——
] —— \RCO——B : | tRSH- g— (CRP—B
v ¢ LCAS——————
RS IH \ l
ViL
tRAH
tASR-fQ—. ‘-.' tasc le-tCAH-B
Addresses ViH Row ’| Column )
ViL Address Address 7
- RRH
tRCS _4 tRCH
_ VIH A VAYaVA"aVAYaVaV, V.V,
T SRS R
L _'CAC AXAAAXAN
€ RAC———————— ! — )‘-—topp

VOH ' 7‘_\73?1—_‘
Q (Data Out) VoL High Z — Data >—_
WRITE CYCLE TIMING
tRC
Vi tRAS >
=5 ) ‘——*—MR———Wv
RAS ViL &t i, &(___
‘_—-"_CST‘_—\ RSH R P—J‘
.——~IRCD-———.‘—]——niCAS————~. TCRP—™
VIH
CAs \ \ 1»/| /F \_
tRAH
IASR—"—-’ p-l ‘ASC" )¢- tCAH
ViH Row Column Y
Addresses viL m Addressm Address
|
- tCWL———————————l
twCs tW CH
w ViH c—ltwn
ViL
gt tRWL
[¢tweR ﬂ )ﬂvtDs @—tpH
VIH X000 OXOOOOOCOOOOOOBOOOOOOOOOTOOON0
D (Data In) )
SRR o a2 e e e N e e e

ViL

OH

High Z

\
Q (Data Out)
VoL



MCM6633

RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don't Care, CAS is HIGH)

VIH AP |
— [————RAS \;
) R P——
. Vi OO0 XXX XXX XIKKX
B BRI e KRR KRR

ViL

READ-WRITE/READ-MODIFY-WRITE CYCLE

g tRWC
ViH : IRAS.(
RAS v NSL AR gl
I
>4 nd ICSH ikl .’ AP
e tRCD g ICAS -t CRP»
VIR! ¢
CAS /]
ViL \ /
RAH ’
tASR tAsc-| M@!CAH
ViH ow Column
Addresses ViL Address Address
IRWD LCWL—g
LCWD j RWL ——g
ViH VATAYATAY oarivleivivanivy
w OO O O OV
w vl ORBAEDENKEN ‘J
we "* tOFF
‘CAC—————H
V .
Q (Data Out) OH High Z gt \[/)ZII.:
VoL —d
L——————rmc————-—.
DS
VH VY Y VYN S A NN AN AAARNANANNAAANANANAAANAANANAAAANANANN (A VYVVYYYVWVWVYYVVYYVY YY
D OOOXRXXOOBBOTOOOOOOT BRI
(Datain) 0 A e e o e DX XXX AREXXXUXXXXXX
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MCM6633

MCME665 BIT ADDRESS MAP

Row Address A7 A6 A5 A4 A3 A2 A1 AD
Column Address A7 A6 A5 A4 A3 A2 A1 AO

Column Addresses

Row Hex Dec A7 A6 A3 A4 A5 A2 A0 A1l
FE 264 1 1.1 1 1 1 1 0
FF 266 1 I T R RS T |
FC 252 1 1 1 1 1 1 0 ©
FD 263 1 1 i 1 1 1 0 1
FA 250 1 1 1 1 1.0 1 0
B 251 1 1 1 1 1 0 1 1
B 248 1 1 1 1 1 0 0 O
O 249 1 1 1 1 1 0 0 1
.
.
.
.
.
.
82 130 1 o 0 0 0 o0 1 O
83 131 1 0o 0 0 0 0 1 1
g 8D 128 1+ 0 0O 0O O O 0 ©
g 81 29 1 0 0 O O O 0 1
b4 7F127 0 1 1 1 %1 11
c 70126 0 1 1 1 1 1 1 0
E D 2% 0 1 1 1 1 1 0 1
3 .
.
.
.
.
.
.
.
.
.
v 2558 .
55 5555 .
.
04 4 0 0 0 0 o 1 0 O
. O___goa300000011
rafire 55 02 2 0o 0 0 0 0o 0 1t o
S 3 88§m1ooooooo1
00 0 0 0 0 0 o 0 0 o0
Swy i 885838358
gggg@ EResssssssnonusamn-o
Eoo_ o — co--0O~-r-o0O
< <
‘§Q.——- - O-—0OQ0~=0O0
< - - — Or-r-~-~0O0O0O
-~ - ~ooooo0oo0o
3I-- - coooocoooo
-~ - — cooooo0ooo
3,._ — - oooooooo0o0
D'&-—-— o o oococooo0co00O
Data Stored=Dj® Agx ® A1y
Column Row
Address | Address Data
Al AO Stored
0 0 Inverted
0 1 True
1 0 True
1 1 Inverted



(M) moToroLa MCMG664

65,536-BIT DYNAMIC RAM

MOS

The MCM6664 is a 65,536 bit, high-speed, dynamic Random-Access )
Memory. Organized as 65,536 one-bit words and fabricated using (N-CHANNEL, SILICON-GATE)
HMOS high-performance N-channel silicon-gate technology. This new 65,536-BIT
breed of 5-volt only dynamic RAM combines high performance with low !
cost and improved reliability. DYNAMIC RANDOM ACCESS
By muitiplexing row- and column-address inputs, the MCM6664 re- MEMORY

quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM6664 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh

modes.

® Organized as 65,536 Words of 1 Bit

® Single +5 V Operation CERA’;\/ISIgIF?T:KAGE
@® Fast 150 ns Operation CASE 690

® Low Power Dissipation
275 mW Maximum (Active)
30 mW Maximum (Standby)

Three-State Data Output

Internal Latches for Address and Data Input
Early-Write Common /O Capability

16K Compatible 128-Cycle, 2 ms Refresh

Control on Pin 1 for Automatic and Self Refresh
m-only Refresh Mode

CAS Controlled Output

Upward Pin Compatible from the 16K RAM (MCM4116)

PIN ASSIGNMENT

BLOCK DIAGRAM

-+—V¢c
“+—Vsg
Precharge Sense Amplifier 5 Sense Amplifier
Clock ©
o
1%
A4 a
» H 3 Q. ...Data Out
Al-9 g 16,384 Bit Memory ;: 16, 384-Bit Memory S [|e-RAS W Read/Write Input
a Array ] Array 2 RAS ..Row Address Strobe
A2 3 k) 2  |(4-CAS CAS .Column Address Strobe
2 - 3 vee Power (+5 V)
1< o J—
A3 & o  fe-Write, W Vss Ground
5 1/2 (1 of 256) 1/2 Cell 1/2 (1 of 256) S
o -
Ad -] (_\; Column Decoder Logic Column Decoder  fag—»] g | & REFRESH
2 5 S
As-» 3 8 2 [eDaain D
2 -Bi o 16,384-Bit Memor . . . - .
8 16,384 E;:ar;nemory o Ar'ray Y E L’ This device contains circuitry to protect the in-
A6~ § H o %‘:{‘:“’Q puts against damage due to high static voltages
: - ' or electric fields; however, it is advised that nor-
A7 B mal precautions be taken to avoid application of
— k] any voltage higher than maximum rated voltages
Clock | Sense Amplifier - Sense Amplifier to this high-impedance circuit.

DS9822/9-80
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ABSOLUTE MAXIMUM RATINGS (See Note)

FIGURE 1 — OUTPUT LOAD

_ Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg (except V)| Vin, Vout -2t +7 \
Voltage on V¢ Supply Relative to Vsg Vin. Vout -1t0 +7 \% 970 @
Operating Temperature Range Ta 0Oto +70 °C
Storage Temperature Range Tstg -65t0 +150 | °C Q <
Power Dissipation PD 1.0 W Y/
Data Out Current lout 50 mA 100 pF* 12 kQ v,
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- v,
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability. . ) —
*Includes Jig Capacitance
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min | Typ Max Unit | Notes
Supply Voltage MCM6664-15,-20 | Vce 45 |50 5.5 \ 1
Vss 0 0 0 \ 1
Logic 1 Voltage, All Inputs ViH |24 | - [Vee+1| V 1
Logic O Voltage, All Inputs Vi | -20) — 0.8 N 1
DC CHARACTERISTICS
Characteristic Symbol | Min | Max | Units | Notes
Ve Power Supply Current (tgc min.) Icct - 50 | mA 4
Standby V¢ Power Supply Current Icc2 — 5 mA 5
Vcc Power Supply Current During RAS Only Refresh Cycles Icca — 40 mA —
Input Leakage Current (any input except REFRESH) (Vgg=<Vjz=<Vcc) TN - 10 A —
REFRESH Input Current (VF=Vgg) Ig — 1125 | uA -
Output Leakage Current (CAS at logic 1, 0= V,=5.5) o(L) — 10 | wA —
Output Logic 1 Voltage @ loyt= —4 mA VOH 24 | - \ -
Output Logic 0 Voltage @ loyt=4 mA VoL — 0.4 \ -
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V. Periodically Sampled Rather Than 100% Tested)
Parameter Symbol | Typ | Max | Units | Notes
Input Capacitance (A0-A7), D N 4 5 pF 7
Input Capacitance RAS, CAS, WRITE Ci2 8 10 | pF 7
Output Capacitance (Q) (CAS = V| to disable output) Co 5 7 oF 7
AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6 and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Fuli Operating Voltage and Temperature Range Unless Otherwise Noted)
Parameter Symbol M¢M~m M(;M6664-20 Units | Notes
Min | Max | Min | Max
Random Read or Write Cycle Time tRC - 300 — 350 — ns 8,9
Read Write Cycle Time tRWC 300 - 350 - ns 8,9
Access Time from Row Address Strobe tRAC — 150 — 200 ns 10, 12
Access Time from Column Address Strobe tCAC — 75 — 110 ns 1,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRP 120 — 140 — ns —
Row Address Strobe Pulse Width tRAS 150 | 10000 | 200 |10000| ns -
Column Address Strobe Pulse Width tICAS 75 | 10000 | 110 | 10000| ns —
Row to Column Strobe Lead Time tRCD 30 75 35 90 ns 13
Row Address Setup Time tASR 0 - 0 -~ ns -
Row Address Hold Time tRAH 25 - 30 — ns —
Column Address Setup Time tIASC 0 — 0 — ns —
Column Address Hold Time tCAH 45 - 55 — ns —
Column Address Hold Time Referenced to RAS AR 120 - 155 - ns -
Transition Time (Rise and Fall} t7 3 50 3 50 ns 6
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6, and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

MCM6664-15 | MCM6664-20 X
Parameter Symbol Min Max Min Miox Units | Notes

Read Command Setup Time tRCS 0 — 0 — ns —
Read Command Hold Time tRCH 10 — 10 — ns 14
Read Command Hold Time Referenced to RAS tRRH 30 — 35 — ns 14
Write Command Hold Time WCH 45 — 55 — ns —
Write Command Hold Time Referenced to RAS WCR 120 - 156 - ns -
Write Command Pulse Width tWp 45 — 55 — ns —
Write Command to Row Strobe Lead Time TRWL 45 - 56 - ns -
Write Command to Column Strobe Lead Time tCWL 45 — 56 - ns -
Data in Setup Time tDS 0 — 0 — ns 15
Data in Hold Time tDH 45 — 55 — ns 15
Data in Hold Time Referenced to RAS tDHR 120 — 165 — ns —
Column to Row Strobe Precharge Time ICRP. -10 — -10 — ns —
RAS Hold Time tRSH 75 — 110 - ns -
Refresh Period tRFSH — 2.0 - 20 ms -

RITE Command Setup Time tWCS -10 - -10 - ns 16
CAS to WRITE Delay t{CWD 45 - 55 - ns 16
RAS to WRITE Delay tRWD 125 - 160 - ns 16
CAS Hold Time tCSH 150 - 200 - ns -
RAS to REFRESH Delay tRFD 0 — 0 — ns -
REFRESH Period (Battery Backup Mode) tFBP 2000 — 2000 - ns -
REFRESH to RAS Precharge Time (Battery Backup Mode) tFBR 390 - 460 = ns -
REFRESH Cycle Time (Auto Pulse Mode) tFC 330 — 380 = ns —
REFRESH Pulse Period (Auto Period Mode) tep 60 2000 60 2000 ns -
REFRESH to RAS Setup Time (Auto Pulse Mode) tFSR 30 - 30 — ns —
REFRESH to RAS Delay Time (Auto Pulse Mode) tERD 390 — 460 — ns —
‘REFRESH Inactive Time tE| 30 — 30 - ns -
RAS to REFRESH Lead Time tERL 390 - 460 - ns -

NOTES: 1. All voltages referenced tc Vgs.

2.

10.
1.
12.
13.

14.
15.

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

. An initial pause of 100 s is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.

Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open.

. Output is disabled (open-circuit) and RAS and CAS are both at a logic 1.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between V|4 and V) (or between V|| and V|H) in a monotonic manner.

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= AVL

The specifications for tgc (min), and tRw ¢ (min) are used only to indicate cycle time at which proper operation over the full tem-
perature range (0°C=<TA <70°C) is assured.

AC measurements assume t7=5.0 ns.

Assumes that trcp<trcD (Max)

Assumes that trcp = trcp (Max)

Measured with a current load equivalent to 2 TTL (+200 gA, —4 mA) loads and 100 pF (VoH=2.0 V, VoL = —-0.8 V).
Operation within the trcp (max) limit ensures that tRaC {max) can be met. tgep (max) is specified as a reference point only; if
tRCD is greater than the specified tRcp (max) limit, then access time is controlled exclusively by tcaC-

Either tRRH or tRCH must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

tWCS. tCWD. and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics only: if tyycg=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 tcwp = tcwp (min) and trwp = trwD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

Addresses, data-in and WRITE are don't care. Data-out depends on the state of CAS. If CAS remains low, the previous output
will remain valid. CAS is allowed to make an active to inactive transition during the pin #1 refresh cycle. When CAS is brought
high, the output will assume a high-impedance state.

. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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MCM4516

PIN ASSIGNMENT COMPARISON

MCM4517

PIN VARIATIONS

MCM6632

Vss
CAS

A6
A3
A4
Ab
A7

Pin Number MCM4116 MCM4516 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Vgg(~5V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vppi+12V) Vee Vee Vee Vee vee Vee
9 Veel+5 V) N/C N/C A7 A7 A7 A7

On-Chip Refresh Features/Benefits

Reduce System Refresh Controller Design Problem
Reduce System Parts Count
Reduce System Noise Increasing System Reliability
Reduce System Power During Refresh
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READ CYCLE TIMING

tRC
. tRAS
Vi ——\ G——IAR—OI ——\
RAS K
ViL g
tCSH- H—IRP———.
[—— RCO— | RSH M—CRP—m
— ViH ¢ —— ' 1CAS————
= N /
ViL
tRAH
'ASR tASC e (CAH-B
Vs 14——’ n-' .‘
Addresses Row Column
ViL Address Address
RCS
— ViH
W
ViL
tCAC———
- tRAC——————————— !
VOoH 4
Q (Data Out) VoL High Z -
WRITE CYCLE TIMING
RC
% tRAS
RAS H xs‘———lAR————-ﬂ
Vie _ 7 \
——— R {RP——
< f-tcsH S >
——— \RCD——— P @———ICAS————— P> I‘—l(ERP—.

b /| 7 \

tASR: G;I'Ascal .- ICAH

\
H Row Column )
Addresses Vi Address Address

O

A

(%
/'

S— e —
Wes tWCHE
— ViH twe I‘
W
Vi
" tRWL
—t\CR
ViH ‘v.v’v.v.v’v.v.v.v.v.v VOV.V.v.v.v’v.\\ .v v.v.v‘v’v‘v.v.v.v.v.v.v.v.v.v v‘v.v.v.v.v.v’v‘v.v.v.v.v.v.v.v.
D (Data In) :
e SN RSO
Q (Data Ouy YOH High z
VoL
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SELF REFRESH MODE (Battery Backup)

(SEE NOTE 17)
OO -
T Y
[4—tRFD tFBP tFBR
VIH
REFRESH
ViL :

AUTOMATIC PULSE REFRESH CYCLE — SINGLE PULSE

(SEE NOTE 17)

:

tFRD

-FSR

ViH "
RAS
ViL
%E—IRFD
VIH
REFRESH
ViL ~

o

AUTOMATIC PULSE REFRESH CYCLE — MULTIPLE PULSE

(SEE NOTE 17)
Vit
RAS
VIH
REFRESH

N~

¢———————tFRL————————

[ ————————tf >
[*—tRFD tF|—

RAS-ONLY REFRESH CYCLE
(Data-In and WRITE are Don’t Care, CAS is HIGH)

tRC
tRP—
v tRAS
RAS
ViL
tRAH—
tASR
VIH )
ADDAgi%SES, m ROW ADDRESS
ViL ~

f————tFRD———— >

~tFSR

[——tRP——
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READ-WRITE/READ-MODIFY-WRITE CYCLE

g tRWC -
v .- 1RAS
_— H —ﬁs‘___wq
ViL K.
P S Rp
+— tcsH i<
@—— (RCD———P@———————— ICAS lg-.CRP9
TAS ViH /‘ ;
ViL
tRAH
lAsn-'d ey 1A5CB @ tcAH
ViH Row Column
Addresses ViL mﬁdd'ﬁm Address
] (RWD. : {CWL—pm
RCS ICWD TRWL ——
-
w ViL
WP —» & torr
{CAC———
VOH -
Q (Data Out) High Z L Lo
VoL
L——‘HA(: —
le VY Y Y Y Y X VYV VYV YV Y VY Y VY VYV SAAAFR AN ANAAA AN ANY YAV a A A A AV VaVa aVaVAVAVAVAV,V,
b (Dt In) TR XXX XXX XXX XXX KX KX R) XXX XXX
BV 10 10 a0 s A e e e e Ut e NN N
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MCM6664 BIT ADDRESS MAP

Pin 8
Row Address A7 A6 A5 A4 A3 A2 A1 »‘\O>
Column Address A7 A6 A5 Ad A3 A2 AT AQ Column Addresses
Row Hex Dec A7 A6 A3 A4 A5 A2 A0 Al
FE 264 1 1 1 1 1 1 1 0
FFo255 1 1 1 1 1 1 1 1
FC 252 1 1 1 1 1 1 0 0
FD 263 1 1 1 1 1 1 0 1
FA 220 1 1 1 1 1 0 1. 0
FB 251 1 1 1 1 1 0 1 1
F8 248 1 1 1 1 1 0 0 0
F9 249 1 1 1t 1 1 0 0 1
o
.
.
.
.
.
82 130 1 0 0 0 0 0 1 0
83 131 1 0o 0 0 0 o0 1 1
g 80 128 1 o o ¢ o o 0 O
5 81 129 1 0O 0 0 0O 0 O 1
32 7F 127 0 1 1 1 1 1 1 1
c 7E 126 0 1 1 1 1 1 1 0
£ D 125 0 1 1 1 1 1 0 1
3 .
.
.
.
.
.
.
.
.
.
G 2:-58 .
55 S555 .
.
04 4 0O 0 o 0 O 1 0 0
e o-_ol® 3 0 0 0 0 0 0 1 1
e ~~§02zooooooxo
28 3888|601 0 0 0 0 0 0 o
00 0 0 0o 0o 0 0 0 0 O
x
ot R 885838858
§azg et annnemonnanmno
e
Ego— o~ co--00~r~o0O
§2"’ - O-—-0O0«-w-0O0o
- - - - O-r-r—-—-0O00OQ
-~ - ~oooococooo
$-- - — coocoocoooa
L - - cocococooocooo
L~ —— cococoococooo
©
ED’;.—W o o coo0coocooo0o0
o
Data Stored = Djn @ Agx @ A1y
Column Row
Address | Address
Al A0 Stored
0 ] Inverted
0 1 True
1 0 True
1 1 Inverted
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@ MOTOROLA
MCM6665

65,536-BIT DYNAMIC RAM MOS
The MCM6665 is a 65,536 bit, high-speed, dynamic Random-Access (N-CHANNEL, SILICON-GATE)
Memory. Organized as 65,536 one-bit words and fabricated using
HMOS high-performance N-channel silicon-gate technology. This new 65 536-BIT
breed of 5-volt only dynamic RAM combines high performance with low ’
cost and improved reliability. DYNAMICJ?&ggy ACCESS

By multiplexing row- and column-address inputs, the MCM6665 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM®6665 incorporates a one-transistor cell design and dynamic
storage techniques.
® Organized as 65,536 Words of 1 Bit
® Single +5 V Operation
® Fast 150 ns Operation L SUFFIX
® Low Power Dissipation CERAMIC PACKAGE

275 mW Maximum (Active) CASE 630

30 mW Maximum (Standby)

Three-State Data Output

Internal Latches for Address and Data Input
Early-Write Common 1/0 Capability PIN ASSIGNMENT
16K Compatible 128-Cycle, 2 ms Refresh

RAS-only Refresh Mode

CAS Controlled Output

Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517)

BLOCK DIAGRAM

-—Vcc
<+—vgg *For maximum compatibility with MCM6632 and
- MCM6664 a Vc trace should go to pin #1.
"a"o'::(g Sense Amplifier é Sense Amplifier
o
[*]
A0 -3 8 PIN NAMES
o 3 3
Al g 16,384 Bit Memory g 16, 384-Bit Memory 'CE’ le-RAS
= Array ] Array o
A2 3 ] % |le-cAs
% - ;3 ..Row Address Strobe
A3 2 o  |e-Write, W olumn Address Strobe
E V2(10f256) |1/2Cell|  1/2(10f 256)  [* § ..Power (+5 V)
AL - % Column Decoder Logic Column Decoder  |ag—»4 g le-Data In, D Ground
3 S
£ 5 [$)
As @ 3 2 & Output
§ 16,384-Bit Memory § 16,384-Bit Memory € Data, Q
A6 3 Aray 2 Array ; This device contains circuitry to protect
< < = the inputs against damage due to high
A7 @ static voltages or electric fields; however,
5 it is advised that normal precautions be
FeENar9 - sense Amplifier - Sense Amplifier taken to avoid application of any voltage
Clock higher than maximum rated voltages to

this high-impedance circuit.

DS9824/9-80
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ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit °!
Voltage on Any Pin Relative to Vsg (Except VCC) | Vin, Vout -2t +7 \Y] 970 @
Voltage on Ve Supply Relative to Vg Vin. Vout ~-1to +7 \
Storage Temperature Range Tstg -65t0 +150 | °C Q P
Power Dissipation Pp 1 W &
Data Out Current lout 50 mA

100 pF*
NOTE Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- P

ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

*Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uniess otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ Max | Unit | Notes
Supply Voltage MCMB665L15/MCM6665L20 | Ve 45 | 5.0 6.6 1
MCM6665L15-5/MCMB665L20-61 Vcc | 4.75 | 6.0 5.26 \ 1
Vss 0 0 0
Logic 1 Voltage, All Inputs ) VIH 24 - | Vee+| vV 1
Logic O Volitage, All Inputs . ViL -20| - 0.8 \ 1

DC CHARACTERISTICS (Full Operating Voltage and Temperature Ranges Unless Otherwise Noted)

Characteristic Symbol [ Min | Max [ Units | Notes
Vcc Power Supply Current (tgc min.) Icct - 50 | mA 4
Standby V¢ Power Supply Current lcc2 - 5 | mA 5
Ve Power Supply Current During RAS Only Refresh Cycles Icc3 - 40 | mA -
Input Leakage Current (any input) (0=<V;,=<5.5) (Except Pin 1) (L) - 10 | pA —
Output Leakage Current (0<Vq,1=<6.5) (CAS at Logic 1) 10(L) = 10 | wA -
Output Logic 1 Voltage @ loyt= —4 mA VOH 24 - \ -
Output Logic 0 Voltage @ loyt=4 mA VoL - 104 \ -

AC OPERATING CONDITIONS AND CHARACTERISTICS
{See Notes 2, 3, 6, and Figure 1)

(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol M(.:M6665-15 M(,:MGGGS'ZO Units | Notes
Min | Max | Min | Max

Random Read or Write Cycle Time tRC 300 - 350 - ns 8,9
Read Write Cycle Time tRWC 300 - 350 - ns 8,9
Access Time from Row Address Strobe tRAC - 150 - 200 ns 10, 12
Access Time from Column Address Strobe tCAC - 75 - 110 ns 1,12
Output Buffer and Turn-Off Delay 1 toFF 0 0 | 0 40 ns 17
Row Address Strobe Precharge Time tRP 120 — 140 - ns —
Row Address Strobe Pulse Width tRAS 150 | 10000 | 200 | 10000 | ns -
Column Address Strobe Pulse Width ICAS 75 [10000 | 110 | 10000 | ns —
Row to Column Strobe Lead Time tRCD 30 75 35 90 ns 13
Row Address Setup Time tASR 0 - 0 - ns -
Row Address Hold Time tRAH 25 - 30 - ns -
Column Address Setup Time tASC 0 — 0 — ns -
Column Address Hold Time tCAH 45 — 55 — ns
Column Address Hold Time Referenced to RAS tAR 120 - 165 - ns -
Transition Time (Rise and Fall) tT 3 50 3 50 ns 6
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6, and Figure 1)
(Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol MC'M6665-15 MQMGGS&ZO Units | Notes
Min Max Min Max
Read Command Setup Time tRCS 0 - 0 - ns -
Read Command Hold time tRCH 10 - 10 - ns 14
Read Command Hold Time Referenced to RAS tRRH 30 - 35 - ns 14
Write Command Hold Time tWCH 45 - 55 - ns -
Write Command Hold Time Referenced to RAS tWCR 120 — 166 — ns —
Write Command Pulse Width twpe 45 - | 85 — ns —
Write Command to Row Strobe Lead Time TRWL 45 — 55 - ns —
Write Command to Column Strobe Lead Time tcwL 45 — 55 - ns —
Data in Setup Time tDS 0 — 0 — ns 15
Data in Hold Time tDH 45 — 55 — ns 15
Data in Hold Time Referenced to RAS tDHR 120 - 155 - ns -
Column to Row Strobe Precharge Time ICRP -10 — -10 - ns —
RAS Hold Time tRSH 75 - 110 — ns -
Refresh Period tRFSH = 2.0 — 20 [ ms —
WRITE Command Setup Time tWCS =10 - =10 — ns 16
CAS to WRITE Delay tCWD 45 - 565 — | ns | 16
RAS to WRITE Delay tRWD 125 — 160 — ns | 16
CAS Hold Time tCSH 150 - 200 - ns | —
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5 V. Periodically Sampled Rather Than 100% Tested)

o Parameter Symbol | Typ | Max | Units | Notes
Input Capacitance (A0-A7), D Cn 4 5 pF 7
Input Capacitance RAS, CAS, WRITE Ci2 8 10 | pF 7
Output Capacitance (Q) (CAS =V} to disable output) Co 5 7 pF 7

NOTES:

All voltages referenced to Vgsg.

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

ViL.

An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.

Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output

open.

Output is disabled (open-circuit) and RAS and CAS are both at a logic 1.

. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between Vi and V| (or between V||_and V|H) in a monotonic manner.

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=|A—A\%

8. The specifications for tgc (min), and tRyyC (min) are used only to indicate cycle time at which proper operation over the full tem-
perature range (0°C=<Tp <70°C) is assured.
9. AC measurements assume tT=5.0 ns.

10. Assumes that tgcp=<trcp (max).

11. Assumes that tRCD=tRCD (max).

12. 'Measured with a current load equivalent to 2 TTL loads (+ 200 uA, —4 mA) and 100 pF (VoH=2.0V, VoL= ~0.8 V).

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

14. Either tRRH or tRCH must be satisfied for a read cycle.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write of read-
modify-write cycles.

16. twcs. tcwD. and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics only: if g =tywcs (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) and trywp =trwp (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

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

W

oo
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MCM4516

N/C

N/C g
D
W

RAS O
A0
A2
Al

vee

PIN ASSIGNMENT COMPARISON

MCM4517

N/C

PIN VARIATIONS

Pin Number MCM4116 MCM4616 MCM4617 MCMB632 MCMB663 MCM6664 MCMB665
1 Veg(=5V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vopi+12V) Vee Vee vee vee Vee Vee
9 Veel+6 V) N/C N/C A7 A7 A7 A7
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READ CYCLE TIMING
— tRC
tRAS

__ ViH —) tAR —

RAS Vi ;
tCSH L—tap—_:
tRCD—— I tRSH @—'CRP
—_ VIH ) - tCAS
CAS /
ViL .
tRAH
'ASR-j— |- tASC &-CAH-B
ViH "
Addresses Row Column
viL Address Address 7
- (RRH
tRCS _4 tRCH
w VI
v SRR o
cAC—
A
Q (Data Out VOH

OOOOXXXXX
KB
e RAC——————————— —» [ toFF
" d Valid
High Z X Data /—_—_
WRITE CYCLE TIMING
- tRC
i < tRAS
—_— X lg——tAR——— o
RAS " S( 4 \
tRSH RP——8
ftesH—————d
tRCD————Po— ———CAS——————» f—tcnP—b
\ [
CAS ViL \ 7] I f \_
tRAH
tASR- H-.‘lASC-D .- ICAH
ViH Row Column Y
Addresses v Address Address
L
w "
vy, SXXX0
VIH TR XKRXXR
DBetaint BN

; .V V.'."V v,

XXX KKK
0 e
Q (Data Out) Von High Z
VoL
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RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don't Care, CAS is HIGH)

tRC
N ilde
R A S \
—tRAH ? tR p—_
tASR
o ViH . o ‘V’V’V V’.V.V’V’V’V.V V.V.V.V’V‘V’V V‘V’V‘V‘V’V’V.V’V’V
e RN
READ-WRITE/READ-MODIFY-WRITE CYCLE
< thas __WC
RAS Vv':*L TN AR
I tRSH tRP
t—tcs l&tCRP9

— Vig 4 \

ViL

ASR ! tASCﬁ @CAH
ViH
Addresses Row Column
Vi Address Address

l I tCWL—go

O]
ol

4 — BN g
tRCS fe————cwvo—— RWL——p
VIH VaVAVaVaY VAT VAV AT WAV, Y. ¢
- X XGRXXX
WL QBN
tWP: - |@ torr
——1CAC————}
\
Q (Data Out) oH Wi 1 Valid
VoL High Z X__ Data
L———————tRAc———q toH
tDS 1
VIH e o KR KR KRR v v, v
D (Data In). XXX YT XXX XKRD (ORROPRIPOOKKINKKD
11 XXX X XAGBIIO
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MCM®6665 BIT ADDRESS MAP

Pin8
Row Address A7 AB A5 A4 A3 A2 Al AD
Column Address A7 A6 AS A4 A3 A2 A1 AO Column Addresses
Row Hex Dec A7 A6 A3 A4 A5 A2 A0 Al
FE 24 1 1 1 1 1 1 1 0
FFO025 1 1 1 1 1 11
FC 22 1 1 1 1 1 1 0 0
FO 283 1 1 1 1 1 1 0 1
FA 260 1 1 1 1 1 0 1 0
B o261 1 1 1 1 1 0 1 1
F8 248 1 1 1 1 1 0 0 0 k
F9 249 1 1 1 1 1 0 0 1
N
.
.
.
.
.
82 130 1 0 0 0 0 0 1 0
a 8 181 1 0 0 0 0 0 1 1
2 80 128 1 0 0 0 0 0 0 0
£ 8 129 1 0 0 0O 0 0 0 1
2 7F 127 0 1 1 1 1 1 1 1
c JE126 0 1 1 1 1 1 1 0
B D 125 0 1 1 1 1 1 0 1
3 .
.
.
.
.
.
.
N
.
.
i ecss8 .
I=x=) 555 .
.
4 4 0 0 0 0O 0 1 0 0
o-_-ol® 3 0 0 0 0 0 0 1 1
i —§§§02200000010
88 3 o0 1 0 0 0 0 0 O 0 1
00 0 0 0 0 0 0 0 0 O
Fuwn R 885888858
"
%gﬁ‘ﬁ g&.-o..---mo:\mqwm—o
£
2 %o~ o - co--o0O0~--0O
2
23d-- - o-—-0o-«-o0o0o
:(,—-— - O+-———00O0O
9. - - ~ooocoooooco
z,,_ - cooocoo0oo0o0o0
- - - — cocoocoocococoo
-~ - — cooooocooo
©
E G- oo coooococooo
o

Data Stored=Djp @ Agx ® A1y

Column Row ato
Ad%ese Adg(r)ess Stored
0 0 Inverted
0 1 True
1 0 True
1 1 Inverted
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MCM6665L25

65,536-BIT DYNAMIC RAM

The MCM®6665 is a 65,536 bit, high-speed, dynamic Random-Access
Memory. Organized as 65,536 one-bit words and fabricated using
HMOS high-performance N-channel silicon-gate technology. This new
breed of 5-volt only dynamic RAM combines high performance with fow
cost and improved reliability.

By multiplexing row- and column-address inputs, the MCM6665 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCMB665 incorporates a one-transistor cell design and dynamic
storage technigues.

® Organized as 65,536 Words of 1 Bit
® Single +5 V Operation
@® 250 ns Operation
® Low Power Dissipation
275 mW Maximum (Active)
30 mW Maximum (Standby)
® Three-State Data Output
® Internal Latches for Address and Data Input
® Early-Write Output Capability
® 16K Compatible 128-Cycle, 2 ms Refresh
® RAS-only Refresh Mode
® CAS Controlled Output Providing Latched or Unlatched Data
® Upward Pin Compatible from the 16K RAM (MCM4116, MCM4516,
MCM4517)

MOS

(N-CHANNEL, SILICON-GATE)

65,536-BIT
DYNAMIC RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 690

BLOCK DIAGRAM

<+—Vce
*+—Vsg
rechar .
C(ockg Sense Amplifier é Sense Amplfier
8
AD - 8
|4 Z °
Al-0 § 16,384 Bit Memory gg 16, 384-Bit Memory £ [e-RAS
a Array I Array o
Aze 2 B % |ecas
2 & -
A3 -9 2 - |[@Write, W
Cg} 1/2 (1 of 256) 1/2 Cell 1/2 (1 of 256) S
Column Decoder Logic Column Decoder o
Al S 9 hd £ |eDawin, D
) S
b= & (&)
A 3 H o tOutput
8 16,384-Bit Memory 2 16,384-Bit Memory € Data, Q
5 Arra Arra -
AB 3 Y g Y °
< o« =
A7 - &
B
recharg " - '
Clock Sense Amplifier Sense Amplifier

PIN ASSIGNMENT

*Vcct does not draw any current but
must be tied to V¢ to inactivate inter-
nal refresh circuitry.

PIN NAMES

...Address Input

...Row Address Strobe
.Column Address Strobe

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
to this high-impedance circuit.
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MCM6665L25

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg (Except Vce) | Vin, Vout -2t0 +7 Vv
Voltage on V¢ Supply Relative to Vgg Vin. Vout -1t +7 \
Operating Temperature Range TA 0to +50 °C
Storage Temperature Range Tstg -65t0 +160 | °C
Power Dissipation Pp 1.0 W
Data Out Current lout 50 mA

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

FIGURE 1 — OUTPUT LOAD

5V
970 Q@
Q < y
\
100 pF* 12 kQ \/
\/

“Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min_| Typ Max Unit | Notes
Supply Voltage MCM6665L256| Vcc 45 |5.0 55 v 1
Vss 0 0 0
Logic 1 Voltage, All Inputs VIH 2.4 — |Vvee+1.0f Vv -1
Logic 0 Voltage, All Inputs ViL -20| — 08 " 1
DC CHARACTERISTICS
Characteristic Symbol | Min | Max | Unit | Notes
V¢ Power Supply Current (tRc min.) icc - 50 | mA 4
Standby V¢ Power Supply Current Icc2 — 5 mA 5
Ve Power Supply Current During RAS Only Refresh Cycles Icc3 = 40 | mA =
Input Leakage Current tany input) (0= Vj,=<5.5) (Except Pin 1) (L) — 10 | wA —
Input Leakage Current (Pin 1) (Vin=Vcc) {118} — 10 | wA —
Output Leakage Current (0=Vg,;t=<5.5) (Except Pin 1) 10(L) — 10 | pA 5,6
Output Logic 1 Voltage @ loyt= —4 mA VOH 24| - Vv —
Output Logic 0 Voltage @ loyr=4 mA VoL — 0.4 \Y -

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

(See Notes 2, 3, 9, 14)
(Read, Write, and Read-Modify-Write Cycles)

Parameter Symbol Min Max Unit Notes
Random Read or Write Cycle Time tRC 450 - ns 8,9
Read Write Cycle Time tRWC 450 - ns 8,9
Access Time from Row Address Strobe tRAC - 250 ns 10, 12
Access Time from Column Address Strobe tCAC - 145 ns 1,12
Output Buffer and Turn-Off Delay tOFF 0 50 ns 17
Row Address Strobe Precharge Time tRp 190 - ns -
Row Address Strobe Pulse Width tRAS 250 10000 ns —
Column Address Strobe Pulse Width tCAS 145 10000 ns -
Row to Column Strobe Lead Time tRCD 65 106 ns 13
Row Address Setup Time tASR 0 - ns —
Row Address Hold Time tRAH 45 - ns -
Column Address Setup Time tASC 0 - ns -
Column Address Hold Time tCAH 75 — ns —
Column Address Hold Time Referenced to RAS tAR 200 — ns -
Transition Time (Rise and Fall) tT 3.0 50 ns 6
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MCM66651L25

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)
(See Notes 2, 3, 9, 14)

(Read, Write, and Read-Modify-Write Cycles)

Parameter Symbol | Min | Max | Units| Notes
Read Command Setup Time tRCS 0 - ns -
Read Command Hold Time tRCH 10 - ns 14
Read Command Hold Time Referenced to RAS tRRH 40 — ns 14
Write Command Hold Time tWCH | 75 = ns -
Write Command Hold Time Referenced to RAS tWCR | 200 | — ns -
Write Command Pulse Width twp 70 - ns —
Write Command to Row Strobe Lead Time tRWL 70 — ns —
Write Command to Column Strobe Lead Time tCWL 70 - ns -
Data in Setup Time tDS 0 - ns 15
Data in Hold Time tDH 75 - ns 15
Data in Hold Time Referenced to RAS tDHR | 200 | — ns -
Column to Row Strobe Precharge Time tcRp |—10 | - ns -
RAS Hold Time tRSH | 46| — | ns | —
Refresh Period tRESH | — 20 | ms | —
"WRITE Command Setup Time twes | ~10] — ns | 16
CAS to WRITE Delay tcwp | 70 [ — [ ns | 16
RAS to WRITE Delay tRwD | 195 — | ns | 16
CAS Hold Time tcsH [ 250 — | ns | -
CAPACITANCE (f=1.0 MHz, Tpo=256°C, Vcc=5 V. Periodically Sampled Rather Than 100% Tested)

Parameter Symbol | Typ | Max {Units | Notes

Input Capacitance (AQ-A7), D Ci1 40 | 5.0 | pF 7

Input Capacitance RAS, CAS, WRITE C2 [ 80100 | pF 7

Output Capacitance (Q) Co 50 | 7.0 | pF 7

NOTES

w

oo

10
n
12
13.

14
15.

Ali voltages referenced to Vgg

V|4 min and V| max are reference levels tor ineasuring timing of input signals Transition times are measured between V| and
Vi I

An initial pause of 100 us 1s required after power-up followed by any 8 RAS cycles before proper device operation guaranteed
Current 1s a function of cycie rate and output loading; maximum current 1s measured at the fastest cycie rate with the output
open. o o

Output is disabled (open-circuit] and RAS and CAS are both at a togic 1

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between V4 and V|| (or between V)|_and ViH) in 8 monotonic manner.

Capacitance measured with @ Boonton Meter or effective capacitance calculated from the equation: C= lA—Aé

The specifications for tr¢ (min), and (R (min) are used oniy to indicate cycle time at which proper operation over the full tem-
perature range (0°C<TA <70°C) 1s assured.

AC measurements assume t7=5.0 ns.

Assumes that tRCD < tRCD (Max)

Assumes that tRCD = tRCD (max).

Measured with a current load equivalent to 2 TTL loads (+ 200 pA, —4 mA) and 100 pF (VoH=2.0V, VoL=-0.8 V).
Operation within the tgcp (max) limit ensures that tRAC (max) can be met. tgcp (max) is specified as a reference point only; if
tRCD is greater than the specified tRcp (max) limit, then access time 1s controlled exclusively by tCAC

Either tRRH or tRCH must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge ir delayed write or read-
modify-write cycles.

tWCS. tCWD. and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics only- if tyycs = twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high iImpedance)
throughout the entire cycle; if tcwp =tcwp (min) and trwp = tRwD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

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

MCM4516 MCM4517
N/C {

PIN VARIATIONS

Pin Number MCM4116 MCM4616 MCM4517 MCM6632 MCM6663 MCM6664 MCM6665
1 Vgg(-5V) REFRESH N/C REFRESH N/C REFRESH N/C
8 Vop(+12V) vee Vee vee Vee vee vee
9 Vel +5 V) N/C N/C A7 A7 A7 A7
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MCM6665L25

READ CYCLE TIMING

tRC
=1 tRAS
. ViH _— “'_—-—‘(AR“——H‘ F_—-——\
2 N A\
tcsHA h——lRP——’
) &—— tReD——— | 1RSH e (CRP—
A% ViH ¢ \1-————————‘CAS~—————D /
ViL l /
tRAH
'ASR4@— d-u'IAsc" - {CAH-
v
Addresses " Row Column
ViL Address Address -
RCS
— ViH
T SRR
Ve L-——lCAc————-
tRAC
Q (Data Out) vor High Z 4
Vou i} TN
WRITE CYCLE TIMING
RC
Vin |¢—————RAS
=== Y l@——tAR
RAS ’
ViL St 7 L_
Tiosn tRSH 'RP——»
& (RCD——poh— ———1CAS——————— f—icrp—
ViH
Wy, A ) L/ \
tRAH
(ASR—"'—-—’ "‘.I‘ASC-.‘ i tCAH
ViK Row Column
Addresses Address Address
I |
tCWL
WCS W CHEm
ViH WP "
W
ViL
tRWL
It ol
N o [a-s e —toH—
Vl H .V.v.v.'.v’v.v.v."'.v ".v’v.v"".v.~ \ ".V’V.'.V".“"‘.V.'"‘V.V."VOVOV"‘V.'."V.V.'.""V"‘V.V "
D@stain | XA R ERRIRTIRIIK
v
Q (Data Out) VOH High Z
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MCM6665L25

RAS-ONLY REFRESH CYCLE
{Data-in and Write are Don't Care, CAS is HIGH)

tRC

RP -9

[¥—RAH tRP——
—ASR

sssoen | RN XXX
B O R X BRXXERRNN

ViL

READ-WRITE/READ-MODIFY-WRITE CYCLE

RWC T
v o RAS
ms M ’54————— tAR
ViL k.
l RSH RP
}— tcsH
l¢—— IRCDO———@———— ———— 'CAS [t CRP»
— VIH ¢ ' /_
CAS \
ViL l /
RAH
ASR 1ASC l@ican
™ >

t
ViH Row Column
Addresses
’ viL mw_ﬂ}@{ Address

g I TRWD —! CW L — gl

tRCS WD ————— 8 [ — RWL——
ViH VAV.V VAV VAT VA0, VWAV VY.t
b OOOOOPOOOONNOO
WL ERROOENK N jZ )
Al —» |e- torr
‘CAC—————.‘
VOH :
Q (Data Out) L High Z gL \IS?\I:
oL s
[l TRAC O
DS~
Vi ' Vahd "".'."".'.V.vvvvvvvvvvv
(UKXOXXXXCXX
PE I
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MCM6665L25

MCMG6665 BIT ADDRESS MAP

Pin 8
Row Address A7 A6 A5 A4 A3 A2 A1 AO
Column Address A7 A6 A5 A4 A3 A2 A1 AQ Column Addresses
Row Hex Dec A7 A6 A3 A4 A5 A0 A1
FE 264 1 1 1 1 1 10
FFo266 1 1 1 1 1 1
FC 22 1 1 v 1 0o o0
FD 253 1 1 1 1 1 0o 1
FA 250 1+ 1 1 1 10
B 261 1 1 1 1 1 [
8 248 1 1 1 1 1 0o 0
Fg 249 1 1 1 1 1 0
.
.
.
.
.
.
6 130 1 0 0 0 0 0 1 0
@ 83 131 1 0 0 0 0 0 1 1
% 80 128 1 0 0 0O 0 0O 0 0
g 81 129 1 0 0 0 0O 0 0 1
2 JF0127 0 01 1 1 1 11
c 780126 0 1 1 1 1 1 1 0
£ 7 125 0 1 1 1 1 1 0 1
o .
o
.
.
.
.
.
.
.
.
B
v 2258 N
55 [SR=R=RS] .
.
4 4 0 0 0 0O 0O 1 0 O
e ce_o|® 3 0 0 0 0 0 0 1 1
i —v-§02200000010
88 88§<>110000000\
0 o0 0 0 0 0 0 9 0 0
Suww SIS 885838358
2 © r~
§ 338 BResessssemonwram—o
3
h=}
320— o~ OO ~--0O0~-—0O
é;)zav— - O-+-0O0-—-0O
2,_, - — O————O0O00O0O
2_—- - - ~Oooococo00O0
2,,,_ —— [eR=ReRoRoNoNo R X=]
2,_,_ — [eleReNeNeNaNoNe e
2"" - - [=R=ReN-NeNe N NN}
©
c ’2,_'— oc o OO0 OOO0O
a
Data Stored = Djn @ Agx @ Ay
Column Row
Address | Address Data
Al AC Stored
0 0 Inverted
0 1 True
1 0 True
1 1 Inverted
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MCM2114
MCM21L14

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2114 is a 4096-bit random access memory fabricated with
high density, high reliability N-channel silicon-gate technology. For ease
of use, the device operates from a single power supply, is directly com-
patible with TTL and DTL, and requires no clocks or refreshing because
of fully static operation. Data access is particularly simple, since address
setup times are not required. The output data has the same polarity as
the input data.

The MCM2114 is designed for memory applications where simple in-
terfacing is the design objective. The MCM2114 is assembled in 18-pin
dual-in-line packages with the industry standard pin-out. A separate
chip select (S) lead allows easy selection of an individual package when
the three-state outputs are OR-tied.

The MCM2114 series has a maximum current of 100 mA. Low power
versions (i.e., MCM21L14 series) are available with a maximum current
of only 70 mA.
® 1024 Words by 4-Bit Organization
® Industry Standard 18-Pin Configuration
® Single +5 Volt Supply
® No Clock or Timing Strobe Required
@® Fully Static: Cycle Time= Access Time
® Maximum Access Time

MCM2114-20/MCM21L14-20 200 ns

MCM2114-25/MCM21L14-25 250 ns

MCM2114-30/MCM211.14-30 300 ns

MCM2114-45/MCM21L14-45 450 ns
® Fully TTL Compatible

® Common Data Input and Output
® Three-State Outputs for OR-Ties
@ Low Power Version Available

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 707

L SUFFIX
CERAMIC PACKAGE
CASE 680

BLOCK DIAGRAM

Vee = Pin 18

Vgg =Ping
Memory Array

B
=
. >¢——— . 64 Row
A6 1—7—-_-_ Select . 64 Columns
A7 _1—6—_
s

Column 1/0O Circuits

paz impu
12 —— Data
DQ3 Control
11
DQ4
8

s s| 6| 7] 4
10 AD A1 A2 A3
W

PIN ASSIGNMENT

PIN NAMES

....Address Input
...Write Enable
........... Chip Select
.Data Input/Output
..... ....Power (+5 V)
Ground
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MCM2114¢MCM21L14

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit

Temperature Under Bias —-10to +80 °C - - - —
Voltage on Any Pin With Respect to Vgg —051t0 +7.0 v This device contains circuitry to protect
5CO T 50 "y the inputs against damage due to high
utput ur.rem - m static voltages or electric fields; however,
Power Dissipation 1.0 Watt it is advised that normal precautions be
Operating Temperature Range 0to +70 °C taken to avoid applicauon of any voltage
Storage Temperature Range —65 to + 150 oC higher than maximum rated voltages to

- y this high-impedance circuit.

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-

ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating volitage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max |Unit
Supply Voltage xgg 4‘35 5(')0 5'025 \
Logic 1 Voltage, All Inputs ViH 20 | — 6.0 | V
Logic O Voltage, All Inputs ViL -0.5] -~ 0.8 \
DC CHARACTERISTICS
Parameter Symbol MCM2114 MCM21L14 Unit
Min| Typ | Max | Min | Typ | Max
Input Load Current (Alf input Pins, Viy=0t0 5.5 V) I — — 10 — — 10 | pwA
1/0 Leakage Current (S=2.4 V, Vpa=0.4 V to V¢! liLol - —fwo} -] -] 10 |
Power Supply Current (Vi3=5.6V, IpQ=0mA, Tao=25°C) Icc — 80 | 9% — — 65 | mA
Power Supply Current (Vin=5.5V, IpQ=0mA, TA=0°C) 1Cc2 — — 100 | — — 70 | mA
Output Low Current Vo =0.4 V 1oL 211 6.0 — 211 6.0 —_|mA
Output High Current Vo =2.4 V 104 — | —14{-10f — | -14] -1.0f{mA
NOTE: Duration not to exceed 30 seconds.
CAPACITANCE (f=1.0 MHz, Ta =25°C, periodically sampled rather than 100% tested)
Characteristic Symbol Max Unit
Input Capacitance (Vin =0 V) Cin 5.0 pF
Input/Output Capacitance (VpQ=0V) Ci/0 5.0 pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1A(/AV.
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
Input Pulse Levels ..0.8 Volt to 2.4 Volts Input and Output Timing Levels..........................oooenl 1.5 Volts
Input Rise and Fall Times... OutputLoad. ... 1TTL Gate and C|_ =100 pF
READ (NOTE 1), WRITE (NOTE 2) CYCLES
MCM2114-20 | MCM2114-26 | MCM2114-30 | MCM2114-45
Parameter Symbol | MCM21L14-20 | MCM21L14-25 | MCM21L14-30 | MCM21L14-46 | Unit
Min Max Min Max Min Max Min Max
Address Valid to Address Don’t Care tAVAX | 200 — 250 -~ 300 — 450 — ns
Address Valid to Output Valid tAVQV — 200 — 250 - 300 - 450 ns
Chip Select Low to Data Valid 1SLQV — 70 — 85 — 100 — 120 ns
Chip Select Low to Output Don't Care 1SLQX 20 — 20 - 20 — 20 = ns
Chip Select High to Output High Z tSHQZ - 60 — 70 ~ 80 — 100 ns
Address Don't Care to Output High Z tAXQZ 50 — 50 — 50 — 50 — ns
Write Low to Write High IWLWH | 120 — 135 — 150 — 200 — ns
Write High to Address Don’t Care TWHAX 20 — 20 — 20 — 20 — ns
Write Low to Output High Z tWLQZ — 60 = 70 — 80 = 100 ns
Data Valid to Write High tDVWH | 120 — 135 — 150 — 200 — ns
Write High to Data Don't WHDX 0 — 0 — 0 — 0 - ns

NOTES: 1. A Read occurs during the overlap of a low S and a high W~
2. A Write occurs during the overlap of a low S and a low W.
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MCM2114eMCM21L14

READ CYCLE TIMING (W HELD HIGH)

Address

3

TAVAX

f——————— AV QY —————————————]

X

ARAARAARARRARARNARARRNNRNRANS

i/

LI

(SLQV —a=f

1SLAx;

tSHQZ

tAxQz

WRITE CYCLE TIMING (NOTE 3)

Address

=

D

N

tAVAX

A

AAARANARRNRRANY

K777

/iy

RN

pt— WWHAX

v

—s={tWHD
(DVWH  jt—

X

p—

2

3. If theS low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state.

WAVEFORMS
Waveform Input
Symbol
MUST BE
VALID
CHANGE
m FROMH TO L
CHANGE
M FROML TOH
DON'T CARE
PERMITTED

-
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WILL BE
VALID

WILL CHANGE

FROMHTO L

WILL CHANGE

FROM L TOH

CHANGING
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UNKNOWN

HIGH
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MCM2114eMCM21L14

Igc, SUPPLY CURRENT (mA)

gy, OUTPUT SOURCE CURRENT (mA)

TYPICAL CHARACTERISTICS

SUPPLY CURRENT versus SUPPLY VOLTAGE

80

75

70
]
/'/
65
60
4.5 4.75 5.0 5.25 5.5
Ve, SUPPLY VOLTAGE (VOLTS)
OUTPUT SOURCE CURRENT versus OUTPUT VOLTAGE
8.0 \
7.0 \\
6.0 \\
5.0 \
4.0 \
30 \\
20
1.0 \\
A
0
1.0 2.0 3.0 4.0 5.0 6.0

VgH. OUTPUT VOLTAGE (VOLTS)
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Icc, SUPPLY CURRENT (mA)

IgL, OUTPUT SINK CURRENT (mA)

SUPPLY CURRENT versus AMBIENT TEMPERATURE
75

70 ~

65

50

0 20 40 60 80
Ta, AMBIENT TEMPERATURE (0C)

OUTPUT SINK CURRENT versus OUTPUT VOLTAGE
8.0

8.0

5.0

/

3.0

T

0 0.1 0.2 03 04 0.5 0.6
Vo, OUTPUT VOLTAGE (VOLTS)



MCM2114eMCM21L14

NORMALIZED ACCESS TIME versus TEMPERATURE TYPICAL ACCESS TIME versus TEMPERATURE
1.0 170

va /
A 60 /

o
w
=

e /
/ S
0.90 v z
4 150 v
&
8
0.85 2
=

o
o
S

ta, NORMALIZED ACCESS TIME (ns)

l 130

20 40 60 80 20 40 60 80 90
Ta. TEMPERATURE (°C) Ta, TEMPERATURE (°C)

o
~
o

o

MCM2114/MCM21L14 BIT MAP

PIN 18
PIN 1 Vee
1023 <€———— 1008[1023 <€ 1008 |1023<€ 1008 [1023<€———— 1008
1007 1007 1007 1007
DQ3 (PIN NO. 12) DQ4 (PIN NO. 11) DQ1 (PIN NO. 14) DQ2 (PIN NO. 13)
16 16 16 16
15 <€ 015 =€ 015 = 0]15 =€ o]

To determine the precise location on the die of a word in memory, reassign address numbers to the address pms as
in the table below. The bit locations can then be determined directly from the bit map.

REASSIGNED REASSIGNED
PIN NUMBER ADDRESS NUMBER PIN NUMBER ADDRESS NUMBER
1 A6 6 A1
2 A5 7 A2
3 A4 15 A9
4 A3 16 A8
5 A0 17 A7
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MCM2115A
MCM21L15A
MCM2125A
MCM21L25A

1024 x 1 STATIC RAM

The MCM2115A and MCM2125A families are high-speed, 1024 words
by one-bit, random-access memories fabricated using HMOS, high-
performance N-channel silicon-gate technology. Both open collector
(MCM2115A) and three-state output (MCM2125A) are available. The
devices use fully static circuitry throughout and require no clocks or
timing strobes. Data out has the same polarity as the input data.

Access times are fully compatible with the industry-produced 1K
Bipolar RAMs, yet offer up to 50% reduction in power over their Bipolar
equivalents.

All inputs and output are directly TTL compatible. The chip select
allows easy selection of an individual device when outputs are OR-tied.
® Organized as 1024 Words of 1 Bit
® Single +5 V Operation
® Maximum Access Time of 45 ns, 55 ns, and 70 ns available
® | ow Operating Power Dissipation
® Pin Compatible to 93416A (2115A) and 93425A (2125A)
® TTL Inputs and Outputs
® Uncommitted Collector (2115A) and Three-State {2125A) Output

MOS

(N-CHANNEL, SILICON-GATE)

1024-BIT STATIC
RANDOM ACCESS
MEMORY

C SUFFIX
FRIT-SEAL
CERAMIC PACKAGE

CASE 620-06

BLOCK DIAGRAM

PIN ASSIGNMENT

Word 32x32
Driver Array
Sense Amps
And CLont.rol Q
Write Drivers |ag— ogic
Address Address
Decoder Decoder
A0 A1 A2 A3 A4 Ab A6 A7 AB A9 S W D
TRUTH TABLE PIN NAMES
........................... Address
Output Ouput | L | D Data Input
Inputs 2115A Family 2125A Family Mode Data Output
S[{WI|D Q Q Chip Select
HI x| x H High Z Not Selected *5"65“99’5’
- — 1 || |VsS ..o rount
Ll o H High Z Write "0 Write Enable
Ll L[H H High Z Write1"
LIHIX Data Out Data Out Read
DS9819/5-80
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MCM2115A¢«MCM21L156A*MCM2125A*MCM21L25A

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the in-
Temperature Under Bias -10to +80 °C puts against damage due to high static voltages
Voitage on Any Pin With Respect to Vgg —_05t0 +7.0] Vdc or electric figlds; however, it is advised tha‘t nor-
DC Output Current 20 A mal precautuqns be taken to‘av0|d application of
3 Dissinat any voltage higher than maximum rated voltages

ower Dissipation 1.0 Watt to this high-impedance circuit.

Operating Temperature Range Oto +70 °C
Storage Temperature Range —65to +150 °C

NOTE: Permanent damage may occur if ABSOLUTE MAXIMUM RATINGS
are exceeded. Functional operation should be restricted to RECOM-
MENDED OPERATING CONDITIONS. Exposure to higher than recom-
mended voltages for extended periods of time could affect device
reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit
Vee |[475| 5.0 | 526
ly Vol
Supply Voltage . Vss 0 0 0 \
Logic 1 Voltage, All Inputs ViH 2.1 - 6 \
Logic 0 Voltage, All Inputs Vi -03| — 0.8 vV

DC OPERATING CHARACTERISTICS

Parameter Symbol MCM2115A | MCM21L15A| MCM2125A [IMCM21L25A Unit
Min | Max| Min | Max | Min | Max | Min | Max :
Input Low Current (All Input Pins, Vin=0t0 5.5 V) liL — | -40| - | -40| — [-40! — | —40 [ puA
Input High Current 4 — 40 - 40 - 40 — 40 | uA
Output Leakage Current (Vo1 =0.5/2.4 V) loL - - - - - 50 - 50 | wA
Output Leakage Current (Voy1=4.5 V) ICEX — 100 — 100 | — — — - uA
Power Supply Current (S= V), Outputs Open Ta=25°C) IcC - | 125) - | 75| - |15 — | 75 | mA
Output Low Voltage (lg.=7.0 mA, 21256A, 16 mA 2115A) VoL — 1045 — | 045 — |045| — 045} V
Output High Voltage (IoH= —4.0 mA) VOH - — — - 2.4 — 2.4 — \
Current Short Circuit to Ground 10s — — — — — |=100] — |-100] mA

MCM2115A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=01070°C, Vcc=5.0V +5%)

Parameter Symbol MCM2115A-45 | MCM2115A-565 | MCM2115A-70 Units
Min Max Min Max Min Max

Chip Select Low Output Valid tsLQv 5 30 5 35 5 40 ns
Chip Select High to Output Invalid tSHQZ — 30 - 35 - 40 ns
Address Valid to Output Valid tAVQV — 45 - 55 - 70 ns
Address Valid to Output Invalid tAVQAX 10 - 10 - 10 - ns
Write Low to Output Disable tWLQZ — 30 — 35 - 40 ns
Write High to Output Valid tWHQV 0 30 0 35 0 45 ns
Write Low to Write High (Write Pulse Width) WLWH 30 - 40 - 50 - ns
Data Valid to Write Low tDVWL 5 - 5 - 5 - ns
Write High to Data Don’t Care (Data Hold) TWHDX 5 - 5 - 5 - ns
Address Valid to Write Low (Address Setup) tAVWL 5 — 5 - 15 - ns
Write High to Address Don't Care TWHAX 5 — 5 - 5 - ns
Chip Select Low to Write Low tSLWL 5 — 5 - 5 - ns
Write High to Chip Select High WHSH 5 - 5 - 5 - ns
Address Valid to Address Don't Care tAVAX — 45 - 55 - 70 ns
Chip Select Low to Chip Select High ISLSH - 45 - 65 - 70 ns
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MCM2115A¢eMCM21L156A*MCM2125A*MCM21L25A

MCM21L15A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=0to 70°C, Vcc=5.0 V +5%)

Parametar Symbol | MCM21L1BA-45TMCM2ILIEA-70[ | .
' Min { Max | Min | Max
Chip Select Low to Output Valid tsLav 5 30 5 30 ns
Chip Select High to Output Invalid tSHQZ - 30 - 30 ns
Address Valid to Output Valid tavQyv - 45 - 70 ns
Address Valid to Output Invalid tAVQX 10 — 10 - ns
Write Low to Output Disable tWwLQz — 25 — 25 ns
Write High to Output Valid tWHQV 0 25 0 25 ns
Write Low to Write High (Write Pulse Width) TWLWH 30 - 30 - ns
Data Valid to Write Low tDVWL 0 - 0 - ns
Write High to Data Don't Care tWHDX 5 - 5 - ns
Address Valid to Write Low (Address Setup) tAVWL 5 - 5 - ns
Write High to Address Don’t Care WHAX 5 - 5 - ns
Chip Select Low to Write Low tSLWL 5 - 5 - ns
Write High to Chip Select High tWHSH 5 — 5 — ns
Address Valid to Address Don't Care tAVAX — 45 - 70 ns
Chip Select Low to Chip Select High tSLSH - 45 - 70 ns

MCM2125A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=01070°C, VcCc=5.0V +5%)

Parameter Symbol MCM2125A-45 | MCM2125A-65 | MCM2125A-70 Units
Min [ Max | Min | Max [ Min | Max
Chip Select Low to Output Valid tsLav 5 30 5 35 5 40 ns
Chip Select High to Output High Z tSHQZ - 30 - 35 - 40 ns
Address Valid to Output Valid tAVQV 45 - 55 - 70 ns
Address Valid to Output Invalid tAVQX 10 - 10 - 10 - ns
Write Low to Output High Z twLQz - 30 - 35 — 40 ns
Write High to Output Valid . twHQVv 0 30 0 35 0 45 ns
Write Low to Write High (Write Pulse Width) IWLWH 30 — 40 — 50 — ns
Data Valid to Write Low tDVWL 5 - 5 - 5 - ns
Write High to Data Don’t Care tWHDX 5 - 5 - 5 - ns
Address Valid to Write Low (Address Setup) tAVWL 5 — 5 - 15 — ns
Write High to Address Don't Care WHAX 5 — 5 — 5 - ns
Chip Select Low to Write Low tSLWL 5 - 5 - 5 - ns
Write High to Chip Select High WHSH 5 - 5 - 5 - ns
Address Valid to Address Don't Care TAVAX - 45 = 55 — 70 ns
Chip Select Low to Chip Select High tSLSH — 45 — 55 — 70 ns

MCM21L25A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=0t0 70°C, Vee=5.0 V +5%)

Parameter Symbol MCM21L25A-45|MCM21L25A-70 Units
Min Max | Min Max
Chip Select Low to Output Valid tsLav 5 30 5 30 ns
Chip Select High to Output High Z tSHQZ - 30 - 30 ns
Address Valid to Output Valid tavav - 45 - 70 ns
Address Valid to Output Invalid tAVQX 10 - 10 - ns
Write Low to Output High Z tWLQZ - 25 — 25 ns
Write High to Output Valid tWHQV 0 25 0 25 ns
Write Low to Write High (Write Pulse Width) WLWH 30 - 30 - ns
Data Valid to Write Low tDVWL 0 - 0 - ns
Write High to Data Don't Care TWHDX 5 - 5 - ns
Address Valid to Write Low (Address Setup) TAVWL 5 — 5 — ns
Write High to Address Don’t Care TWHAX 5 - 5 — ns
Chip Select Low to Write Low tSLWL 5 — 5 — ns
Write High to Chip Select High TWHSH 5 - 5 - ns
Address Valid to Address Don't Care TAVAX - 45 - 70 ns
Chip Select Low to Chip Select High ISLSH - 45 - 70 ns
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MCM2115A¢MCM21L15A*MCM2125AeMCM21L25A

CAPACITANCE (f=1.0 MHz, Tp=25°C, periodically sampled rather than OUTPUT LOAD
100% tested.)
— - vee
Characteristic Symbol | Max | Unit

Input Capacitance (Vin =0 V) Cin 5 pF

Output Capacitance (Vgout=0 V) Cout 8 pF 3009
Capacitance measured with a Boonton Meter or effective capacitance calculated 21154 Q
from the equation: C=I1A¢/AV. 30 pF

600 (Including

scope and jig)

21165A FAMILY

READ CYCLE TIMING 1
(S Held Low, W Held High)

TAVAX { a5V
Address )( l
oV

[e—tAvVQV
r-tAVQX >
VoH
Q (Data Out) Previous Data Valid Data Valid
VoL
READ CYCLE TIMING 2!
(W Held High) 35V
Addressm Address Valid
ov
t
—\ SLSH 35V
S . / —ov
tSLQv tsHQZ
VOH
Q (Data Out) \\ Data Valid /{
— Vo
WRITE CYCLE TIMING
t |
AVAX 35V
Address
oV

5

[tSLWLj tWHSH
A

1
L‘tAvaﬂ‘ xWLWH_g‘—’I‘WHAx
w \l& j{ - jj v

VWL ’« N

-tWHDX

35V
ST - IR TTTRTTR
D (Data In) (ERLEXRARAROIIN,_ Data Valld KLU

wiaz *‘ |<— LtWHQvﬂ
v
R DD SRR X_Date Out=Data In

~VoL

Q (Data Out)

(All Time Measurements Referenced to 1.5 V)
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MCM2115A¢MCM21L156A*MCM21256A*MCM21L25A

WAVEFORMS OUTPUT LOAD
Waveform Input o
Symbol Input Output Vce
Must Be Will Be
Valid Valid 510
m Change Will Change 2125A Oﬁ
FromHto L FromH to L < 30 pF
3008 (Including
—M— Change Will Change 1 Scope and jig)
From L to H From L to H
N AvAvAvAvAe e Don't Care: Changing =
XXXXXXXX, Any Change State
Permitted Unknown
: :: B High
Impedance
2125A FAMILY
READ CYCLE TIMING 1
(S Held Low, W Held High) N ]
TAVAX 35V
Address ><
ov
re——1AVQV
r—tAVQX >
- - - VoH
Q (Data Out) Previous Data Valid Data Valid
VoL
READ CYCLE TIMING 2
(W Held High) 35V
Addressm Address Valid
oV
t
— SLSH —— 35V
S
N /) -0V
tsLav tsHQz
—VoH
Q (Data Out) Hi-Z Data Valid Hi-Z —
—VoL
WRITE CYCLE TIMING
TAVAX 35V
Address
oV
t —> t —>
. J: SLWL WHSH ;—/j a5y
VL ov
<—->|t
L—'tAvww—» \LﬂWLWH—H WHAX
35V
W p \ 4
\ /| -—0V
1DVWL
v “7 — tWHDX

D (Data In)

TXTELXTILLTTLRXLR
LR

V.V"‘V.V".'
Q (Data OUNLKRXX)

R

w7 3.6V
WYXV
X

QRS
QRXRXRRBOUK

VoH
Data Out=Data In

VoL

(All time measurements referenced to 1.5 V)
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MCM2115A*MCM21L15A¢MCM2125Ae MCM21L25A

2115A FAMILY

WRITE ENABLE TO HIGH-Z DELAY PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z

Write Chip
Enable Select
wLaz tSHQz
Data SISO
,——————— -
Output Josv Hi-z Data Hi-Z
Output —_—]05V

2126A FAMILY

WRITE ENABLE TO HIGH-Z DELAY PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z

Write
Enable Chip
Select
Data, Data o Lovel
Output 0" Level 05V Hi-Z Output evel 0.5V
—_— 0. _—
1" Level 1" Level
Data 3 Data 05V _HiZ
Output Sy Output
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@ MOTOROLA MCM2115H
MCM2125H

Product Preview

MOS

(N-CHANNEL, SILICON-GATE)

1024-BIT STATIC

The MCM2115H and MCM2125H families are high-speed, 1024 words RANDOM ACCESS
by one-bit, random-access memories fabricated using HMOS, high- MEMORY
performance N-channel silicon-gate technology. Both open collector
(MCM2115H) and three-state output (MCM2125H) are available. The
devices use fully static circuitry throughout and require no clocks or
refreshing to operate. Data out has the same polarity as the input data.

Access times are fully compatible wih the industry-produced 1K
Bipolar RAMs, yet offer up to 50% reduction in power.over their Bipolar
equivalents.

All inputs and outputs are directly TTL compatible. A separate chip
select allows easy selection of an individual device when outputs are
OR-tied.
® Organized as 1024 Words of 1 Bit

1024 x 1 STATIC RAM

N . C SUFFIX
Single +5 V Operation FRIT-SEAL
Maximum Access Time of 20 ns, 25 ns, 30 ns, and 35 ns Available CERAMIC PACKAGE

CASE 620-06

Low Operating Power Dissipation

Pin Compatible to 93415A (2115H) and 93425A (2125H)

TTL Inputs and Outputs

Uncommitted Collector (2115H) and Three-State (2125H) Output

PIN ASSIGNMENT

BLOCK DIAGRAM S Spvee
A0 1]o]
A _
Word 32x32 Vee=Pin 16 ! g
Driver Array Vsg=Pin8 A2 0 A9
] A3 h A8
T l A4 A7
Sense Amps |1 Control Q 1 A6
And ! > Q
Write Drivers Logic Vss 1 AS

Decoder Decoder Data Input

AR St

... Chip Select
A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 5 W D VS it Ground
W

Address Address l ........................... Address

TRUTH TABLE

Inputs Output Output

I 2115H Family 2125H Family Mode Motorola reserves the right to make changes to
S W D Q Q any product herein to improve reliability, func-
H X X H High Z Not Selected t_ion_ or de.si.gm Motorola does'nos assume any
L L L H High Z Write 0" liability arising ogt of the apphcanon_or u;e of
L n Hiah 7 Write "1 any product or circuit described herein; neither

L H igh rite does it convey any license under its patent rights
L H X Data Out Data Out Read nor the rights of others.

NP321/11-80
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@ MOTOROLA

MCM2147

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2147 is a 4096-bit static random access memory
organized as 4096 words by 1-bit using Motorola’s N-channel silicon-
gate MOS technology. It uses a design approach which provides the
simple timing features associated with fully static memories and
the reduced standby power associated with semi-static and dynamic
memories. This means low standby power without the need for
clocks, nor reduced data rates due to cycle times that exceed access
times.

E controls the power-down feature. It is not a clock but rather
a chip select that affects power consumption. In less than a cycle
time after E goes high, deselect mode, the part automatically reduces
its power requirements and remains in this low-power standby mode
as long as E remains high. This feature results in system power
savings as great as 85% in larger systems, where most devices are
deselected. The automatic power-down feature causes no perfor-
mance degradation.

The MCM2147 is in an 18 pin dual in-line package with the
industry standard pinout. It is TTL compatible in all respects. The
data out has the same polarity as the input data. A data input and
a separate three-state output provide flexibility and allow easy
OR-ties.

® Fully Static Memory — No Clock or Timing Strobe Required

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

CERAMIC FACKAGE

C SUFFIX
FRIT-SEAL

also available

P SUFFIX
PLASTIC PACKAGE
CASE 707-02

2-91

® Single +5 V Supply PIN ASSIGNMENT
® High Density 18 Pin Package
® Automatic Power-Down
® Directly TTL Compatible—All Inputs and Outputs
® Separate Data Input and Output
® Three-State Output
® Access Time — MCM2147-55 = 55 ns max
MCM2147-70 = 70 ns max
MCM2147-85 = 85 ns max
MCM2147-100 = 100 ns max
BLOCK DIAGRAM
e E—— -
2 Vec = Pin 18
A1 D ce~mn PIN NAMES
° Vgg = Pin9
A2 >“:_: Row Memory Array AO-A11 ...Address Input
a6 L D51 setect * 64 Row Write Enable
64 Columns E Chip Enable
16
AT 3 . ..Data Input
ag 18 X Q. ..Data Output
T T Vee- Power (+5 V)
11 7 VS ittt Ground
D > Column /O Circuits
Column Select
. 10 TRUTH TABLE
Elw Mode Output Power
8 4 5| 6| 14| 13|12 H X Not Selected High Z Standby
w [ | | [ | L| L Write High Z Active
A3 A4 A5 A9 A0 AT L H Read Data Out Active
DS9821/10-80




MCM2147

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the
Temperature Under Bias -10 to +85 oc inputs against damage due to high static voltages
Voltage on Any Pin With Respect to Voo -0.5t0 +7.0 Vvdc or electric fields; however, it is advised that
- normal precautions be taken to avoid applica-
DC Output Current 20 m tion of any voltage higher than maximum rated
Power Dissipation 1.0 Watt voltages to this high-impedance circuit.
Operating Temperature Range 0to+70 °c
Storage Temperature Range -65 to +150 oc

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

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min | Typ [ Max | Unit

Supply Voltage xgg 4(')5 5(')0 565 \

Logic 1 Voltage, All Inputs ViH 2.0 — | veel VvV

Logic O Voitage, All Inputs ViL -03| — 0.8 \

DC CHARACTERISTICS
MCM2147-55 MCM2147-70 MCM2147-85 MCM2147 - 100
Parameter Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Input Load Current L - | 001 10 - {001]| 10 - 1001 10 - | 001] 10 | wA
(All Input Pins, Vi, =010 5.5 V)

Output Leakage Current loL - 0.1 50 - 0.1 50 - 0.1 50 - 0.1 50 | uA
(E=2.0V,Vout=0t05.5V)

Power Supply Current Icct - 120 | 170 - 100 | 150 - 95 130 - 90 110 | mA
(E = VL, Outputs Open, T 5 = 25°C)

Power Supply Current lcc2 - - 180 - - 160 - - 140 - - 120 | mA
(E = VL, Outputs Open, T 5 = 0°C)

Standby Current IsB - |15 3| -1 ]|2 | - |]15]|25| - [10] 2 [mA
(E=Vy)

Input Low Voltage Vi -03| - 08 |-03| — 08 | -03 — 08 |-03| - 08 \Y

Input High Voltage ViH 2.0 - 6.0 2.0 - 6.0 | 2.0 - 6.0 | 20 - 6.0 \%

Output Low Voltage VoL - - 0.4 - - 0.4 - - 0.4 - - 04 A\
(loL =8.0 mA)

Output High Voltage VOH 24 - - 24 - — 24 - - 24 - - \%
(loH = -4.0 mA)

Typical values are for Tp = 25°C and Vg = +5.0 V.

FIGURE 1 — OUTPUT LOAD

CAPACITANCE .
(f =1.0 MHz, T = 25°C, periodically sampled rather than 100% tested.) Vee
Characteristic Symbol Max Unit
Input Capacitance (Vij, =0 V) Cin 5.0 pF 510
Output Capacitance (Vgyt =0 V) Cout 10 pF 9
Q
Capacitance measured with a Boonton Meter or effective capacitance calculated 30 pF
. 1A¢ 300 7~ (Including
from the equation: C = A scope and jig)
=
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MCM2147

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted)

Input Pulse Levels...........c..ccoeoeviiriinininninennsl 0 Volt to 3.5 Volts Input and Output Timing Levels..............ccooevveiiiiinn. 1.6 Volts
Input Rise and Fall Times...........coooeiviiiiiiiiiniiiiiie s 10ns OUIPUL LOAT. ...t See Figure 1

READ, WRITE CYCLES

Parameter Symbol MCM2147-55 M(.:M2147-70 MFM2147-85 MC.M2147-100 Unit
Min Max | Min { Max | Min | Max | Min Max
Address Valid to Address Don’t Car
(Cycle Time When Chip Eonable iaseHeld Active) | TAVAX 55 B 0 B 85 B 100 B ns
Chip Enable Low to Chip Enable High tELEH 55 - 70 - 85 - 100 - ns
Address Valid to Output Valid (Access) tavav - 55 - 70 - 85 - 100 ns
h . teLQv1” - 55 - 70 - 85 - 100 ns
Chip Enable Low to Output Valid (Access) Qv — = — o — % — 0 -
Address Valid to Output Invalid tAVQX 10 — 10 - 10 - 10 - ns
Chip Enable Low to Output Invalid tELQX 10 - 10 - 10 - 10 — ns
Chip Enable High to Output High Z tEHQZ 0 40 0 40 0 40 0 40 ns
Chip Selection to Power-Up Time tPU 0 - 0 - 0 - 0 - ns
Chip Deselection to Power-Down Time tPD 0 30 0 30 0 30 0 30 ns
e o we [0 |~ To - To]-To[ -]
Chip Enable Low to Write High tELWH 45 — 55 - 70 - 80 - ns
Address Valid to Write High tAVWH 45 - 55 - 70 - 80 - ns
Address Valid to Write Low (Address Setup) TAVWL 0 - 0 — 0 - 0 — ns
Write Low to Write High (Write Pulse Width) IWLWH 35 - 40 - 55 - 65 - ns
Write High to Address Don't Care TWHAX 10 - 15 - 15 - 15 - ns
Data Valid to Write High tDVWH 25 - 30 - 45 - 55 - ns
Write High to Data Don't Care (Data Hold) tWHDX 10 - 10 - 10 - 10 - ns
Write Low to Output High Z twLQz 0 30 0 35 0 45 0 50 ns
Write High to Output Valid tWHQV 0 — 0 - 0 - 0 - ns

*tgLQyv1 is access from chip enable when the 2147 is deselected for at least 55 ns prior to this cycle. tg| Qv 2 is access from chip enable for
0 ns < deselect time < 55 ns. If deselect time = 0 ns, then tg Qv = tavQV-

TIMING PARAMETER ABBREVIATIONS TIMING LIMITS
tx X X X The table of timing values shows either a minimum or
signal name from which interval is defined_——'__' a maximum limit for each parameter. Input requirements
transition direction for first signal are specified from the external system point of view.
signal name to which interval is defined Thus, address setup time is shown as a minimum since the
transition direction for second signal system must supply at least that much time (even though
most devices do not require it). On the other hand,
The transition definitions used in this data sheet are: responses from the memory are specified from the device
H = transition to high point of view. Thus, the access time is shown as a maxi-
L = transition to low mum since the device never provides data later than

V = transition to valid that time.

X = transition to invalid or don't care
Z = transition to off (high impedance)
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MCM2147

READ CYCLE TIMING 1 tAVAX o
(E Held Low)
ADDRESS X ViH
Vie
[———tavav
4——tAva-—>|
- v
Q (Data out) Previous Data Valid Data Valid OH
VoL
READ CYCLE TIMING 2 le— tAVEL
ViH
ADDRESS Address Valid
. Vi
tELEH -
E ——— Vin
N
ViL
[———— teLQv ————| tEHQZ
re——1tg | ox —| v
Q (Data out) High Z Data Valid | )-High z . oH
VoL
tPU ———l tPD
Vee lgg~————— — — ——
Supply
Current S8 !

NOTE: W is high for Read Cycles.

WRITE CYCLE TIMING

TAVAX
ADDRESS >( \\//'H
I
TELWH

_ ViH
e UK 77 777"

TAVWH -l TWHAX

‘—tAVWL—.l twLwH —® l

W K—V'H
l Vie

DVWH TWHDX

KRR RRRR KX RRRRR XTI

twn.czzj¢——->| }‘———’—MHQV

VoH
 (Data out) TYRXXRKXXX Btz Uaderinas, QOQRRRNIRR—— High Z ~%;

D (Data in)

VoL

Data out = Data in

WAVEFORMS
Waveform Input Output
Symbol
MUST BE WILL BE
VALID VALID

CHANGE WILL CHANGE
m FROMHTOL  FROMHTOL

CHANGE WILL CHANGE
FROM LTOH FROMLTGH

DON'T CARE: CHANGING:

PERMITTED UNKNOWN

D ton
IMPEDANCE
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MCM2147

FIGURE 2 — AVERAGE DEVICE DISSIPATION
DEVICE DESCRIPTION versus MEMORY SIZE

The MCM2147 is produced with a high-performance
MOS technology which combines on-chip substrate bias [N o
generation with device scaling to achieve high speed.
The speed-power product of this process is about four i
times better than earlier MOS processes.

This gives the MCM2147 its high speed, low power and
ease-of-use. The low-power standby feature is controlled
with the E input. E is not a clock and does not have to
be cycled. This allows the user to tie E directly to system
addresses and use the line as part of the normal decoding
logic. Whenever the MCM2147 is deseiected, it auto-
matically reduces its power requirements.

SYSTEM AVERAGE DEVICE POWER

SYSTEM POWER SAVINGS

The automatic power-down feature adds up to signi-
ficant system power savings. Unselected devices draw low
standby power and only the active devices draw active
power. Thus the average power consumed by a device
declines as the system size increases, asymptotically
approaching the standby power level as shown in Figure 2.

The automatic power-down feature is obtained without
any performance degradation, since access time from chip FIGURE 3 — PC LAYOUT
enable is < access time from address valid. Also the fully
static design gives access time equal cycle time so multiple
read or write operations are possible during a single select
period. The resultant data rates are 14.3 MHz and 18 MHz
for the MCM2147-70 and MCM2147-55 respectively.

100% Duty Cycle

25% Duyy Cycle

IsB - L 1
4K 8K 16K 32K 64K
MEMORY SIZE IN WORDS

DECOUPLING AND BOARD LAYOUT
CONSIDERATIONS

The power switching characteristic of the MCM2147
requires careful decoupling. It is recommended that a
0.1 uF to 0.3 uF ceramic capacitor be used on every
other device, with a 22 uF to 47 uF bulk electrolytic
decoupler every 16 devices. The actual values to be used
will depend on board layout, trace widths and duty cycle.

Power supply gridding is recommended for PC board
layout. A very satisfactory grid can be deveioped on
a two-layer board with vertical traces on one side and
horizontal traces on the other, as shown in Figure 3.
If fast drivers are used, terminations are recommended
on input signal lines to the MCM2147 because significant
reflections are possible when driving their high impedance
inputs. Terminations may be required to match the
impedance of the line to the driver.
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MCM2147H

Product Preview

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2147H is a 4096-bit static random access memory organized
as 4096 words by 1-bit using Motorola’s high-performance N-channel
silicon-gate MOS technology (HMOS). It uses a design approach which
provides the simple timing features associated with fully static
memories and the reduced standby power associated with semi-static
and dynamic memories. This means low standby power without the
need for clocks, nor reduced data rates due to cycle times that exceed
access times.

E controls the power-down feature. It is not a clock but rather a chip
select that affects power consumption. In less than a cycle time after E
goes high, deselect mode, the part automatically reduces its power re-
quirements and remains in this low-power standby mode as long as E
remains high. This feature results in system power savings as great as
85% in larger systems, where most devices are deselected. The
automatic power-down feature causes no performance degradation.

The MCM2147H is in an 18 pin dual in-line package with the industry
standard pinout. It is TTL compatible in all respects. The data out has
the same polarity as the input data. A data input and a separate three-
state output provide flexibility and allow easy OR-ties.
® Fully Static Memory — No Clock or Timing Strobe Required
HMOS Technology
Single +5 V Supply
High Density 18 Pin Package
Automatic Power-Down
Directly TTL Compatible — All inputs and Outputs
Separate Data Input and Output
Three-State Output
Access Time

MCM2147H-35= 35 ns Max
MCM2147H-45= 45 ns Max
MCM2147H-55=55 ns Max

MOS

{N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

C SUFFIX

FRIT-SEAL

CERAMIC PACKAGE
CASE 726-02

7
A0 —D‘: —
a2 /6\__——- Vee = Pin 18
3 V. = Pin9
A2 s Memory Array ss
17 Row 64 Row
A8 16 t Select ° 64 Columns
A7 -
15
A8 —————— 5 —
T I
1 7
D > Column 1/0 Circuits
Column Select
_10
E
8 a| sf 6| 14]13]12
w 1T T 11

BLOCK DIAGRAM

A3 A4 A5 A9 A10 Al1

PIN ASSIGNMENT

PIN NAMES
AO-A1Y Address Input
W Write Enable
[ .........Chip Enable
D. T Data input
Q. ......Data Output
VCC. oo oooiveeeiiiiiPower (+5 V)
VSS.oooooioieieeeieeie .. Ground
TRUTH TABLE
E W Mode Output Power
H X Not Selected High Z Standby
L L Write High Z Active
L H Read Data Out  Active

Motorola reserves the right to make changes to
any product herein to improve reliability, func-
tion 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.
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MOTOROLA

MCM2148

Advance Information

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2148 is a 4096-bit random access memory fabricated using

HMOS, high performance MOS technology. For ease of use, the device
operates from a single power supply, is directly compatible with TTL

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

and requires no clocks or refreshing because of fully static operation.
Data access is particularly simple, since address setup times are not re-
quired. The output data has the same polarity as the input data.

The MCM2148 is designed for memory applications where simple in-
terfacing is the design objective. The MCM2148 is assembled in 18-pin

dual-in-line packages with the industry standard pin-out. A separate
chip select (E) lead allows easy selection of an individual package when
the three-state outputs are OR-tied.

® 1024 Words by 4-Bit Organization C SUFEIX
® HMOS Technology FRIT-SEAL PACKAGE
CASE 726

Industry Standard 18-Pin Configuration
Single +5 Volt Supply
No Clock or Timing Strobe Required
Maximum Access Time

70 ns MCM2148-70

85 ns MCM2148-85
Power Dissipation

140 mA Maximum (Active)

30 mA Maximum (Standby)

L SUFFIX
CERAMIC PACKAGE
CASE 680

® Fully TTL/DTL Compatible
® Common Data Input and Output PIN ASSIGNMENT
® Three-State Outputs for OR-Ties
® Automatic Power Down
As1@18hv e
A5(] 2 17pA7
BLOCK DIAGRAM A4Q3 16 QA8
Vce="Pin 18 A3l 4 15 [1A9
Vgg=Pin9
3 ss="H aofs  1apoai
A4 —— [ -
A6 13 DQ2
Y p—
] . A207 12ipQ3
A6 X Row Memory Array _
N Select | ° 64 Rows £gs 11pas
16 . 64 Columns Vssll9 100W
A8 —M¥
]
A9 5—{):
14 1 e o e |
DQ1 “—“‘ﬁ_ Column 1/0 Circuits
bap 13 j_ Input PIN NAMES
12 Data AO0-A9. Address Input
DQ3 Control W. ..Write Enable
n o Chip Select
DQ4 ’_?_ DQ1-DQ4.. Data Input/Output
Vce...
_ 8
E 5| 6| 7| 4
10
w A0 Al A2 A3
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MCM2148 -

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This devi o
- — S is device contains circuitry to protect
Temperature Und'_er B'Z_‘S 10to +80 ¢ the inputs against damage due to high
Voltage on Any Pin With Respect to Vgs -35t0 +7.0f V static voltages or electric fields; however,
DC Output Current 20 mA it is advised that normal precautions be
Power Dissipation 1.2 Watt :‘gkﬁn t(:havoid applicationt o; aml/ voltage
- S igher than maximum rated voltages to
Operating Temperature Range Oto +70 C this high-impedance circui.
Storage Temperature Range -65to0 +150| °C

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

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature ranges unless otherwise noted.)

RECOMMENDEb Db OP‘ERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit
vee 45 | 50 | 65
Supply Voltage Vss 0 0 0 \
Logic 1 Voltage, All Inputs ViH 2.0 - 6.0 \
Logic 0 Voltage, All Inputs ViL -30| - | 08 \
DC CHARACTERISTICS
Parameter Symbol | Min | Typ | Max | Unit
Input Load Current (All Input Pins, Vip=010 5.5 V, Vcc=Max) [N} — |0.01] 10 | A
Output Leakage Current (E=V|H, Vcc=Max, Vout=01t0 4.5 V) liLol | — |01 | 50 | wA
QOutput Low Voltage (o =8 mA) VoL — - 1 04| mA
Output High Voltage {lgH= —2.0 mA) VOH 2.4 - - mA
Power Supply Current (Vi =5.5,IpQ=0 mA, Tao=25°C, E=Vy) Icet - 100 | 136 | mA
Power Supply Current (Vin=5.6 V,Ipa=0 mA, Tao=0°C, E=V) ) Icc2 - - 140 | mA
Standby Current (Vo= Min to Max, E= Vi) Icca - 12 30 | mA
Peak Power on Current (Vcc=0 to Vg Min, E=Viy min)* Ipo - 25 50 [ mA
Qutput Short Circuit Current (Vgoy¢=GND to Vce) los |[-180{ — |+160| mA
*A pullup resistor to V¢ on the E input is required to keep the device deselected, otherwise, power-on current approaches Icc.
CAPACITANCE (f=1.0 MHz, Tp=25°C, periodically sampled rather than 100% tested.)
Characteristic Symbol | Max | Unit
Input Capacitance (Vin=0V) Cin 5 pF
Output Capacitance (Vou1=0 V) Cout 7 pF
FIGURE 1 FIGURE 2
+5V +5V
510Q 510 Q
Q Q
330 Q 30 pF 3302 5 pF

(Including scope and jig)
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MCM2148

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)

Input Pulse Levels

Input and Output Timing Levels............ PRI 1.6 Volts

Input Rise and Fall TIMeSs...........ooovviiiii e, 10ns Output Load.......oooovviiiiii .See Figure 1
Parameter Symbol MCM2148-70MCM2148-85 Unit | Notes
Min | Max | Min | Max

Address Valid to Address Don't Care (Cycle Time if E= V) TAVAX 70 - 85 - ns

Address Valid to Output Valid (Address Access Time) tAvVQV - 70 — 85 ns i
Address Valid to Output Undefined TAVQX 5 - 5 - ns i
Chip Enable Low to Chip Enable High (Cycle Time) tELEH 70 — 85 - ns

Chip Enable Low to Output Undefined tELQX 25 - 25 - ns 6
Chip Enable Low to Output Valid (Chip Select Access Time) :Etgx; B ;8 - gg :: ;
Chip Selection to Powerup Time Py 0 - 0 - ns

Chip Deselection to Powerdown Time tPD - 30 - 30 ns

Chip Enable High to Output High Z tEHQZ 0 20 ) 20 ns 6
Chip Enable Low to Write High tELWH 65 - 80 - ns

Address Valid to Write Low (Address Setup) tAVWL 0 - 0 - ns

Write High to Address Don't Care TWHAX 5 — 5 - ns

Write Low to Write High (Write Pulse Width) WLWH 50 - 60 - ns

Data Valid to Wnite High {DVWH 25 - 30 - ns

Write High to Data Don't Care TWHDX 5 — 5 - ns

Write Low to Output High Z WLOZ 0 25 0 30 ns 6
Write High to Output Active tWHQV 0 - 0 - ns 6

NOTES: B
1. Chip deselected for greater than 55 ns prior to E transition low.
2. Chip deselected for a finite time that is less than 55 ns prior to E transition low. (If the deselect time is O ns, the chip is by definition

selected and access occurs according to Read Cycle 1.)
W is high for read cycles.

Device is continuously selected, E= V)| .

Addresses valid prior to or coincident with E transition low.

o g s W

READ CYCLE TIMING 1 (3, 4)
(E HELD LOW, W HELD HIGH)

Transition is measured +500 mV from high impedance with the load in Figure 2. This parameter is sampled and not 100% tested.

N

TAVAX

NS N

XD <
Address <SPS X XX
55 LKL

(TXXIHIILILLS
KRRRRELEIK

[e——————tAvQV
[— AVQX

Q (Data Out) Previous Data Valid

READ CYCLE TIMING 2 (3, 5)
(W HELD HIGH)

Data Valid

Address m

Address Valid

ELEH >
3 \ /
K. tEHQzZ
[ ————tg Qv —————»
High-Z l—t High-Z
Q (Data Out) g ELOX < Date Valid 2
tPyU l4¢———1PD
Operating
Current
Standby
Current
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MCM2148

_WRITE CYCLE 1
(W CONTROLLED)

TAVAX
Address @( Address Valid >@
tELWH
£ /
N
TAVWH
e—tavi—] » +— wpax'? —
\ TWLWH
=
{DVWH———» 'WHDXM)
W
D (Data In) Data Valid
*+— twiaz® whavé
§ High Impedance
Q (Data Out) Data Undefined /]
NOTE:

1. If E goes high simultaneously with W high, the output remains in a high-impedance state.

2. tWHAX is measured from the earlier of S or W going high to the end of the write cycle.

3. During this period, DQ pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.

4. 1fSislow during this period, the DQ pins are in the output state. Then the data input signals of opposite phase to the outputs must not
be applied to them.

6. Qs the same phase of write data of this write cycle.

WRITE CYCLE 2
(E CONTROLLED)

TAVAX »>
Address @( Address Valid j@
tAVWL P tELWH
E /
)
TAVWH 2
— t >
CWLWH WHAX

i

L

IDVWH ———

TWHDX

SIS RIS > (RRITIIIIIT
D (Data In) XK 28X SR SLREECRILIL XXX < ; PSRRI
5 0050, 020:0.95%% %0 020959, > Data Valid 1050200002 %%:% %,
R R R LRRRRLIIRRE RS
High Impedance
Q (Data Out)
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@ MOTOROLA

MCM2148H

Product Preview

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2148H is a 4096-bit random access memory fabricated us-
ing HMOS, high performance MOS technology. For ease of use, the
device operates from a single power supply, is directly compatible with
TTL and requires no clocks or refreshing because of fully static opera-
tion. Data access is particularly simple, since address setup times are
not required. The output data has the same polarity as the input data.

The MCM2148H is designed for memory applications where simple
interfacing is the design objective. The MCM2148H is assembled in
18-pin dual-in-line packages with the industry standard pin-out. A
separate chip enable (E) lead allows easy selection of an individual
package when the three-state outputs are OR-tied.
® 1024 Words by 4-Bit Organization
® HMOS Technology
® Industry Standard 18-Pin Configuration
@ Single +5 Volt Supply
® No Clock or Timing Strobe Required
® Maximum Access Time

MCM2148H-45=45 ns
MCM2148H-55=55 ns
® Power Dissipation
180 mA Maximum (Active)
30 mA Maximum (Standby)
® Fully TTL Compatible
® Common Data Input and Output
® Three-State Outputs for OR-Ties
® Automatic Power Down

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

[f
C SUFFIX
FRIT-SEAL PACKAGE
CASE 726-02

L SUFFIX
CERAMIC PACKAGE
CASE 680-06

BLOCK DIAGRAM

Vee=Pin 18
Vgg=Pin 9
3 SS
At ———— {5
2
st
A6 " >‘_—_ Row . Memo;(y Array
A7 >: Select 64 Rows
16 . 64 Columns
A8 D
15
A9 -
14 1 e o o
DQ1 ———— Column 1/0 Circuits
1
poz g Lo o
12 Data
DQ3 Control '
n Q
uie i
8 1
E 5| 6| 7| 4 By
10
W A0 A1 A2 A3

PIN ASSIGNMENT

nef @ Bhyce
As( 2 17pA7
A4Q3 16 A8
A3Q 4 15 [IAQ
Ao 5 1410Q1
A6 13pDQ2
Al 7 12 pDQ3
£Qs 11f1DQ4

VssQ9 10AW

PIN NAMES

...Address Input
..Write Enable

....... Chip Enable
....Data Input/Output
Power (+5 V)
Ground

E..

DQ1-DQ4
Veg..-
Vss...

Motorola reserves the right to make changes to
any product herein to improve reliability, func-
tion 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.
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@ MOTOROLA

MCM2149

Product Preview

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2149 is a 4096-bit random access memory fabricated using
HMOS, high performance MOS technology. For ease of use, the device
operates from a single power supply, is directly compatible with TTL
and requires no clocks or refreshing because of fully static operation.
Data access is particularly simple, since address setup times are not re-
quired. The output data has the same polarity as the input data.

The MCM2149 is designed for memory applications where simple in-
terfacing is the design objective. The MCM2149 is assembled in 18-pin
dual-in-line packages with the industry standard pin-out. A separate
chip select (S) lead allows easy selection of an individual package when
the three-state outputs are OR-tied.
® 1024 Words by 4-Bit Organization
® HMOS Technology
® Industry Standard 18-Pin Configuration
® Single +5 Volt Supply
® No Clock or Timing Strobe Required
® Maximum Access Time

MCM2149-70=70 ns Max.
MCM2149-85=85 ns Max.
® Chip Select Access Time
MCM2149-70= 30 ns Max.
MCM2149-85=35 ns Max.
® Power Dissipation — 140 mA Maximum (Active)
® Fully TTL Compatible
® Common Data Input and Output
® Three-State Outputs for OR-Ties
® Automatic Power Down Version Available — MCM2148

MOS

{N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

C SUFFIX
FRIT-SEAL PACKAGE
CASE 726-02

L SUFFIX
CERAMIC PACKAGE
CASE 680-06

BLOCK DIAGRAM

Vce=Pin 18
Vgg=Pin9

Memory Array

A5 4 §

A8 17—_ Row °
s
D]

. 64 Rows
A7 Select
16 . 64 Columns
A8
1
ot
1 T o o e 1T
Da1 “—‘aﬁ—‘ Column 1/0 Circuits
13
DQ2 L e
12 Data i
DQ3 ,—%__ Control
1
ot ae
8 ™
5 5| 6| 7/ 4
10
W j A0 A1 A2 A3

PIN ASSIGNMENT

PIN NAMES
.................... Address Input
. Write Enable
[T Chip Select
Data Input/Output
Power (+5 V)

Motorola reserves the right to make changes to
any product herein to improve reliability, func-
tion 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.
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@ MOTOROLA

MCM2167

Product Preview

16,384-BIT STATIC RANDOM ACCESS MEMORY

The MCM2167 is a 16,384-bit static random access memory orga-
nized as 16,384 words by 1-bit using Motorola’s N-channel silicon-gate
MOS technology. It uses a design approach which provides the simple
timing features associated with fully static memories and the reduced
standby power associated with semi-static and dynamic memories. This
means low standby power without the need for clocks, nor reduced
data rates due to cycle times that exceed access times.

E controls the power-down feature. It is not a clock but rather a chip
select that affects power consumption. In less than a cycle time after E
goes high, deselect mode, the part automatically reduces its power re-
quirements and remains in this low-power standby mode as long as E
remains high. This feature results in sytem power savings as great as
85% in larger systems, where most devices are deselected. The
automatic power-down feature causes no performance degradation.

The MCM2167 is in a 20 pin dual in-line package with the industry
standard pinout. It is TTL compatible in all respects. The data out has
the same polarity as the input data. A data input and a separate three-
state output provide flexibility and allow easy OR-ties.

Fully Static Memory — No Clock or Timing Strobe Required
Single +5 V Supply

High Density 20 Pin Package

Automatic Power-Down

Directly TTL Compatible — All Inputs and Three-State Output
Separate Data Input and Output
Access Time

MCM2167-65 — 55 ns max

MCM2167-70 — 70 ns max

MCM2167-85 — 85 ns max

MCM2167-100 — 100 ns max

MOS

(N-CHANNEL, SILICON-GATE)

16,384-BIT STATIC
RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 729-02

BLOCK DIAGRAM

PIN ASSIGNMENT

A0 1 1 Vee=Pin 20
—{3 VSs=Pin 10 P NAVES
u_‘_{Z: A0-A13 ..Address Input
A2 3 ® W.. Write Enable
____,{Z: Memory Array E. ..Chip Enable
A3 4 Row 128 Rows D... Data Input
r_‘D(_.& Select L4 128 Columns Q... Data Output
P vee. Power (+5 V)
AL]J—_‘_‘{/(;\: . VSg..oonns Ground
R
T I 8
D 12 — Column 1/0 Circuits Q TRUTH TABLE
Column Select ==
__[>°_1 E|W Mode Output Power
€1_‘I__ H | X | Not Selected High Z Standby
L|tL Write High Z Active
L|H Read Data Out Active
6( 7[13| 14| 15| 16] 19
W 9 U T T T T T T
A5 A6 A7 A8 AS A10A13
NP326/11-80
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@ MOTOROLA

MCM4016

Product Preview

2048 x 8-BIT STATIC RANDOM ACCESS MEMORY

The MCM4016 is a 16,384-bit static Random Access Memory organiz-
ed as 2048 words by 8-bits, fabricated using Motorola’s high-
performance silicon-gate metal oxide semiconductor (HMOS)
technology. Its static design means that no refresh clocking circuitry is
needed and timing requirements are simplified. Access time is equal to
cycle time.

A chip select control is provided for controlling the flow of data in and
data out, and an output enable function is provided which eliminates
the need for external bus buffers.

The MCM4016 is in a 24-pin dual-in-line package with the industry
standard pinout and is pinout compatible with the industry standard
16K EPROM and 16K mask programmable ROM.

® 2048 Words by 8-Bits Organization

MOS

(N-CHANNEL, SILICON-GATE)

2048 x 8 BIT STATIC
RANDOM ACCESS MEMORY

HMOS Technology
Single +5 V Supply
Fully Static: No Clock or Timing Strobe Required
Low Power Dissipation —
35 mW Typical {Standby)
400 mW Typical (Active)
Maximum Access Time: MCM4016-20 — 200 ns
Fully TTL Compatible
Pinout Compatible with Industry Standard 2716 16K EPROM and
Mask Programmable ROM
Output Enable (G) Eliminates Need for External Bus Buffers

L SUFFIX
CERAMIC PACKAGE
CASE 716

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623

BLOCK DIAGRAM

8 .
A0 Pin 24=Vcc
A—L S . Pin 12=Vgg
ﬁg =1 row . Memory Matrix
4 K Decoder . 128 x 128
2‘5‘ - — .
Ap—2—
DOOiT—-:j |
DAl }? T : Column 1/0 :
DQ2 N Input
DQ3 Data
DG4 14 | ¢
DQ5—2—$ Control Column Decoder
16 1 ¢
S
1 23| 22| 19 ot !
o
I
L]
A7 A8 A9 A10 ° : :
]
E 18
S 20 Control
W 21 Logic

PIN ASSIGNMENTS

A @ N Ivee
A6[]2 23[1A8
A5[]3 22[1A9
A4fl4 210w
A3[]s 20[1G
A2 6 19 fJA10
ARy 18[JE
Ao 8 17 ipQ7
paof]9 16 [JDQ6
pa1fio 15 {IDQ5
pazfj 14 [1DQ4
vssl]2 13[JDQ3
PIN NAMES
AO-A10......eiiinnnnn, Address input
900-007 .Data Input/OQutput
G.. ....Output Enable
E. ..Chip Select
W.. Write Enable
vee - .Power (+5V)
Ground

Motorola reserves the right to make changes to
any product herein to improve reliability, func-
tion 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.
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@ MOTOROLA

MCM6641
MCM66L41

Advance Information

4096-BIT STATIC RANDOM ACCESS MEMORIES

The MCM6641 series 4096 x 1-bit Random Access Memory is
fabricated with high density, high reliability N-channel silicon-gate
technology. For ease of use, the device operates from a single 5-volt
power supply, is directly compatible with TTL and DTL, and requires no
clocks or refreshing because of fully static operation. The fully static
operation allows chip selects to be tied low, further simplifying system
timing. Data access is particularly simple, since address setup times are

— ]
not required. The output data has the same polarity as the data input.
The MCM6641 is designed for memory applications where simple in-
terfacing is the design objective, and is assembled in 18-pin dual-in-line *
packages with the industry standard pin-outs. T
® Single £ 1_0% +5 \/ Supply , L FRlT-SEALCCEleJ:;:?PACKAGE
® Fully Static Operation — No Clock, Timing Strobe, Pre-Charge, or CASE 707-01
Refresh Required
® ndustry Standard 18-Pin Configuration
® Fully TTL Compatible
® Common Data Input and Output Capability P SUFFIX
® Three-State Outputs for OR-Tie Capability PLASTIC PACKAGE
® Power Dissipation MCM6641 Less Than 550 mW (Maximum) CASE 707-02

MCMB6L41 Less Than 385 mW (Maximum)

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS MEMORIES

® Standby Power Dissipation Less Than 1256 mW (Typical) PIN ASSIGNMENT
® Plug-In Replacement For TMS4044
AVce
DA6
MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME hA7
MCM6641-20 MCM6641-30 0 AS
MCM66L41-20 20005 | 41 cve6L41-30 300 ns
MCM6641-25 250 me | MCMVIG641-45 450 v A9
MCM66L41-25 MCM66L.41-45 0 A10
1A
1D
1S
BLOCK DIAGRAM
eSS L Y PIN NAMES
A1 . S8 Address Input
—_|X: . ..Data Input
M A Y
A2— 51 Row ergjr;ov:ray ce Q. ..Data Output
As__.m Select 64 Columns Chip Select
AT 5 Power Supply (+5V)
T Ground
e e L v I N (N R v vt Write Enable
L e L Output
u
Data Input 1/0 Circuits 1 control [ 2
D e IPUT Col Sel Buffer Data
Data olumn Select Output
_ Control TRUTH TABLE
W—e = p—
_ S w D Q Mode
s—| S0
H X X High Z Not Selected
L L L High Z Write 0"
A3 A4 A5AT1A10A9 L L H High Z Write 1"
L H X Output data Read
ADI475/2-78
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MCM6641eMCM66L41

ABSOLUTE MAXIMUM RATINGS (See Note)

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 applica-
tion of any voltage higher than maximum rated

Rating Value Unit
Temperature Under Bias -10 to +80 oc
Voltage on Any Pin With Respect to Vgg -05t0+7.0 Vdc
DC OQutput Current 20 mA
Power Dissipation 1.0 Watt
Operating Temperature Range 0to+70 oc
Storage Temperature Range -65 to +150 °c

Note:

Permanent device damage may occur if ABSOLUTE MAXIMUM

RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could

affect device reliability.

voltages to this high-impedance circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit
Vee 45 | 60| 55
Supply Voltage Vss 0 0 0 \
Logic 1 Voltage, All Inputs ViH 2.0 — 6.0 \
Logic 0 Voltage, All Inputs ViL -05] - 0.8 \%
DC CHARACTERISTICS
MCM6641 MCM66L41
P | Unit
arameter Symbol in | Typ | Max | Min | Typ | Max ni
Input Load Current {All Input Pins, Vi5=0 to 5.5 V) I - - 10 - - 10 | pA
Output Leakage Current (CS=2.4V, Vi =0.4 to V) jiLol — — 10 - - 10 | pA
Power Supply Current (Vcc=5.5V, lgyt=0 mA, TA=0°C) Icc - 80 | 100 | - 65 70 | mA
Output Low Voltage, oL =2.1 mA VoL - 015 04| — [0156) 04 \
Output High Voltage, loH=1.0 mA VOH 24 [ — - 2.4 - - v
Output Short Circuit Current los* - - 40 - - 40 | mA
*Duration not to exceed 30 seconds.
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5.0 V, periodically sampled rather than 100% tested)
Characteristic Symbol | Max | Unit
Input Capacitance (Vi =0 V) Cin 5.0 | pF
Output Capacitance (Voyt=0 V} Cout 10 | pF

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

STANDBY OPERATION
(Typical Supply Values)

Device Supply Operating Standby Max Standby Power
MCM6641 Vee +5V +24V 225 mwW
MCM66L41 Vee 5V 24V 150 mW

2-106




MCM6641¢eMCM66L41

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

Input Pulse Levels................c..cco 0.8 Voltt02.0 Volts Input and Output Timing Levels..........cc..coeeiiiiniin... 1.5 Volts
Input Rise and Fall Times......... ......oocooviiiiiiiii 10ns OutputLoad..........ooovveiiii 1TTL Gate and C|_= 100 pF

READ (NOTE 1), WRITE (NOTE 2) CYCLES

MCM6641-20 | MCM6641-25 | MCM6641-30 | MCM6641-45
MCM66L41-20 | MCM66L41-25 | MCM66L.41-30 | MCM661.41-45
Parameter Symbol Min Max Min Max Min Max Min Max Units

Read Cycle Time tRC 200 - 250 - 300 - 450 - ns
Access Time tA - 200 - 250 - 300 - 450 ns
Chip Selection to Output Valid tso - 70 - 85 - 100 - 120 ns
Chip Selection to Output Active tsX 10 - 10 - 10 - 10 - ns
Output 3-State From Deselection t0TD - 40 - 60 - 80 - 100 ns
Output Hold From Address Change 1OHA 50 - 50 - 50 - 50 - ns
Write Cycle Time twe 200 - 250 - 300 - 450 — ns
Write Time tw 100 - 125 - 150 - 200 - ns
Write Release Time tWR 0 - 0 - 0 - 0 - ns
Output 3-State From Write toTW - -40 —- 60 - 80 - 100 ns
Data to Write Time Overlap DWW 100 - 125 - 150 - 200 - ns
Data Hold From Write Time tDH 0 - 0 - [ - 0 - ns

READ CYCLE TIMING
(W HELD HIGH)

tp =

o 7K X

* XAV LNy

fg—— (SO —9

toTD

[ isx | —-I tOHA

Dout
N

NOTES:
1. A Read occurs during the overlap of a low Sanda high W.
2. A Write occurs during the overlap of a low S and a low W.
3. If the S low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state.
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WRITE CYCLE TIMING (Note 3)

we —————

[}

Address x

ANNNRARNNNN | J‘///// /(1]

WR  pe—

3|
Z

Dout = >> 2N I X NANAANANANN
L L L L L LI LI L]
. NN NYVWYWY YNV IAN AN NVAY N Y AV V. V. V. VAV VAVAVAVAWAY, W,
in RN X KIRNEK Y,
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HENGEID
eHiEAL)
Helig3810

128 X 8-BIT STATIC RANDOM ACCESS MEMORY

The MCM6810 is a byte-organized memory designed for use in
bus-organized systems. It is fabricated with N-channel silicon-gate
technology. For ease of use, the device operates from a single power
supply, has compatibility with TTL and DTL, and needs no
clocks or refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing random storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs.

Organized as 128 Bytes of 8 Bits
Static Operation
Bidirectional Three-State Data Input/Qutput

® o6 06 o 0 0o o

MOS

(NCHANNEL, SILICON-GATE)

128 X 8-BIT STATIC
RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 709-02

Six Chip Select Inputs (Four Active Low, Two Active High) L SUFFIX
CERAMIC PACKAGE
Single 5-Volt Power Supply CASE 716-06
TTL Compatible
Maximum Access Time = 450 ns — MCM6810 PIN ASSIGNMENT
360 ns — MCM68A10 \_J
250 ns — MCM68B10 GNDO1 @ 2fivee
poQ2 231 A0
D103 22{1A1
D204 21{1A2
ORDERING INFORMATION D305 20 A3
Speed Device Temperature Range p4ge 19 A4
10 MHz MC6810P, L 0'to 70°C 057 18 [1A5
MC6810CP, CL -40 to +85°C Do s 171A6
MIL-STD-883B MC6810B.JCS -55 to +125°C D709 16 R/W
MIL-STD-883C MC6810CJCS csofjio 15 [1CS5
1.5 MHz MC68A10P, L 0 to +70°C csign 14[1Csa
MC68A10CP, CL -40 to +85°C cs2dn 13fcs3
2.0 MHz MC68B10P, L 0 to +70°C
M6800 MICROCOMPUTER FAMILY MCM6810 — RANDOM ACCESS MEMORY
BLOCK DIAGRAM BLOCK DIAGRAM
MC6800
Microprocessor
! ™M
emory Data Data
Read Onl Matrix [
Memo:'yv (128 X 8) Buffers Bus
MCM6810
Random
Access
Memory
Selection
Interface and Control
Adapter
Interface —#» t
Adapter  |-g— Modem Memory Address
’ V and Control

Address Data
Bus Bus
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MAXIMUM RATINGS

Rating Symbol

Value

Unit
Supply Voltage Vee -0.3to+7.0 Vdc
Input Voltage Vin -03t0o+7.0 Vdc
Operating Temperature Range TA TLtoTH oc
0to 70
-40 to 85
-55 to 125
Storage Temperature Range Tstg -65 to +150 oc
Thermal Resistance 64A 825 o°c/w

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

ELECTRICAL CHARACTERISTICS (Voe =5.0 V 5%, Vgg =0, Ta = T| to Ty unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Current (A, R/W, CSp,, ﬁn) lin - - 25 nAde
(Vin =010 5.25 V)
Output High Voltage VoH 2.4 - - Vdc
(loH = =205 pA)
Output Low Voltage VoL - - 0.4 Vdc
(loL =16 mA)
Output Leakage Current (Three-Ste_lte) ITs) - - 10 MAdc
(C5=08V orC8S=20V, Vot =04V t024V)
Supply Current 1.0 MHz lcc — - 80 mAdc
(Vce =5.25 V, all other pins grounded) 1.5,2.0 MHz 100
Input Capacitance (A, R/W, CSp, CSp) Cin - - 75 pF
(Vin =0, Ta = 25°C, f = 1.0 MHz)
Output Capacitance (Dp) Cout - - 125 pF
(Vout =0, TA = 25°C, f = 1.0 MHz, CS® = 0)
RECOMMENDED DC OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
Input High Voltage ViH 20 - 5.25 Vdc
Input Low Voltage ViL -03 - 08 Vde
BLOCK DIAGRAM
j——o= 2 DO
A0 23 — fe—=3 D1
Al 22 — je—& 4 D2
A2 21 — Memory 3State |@—5 D3
A3 20— Apadress (1 arix Buffer  [@—e=6 Da
Ad 19 — re— 7 D5
A5 18 — f@— 3 D6
A6 17— [&—® o D7
Ccss 15
Csa 14
cs3 13 Memory
_ Control
cs2 12
cs1 1 Ve = Pin 24
3nd = Pin 1
Ccso 10 16 Read/Write
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FIGURE 1 — AC TEST LOAD

5.0V
AC TEST CONDITIONS
Condition Value R_=256k
Input Pulse Levels 08V to20V Test Point MMDE150
Input Rise and Fall Times 20 ns or Equiv
QCutput Load See Figure 1 130 pF* 1.7k
MMD7000
or Equiv
*Includes Jig Capacitance
AC OPERATING CONDITIONS AND CHARACTERISTICS
READ CYCLE (Vcc =5.0V £5%, Vgg =0, Ta = T to TH unless otherwise noted.)
MCM6810 MCM68A10 MCM68B10
Characteristic Symbol Min Max Min Max Min Max Unit
Read Cycle Time teyc(R) 450 ~ 360 — 250 — ns
Access Time tace - 450 - 360 - 250 ns
Address Setup Time taAS 20 - 20 - 20 - ns
Address Hold Time tAH 0 - 0 - o - ns
Data Delay Time (Read) tDDR - 230 - 220 - 180 ns
Read to Select Delay Time tRCS 0 - 0 - 0 - ns
Data Hold from Address tDHA 10 - 10 — 10 - as
Qutput Hold Time tH 10 — 10 — 10 — ns
Data Hold from Read DHR 10 80 10 60 10 60 ns
Read Hold from Chip Select tRH 0 - 0 - 0 - ns

READ CYCLE TIMING

teye(R)
e tace ——
20V N
Address
. 0.8 V ’XK
— tag |w— | taH [
cs 2.0V \
0.8V ,/ -
[—————tppR ————— ™
= 20V 3 Y
cs 0.8 V /
— R |-—
" tRcs [
H
R/W /2.0 \% 3%
- tDH A ]
[——tpHR — |
—————— t ——————
Data Out x&g.: :// Data Valid >—-

2-1M1

Note: CS and CS can be enabled for consecutive
read cycles provided R/W remains at V.
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WRITE CYCLE (Vce =5.0V £5%, Vgg =0, Ta = T_ to Ty unless otherwise noted.)

MCM6810 MCMG8A10 MCM68B810
Characteristic Symbol Min Max Min Max Min Max Unit
Write Cycle Time toyc(W) 450 - 360 - 250 - ns
Address Setup Time tAS 20 - 20 - 20 - ns
Address Hold Time tAH 0 - 0 - 0 - ns
Chip Select Pulse Width 1cs 300 - 250 - 210 - ns
Write to Chip Select Delay Time twes 0 - 0 - 0 - ns
Data Setup Time (Write) tDsSw 190 - 80 - 60 - ns
Input Hold Time tH 10 - 10 - 10 — ns
Write Hold Time from Chip Select tWH 0 -
WRITE CYCLE TIMING
- toyc(w)
20V
Address 0.8V x
et t A S0t - tcs - A — ]
. veva 70T 0" N
cs ~ =
20V
N2 03 /
——# tWCs | — — twH
" 00 kos v AN
tosw o |—-——
N QLR s AN,
Data !'n / 08V Data In Stable /,

m = Don’t Care Note: CS and CS can be enabled for consecutive write cycles

provided R/W is strobed to Vp before or coincident
with the Address change, and remains high for time tas.
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MCM2532
MCM25L32

4096 x 8-BIT UV ERASABLE PROM

The MCM2532/25L32 is a 32,768-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and similar
applications requiring nonvolatile memory that could be reprogrammed
periodically. The transparent window in the package allows the memory
content to be erased with ultraviolet light.

For ease of use, the device operates from a single power supply and
has static power-down mode. Pin-for-pin compatible mask program-
mable ROMs are available for large volume production runs of systems
initially using the MCM2532.

Single +5 V Power Supply
Organized as 4096 Bytes of 8 Bits
Automatic Power-Down Mode (Standby)
Fully Static Operation (No Clocks)
TTL Compatible During Both Read and Program
Maximum Access Time =450 ns MCM2532
350 ns MCM2532-35
250 ns MCM2532-25
Pin Compatible with MCMB8A332 Mask Programmable ROMs
Low Power Version
MCM25L32 Active — 50 mA Max
Standby — 10 mA Max
MCM25L32-25 Active — 70 mA
Standby — 15 mA

MOS

(N-CHANNEL, SILICON-GATE)

4096 x 8-BIT
UV ERASABLE PROM

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623A-02

L SUFFIX CERAMIC PACKAGE
ALSO AVAILABLE — CASE 716

MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY
32K

INDUSTRY STANDARD PINOUTS

PIN ASSIGNMENT

AT @ N\ 24QVee
A6[]2 23[1A8
A5[]3 22[1A9
A4f]4 21[vep
A305 20 [1E/Progr
A206 19[1A10
IO 18 [1A11
Aofls 17 AbQ7
DQOM9 16 IDQ6
paifjio 15 [1DQ5
DQ2f1 14 [10Q4
Vssli2 13{10Q3
*PIN NAMES
........................... Address
ba.... Data Input/Qutput
E/Progr.......... Dual Function Enable
(Power-Down/Program Pulse)}

*New Industry standard nomenclature

2-113

DS9816/4-80




MCM2532¢ MCM25L32

ABSOLUTE MAXIMUM RATINGS

Rating Value Unit
Temperature Under Bias -10to +80 | °C
Operating Temperature Range 0to +70 °C

Storage Temperature

-65t0 +125| °C

Al Input/Output Voltages with
Respect to Vgg

+6t0 —-0.3

Vdc

Vpp Supply Voltage with Respect to Vss

+28to0 —0.3| Vdc

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

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions be taken to avoid application of any voltage
higher than maximum rated voltages to this high-
impedance circuit.

MODE SELECTION
Pin Number
Mode |2 | _» 2 | 2

pQ Vss | E/Progr Vpp vce
Read Data Out| Vsg ViL 5V vce
Output Disable HighZ |Vss VIH 5t0 256 V| Vce
Standby HighZ [Vss | VIH 5V Vee
Program Data In | Vss V|:U:Ze3|L VppH | Vce
Program Verify Data Out|Vss ViL 5V vce
Program Inhibit High Z | Vss VIH VPPH vce

BLOCK DIAGRAM

Data Input/Output DQO-DQ7

FIGURE 1 — AC TEST LOAD

IREAREEN

E/Progr

°—'| Control

Logic Input/Output Buffers
o—]
o— Y .
o—{ Decoder : Y Gating

L]

o—i
o—

AGAN ]
o— X . Memqry
o— : Matrix
o Decoder (256 128)
o—
o—

50V
RL=22k
Test Point

*100 pF 6k MMD6150

’ or Equiv.
MMD7000

= or Equiv.

*Includes Jig Capacitance =
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CAPACITANCE (f=1.0 MHz, Ta =25°C, periodically sampled rather than 100% tested.)

Characteristic Symbol | Typ | Max | Unit
Input Capacitance (Vin =0 V) Cin 40 6.0 | pF
Output Capacitance (Vout=0 V) Cout 80| 12 | pF

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=I1A/AV.

DC OPERATING CONDITIONS AND CHARACTERISTICS :
(Fully operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage* MCM25L32/MCM2632 | V¢ 4.75 5.0 5.25
MCM2532-35/ MCM2632-25 45 5.0 5.5 Vdc
MCM25L.32-35/MCM25L32-26 | Vpp | Vcc—0.6| 5.0 | Vcc+0.6
Input High Voltage ViH 22 — | Vcc+1.0 | Vvde
Input Low Voltage ViL -0.1 - 0.65 Vdc
RECOMMENDED DC OPERATING CHARACTERISTICS
- - MCM2532 | MCM25L.32 .
_ Characteristic Condition Symbol M T Max | Min Max | Ynit
Address and E Input Sink Current Vin=5.25 V lin — 10 — 10 | wA
Output Leakage Current Vout=5.26 V ILO — 10 — 10 | pA
Ve Supply Current* (Standby) MCM2532,
Y Mcm2532-35]  E=VIH icct | — | | - |10 |mA
V¢ Standby Current® (Standby) MCM2532-25 E=V|H Icct = 25 - 15 | mA
Ve Supply Current* (Active) MCM2532 _
MCM?2532.35 E=V)_ Icc2 - 100 | — 50 [ mA
Ve Supply Current® (Active) MCM2532-25 E=V|L Icc2 — 120 | — 70 [ mA
Vpp Supply Current® Vpp=5.85 V Ipp1 - 5.0 - 50 | mA
Output Low Voltage loL=2.1mA VoL — (046 — |045 | V
Output High Voltage loH= -400 pA| VOH 2.4 — 24 - \

*V e must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With Vpp connected
directly to V¢ during the read operation, the supply current would be the sum of Ipp{ and IcC. The additional 0.6 V tolerance on Vpp makes
it possible to use a driver circuit for switching Vpp supply from Vcc in Read mode to +26 V for programming. Typical values are for
TA=25°C and nominal supply voltages.

AC READ OPERATING CONDITIONS AND CHARACTERISTICS
{Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Input Pulse Levels....................... 0.65 Volt and 2.2 Volts Input and Output Timing Levels. ................ 0.8and 2.0 Volts
Input Rise and Fall Times. 20ns OutputLoad. ... ..ovi i See Figure 1

M2532-25 | MCM2532-35 | MCM2532 .

Characteristic Symbol 'hwllﬁ\ Max | Min Max | Min | Max Unit

| Address Valid to Qutput Valid (E/Progr=Vyj ) tAVQV - 250 — 360 [ — | 450 | ns
|_E to Output Valid tgLQV — %0 | - 30 | — [450 [ ns
E to High Z Output tEHQZ 0 100 0 100 0 [100 | ns
Data Hold from Address (E=V)) TAXDX 0 - 0 = 0. | — [ns
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READ MODE TIMING DIAGRAMS (E=V)|)

A (Address) Address Valid

tavav

TAXQX—

Q (Data Out}

R RTIRXTIIILLILYS
RRGERRIERRIRIN

K SRRXK

R
Output Valid

A

STANDBY MODE
A (Address) Address Valid >< New Address Valid
o
E/(Progn Standby Mode \ Active Mode /
K
tEHQZ —>| ELQV [€—
4
Q (Data Out) Output Valid 3 High Z { Output Valid >———

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(TpA=26°C+5°C)
RECOMMENDED PROGRAMMING OPERATION CONDITIONS

Parameter Symbol Min | Nom | Max Unit

vVee. VepL | 475 | 5.0 526
Supply Voltage VepH 2% 25 % Vdc
Input High Voltage for Data VIH 2.2 — |Vcc+1| Vde
Input Low Voltage for Data ViL -0.1 — 0.65 Vdc

*Vce must be applied simultaneously or prior to Vpp. VCC must also
device must not be inserted into or removed from a board with Vpp
specifications.

PROGRAMMING OPERATION DC CHARACTERISTICS

be switched off simultaneously with or after Vpp. The
at +25 V. Vpp must not exceed the +26 V maximum

Characteristic Condition Symbol | Min | Typ | Max | Unit
Address and E/Progr Input Sink Current Vin=5.256 V/0.45 V 1L - ~ 10 | pAdc
Vpp Supply Current (Vpp=25V £1V) E/Progr=V|H IpP1 - ~ 10 | mAdc
Vpp Programming Pulse Supply Current (Vpp=26V +1V) E/Progr=V)_ Ipp2 - - 30 | mAde
Vcc Supply Current — MCM2532 - Icc - ~ | 160 | mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Characteristic Symbol Min | Max | Unit
Address Setup Time tAVEL 20 | — 1S
Vpp Setup Time tPHEL 0 - ns
Data Setup Time TDVEL 2.0 — uS
Address Hold Time TEHAX 20 - ps
Vpp to Enable Low Time tPLEL 0 - ns
Data Hold Time tEHQZ 20 - S
Vpp Hold Time tEHPL 0 - ns
Enable (Program) Active Time tELEH 1 55 | ms
Enable (E/Progr) Pulse Transition Time tT(PE) 5 - ns
Vpp Rise and Fall Time from 5 to 26 V R, tF 05 2 us

*If shorter than 45 ms (min) pulses are used, the same number of pulses should be applied after the specific data has been verified.
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PROGRAMMING OPERATION TIMING DIAGRAM

(———————-—Program—»'(——Program Venfv——>|

VIH 4
A (Address) >< Address N Valid
ViL N
|
<—tAVEL—>| Ié—tEHAx
VOH/VIH \
D or Q (Data) Hi-Z 7{ Data In Valid > { Output Valid
VoL/V
oL tDVEL-*! tEHQZ[€E—> | [« tELQV
[€——tPHEL tELEH
__VH ) AR
E/Progr \
v
. tT(E) [€—tT(E)
—>» |€&—tp E|
tEHP| €
HS 0 0 h
VPP QK .0 ’ \

PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every bit in
the device is in the "'1"" state (represented by Output High).
Data are entered by programming zeros (Output Low) into
the required bits. The words are addressed the same way as
in the READ operation. A programmed 0" can only be
changed to a “’1" by ultraviolet light erasure.

To set the memory up for PROGRAM mode, the VPP in-
put (pin 21) should be raised to +25 V. The V¢ supply
voltage is the same as for the READ operation. Programming
data is entered in 8-bit words through the data out (DQ) ter-
minals while E/Progr is high. Only "“0's”* will be programmed
when “0's"” and ""1's” are entered in the data word.

After address and data setup, a 50 ms program pulse (V|H
to V(L) is applied to the E/Progr input. A program pulse is
applied to each address location to be programmed. To
minimize programming time, a 2 ms pulse width is recom-
mended. The maximum program pulse width is 55 ms;
therefore, programming must not be attempted with a dc
signal applied to the E/Progr input.

Multiple MCM2532s may be programmed in parallel with
the same data by connecting together like inputs and apply-

ing the program pulse to the E/Progr inputs. Different data
may be programmed into multiple MCM2532s connected in
parallel by using the PROGRAM INHIBIT mode. Except for
the E/Progr pin, all like inputs may be common.

PROGRAM VERIFY for the MCM2532 is the read opera-
tion.

READ OPERATION

After access time, data is valid at the outputs in the READ
mode.

ERASING INSTRUCTIONS

The MCM2532/25L.32 can be erased by exposure to high
intensity shortwave ultraviolet light, with a wave-length of
2537 angstroms. The recommended integrated dose li.e.,
UV-intensity X exposure time) is 15 Ws/cm4. As an exam-
ple, using the “Model 30-000"" UV-Eraser Turner Designs,
Mountain View, CA94043) the ERASE-time is 36 minutes.
The lamps should be used without shortwave filters and the
MCM2532/25L32 should be positioned about one inch away
from the UV-tubes.
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TIMING PARAMETER ABBREVIATIONS TIMING LIMITS
t X X X X The table of timing values shows either a minimum or a
signal name from which interval is defined — maximum limit for each parameter. Input requirements are
transition direction for first signal specified from the external system point of view. Thus, ad-
signal name to which interval is defined dress setup time is shown as a minimum since the system
transition direction for second signal must supply at least that much time (even though most
devices do not require it). On the other hand, responses from
The transition definitions used in this data sheet are: the memory are specified from the device point of view.
H = transition to high Thus, the access time is shown as a maximum since the
L = transition to low device never provides data later than that time.
V = transition to valid
X = transition to invalid or don't care
Z = transition to off (high impedance)
WAVEFORMS
Waveform Input Output
Symbol -
Must Be Will Be
Vald Valid

m Change Will Change
FromHtolL - FromHtolL
ﬂ Change Will Change
From L to H From L to H

Don’t Care: Changing:
m‘ Any Change State
Permitted Unknown

High
Impedance
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1024 X 8 ERASABLE PROM MOS
The MCM2708/27A08 is an 8192-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and
similar applications requiring nonvolatile memory that could be (N-CHANNEL, SILICON-GATE)
reprogrammed periodically. The transparent window on the package
allows the memory content to be erased with ultraviolet light. 1024 X 8-BIT
Pin-for-pin mask-programmable ROMs are available for large volume UV ERASABLE PROM
production runs of systems initially using the MCM2708/27A08.
® QOrganized as 1024 Bytes of 8 Bits
® Static Operation
® Standard Power Supplies of +12 V, +5 V and -5 V
® Maximum Access Time = 300 ns — MCM27A08
450 ns — MCM2708
® |ow Power Dissipation C SUFFIX
A . 1 FRIT-SEAL CERAMIC PACKAGE
® Chip-Select Input for Memory Expansion CASE 623A.02
® TTL Compatible
® Three-State Outputs
® Pin Equivalent to the 2708
® Pin-for-Pin Compatible to MCM65308, MCM68308 or 2308
Mask-Programmable ROMs L SUFFIX
CERAMIC PACKAGE
CASE 716-07
PIN CONNECTION DURING READ OR PROGRAM
Pin Number
Mode
9-11,13-17 12 18 19 20 21 24 PIN ASSIGNMENT
Read Dout Vss Vss Vbbp ViL VBB vVee
Program Din Vss Pulsed Vpp | ViHw Vgg Vee
ViHp INOLIK ) U/ 24vee
Ael]2 231 A8
ABSOLUTE MAXIMUM RATINGS (1) As[]3 2201 A9
Rating Value Unit Aafl4 211 VBB
Operating Temperature 0to+70 oc azd: 20 T8 /WE
Storage Temperature -65to +125 oc ge /
Vpp with Respect to Vgg +20to0 -0.3 Vdc A20e 9wHhvpp
Ve and Vgg with Respect to Vgg +151t0 -0.3 Vde Al 18 E]PROGRA
All Input or Output Voltages with Respect to Vgg during Read +156 to -0.3 Vdc AO[ 8 17007
CS/WE Input with Respect to Vgg during Programming +20 to -0.3 Vdc pofly 16 106
Program Input with Respect to Vgg +35t0-0.3 Vdc dio
Power Dissipation 1.8 Watts o1 15105
1 1
Note 1: b2l afipa
Permanent device damage may occur if vgshi2 13[1D3
ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should
be restricted to RECOMMENDED OP-
ERATING CONDITIONS. Exposure to
higher than recommended voltages for
extended periods of time could affect
device reliability.
DS9440 R2/1-79
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BLOCK DIAGRAM

Data Qutput
DO-D7

(EIEAEER)

Program O—-
Czntrol — Output Buffers
cs/we o— O9'¢
( ]
-
o— VY .
Decoder| $ Y Gating
Oo— .
o—o1 —
AO0—A9 --—1
o—i »al
.
o0— x . Memory
. .
Decoder| o Matrix
. (64 x 128)
O— M
.
.
o—j
-
O—-

DC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC READ OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Voltage . Vee 4.75 5.0 5.25 Vdc

Vbp 1.4 12 12.6 Vdc

Vgg -5.25 -5.0 -4.75 Vde

Input High Voltage ViH 3.0 = Vec+1.0 Vdc

input Low Voltage ViL Vss - 0.65 Vdc

READ OPERATION DC CHARACTERISTICS

Characteristic Condition Symbol Min Typ Max Unit

Address and CS Input Sink Current Vin=5.25 Vor Vi, = V(L lin — 1 10 LA
Output Leakage Current Vout = 5.25 V, CS/WE =5 V Lo - 1 10 nA

Vpp Supply Current Worst-Case Supply Currents Ipp - 50 65 . mA

Ve Supply Current (Note 2) All Inputs High icc - 6 10 mA

Vg Supply Current CS/WE =5.0V, Tp =0°C 1:1:) - 30 45 mA
Output Low Voltage loL=16mA VoL - - 0.45 \
Output High Voltage IoH = -100 tA VoH1 3.7 - ~ v
Output H"i-gﬁ Valiage IoH =-1.0mA \70H2 24 - - v

Power Dissipation (Note 2) Ta = 70°C Pp - - 800 mW

Note 2:

The total power dissipation is specified at 800 mW. It is not calculable by summing the various current (Ipp, Icc, and Igg) multiplied by
their respective voltages, since current paths exist between the various power supplies and Vgg. The Ipp, Icc, and Igg currents should be
used to determine power supply capacity only.

Vg must be applied prior to V¢ and Vpp. Vgg must also be the last power supply switched off.
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AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)
(All timing with t, = t¢ =20 ns, Load per Note 3)

MCM27A08 MCM2708
Characteristic Symbol Min Typ Max Min Typ Max Unit
Address to Output Delay tAOQ - 220 300 - 280 450 ns
Chip Select to Output Delay tco - 60 120 - 60 120 ns
Data Hold from Address tDHA 0 - - 0 - - ns
Data Hold from Deselection tDHD 0 - 120 0 - 120 ns
CAPACITANCE (periodically sampled rather than 100% tested.)
Characteristic Condition Symbol Typ Max Unit
Input Capacitance Vin =0V, Ta =25°C Cin 4.0 6.0 pF
(f = 1.0 MHz)
Output Capacitance Vout =0V, Ta = 25°C Cout 8.0 12 pF
(f =1.0 MHz)
Note 3:
Output Load =1 TTL Gate and Cy_ = 100 pF (includes Jig Capacitance)
Timing Measurement Reference Levels: Inputs: 0.8V and28V
Outputs: 0.8 V and 2.4 V
AC TEST LOAD
50V
RL =22k
Test Point
MMD6150
or Equiv
100 pF ~ 37 k**
MMD7000
or Equiv
* I;\cludes Jig Capaci;ancs
**For Von1
READ OPERATION TIMING DIAGRAM
"4
Address
I——— tDHA ——]
CS/WE
tco——*
tDHD™]
tao

7 /// Y ////// 2 ] LSS
Output Invalid Output Valid Output Invalid
Data Out
(High Impedance) (Low Impedance) (High Impedance)
. K Loz,
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uniess otherwise noted.)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 4.75 5.0 5.25 Vdc
Vbbb 1.4 12 126 Vdc
VB -5.26 -5.0 -4.75 Vdc
Input High Voltage for All Addresses and Data VIH ' 3.0 - Vee + 14 Vdc
Input Low Voltage (except Program) ViL Vss - 0.65 Vdc
CS/WE Input High Voltage (Note 4) ViHw 1.4 12 12.6 Vdc
Program Pulse Input High Voltage (Note 4) ViHP 25 — 27 Vdc
Program Pulse Input Low Voltage (Note 5) ViLp Vss - 1.0 Vdc
Note 4: Referenced to‘vss.
Note 5: Vyp — V| p = 256 V min.
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address and CS/WE Input Sink Current | Vi, =5.25V W] - - 10 mAde
Program Pulse Source Current hPL - = 3.0 mAdc
Program Pulse Sink Current LIPH - - 20 mAdc
VpD Supply Current Worst-Case Supply Currents ipp - 50 65 mAdc
Ve Supply Current All Inputs High Icc - 6 10 mAdc
Vg Supply current CS/WE =5V, Tp =0°C 8B - 30 45 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
Characteristic Symbol Min Max Unit
Address Setup Time tAS 10 - us
CS/WE Setup Time tess 10 - us
Data Setup Time tps 10 — us
Address Hold Time tAH 1.0 - us
CS/WE Hold Time tCH 05 - us
Data Hold Time tpDH 1.0 - us
Chip Deselect to Output Float Delay tDF 0 120 ns
Program to Read Delay tDPR - 10 us
Program Pulse Width tpPw 0.1 1.0 ms
Program Puise Rise Time tPR 0.5 2.0 us
Program Pulse Fall Time tpPF 0.5 20 Hs
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PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops READ —
{ f (After N
ViHw _L Program
Loops)
CS/WE
Vie
tcH
re—1tCSS — r Note 6
— (¢ pa
ViH I {§ I § )
Address Address 0 Address 1. ..1023 Address 0
v—% g 5 5 '
[ tAS — ™ tAH tAH ‘A0
L (Read)
¢ [d
. Il N ’ Data O
Data Out ata Out
pete Invalid Valid
vic {5 f
F———t DS —* tDH tDH
tPR tpw | tpg [e—— tDPR—*
( ¢
)]
Viup
Program
Pulse

s

Note 6: The CS/WE transition must occur after the Program Pulse transition and before the Address Transition.
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PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the "1 state (represented by
Output High). Data are entered by programming zeros
(Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
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