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DATA CLASSIFICATION 

Product Preview 

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

Advance Information 

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

Fully Released 

A fully released data sheet contains neither a classification heading nor a 
disclaimer at the bottom of the first page. This document contains infor­
mation on a product in full production. Guaranteed limits will not be changed 
without written notice to your local Motorola Semiconductor Sales Office, 
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Motorola has developed a broad range of reliable memories for 
virtually any digital data processing system application. Complete 
specifications for the individual circuits are provided in the form 
of data sheets. In addition, a selector guide is included to simplify 
the task of choosing the best combination of circuits for optimum 
system architecture. 

The information in this book has been carefully checked; no 
responsibility, however, is assumed for inaccuracies. Further­
more, this information does not convey to the purchaser of mi­
croelectronic devices any license under the patent rights of the 
manufacturer. 
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a 
MOS/CMOS 

MOS Dynamic RAMs 

SELECTOR GUIDE 

CMOS Static RAMs 
( + 5 V 0 to 70°C unless otherwise noted) . 

( + 5 V 0 to 70°C) Organization Part Number 
Access Time 

Pins 

Organization 

64Kx4 

256Kx 1 

256Kx4 

1Mx1 

(P) Page Mode 
(N) Nibble Mode 
(5) Static Column 

Part Number 

MCM41464AP10 
MCM41464AP12 
MCM41464AP15 

MCM6256BP10 
MCM6256BP12 
MCM6256BP15 

MCM6257BP10 
MCM6257BP12 
MCM6257BP15 

MCM514256PB5 
MCM514256P10 
MCM514256P12 

MCM514256J85 
MCM514256J10 
MCM514256J12 

MCM51425BPB5 
MCM51425BP10 
MCM51425BP12 

MCM514258JB5 
MCM514258J10 
MCM514258J12 

MCM511000PB5 
MCM511000P10 
MCM511000P12 

MCM511000JB5 
MCM511000J10 
MCM511000J12 

MCM511001P85 
MCM511001P10 
MCM511001P12 

MCM511001JB5 
MCM511001J10 
MCM511001J12 

MCM511002P85 
MCM511002P10 
MCM511002P12 

MCM511002JB5 
MCM511002J10 
MCM511002J12 

MOS Static RAMs 
(+5 V. 0 to 70°C) 

Organization Part Number 

2Kx8 MCM2016HN45 
MCM2016HN55 
MCM2016HN70 

MCM2018N35 
MCM2018N45 

(PI 
(PI 
(PI 

(PI 
(PI 
(PI 

(NI 

INI 
INI 

(PI 
(PI 
(PI 

(PI 
(PI 
(PI 

151 
(51 
(51 

(51 
(51 
(51 

IPI 
(PI 
(PI 

(PI 
(PI 
IPI 

(NI 
(NI 
(NI 

(NI 
(NI 
(NI 

(51 
(51 
(51 

(51 
(51 
(51 

(11 
(11 
(11 

(11 
(11 

Access Time 
Pins 

(ns max) 

100 18 
120 18 
150 18 

100 16 
120 16 
150 16 

100 16 
120 16 
150 16 

B5 20 
100 20 
120 20 

B5 20/26 
100 20/26 
120 20/26 

85 20 
100 20 
120 20 

85 20/26 
100 20/26 
120 20/26 

85 18 
100 18 
120 18 

85 20/26 
100 20/26 
120 20/26 

B5 18 
100 18 
120 18 

85 20/26 
100 20/26 
120 20/26 

85 18 
100 18 
120 18 

85 20/26 
100 20/26 
120 20/26 

Access Time 
Pins 

(ns max) 

45 24 
55 24 
70 24 

35 24 
45 24 

4Kx4 MCM1423P45 
IMS1423P-45 

MCM6168P45 
MCM6168P55 
MCM6168P70 

MCM6268P25 
MCM6268P35 

MCM6269P25* 
MCM6269P35 

8Kx8 MCM6064P10 
MCM6064P12 
MCM6064P15 

MCM60L64PlO 
MCM60L64P12 
MCM60L64P15 

MCM6164C45 
MCM6164C55 

MCM61 L64C45 
MCM61 L64C55 

MCM6164P45* 
MCM6164P55* 

MCM61 L64P45* 
MCM61L64P55* 

MCM6164J45* 
MCM6164J55* 

MCM61L64J45* 
MCM61 L64J55* 

MCM6164CC55 
MCM6164CC70 

MCM6264P35* 
MCM6264P45* 

MCM6264J35* 
MCM6264J45* 

16Kx4 MCM6288P25 
MCM6268P30 
MCM6268P35 

MCM6290P25* 
MCM6290P3O* 
MCM6290P35* 

MCM6290J25* 
MCM629OJ30* 
MCM6290J35* 

64Kx 1 MCM6287P25 
MCM6287P35 

MCM6287J25 
MCM6287J35 

*To be introduced 
(1) 300 mil package 
(2) Chip select version 

(21 
(21 

(31 
(31 

(41 
(41 
(41 

(41 
(41 
(41 

(3) Industrial temperature range, - 40 to 85°C 
(4) Output enable version 

MOTOROLA MEMORY DATA 
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(ns max) 

40 20 
40 20 

45 20 
55 20 
70 20 

25 20 
35 20 

25 20 
35 20 

100 28 
120 28 
150 28 

100 28 
120 28 
150 28 

45 28 
55 28 

45 28 
55 28 

45 28 
55 28 

45 28 
55 28 

45 28 
55 28 

45 28 
55 28 

55 28 
70 28 

35 28 
45 28 

35 28 
45 28 

25 22 
30 22 
35 22 

25 24 
30 24 
35 24 

25 24 
30 24 
35 24 

25 22 
35 22 

25 24 
35 24 

(Continued) 



SELECTOR GUIDE 

CMOS Static RAMs (Continued) 

Organization Part Number 
Access Time 

Pins 
(ns max! 

32Kx8 MCM60256P85 85 28 
MCM60256P10 100 28 
MCM60256P12 120 28 

MCM60L256P85 85 28 
MCM60L256P10 100 28 
MCM60L256P12 120 28 

MCM6206P45* 45 28 
MCM6206P56* 56 28 
MCM6206P70* 70 28 

MCM6206J45* 45 28 
MCM6206J55* 55 28 
MCM6206J70* 70 28 

64Kx4 MCM6208P25* 25 24 
MCM6208P35* 35 24 

MCM6208L25* 25 24 
MCM6208L35* 35 24 

MCM6208J25* 25 24 
MCM6208J35* 35 24 

256Kx 1 MCM6207P25* 25 24 
MCM6207P35* 35 24 

MCM6207l25* 25 24 
MCM6207L35* 35 24 

MCM6207J25* 25 24 
MCM6207J35* 35 24 

Cache Tag RAMs 
(+5 V, 0 to 700 e unless otherwise noted) 

Address to 
Organization Part Number Match Time Pins 

(ns max! 

4Kx4 MCM62350P22 22 24 
MCM62350P25 25 24 
MCM62350P30 30 24 

MCM6235OJ22 22 24 
MCM6235OJ25 25 24 
MCM6235OJ30 30 24 

MCM62351P22 22 24 
MCM62351 P25 25 24 
MCM62351P30 30 24 

MCM62351J22 22 24 
MCM62351J25 25 24 
MCM62351J30 30 24 

MCM4180P22 22 22 
MCM4180P25 25 22 
MCM4180P30 30 22 

Synchronous Static RAMs 
( + 5 V, 0 to 700 e unless otherwise noted) 

Organization Part Number 

16Kx4 MCM6292C25 
MCM6292C30 
MCM6292C35 

MCM6292J25 
MCM6292J30 
MCM6292J35 

MCM6293P25 
MCM6293P30 
MCM6293P35 

MCM6293J25 
MCM6293J30 
MCM6293J35 

MCM6294P25 
MCM6294P30 
MCM6294P35 

MCM6294J25 
MCM6294J30 
MCM6294J35 

MCM6295C25 
MCM6295C30 
MCM6295C35 

MCM6295J25 
MCM6295J30 
MCM6295J35 

MOS Dual Port RAM 
(+5 V, 0 to 700 e) 

Organization Part Number 

256x8 MCM68HC34L 
MCM68HC34P 

MOS EEPROMs 
(+5 V, 0 to 700 e) 

Organization Part Number 

16x16 MCM2801P 
32x32 MCM2802P 
256x8 MCM2814P 

Access Time 
(ns max! 

25 
30 
35 

25 
30 
35 

25 
30 
35 

25 
30 
35 

25 
30 
35 

25 
30 
35 

25 
30 
35 

25 
30 
35 

Access Time 
(ns max! 

240 
240 

Access Time 
(,...! 

1 
1,3 
3.5 

MOTOROLA MEMORY DATA 
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Pins 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 

Pins 

40 
40 

Pins 

14 
14 
8 



• 
RAMs 
(0 to 75°C) 

Organization 

8x2 
16x4 
16x4 
64x 1 
128x1 
256 x 1 
256 x 1 
1024 x 1 
1024 x 1 
1024 x 1 

PROMs 
(0 to 75°C) 

Organization 

32x8 
256x4 
256 x 4 

MECL 

Part Number 

MCM10143 
MCM10145 
MC10Hl45 
MCM10148 
MCM10147 
MCM10144 
MCM10152 
MCM10148 
MCM10415-15 
MCM10415-2O 

Part Number 

MCM10139 
MCM10149-10 
MCM10149-25 

SELECTOR GUIDE 

Access Time 
Pins 

Ins max) 

15.3 24 
15 16 
6 16 
15 16 
15 16 
26 16 
15 16 
29 16 
15 16 
20 16 

Access Time 
Pins 

Ins maxI 

20 16 
10 16 
25 16 

MILITARY PRODUCTS 
CMOS Static RAMs 
(+5 V, -55 to 125°C) 

Organization Part Number 
Access Time 

Ins maxI 

4Kx4 6168-55/BRAJC 55 
6168-55/BYAJC 55 
6168-55/BUAJC 55 

6168-70/BRAJC 70 
6168-70/BYAJC 70 
6168-70/BUAJC 70 

6268-351 BRAJC 35 
6268-351 BYAJC 35 
6268-351 BUAJC 35 

6268-451 BRAJC 45 
6268-451 BYAJC 45 
6268451 BUAJC 45 

8Kx8 6164-55/BXAJC 55 
6164-551 BUAJC 55 

6164-70/BXAJC 70 
6164-701 BUAJC 70 

16Kx4 6288-35/BXAJC 35 
6288-351 BUAJC 35 

6268-45/BXAJC 45 
6288-451 BUAJC 45 

64Kx 1 6287-351 BXAJ C 35 
6287-351 BUAJC 35 

6287-451 BXAJ C 45 
6287-451 BUAJC 45 

MOTOROLA MEMORY DATA 
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Pins 

20 
20 
20 

20 
20 
20 

20 
20 
20 

20 
20 
20 

28 
32 

28 
32 

22 
22 

22 
22 

22 
22 

22 
22 



CROSS REFERENCE 

The part numbers in the first column are arranged in alphanumeric sequence. The "Motorola 
Part Number" denotes what is believed to be the functional equivalent by pin function, except 
for differences in select! enable functions. 

NOTE: The user must verify speed, power, and package interchangeability based on detailed 
specifications. 

Motorola does not assume any liability arising out of the application or use of any product 
listed. 

MOS Dynamic RAM Cross Reference MOS DRAMs (Continued) 

Competition 
Motorola Part 

Part Number 
Organization 

Number 

Competition 
Motorola 

Part 
Part Number 

Organization 
Number 

AM90C255 MCM6256B 256K xl TC511000 MCM511000 lMxl 
AM90C256 MCM6256B 256Kx 1 TC511001 MCM511001 lMxl 
AM90C257 MCM6257B 256Kx 1 TC511002 MCM511002 lMxl 
HM504M MCM41464 64Kx4 TMM41256 MCM6256B 256K x 1 
HM511000 MCM511000 lMxl TMM41464 MCM41464 64Kx4 

HM511001 MCM511001 lMxl TMS4256 MCM6256B 256K xl 
HM511002 MCM511002 lMxl TMS4257 MCM6257B 256K xl 
HM51256 MCM6256B 256K xl TMS4Cl024 MCM511000 lMxl 
HM51256L MCM6256B 256K xl TMS4Cl025 MCM511001 lMxl 
HY51Cl00 MCM511000 lMxl TMS4Cl027 MCM511002 lMxl 

HY51C256 MCM6256B 256K xl TMS44C256 MCM514256 256Kx4 
HY51C464 MCM41464 64Kx4 TMS44C257 MCM514258 256K x4 
HY51256L MCM6256B 256K xl TMS4464 MCM41464 64Kx4 
HY51464 MCM41464 64Kx4 ~PD41256 MCM6256B 256Kx 1 
KM41256 MCM6256B 256K xl ~PD41257 MCM6257B 256Kx 1 

KM41257 MCM6257B 256K x 1 ~PD41464 MCM41464 64Kx4 
LH21256 MCM6256B 256Kx 1 ~PD421000 MCM511000 lMxl 
LH21257 MCM6257B 256K xl ~PD421001 MCM511001 lMxl 
LH2464 MCM41464 64Kx4 ~PD421002 MCM511002 lMxl 
LH2465 MCM41464 64Kx4 

LH64256 MCM514256 256K x4 
LH65257 MCM514258 256Kx4 
M41256N MCM6256B 256Kx 1 

MOS Static RAM Cross Reference 
M41256P MCM6256B 256Kx 1 
M441024K MCM514256 256K x4 

Part Motorola 
Organization 

Number Part Number 

M441024P MCM514256 256Kx4 Am2168 MCMl423!6168!6268/IMSl423 4Kx4 
M5M4Cl000 MCM511000 lMxl Am2169 MCM6269 4Kx4 
M5M4Cl001 MCM511001 lMxl Am91L14 MCM2114/21L 14 lKx4 
M5M4Cl002 MCM511002 lMxl Am91L24 MCM2114/21L 14 lKx4 
M5M44C256 MCM514256 256Kx4 Am9114 MCM2114/21L14 lKx4 

M5M44C258 MCM514258 256K x4 Am9124 MCM2114/21L14 lKx4 
M5M4464 MCM41464 64Kx4 Am9128 MCM2016H 2KxS 
MBS1256 MCM6256B 256Kx 1 Am99Cl64 MCM6288 16Kx4 
MBS1257 MCM6257B 256Kx 1 Am99C165 MCM6290 16Kx4 
MBSl464 MCM41464 64Kx4 Am99C641 MCM62B7 64Kx 1 

MN41256 MCM6256B 256K x 1 Am99C68 MCMl423/6168/6268/IMSl423 4Kx4 
MSM41000 MCM511000 lMxl Am99C88 MCM6164/61L64 SKxS 
MSM41001 MCM511001 lMxl Am99C88 MCM6064/60L64 SKxS 
MSM41004 MCM514256 256Kx4 Am99C88L MCM6164/61L64 SKxS 
MSM41005 MCM514258 256Kx4 Am99L68 MCMl423/6168/6268/IMSl423 4Kx4 

MSM41256 MCM6256B 256Kx 1 CDM62256 M CM60256/60L256 32Kx8 
MSM41257A MCM6257B 256Kx 1 CDM6264 MCM6164/61L64/6064/60L64 8KxS 
MSM41464 MCM41464 64Kx4 CXK5464 MCM6288 16Kx4 
MT1256' MCM6256B 256Kx 1 CXK5814 MCM2016H 2Kx8 
MT4064 MCM41464 64Kx4 CXK5864 MCM6164/61 L64 8Kx8 

Continued 
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CROSS REFERENCE • MOS SRAMs (Continued) 
Pan Motorola 

Organization 
Number Pan Number 

Pan Motorola 
Organization 

Number Pan Number 

CY7Cl28 MCM2016H 2Kx8 IMS1421 MCM6269 4Kx4 
CY7Cl64 MCM6288 16Kx4 IMS1423 MCM1423/6168/6268/IMSI423 4Kx4 
CY7Cl66 MCM6290 16Kx4 IMSl600 MCM6287 64Kxl 
CY7Cl68 MCMI4Z3/6168/6268/IMSI4Z3 4Kx4 IMSl601 MCM6287 64Kxl 
CY7Cl69 MCM6269 4Kx4 IMSl820 MCM6288 16Kx4 

CY7Cl85 MCM6164/61L64 8Kx8 IMSl824 MCM6290 16Kx4 
CYC7186 MCM6164/61L64 8Kx8 IMSl630 MCM6164/61 L64 8Kx8 
CY7Cl87 MCM6287 64Kxl KM8264 MCM6064 8Kx8 
Fl600 MCM6287 64Kx 1 LH5114 MCM2114/21L 14 lKx4 
Fl620/Fl821 MCM6288 16Kx4 M2114 MCM2114/21L 14 lKx4 

Fl822 MCM6290 16Kx4 M2114L MCM2114/21L14 lKx4 
GM76C88 MCM6064/60L64 8Kx8 MB81C68 MCMI423/6168/6268/IMS1423 4Kx4 
HM4334 MCM2114/21L 14 lKx4 MB81C68A MCM6268 4Kx4 
HM4334L MCM2114/21L14 lKx4 MB81C68W MCMI423/6168/6268/IMSl423 4Kx4 
HM472114 MCM2114/21 L 14 lKx4 MB81C69A MCM6269 4Kx4 

HM472114A MCM2114/21L 14 lKx4 MB81C71 MCM6287 64Kx 1 
HM6168H MCMl4Z3/6168/6268/IMSI423 4Kx4 MB81C74 MCM6288 16Kx4 
HM6168HL MCMI423/6168/6268/IMSI423 4Kx4 MB81C78 MCM6164/61L64 8Kx8 
HM82256 MCM60256/60L256 32Kx8 MB8114 MCM2114/21 L 14 lKx4 
HM8264 MCM6164/61L64/6064 8Kx8 MB8128 MCM2016H 2Kx8 

HM8264L MCM6164/61L64/60L64 8Kx8 MB8168 MCMI423/6168/8268/IMSI423 4Kx4 
HM8268 MCMI423/6168/6268/IMSI423 4Kx4 MB8171 MCM6287 64Kxl 
HM8268L MCMI423/6168/6268/IMSI423 4Kx4 MB6416A MCM2016H 2Kx8 
HM6287 MCM6287 64Kx 1 MB6416A-L MCM2016H 2Kx8 
HM8287L MCM6287 64Kxl MBB417A MCM2016H 2Kx8 

HM-6614 MCM2114/21L 14 lKx4 MBB417A-L MCM2016H 2Kx8 
HM-6616 MCM2016H 2Kx8 MBB418A MCM2016H 2Kx8 
HM-66182 MCM2016H 2Kx8 MBB418A-L MCM2016H 2Kx8 
HM-65172 MCM2016H 2Kx8 MBB4256 MCM60256 32Kx8 
HM65681 MCMI423/6168/6288/IMSI423 4Kx4 MBB464 MCM6164/61L64/6064/60L64 8Kx8 

HM65768 MCMI423/6168/6268/IMSI423 4Kx4 MBB464-L MCM6164/61L64/60L64 8Kx8 
HM6788 MCM6288 16Kx4 MK41H68 MCM1423/6168/6268/IMSI423 4Kx4 
HM8832 MCM60256 32Kx8 MK41H69 MCM6269 4Kx4 
HY2116 MCM2016H 2Kx8 MK4802 MCM2016H 2Kx8 
HY61C16 MCM2016H 2Kx8 MM2114 MCM2114/21 L 14 lKx4 

HY61C68 MCMI423/6168/6268/IMSI423 4Kx4 MM2114L MCM2114/21 L 14 lKx4 
HY61C68L MCMI423/6168/6268/IMSI423 4Kx4 MSM2114L MCM2114/21 L 14 lKx4 
HY6116 MCM2016H 2Kx8 MSM2128 MCM2016H 2Kx8 
HY82C64 MCM6164/61L64 8Kx8 MSM5114 MCM2114/21L 14 lKx4 
HY82C87 MCM6287 64Kxl MSM5115 MCM2114/21L 14 lKx4 

HY82C88 MCM6288 16Kx4 MSM5128 MCM2016H 2Kx8 
IDT6116L MCM2016H 2Kx8 MSM5165 MCM6164/61L64/6064/60L64 8Kx8 
IDT6116S MCM2016H 2Kx8 MSM5165L MCM6164/61L64/6064/60L64 8Kx8 
IDT6168L MCMI423/6168/IMSI423 4Kx4 MWS5114 MCM2114/21 L 14 lKx4 
IDT6168LA MCM6268 4Kx4 M5M2168 MCM1423/6168/6268/IMS1423 4Kx4 

IDT6168S MCMI423/6168/IMSI423 4Kx4 M5M5116 MCM2016H 2Kx8 
IDT6168SA MCM6268 4Kx4 M5M5117 MCM2016H 2Kx8 
IDT71256L MCM60L256 32Kx8 M5M5118 MCM2016H 2Kx8 
IDT71256S MCM60256 32Kx8 M5M5165 MCM6164/61L64 8Kx8 
IDT7164L MCM61L64/60L64 8Kx8 M5M5165-L MCM6164/61L64 8Kx8 

IDT7164S MCM6164/6064 8Kx8 M5M5187 MCM6287 64Kxl 
IDT7187L MCM6287 64Kx 1 M5M5188 MCM6288 16Kx4 
IDT7187S MCM6287 64Kxl M58981 MCM2114/21 L 14 lKx4 
1DT7188L MCM6288 16Kx4 NMC2114A MCM2114/21 L 14 lKx4 
IDT7188S MCM6288 16Kx4 NMC2114AP MCM2114/21 L 14 lKx4 

IDT7198L MCM6290 16Kx4 NMC2116 MCM2016H 2Kx8 
IDT7198S MCM6290 16Kx4 NMC6164 MCM6164/61 L64 8Kx8 
IDTBM864L MCM60L64 8Kx8 NMC6164L MCM6164/61 L64 8Kx8 
IMS1420 MCMI423/6168/6268/IMS1423 4Kx4 NMC6504 MCM6147A/61L47A 4Kxl 
IMSl420L MCM1423/6168/6268/IMSI423 4Kx4 P4Cl87 MCM6287 64Kx 1 
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CROSS REFERENCE 

MOS SRAMs (Continued) 
Part Motorola 

Organization 
Number Part Number 

Part Motorola 
Organization 

Number Part Number 

P4Cl88 MCM6288 16Kx4 TC5565 MCM6164/61L64/6064/60L64 SKx8 
PS6168 MCM1423/6168/6268/IMS1423 4Kx4 TC5565-L MCM6164/61L64/6064/60L64 8KxS 
SCM21C14 MCM2114/21L14 1Kx4 TMM2015A MCM2016H 2KxS 
SCM21C16 MCM2016H 2Kx8 TMM2016 MCM2016H 2KxS 
SCM2114AL MCM2114/21L14 lKx4 TMM2016A MCM2016H 2KxS 

SCM6116 MCM2016H 2KxS TMM201S MCM2016H/2018 2KxS 
SCM6116L MCM2016H 2Kx8 TMM2019 MCM2016H/2018 2KxS 
SMJ5517 MCM2016H 2Kx8 TMM2063 MCM6164/61L64/6064/60L64 SKxS 
SRM2016 MCM2016H 2KxS TMM2064 MCM6164/61 L64/6064/60L64 SKxS 
SRM20256 MCM60256 32Kx8 TMM2068 MCM1423/6168/6268/IMS1423 4Kx4 

SRM2064 MCM6164/61 L64/6064/60L64 SKx8 TMM2114A MCM2114/21 L 14 1Kx4 
SRM2114 MCM2114/21L14 1Kx4 TMM314A MCM2114/21L14 lKx4 
SRM2261 MCM6287 64Kx 1 TMM314A-L MCM2114/21L14 lKx4 
SRM2264 MCM6164/61L64/6064/60L64 SKxS TMS2114 MCM2114/21L 14 1Kx4 
SRM2268 MCM1423/6168/6268/IMS1423 4Kx4 TMS2114L MCM2114/21L 14 lKx4 

SRM2274 MCM6288 16Kx4 TMS4016 MCM2016H 2KxS 
SRM2275H MCM6290 16Kx4 UM2128 MCM2016H 2KxS 
SRM6514 MCM2114/21L 14 1Kx4 UM2129 MCM2016H 2KxS 
SR16K4 MCM1423/6168/6268/IMS1423 4Kx4 UM6104 MCM2114/21L 14 lKx4 
SR64E4 MCM6290 16Kx4 UM6116 MCM2016H 2Kx8 

SR64K1 MCM6287 64Kx 1 UM6168 MCM1423/6168/6268/IMS1423 4Kx4 
SR64K4 MCM6288 16Kx4 !,PD4016 MCM2016H 2KxS 
SR64KS MCM6164/61L64 8KxS !,PD4168 MCM6064 SKxS 
STC2168 MCM1423/6168/6268/IMS1423 4Kx4 !,PD42832 MCM60256 32Kx8 
STC2168L MCM1423/6168/6268/IMS1423 4Kx4 !,PD4314 MCM1423/6168/6268/IMS1423 4Kx4 

STC2168M MCM1423/6168/6268/IMS1423 4Kx4 !,PD43256 MCM60256 32KxS 
STC6264 MCM6064/60L64 8Kx8 !,PD43257-L MCM60L256 32KxS 
S6514 MCM2114/21L 14 lKx4 !,PD4361 MCM6287 64Kx1 
S6516 MCM2016H 2Kx8 !,PD4362 MCM6288 16Kx4 
TC5513A MCM2114/21L14 lKx4 !,PD4364 MCM6164/61L64 8KxS 

TC5513A-L MCM2114/21L 14 lKx4 !,PD4364L MCM6164/61 L64/6064/60L64 8KxS 
TC5514 MCM2114/21L 14 lKx4 !,PD446 MCM2016H 2KxS 
TC5514A MCM2114/21L 14 lKx4 !,PD4464 MCM6164/61L64/6064/60L64 8KxS 
TC5514A-L MCM2114/21L 14 lKx4 !,PD449 MCM2016H 2KxS 
TC5517B MCM2016H 2Kx8 VT20C68 MCM1423/6168/6268/IMS1423 4Kx4 

TC5517B-L MCM2016H 2KxS VT20C69 MCM6269 4Kx4 
TC551SC MCM2016H 2Kx8 VT64KS4 MCM6288 16Kx4 
TC551SC-L MCM2016H 2KxS VT65KS4 MCM6290 16Kx4 
TC55257 MCM60256 32KxS 2114A MCM2114/21L 14 lKx4 
TC55257L MCM60L256 32Kx8 2114AL MCM2114/21 L 14 lKx4 

TC55416 MCM6288 16Kx4 51C68 MCM1423/6168/6268/IMS1423 4Kx4 
TC5561 MCM6287 64Kx 1 51C69 MCM6269 4Kx4 
TC5562 MCM6287 64Kx 1 8808CL MCM60L64 SKxS 
TC5564 MCM6164/61 L64/6064/60L64 8Kx8 8832C MCM60256 32KxS 
TC5564-L MCM6164/61 L64/6064/60L64 SKxS 
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MCM62568 
MCM62578 
MCM41464A 
MCM511000 
MCM511001 
MCM511002 
MCM514256 
MCM514258 

MOS Dynamic RAMs 

256K x 1, 100/120/150 ns, Page Mode ....................... 2-3 
256Kx1, 100/120/150 ns, Nibble Mode ...................... 2-15 
64K x 4, 100/120/150 ns, Page Mode ........................ 2-27 
1M x 1,85/100/120 ns, Page Mode .......... , ................ 2-39 
1 M x 1, 85/100/120 ns, Nibble Mode ........................ 2-53 
1 M x 1, 85/100/120 ns, Static Column ....................... 2-67 
256Kx4, 85/100/120 ns, Fast Page Mode .................... 2-81 
256K x 4, 85/100/120 ns, Static Column ..................... 2-95 

MOTOROLA MEMORY DATA 

2-1 



• MOS Dynamic RAMs 
( + 5 V, 0 to 700 e) 

Organization 

64Kx4 

256Kx 1 

256Kx4 

lMxl 

(P) Page Mode 
IN) Nibble Mode 
IS) Static Column 

Part Number 

MCM41464AP10 
MCM41464AP12 
MCM41464AP15 

MCM6256BP10 
MCM6256BP12 
MCM6256BP15 

MCM6257BP10 
MCM6257BP12 
MCM6257BP15 

MCM514256P85 
MCM514256Pl0 
MCM514256P12 

MCM514256J85 
MCM514256Jl0 
MCM514256J12 

MCM514256P85 
MCM514256Pl0 
MCM514258P12 

MCM514256J85 
MCM514256Jl0 
MCM514258J12 

MCM511000P85 
MCM511000Pl0 
MCM511000P12 

MCM511000J85 
MCM511000JlO 
MCM511000J12 

MCM511001P85 
MCM511001PlO 
MCM511001P12 

MCM511001J85 
MCM511001Jl0 
MCM511001J12 

MCM511002P85 
MCM511002Pl0 
MCM511002P12 

MCM511002J85 
MCM511002Jl0 
MCM511002J12 

Access Time 
(ns max) 

IPI 100 
IPI 120 
IPI 150 

IPI 100 
IPI 120 
IPI 150 

INI 100 
INI 120 
INI 150 

IPI 85 
IPI 100 
IPI 120 
IPI 85 
IPI 100 
IPI 120 

lSI 85 
lSI 100 
lSI 120 
lSI 85 
lSI 100 
lSI 120 

IPI 85 
IPI 100 
IPI 120 
IPI 85 
!PI 100 
IPI 120 

INI 85 
INI 100 
INI 120 
INI 85 
INI 100 
INI 120 

lSI 85 
lSI 100 
lSI 120 
lSI 85 
lSI 100 
lSI 120 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K-Bit Dynamic RAM 

The MCM6256B is a 262,144 bit, high-speed, dynamic random access memory. 
Organized as 262,144 one-bit words and fabricated using N-channel silicon-gate MOS 
technology, this single + 5 volt supply dynamic RAM combines high performance with 
low cost and improved reliability. All inputs and outputs are fully TTL compatible. 

By multiplexing row and column address inputs, the MCM6256B requires only nine 
address lines and permits packaging in standard 16-pin 300 mil wide dual-in-line packages. 
Complete address decoding is done on-chip with address latches incorporated. Data out 
(a) is controlled by CAS allowing greater system flexibility. 

The MCM6256B features "page mode" which allows random column accesses of the 
512 bits within the selected row. 

• Organized as 262,144 Words of 1 Bit 
• Single + 5 Volt Operation (± 10%) 
• Maximum Access Time: MCM6256B-l0= 100 ns 

MCM6256B-12 = 120 ns 
MCM6256B-15= 150 ns 

• Low Power Dissipation: MCM6256B-l0=440 mW Maximum (Active) 
MCM6256B-12 = 396 mW Maximum (Active) 
MCM6256B-15=358 mW Maximum (Active) 
28 mW Maximum (Standby) 

• Three-State Data Output 
• Early-Write Common I/O Capability 
• 256 Cycle, 4 ms Refresh 
• RAS-Only Refresh Mode 
• CAS Before RAS Refresh 
• Hidden Refresh 
• Page Mode Capability 

BLOCK DIAGRAM 

w----------------~r-~ 

CAS-----------+I 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 

RAS----------~~ 

DATA OUT 
BUFFER 

1-----+.-0 

MCM6256B 

P PACKAGE 
PLASTIC 
CASE 648 

PIN ASSIGNMENT 

A8 

o 
W 

RAS 

1. 

2 

3 

4 

16 ~ 
15 P 
14 P 
13 ~ 

VSS 

CAS 

o 
A6 

5 12 P AD A3 

6 11 ~ A2 A4 

7 1O~ A1 A5 

8 9 ~ VCC A7 

PIN NAMES 

AD-A8 ........... Address Input 
o .................. Data In 
Q ................. Data Out 
IN. . . . . . . . . . . . Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
CAS . . . . . . Column Address Strobe 
VCC ............ Power (+5VI 
VSS ................ Ground 

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

MOTOROLA MEMORY DATA 

2-3 



II 

MCM6256B 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating. Symbol Value Unit 

Power. Supply Voltage VCC -1 to +7 V 

Voltage Relative to VSS for Any Pin Except VCC Vin, Vout -1 to +7 V 

Data Out Current lout 50 mA 

Power DisSipation Po 1 W 

Operating Temperature Range TA o to + 70 °c 

Storage Temperature Range Tsta -65 to +150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to 70o e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 V 1 

Logic 1 Voltage, All Inputs VIH 2.4 - 6.5 V 1 

Logic 0 Voltage, All Inputs VIL -1.0 - O.B V 1 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Unit Notes 

VCC Power Supply Current ICCl mA 2 
MCM6256B-l0, tRC = 190 ns - 80 
MCM6256B-12, tRC=220 ns - 72 
MCM6256B-15, tRC=260 ns - 65 

VCC Power Supply Current (Standby) (RAS = CAS = VIH) ICC2 - 5.0 mA 

VCC Power Supply Current During RAS only Refresh Cycles (CAS = VI H) ICC3 mA 2 
MCM6256B-l0, tRC=l90 ns - 70 
MCM6256B-12, tRC=220 ns - 62 
MCM6256B-15, tRC=260 ns - 65 

VCC Power Supply Current During Page Mode Cycle (RAS=VIL) ICC4 mA 2 
MCM6256B-l0, tPC= 100 ns - 60 
MCM6256B-12, tPC= 120 ns - 55 
MCM6256B-15, tpc = 145 ns - 50 

VCC Power Supply Current During CAS Before RAS Refresh ICC5 mA 2 
MCM6256B-l0, tRC=l90 ns - 70 
MCM6256B-12, tRC=220 ns - 62 
MCM6256B-15, tRC=260 ns - 65 

Input Leakage Current (VSS<Vin<VCC) Ilkg(l) -10 10 pA 

Output Leakage Current (CAS at Logic 1, VSS<Vout<VCC) Ilko(O) -10 10 pA 

Output Logic 1 Voltage (lout = - 5 mAl VOH 2.4 - V 

Output Logic 0 Voltage (lout = 4.2 mAl VOL - 0.4 V 

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

Parameter Symbol Typ Max Unit Notes 

Input Capacitance AO-AB,D Cin - 5 pF 3 

RAS, CAS, Vii - 7 pF 3 

Output Capacitance (CAS = VIH to Disable Output) Q Cout - 7 pF 3 

NOTES: 
1. All voltages referenced to VSS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = l<1t/<1V. 
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MCM6256B 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A =0 to 70·e, Unless Otherwise Noted) 

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

Symbol MCM6256B-l0 MCM6256B-12 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 190 - 220 -

Read-Write Cycle Time tRELREL tRWC 200 - 240 -
Read-Modify-Write Cycle Time tRELREL tRMW 220 - 260 -
Access Time from RAS tRELOV tRAC - 100 - 120 

Access Time from CAS tCELOV tCAC - 50 - 60 

Output Buffer and Turn-Off Delay tCEHOZ tOFF 5 25 5 30 

RAS Precharge Time tREHREL tRP 80 - 90 -

RAS Pulse Width tRELREH tRAS 100 10,000 120 10,000 

CAS Pulse Width tCELCEH tCAS 50 10,000 60 10,000 

RAS to CAS Delay Time tRELCEL tRCD 25 50 25 60 

Row Address Setup Time tAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC 0 - 0 -
Column Address Hold Time tCELAX tCAH 20 - 25 -
Column Address Hold Time Referenced to RAS tRELAX tAR 70 - 85 -
Transition Time (Rise and Fall) IT IT 3 50 3 50 

Read Command Setup Time twHCEL tRCS 0 - 0 -
Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 - 0 -

Read Command Hold Time Referenced to RAS tREHWX tRRH 10 - 15 -

Write Command Hold Time tCELWH twCH 20 - 25 -

Write Command Hold Time Referenced to RAS tRELWH twCR 70 - 85 -
Write Command Pulse Width twLWH twP 20 - 25 -
Write Command to RAS Lead Time twLREH tRWL 25 - 35 ~ 

Write Command to CAS Lead Time twLCEH tCWL 25 - 35 -
Data in Setup Time tDVCEL tDS 0 - 0 -
Data in Hold Time tCELDX tDH 20 - 25 -
Data in HoldTime Referenced to RAS tRELDX tDHR 70 - 85 -
CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -

RAS Hold Time tCELREH tRSH 50 - 60 -
Refresh Period tRVRV tRFSH - 4 - 4 

NOTES: 

MCM6256B-15 
Unit Notes 

Min Max 

260 - ns 4,5 

265 - ns 4,5 

310 - ns 4,5 

- 150 ns 6,7 

- 75 ns 7,8 

5 35 ns 9 

100 - ns -
150 10,000 ns -
75 10,000 ns -
25 75 ns 10 

0 - ns -
15 - ns -
0 - ns -

30 - ns -
105 - ns -
3 50 ns -
0 - ns -
0 - ns 11 

20 - ns 11 

30 - ns -
105 - ns -
30 - ns -
45 - ns -
45 - ns -
0 - ns 12 

30 - ns 12 

105 - ns -
10 - ns -
75 - ns -
- 4 ms -

(continued) 

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

transmit between VIH and VIL (or between VIL and VIH) in a monotonic manner. 
4. The specifications for tRC (min) and tRMW (min) are used only to indicate cycle time at which proper operation over the full temperature 

range (O°CsTAS70°C) is assured. 
5. AC measurements IT = 5.0 ns. 
6. Assumes that tRCD stRCD (maxI. 
7. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mAl loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
8. Assumes that tRCD ;"tRCD (max). 
9. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

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

11. Either tRRH or tRCH must be satisfied for a read cycle. 
12. 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. 
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MCM6256B 

READ. WRITE. AND READ-MODIFY-WRITE CYCLES IContinued) 

Symbol MCM6256B-l0 MCM6256B-12 MCM6256B-15 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 13 

CAS to Write Delay tCELWL tCWD 30 - 40 - 50 - ns 13 

RAS to Write Delay tRELWL tRWD 80 - 100 - 125 - ns 13 

CAS Hold Time tRELCEH tCSH 100 - 120 - 150 - no -
CAS Precharge Time tCEHCEL tCPN 15 - 20 - 25 - ns -

CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 40 - 50 - 60 - ns -
Page Mode Cycle Time tCELCEL tpc 100 ~ 120 - 145 - ns -
Page Mode Read-Write Cycle Time tCELCEL tPRWC 110 - 140 - 170 - ns -

Page Mode Read-Modify-Write Cycle Time tCELCEL tPRMW 130 - 160 - 195 - ns -
CAS Hold Time for CAS Before RAS Refresh tRELCEH tCHR 30 - 30 - 30 - ns -

CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns -

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

CAS Precharge Time for CAS Before RAS tCEHCEL tCPT 40 - 50 - 60 - ns -
Counter Test 

NOTES: 
13. twCS. tCWD. and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 

twcs"'twcs Imin). the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if tCWD"'tCWD Imin) and tRWD",tRWD (min). the cycle is 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 lat access time) is indeterminate. 

READ CYCLE TIMING 

~---------------------tRC------------------------~ 

~------- tRAS ---------+1 

RAS 
VIH-
Vll-

--------~ ~~---tAR--------~ 

CAS VIH-
Vll-

ADDRESSES 
VIH-

Vll-

iii 
VIH-

Vll-

VDH-
Q IDATA OUT) 

VOl-
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WRITE CYCLE TIMING 

--------~ ~-----------------tRAS-tRC-----------4~ v--------~I 
VIH - JI."'f------- tAR ------~ 
Vll-

1+---+------- tRSH --------~ 

------l-~==-:!!9l~=tt'-I-- tCAS -------~ .I---j,~-':::'::"""'~ __ --"I 

CAS 
VIH-
Vll-

ADDRESSES 
VIH-

Vll-

iii VIH -
Vll-

o IDATA IN) 
VIH-

Vil - ~~'-Jo.c.....loL....l~.L...loL...:o.L..;'" 1" _____________ -'1 ,,;,...),j:....:a/;,...),j:....:a/:......loo~:......loo~:......loo~:......loo:......loo:......loo~:......loo~ 

~-------- tDHR --------~ 

Q IDATA OUT) 
VOH - ------------------------------HIGH Z _________________________ _ 

VOl-

REAO-WRITE/REAO-MOOIFY-WRITE CYCLE 

'RWC Dr tRMW 

"I 
tRAS I.-

RAS 
VIH - tAR 

Vil 

tRSH 

....--tRCD 
tCSH 

tCAS 

CAS 
VIH-

VIH-
ADDRESSES 

Vll-

'Ii VIH-
Vll-

tOFF 

Q IOATA OUT) 

D IDATA INI 
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MCM6256B 

PAGE MODE READ CYCLE 

~-----------------------tRAS ------------------------------~ 

RAS 
VIH-

Vll-

VIH-
CAS 

Vll-

VIH-
ADDRESSES 

Vll-

VOH -
HIGH Z Q {DATA oun VOl-

~ 
Vi ~I~ = ~<~xxxx>f""""?t~r-l~M-----+...,....-+-------......J'\Jr-------.l-....".""""?t,.......,r-l.,......., ..... 

__ VIH­

RAS Vll-

VIH­
ADDRESSES 

Vll-

PAGE MODE WRITE CYCLE 
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VIH-
RAS 

Vll-

VIH -
CAS 

Vll-

ADDRESSES 
VIH -

Vll-

Vi 
VIH-

Vll-

o (DATA OUTI 
VOH-

VOl-

o (DATA INI 
VIH-

Vil -

ADDRESSES VIH­

AO·A7 Vll-

VIH -
RAS 

Vll-

VIH-
CAS 

Vll-

VOH-
0 

VOl-

tASR 

MCM6256B 

PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 

RAS-ONLY REFRESH CYCLE 
(D, W, and A8 are Don't Care, CAS is High) 

tRC 

tRAS 
II 1\ 

_ tRAH 
_tRP _ 

1-4- 1 
ROWADDRESS~~= 

CAS-BEFORE RAS REFRESH CYCLE 
(W, D, and AD-A8 are Don't Carel 

f+------- tRC---------.t 

~------tRAS-------+i 

tCSR 
tCHR 

HIGH Z 
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HIDDEN REFRESH CYCLE (READ) 

• 1+------tRc ~----_.,.-----tRC------+I 

1+---~tRAS---_+I 

ADDRESSES V'H - ROW 

V'L- AI~ tltRCS -J ~ I 
Vi ~,~=XXXXXxy j.tCAC+j v.:IXiX=5 I--- tRAC---j ~ ~OFF 

Q (DATA DUll VOH - lIj",...-----VA-L-'D-D-AT-A----...;...::.I-

VOL - \:: 

HIDDEN REFRESH CYCLE (WRITE) 

1+------tRC ------~_----tRC ------~ 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -
RAS 

Vll-

CAS 
VIH -

Vll-

ADDRESSES 
VIH -

Vll-

READ CYCLE 

VOH -
o IDATA DUTI 

VOl-

Vi 
VIH-

Vll-

WRITE CYCLE 

o IDATA OUTI 
VOH -

VDl-
----------------1+----- HIGH Z -++-+-----

i4----tCWl---+l 

Vi 
VIH-

Vll-

D IDATA INI 
VIH-

Vll-

READ·WRITEIREAD·MODlfY·WRITE CYCLE 
tDFF 

VOH­
n IDATA DUTI ----------------1+---{1 

VDl - .,..----":""''t 

Vi 
VIH-

Vll-

D IDATA INI 
VIH-

VIl-
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MCM62568 

DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up). the wake up sequence (S active' 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are ,strobed at the 
beginning of the memory cycle by twei clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of eighteen address bits will decode one 
of the 262, 144 ceillocatidns in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRCD," which is the row to column 
strobe delay. This time interval is also referred to as the mUl­
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met 'for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, two other variations in ad­
dressing the 256K RAM, one is called the RAS only refresh 
cycle (described later) where an S-bit row address field is pre­
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address AS (pin 1) is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access the 512 bits within a selected 
row. (See PAGE-MODE CYCLES seCtion.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 

-cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V,H to the V,L level. 
The CAS clock must also make a transition from V,H to the 
V,L level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) ,period for the RAS clock and the 

minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is, 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CA~ clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the V,H level from the time 
the CAS clock makes its active transition (tRCS) to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V,L level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an earlv write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V,L level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2ITJ· 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/ out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the V,H level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 

Another variation of the, read-modify-write cycle is the read­
while-write cycle. For this cycle, tCWD plays an important 
role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tCWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
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occurs. The minimum specification on tCWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 512 column locations. Page access (tCAC) is typically 
half the regular RAS clock access (tRAC) on the Motorola 
256K dynamic RAM. Page mode operation consists of holding 
the RAS clock active while cycling the CAS clock to access 
the column locations determined by the 9-bit column address 
field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpC). The CAS cycle time (tpC) consists of the CAS clock 
active time (tCAS), and CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read­
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. In practice, any combination of 
read, write and read-modify-write cycles can be performed to 
suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy­
cling through the 256 row address locations every 4 millise­
conds, (Le., at least one row every 15.6 microseconds like the 
64K dynamic RAM). A normal read or write operation to the 
RAM will serve to refresh all the bits (1024) associated with 
the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 256 row addresses every 4 milliseconds. The 
row addresses are latched in with the RAS clock, and the 

Q - HIGH Z +---{ 

associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tCSR). This activates the internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will stay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 
be maintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vil and taking RAS 
high and after a specified precharge period (tRP), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM6256B can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1 . Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 256 times. 

3. Read the "1 "s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "1 "s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 256 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE 

VALID DATA·DUT 

Figure 1. Hidden Refresh Cycle 
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MCM6256B 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory prefix ______ T---'CM T r TL-
x
-----Speed(10=100ns, 12=120ns, 15=150ns) 

Part Number ---------------' L--------Package (P = Plastic) 

Full Part Numbers-MCM6256BP10 
MCM6256BP12 
MCM6256BP15 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K X 1 Nibble Mode Dynamic 
RAM 

The MCM6257B is a 262,144 bit, high-speed, dynamic random access memory. 
Organized as 262,144 one-bit words and fabricated using N-channel silicon-gate MOS 
technology, this single + 5 volt supply dynamic RAM combines high performance with 
low cost and improved reliability. All inputs and outputs are fully TTL compatible. 

By multiplexing row and column address inputs, the MCM6257B requires only nine 
address lines and permits packaging in standard 16-pin 300 mil wide dual-in-line packages. 
Complete address decoding is done on-chip with address latches incorporated. Data out 
(Q) is controlled by CAS allowing greater system flexibility. 

The MCM6257B features "nibble mode" which allows serial access of 4 bits of data at a 
high data rate. 

• Single + 5 Volt Operation (± 10%) 
• Maximum Access Time: MCM6257B-l0 = 100 ns 

MCM6257B-12 = 120 ns 
MCM6257B-15= 150 ns 

• Low Power Dissipation: MCM6257B-l0=440 mW Maximum (Active) 
MCM6257B-12=396 mW Maximum (Active) 
MCM6257B-15 = 358 mW Maximum (Active) 
28 mW Maximum (Standby) 

• Three-State Data Output 
• Early-Write Common I/O Capability 
• 256 Cycle, 4 ms Refresh 
• CAS Before RAS and RAS-Only Refresh Modes 
• Hidden Refresh 
• Fast Nibble Mode Access and Cycle Time (MCM6257B-l0) =25 ns Access Time 

50 ns Cycle Time 

BLOCK DIAGRAM 

w---------------<r-~ 

CAS:-------~ 

AO 
Al 
A2 
A3 
A4 
A5 
AS 
A7 
AB 

'" ;I:~ 
00 

"'~ 
0 

RAS 

DATA OUT 
BUFFER 

r-------+~ 0 

COLUMN 
DECODER 

NIBBLE 
SELECTOR 

MCM62578 

PPACKAGE 
PLASTIC 
CASE 648 

PIN ASSIGNMENT 

A8 

D 

W 
RAS 

AO 

A2 

Al 

VCC 

1. 16 P 
2 15 P 
3 14 P 
4 13 P 
5 12 P 
S "p 
7 lOP 
8 9P 

PIN NAMES 

VSS 

CAS 
Q 

AS 

A3 

A4 

A5 

A7 

AO·A8 . . . . . . . . . . . Address Input 
o .................. Data In 
a ................. Data Out 
Iii . ........... Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
CAS . . . . . . Column Address Strobe 
VCC ............ Power (+5V) 
VSS ................ Ground 

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

MOTOROLA MEMORY DATA 

2-15 



II 

MCM6257B-

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -1 to +7 V 

Voltage Relative to VSS for Any Pin Except VCC Yin, Vout -1 to +7 V 

Data Out Current lout 50 mA 

Power Dissipation PD 1 W 

Operating Temperature Range TA o to + 70 °c 
Storage Temperature Range Tstll -55 to +150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A =0 to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 V 1 

Input High Voltage, All Inputs VIH 2.4 - 6.5 V 1 

Input low Voltage, All Inputs Vil -1.0 - 0.8 V 1 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Unit Notes 

VCC Power Supply Current ICCl mA 2 
MCM6257B-l0, tRC= 190 ns - 80 
MCM6257B-12, tRC = 220 ns - 72 
MCM6257B-15, tRC=260 ns - 65 

VCC Power Supply Current (Standby) (RAS = CAS = VIH) ICC2 - 5.0 mA 

VCC Power Supply Current During RAS only Refresh Cycles (CAS = VIH) ICC3 mA 2 
MCM6257B-l0, tRC = 190 ns - 70 
MCM6257B-12, tRC = 220 ns - 62 
MCM6257B-15, tRC=260 ns - 55 

VCC Power Supply Current During Nibble Mode Cycle (RAS = VIU ICC4 mA 2 
MCM6257B-l0, tNC = 50 ns - 50 
MCM6257B-12, tNC=60 ns - 45 
MCM6257B-15, tNC = 70 ns - 40 

VCC Power Supply Current During CAS Before RAS Refresh ICC5 mA 2 
MCM6257B-l0, tRC=l90 ns - 70 
MCM6257B-12, tRC=22O ns - 62 
MCM6257B-15, tRC=260 ns - 55 

Input leakage Current (VSS <Yin <VCC) Ilka(l) -10 10 I'A 

Output leakage Current (CAS at logic 1, VSS<Vout<VCC) Ilka(O) -10 10 i<A 
Output High Voltage UOH = - 5 mAl VOH 2.4 - V 

Output low Voltage (IOl =4.2 mAl Val - 0.4 V 

CAPACITANCE (1=1 0 MHz TA=25°C VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Typ Max Unit Nates 

Input Capacitance AO-AS, D Cin - 5 pF 3 

RAS, CAS, IN - 7 pF 3 

Output Capacitance (CAS = VIH to Disable Output) Q Cout - 7 pF 3 

NOTES: 
1. All voltages referenced to VSS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAtl IN. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5.0 V ± 10%, TA =0 to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2 3, and 51 

Symbol MCM62&7B-10 MCM6257B-12 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 190 - 220 -
Read-Write Cycle Time tRELREL tRWC 200 - 240 -
Read-Modify-Write Cycle Time tRELREL tRMW 220 - 2&0 -

Access Time from RAS tRELQV tRAC - 100 - 120 

Access Time from CAS tCELQV tCAC - 50 - &0 

Output Buffer and Turn-Off Delay tCEHUZ tOFF 5 25 5 30 

RAS Precharge Time tREHREL tRP SO - 90 -

RAS Pulse Width tRELREH tRAS 100 10,000 120 10,000 

CAS Pulse Width tCELCEH tCAS 50 10,000 60 10,000 

RAS to CAS Delay Time tRELCEL tRCO 25 50 25 &0 

Row Address Setup Time tAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC 0 - 0 -
Column Address Hold Time tCELAX tCAH 20 - 25 -
Column Address Hold Time Referenced to RAS tRELAX tAR 70 - B5 -
Transition Time (Rise and Fall) IT IT 3 50 3 50 

Read Command Setup Time twHCEL tRCS 0 - 0 -
Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 - 0 -
Read Command Hold Time Referenced to RAS tREHWX tRRH 10 - 15 -

Write Command Hold Time tCELWH twCH 20 - 25 -
Write Command Hold TIme Referenced to RAS tRELWH twCR 70 - B5 -
Write Command Pulse Width twLWH twP 20 - 25 -
Write Command to RAS Lead Time twLREH tRWL 25 - 35 -
Write Command to CAS Lead Time twLCEH tCWL 25 - 35 -
Data in Setup Time tOVCEL tos 0 - 0 -
Data in Hold Time tCELOX tOH 20 - 25 -
Data in Hold Time Referenced to RAS tRELOX tOHR 70 - B5 -
CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -
RAS Hold Time tCELREH tRSH 50 - 60 -
Refresh Period tRVRV tRFSH - 4 - 4 

NOTES: 

MCM62&7B-1& 
Unit Not •• 

Min Max 

2&0 - ns 4, 5 

285 - ns 4, 5 

310 - ns 4, 5 

- 150 ns 6,7 

- 75 ns 7,8 

5 35 ns 9 

100 - ns -
150 10,000 ns -
75 10,000 ns -
25 75 ns 10 

0 - ns -
15 - ns -
0 - ns -
30 - ns -
105 - ns -

3 50 ns -
0 - ns -
0 - ns 11 

20 - ns 11 

30 - ns -
105 - ns -
30 - ns -
45 - ns -
45 - ns -
0 - ns 12 

30 - ns 12 

105 - ns -
10 - ns -
75 - ns -
- 4 ms -

(continuedl 

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

transmit between VIH and VIL (or between VIL and VIHI in a monotonic manner. 
4. The specifications for tRC (mini and tRMW (mini are used only to indicate cycle time at which proper operation over the full temperature 

range (OOC sTA s70·CI is assured. 
5. AC measurements IT = 5.0 ns. 
6. Assumes that tRCOstRCO (maxi. 
7. Measured with a current load equivalent to 2 TIL (-200 pA, +4 mAl loads and 100 pF with the data output trip points set at 

VOH =2.0 V and VOL =0.8 V. 
8. Assumes that tRCO ",tRCO (max). 
9. tOFF (maxi defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

10. Operation within the tRCO (maxi limit ensures that tRAC (maxi can be met. tRCO (maxi is specified as a reference point only; if tRCO is 
. greater than the specified tRCO (maxi limit, then ac!;ess time is controlled exclusively by tCAC. 

11. Either tRRH or tRCH must be satisfied for a read cycle. 
12. 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. 
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MCM6257B 

READ WRITE AND READ-MODIFY-WRITE CYCLES (Continuedl 

Symbol MCM6257B-l0 MCM6257B-12 MCM6257B-15 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Command Setup Time tWLCEL twcs 0 - 0 - 0 - ns 13 

CAS to W;ite Delay tCELWL tCWD 30 - 40 - 50 - ns 13 

RAS to Write Delay tRELWL tRWD 80 - 100 - 125 - ns 13 

CAS Hold Time tRELCEH tCSH 100 - 120 - 150 - ns -
CAS Precharge Time tCEHCEL tCPN 15 - 20 - 25 - ns -
Nibble Mode Cycle Time tCEHCEH tNC 50 - 60 - 70 ~ ns -
Nibble Mode Read-Write/Read-Modify-Write tCEHCEH tNRWC 75 - 90 - 105 - ns -
Cycle Time 

Nibble Mode Access Time tCELQV tNCAC 25 - 30 - 40 - ns -
Nibble Mode CAS Pulse Width tCELCEH tNCAS 25 - 30 - 40 - ns -
Nibble Mode CAS Precharge Time tCEHCEL tNCP 15 - 20 - 20 - ns -
Nibble Mode RAS Hold Time (Readl tCELREH tNRRSH 20 - 25 - 30 - ns -

Nibble Mode RAS Hold Time (Write) tCELREH tNWRSH 40 - 45 - 50 - ns -
Nibble Mode CAS to Write Delay Time tCELWH tNCWD 25 - 30 - 40 - ns -
Nibble Mode Write Command to CAS Lead Time twLCEH tNCWL 20 - 25 - 30 - ns -
CAS Hold Time for CAS Before RAS Refresh tRELCEH tCHR 30 - 30 - 30 - ns -
CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns -
CAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns -

CAS Precharge Time for CAS Before RAS tCEHCEL tCPT 40 - 50 - 60 - ns -
Counter Test 

NOTES: 
13. twcs, tcwo, and lRWO 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 tcwo;;,tcwo (min) and tRWO;;,tRWD (min), the cycle is 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. 

READ CYCLE TIMING 

tRe 

tRAS 

RAS 
VIH-
VIL -

CAS VIH-
VIL -

ADDRESSES 
VIH-

VIL -

W 
VIH-

VIL -

n (DATA DUTI 
VOH-

VOL -
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WRITE CYCLE TIMING 

RAS 
VIH-

Vll-

------.J ~-------- tRAS _ tRC --------1~ 11-----"""\1 
I\J-ot----- tAR ---+l 

1+-+---- tRSH -------l~ 

CAS 
VIH-
Vll-

ADDRESSES 
VIH-

Vll-

VI VIH-
Vll-

o IDATA IN) VIH­

Vil - -"''--'''--'L...,; ............. poL-............. ..» l"-__ ...;D;;..A...;TA'--_"""""rr'''-l~~¥-''''''~'''''''''''''..K..'''''''''''''''''''''''''''''''''''''''''~ 

)+----- tDHR ----~ 

Q IDATA Dun 
VDH - -----------------HIGH Z - _______________ _ 

VDl-

READ-WRITE/READ-MODIFY-WRITE CYCLE 

t4---------------tRWC or tRMW ----------;-----+) 

RAS 
VIH -

Vll-

CAS 
VIH-

ADDRESSES 
VIH-

Vll-

VI VIH-
Vll-

Q IDATA OUT) VDH - HIGH Z VALID 
VDl- ~ DATA 

~:~~ o (DATA INI 
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NIBBLE MODE READ CYCLE 

~---------------------IRAS--------------------~~ 

__ VIH - -----++---1. 
CAS 

ADDRESSES VIH­
Vll-~IL....lo~ 

a IDATA OUT I VOH - ____ _ 
VDl-

VIH -
RAS 

Vll-

VIH -
CAS 

Vll -

VIH -
ADDRESSES 

Vll-

W 
VIH -

Vil -

a IDATA INI 
VIH -

VIl-

a IDATA Dun VOH-
Val -

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 
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VIH -
RAS 

Vll-

V/H -
CAS 

Vll-

ADDRESSES 
VIH -

Vll-

iN 
VIH-

Vll-

D (DATA IN) 
VIH-

Vil-

a (DATA OUT) 
VOH-

VOl-

ADDRESSES VIH­

AO·A7 Vll-

VIH-
RAS 

Vll-

VIH-
CAS 

Vll-

VOH-
a (DATA OUT) 

VOl-

MCM6257B 

NIBBLE MODE READ-WRITE/READY-MODIFY-WRITE CYCLE 

tASR 

RAS-ONLY REFRESH CYCLE 
(0, W, and A8 are Don't Care, CAS is High) 

IRC 

tRAS 
~ 1\ 

_ tRAH 

1 
!--tRP _ 

I--

ROWADDRESS~= 

CAS-BEFORE RAS REFRESH CYCLE 
(W, 0, and AD-A8 are Don't Care) 

1+-------IRC--------~ 
I+-------IRAS--------+I 

ICSR 
tCHR 

HIGH Z 
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HIDDEN REFRESH CYCLE (READ) 

II RAS 
VIH -

Vll-

.... -----tRC -----_-/4------tRC--------t~ 

1+----tRAS -----.I 

VIH-
CAS 

Vll-

ADDRESSES VIH - ROW 

~- iw~,," 
W ~I~ =><XXX/\N ~tCAC~. 

!.--- tRAC---i 

o IDATA DUll VOH - r 
VOl- \.. 

-J~ 
~f_tOFF_ 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITEI 

_ VIH - -~~~~;tt~ 
CAS Vil - :iF-t-_ +t--_ -_ -_ -_ -_ -_-_t-t-----------''r 

_ VIH - ~1{""'7Ot""""l'h...,. 
W 

Vil - ~"--' ........ ":_" ...... _"f_++--"F_' ............ '-"' ....... -"'--"-""-"--',.....'--" ....... -"'-....... -"-~"-' ...... '-" ....... ..¥-
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -
RAS 

Vll-

CAS 
VIH -

Vll-

VIH -
ADDRESSES 

Vll-

READ CYCLE 

VDH -
Q (DATA OUTI 

VOl-

W 
VIH-

Vll-

WRITE CYCLE 

Q (DATA OUT} 
VDH -

HIGH Z 
VOl-

W 
VIH-

Vll-

D (DATA INI 
VIH-

Vll-

READ-WRITE/READ-MDDIFY-WRITE CYCLE 

Q (OATA OUT) 
VOH -

VOl-

W 
VIH-

Vll-

D IDATA INI 
VIH -

Vll-
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MCM62578 

DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up). the wake up sequence (S active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of eighteen address bits will decode one 
of the 262,144 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRCD:' which is the row to column 
strobe delay. This time interval is also referred to as the mul­
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, hOVll8ver, two other variations in ad­
dressing the 256K RAM, one is called the RAS only refresh 
cycle (described later) where an 8-bit row address field is pre­
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address AS (pin 1) is not required 
for refresh. The other variation, which is called nibble mode, 
allows the user to access 4 bits serially. (See NIBBLE MODE 
section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 
.cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CAS clock must also make a transition from VIH to the 
VIL level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 
minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the VIH level from the time 
the CAS clock makes its active transition (tRCS) to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VI L level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CAS Clocks need to be active 
after the write operation has started (W clock at V,L level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL mUst be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2tTl. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/ out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a. read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the V,H level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read­
while-write cycle. For this cycle, tCWD plays an important 
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role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tCWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on tCWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

NIBBLE MODE 

Nibble mode allows high speed serial read, write, or read­
modify-write access of 2, 3, or 4 bits of data. The bits of data 
that may be accessed during nibble mode are determined by 
the 8 row addresses and the 8 column addresses. The 2 bits 
of addresses (CA8, RA8) are used to select 1 of the 4 nibble 
bits for initial access. After the first bit is accessed by the 
normal mode, the remaining nibble bits may be accessed by 
toggling CAS "high" then "low" while RAS remains "low". 
Toggling CAS causes RA8 and CA8 to be incremented inter­
nally while all other address bits are held constant and makes 
the next nibble bit available for access. 

If more than 4 bits are accessed during nibble mode, the 
address sequence will begin to repeat. If any bit is written 
during nibble mode, the new data will be read on any sub­
sequent access. If the write operation is executed again on 
subsequent access, the new data will be written into the se­
lected cell location. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy­
cling through the 256 row address locations every 4 millise­
conds, (i.e., at least one row every 15.6 microseconds like the 
64K dynamic RAM). A normal read or write operation to the 
RAM will serve to refresh all the bits (1024) associated with 
the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 256 row addresses every 4 milliseconds. The 
row addresses are latched in with the RAS clock, and the 

o - HIGH Z +----( 

associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tCSR). This activates the internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will stay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 
be maintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at VIL and taking RAS 
high and after a specified precharge period (tRP), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM6257B can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed"after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1 . Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 256 times. 

3. Read the "1 "s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "1 "s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timir;lg 
diagram). Repeat 256 times. ! 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

VALID DATA·DUT 

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

Motorola Memory prefix ______ T-'CM r 1 TL-
x
-----Speed(10=100ns, 12= 12Ons, 15= 150ns) 

Part Number --------------' L..--------Package (P = Plastic) 

Full Part Numbers-MCM6257BP10 
MCM6257BP12 
MCM6257BP15 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
64K X 4 Dynamic RAM 

The MCM41464A is a 262,144 bit, high-speed, dynamic random access memory. 
Organized as 65,536 words of 4 bits, and fabricated using N-channel silicon-gate MOS 
technology, this new single + 5 volt supply dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row and column address inputs, the MCM41464A requires only eight 
address lines and permits packaging in standard 18-pin 30Ci mil wide dual-in-line packages. 
Complete address decoding is done on-chip with address latches incorporated. 

All inputs and outputs, including clocks, are fully TTL compatible. The MCM41464A 
incorporates a one transistor cell design and dynamic storage techniques. 

The MCM41464A features "page mode" which allows random column accesses of the 
256 bits within the selected "row. 

• Organized as 65,536 Words of 4 Bits 
• Single + 5 Volt Operation (± 10%) 
• Maximum Access Time: MCM41464A-l0= 100 ns 

MCM41464A-12= 120 ns 
MCM41464A-15= 150 ns 

• Low Power Dissipation: MCM41464A-l0=440 mW 
MCM41464A-12 = 396 mW Maximum (Active) 
MCM41464A-15=358 mW Maximum (Active) 
28 mW Maximum (Standby) 

• Three-State Data Output 
• Early-Write Common 110 Capability 
• 256 Cycle, 4 ms Refresh 
• CAS Before RAS Refresh Mode 
• Hidden Refresh 
• RAS-Only Refresh Mode 
• Page Mode Capability 

BLOCK DIAGRAM 

w------------------~~--~ 

CAS ---------~~ 

AO 
Al 
A2 
AJ 
A4 
A5 
A6 
A7 

HAS------+j 

/4---+-il 

MCM41464A I 

P PACKAGE 
PLASTIC 
CASE7fT1 

PIN ASSIGNMENT 

ill 1. 18 Vss 

000 2 17 DOJ 

DOl J 16 CAS 

W 4 15 D02 

HAS 14 AO 

A6 lJ Al 

A5 12 A2 

A4 11 AJ 

VCC 10 A7 

PIN NAMES 

AD-A7 " ...... " . . . Address Input 
DOO-D03 ....... Data Input/Output 
G . . . . . . . . . . . . . . Output Enable 
Iii. . . . . . . . . . . . Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
CAS . . . . . . Column Address Strobe 
VCC ............ Power (+5V) 
VSS ... " ............ Ground 

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

MOTOROLA MEMORY DATA 

2-27 



• 
MCM41464A 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -1 to +7 V 

Voltage Relative to VSS for Any Pin Except VCC Vin, Vout -1 to +7 V 

Data Out Current lout 50 mA 

Power Dissipation PD 600 mW 

Operating Temperature Range TA o to + 70 °c 

Storage Temperature Range Tstg -55to +150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A =0 to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 V 1 

Input High Voltage, All Inputs VIH 2.4 - 6.5 V 1 

Input Low Voltage, All Inputs VIL -1.0 - 0.8 V 1 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Unit Notes 

VCC Power Supply Current ICC1 mA 2 
MCM41464A-10, tRC= 190 ns - 80 
MCM41464A-12, tRC=220 ns - 72 
MCM41464A-15, tRC=260 ns - 65 

VCC Power Supply Current (Standby) (RAS=CAS=VIH) ICC2 - 5.0 mA 

VCC Power Supply Current During RAS only Refresh Cycles (CAS = VIH) ICC3 mA 2 
MCM41464A-10, tRC = 190 ns - 70 
MCM41464A-12, tRC=220 ns - 62 
MCM41464A-15, tRC=260 ns - 55 

VCC Power Supply Current During Page Mode Cycle (RAS = VIL) ICC4 mA 2 
MCM41464A-10, tPC= 100 ns - 70 
MCM41464A-12, tpc = 120 ns - 55 
MCM41464A-15, tpC=145 ns - 50 

VCC Power Supply Current During CAS Before RAS Refresh ICC5 mA 2 
MCM41464A-10, tRC = 190 ns - 70 
MCM41464A-12, tRC=220 ns - 62 
MCM41464A-15, tRC=260 ns - 55 

Input Leakage Current (VSS<Vin<VCC) Ilkolll -10 10 ~A 

Output Leakage Current (CAS at Logic 1, VSS<Vout<VCC) Ilkg(O) -10 10 ~A 

Output High Voltage IIOH = - 5 mAl VOH 2.4 - V 

Output Low Voltage IIOL = 4.2 mAl VOL - 0.4 V 

CAPACITANCE (f=1 0 MHz TA=25°C VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Max Unit Notas 

Input Capacitance AO-A7, D Cin 5 pF 3 

RAS, CAS, W 7 pF 3 

Output Capacitance (CAS = VIH to Disable Output) Q Cout 7 pF 3 

NOTES: 
1. All voltages referenced to VSS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=I<1t/<1V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA =0 to 70 De, Unless Otherwise Noted) 

READ WRITE AND READ-MODIFY-WRITE CYCLES ISee Notes 1 2 3 and 5) 

Symbol MCM41464A-10 MCM41464A-12 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 190 - 220 -

Read-Modify-Write Cycle Time tRELREL tRMW 260 - 300 -

Access Time from RAS tRELOV tRAC - 100 - 120 

Access Time from CAS tCELOV tCAC - 50 - 60 

Output Buffer and Turn-Off Delay tCEHOZ tOFF 0 30 0 35 

RAS Pre charge Time tREHREL tRP 80 - 90 -

RAS Pulse Width tRELREH tRAS 100 10,000 120 10,000 

CAS Pulse Width tCELCEH tCAS 50 10,000 50 10,000 

RAS to CAS Delay Time tRELCEL tRCD 20 50 25 60 

Row Address Setup Time tAVREL tASR 0 - 0 -

Row Address Hold Time tRELAX tRAH 10 - 15 -

Column Address Setup Time tAVCEL tASC 0 - 0 -

Column Address Hold Time tCELAX tCAH 20 - 25 -

Column Address Hold Time Referenced to RAS tRELAX tAR 70 - 85 -

Transition Time IRise and Falll IT IT 3 50 3 50 

Read Command Setup Time twHCEL tRCS 0 - 0 -

Read Command Hold Time tCEHWX tRCH 0 - 0 -

Read Command Hold Time Referenced to RAS tREHWX tRRH 10 - 15 -

Write Command Hold Time Referenced to CAS tCELWH twCH 30 - 35 -

Write Command Hold Time Referenced to RAS tRELWH twCR 80 - 95 -

Write Command Pulse Width twLWH twP 30 - 35 -

Write Command to RAS Lead Time twLREH tRWL 30 - 35 -

Write Command to CAS Lead Time twLCEH tCWL 30 - 35 -

Data in Setup Time tDVCEL tDS 0 - 0 -

Data in Hold Time tCELDX tDH 30 - 35 -

Data in Hold Time Referenced to RAS tRELDX tDHR 80 - 95 -

CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -

RAS Hold Time tCELREH tRSH 50 - 60 -

Refresh Period tRVRV tRFSH - 4 - 4 

NOTES: 

MCM41464A-15 
Unit Notes 

Min Max 

260 - ns 4, 5 

355 - ns 4,5 

- 160 ns 6, 7 

- 75 ns 7,8 

0 40 ns 9 

100 - ns -

150 10,000 ns -

75 10,000 ns -

25 75 ns 10 

0 - ns -

15 - ns -

0 - ns -
35 - ns -

110 - ns -

3 50 ns -

0 - ns -

0 - ns 11 

20 - ns 11 

45 - ns -
120 - ns -

45 - ns -
45 - ns -

45 - ns -

0 - ns 12 

45 - ns 12 

120 - ns -

10 - ns -

75 - ns -
- 4 ms -

Icontinued) 

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

transmit between VIH and VIL (or between VIL and VIH) in a monotonic manner. 
4. The specifications for tRC (min) and tRMW (min) are used only to indicate cycle time at which proper operation over the full temperature 

range 10°C:5T A :570D C) is assured. 
5. AC measurements IT = 5.0 ns. 
6. Assumes that tRCD:5tRCD Imax). 
7. Measured with a current load equivalent to 2 TTL 1-200 ~A, +4 mAl loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
8. Assumes that tRCD '" tRCD Imax). 
g. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

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

11. Either tRRH or tRCH must be satisfied for a read cycle. 
12. 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. 
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READ WRITE AND READ MODIFY WRITE CYCLES (C fed) - - on InU 

Symbol MCM41464A-10 MCM41464A-12 MCM41464A-15 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Write Command Setup Time twLCEL twcs 0 - 0 - 0 - ns 13 

CAS to Write Delay tCELWL tCWD 85 - 100 - 120 - ns 13 

RAS to Write Delay tRELWL tRWD 135 - 160 - 195 - ns 13 

CAS Hold Time tRELCEH tCSH 100 - 120 - 150 - ns -
CAS Precharge Time tCEHCEL tCPN 20 - 20 - 25 - - ns -
CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 40 - 50 - 60 - ns -
Page Mode Cycle Time tCELCEL tpc 100 - 120 - , 145 - ns -
G Access Time tGLQV tGA - 25 - 30 - 40 ns -
G to Data Delay tGHDX tGD 25 - 30 - 40 - ns -
Output Buffer Turn-off Delay Time from G tGHOZ tGZ 0 25 0 30 0 40 ns -

G Command Hold Time twLGH tGH 25 - 30 - 40 - ns -

RAS Hold Time Referenced to G tGLREH tROH 10 - 10 - 10 - ns -

CAS Hold Time for CAS Before RAS RefreSh tRELCEH tCHR 30 - 30 - 30 - ns -

CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns -

CAS Precharge to CAS Active Time tREHCEL tRPC 0 - 0 - 0 - ns -
CAS Precharge Time for CAS Before RAS tCEHCEL tCPT 20 - 50 - 60 - ns -
Counter Test 

NOTES: 
13. twcs, tCWD, and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 

twcs "'twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if tCWD",tCWD (min) and tRWD",tRWD (min), the cycle is 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. 

READ CYCLE 

HAS VIH-
VIL -

m VIH-
VIL -

ADDRESSES 
VIH-

VIL -

IV VIH-

VIL -

VIH-
ii 

VIL -

000·003 
VOH-

VOL -
HIGH Z VALID DATA OUT 
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WRITE CYCLE (EARLY WRITE) 

~----------tRC-------------1~ 

RAS 
VIH -

Vll-

~-------tRAS-------~ 
---------1 ~--------1 

CAS 
VIH-
Vll-

ADDRESSES 
VIH -

Vll-

i VIH-
Vll-

~ 
VIH-

Vll-

VIH-
000·003 

Vll-
I)--------HIGH z---------

WRITE CYCLE (G CONTROLLED WRITE) 

~----------tRC--------------1~ 

~------tRAS--------+I 

RAS 
VIH-

Vil -

-------,:t. )oo1----tAR---+t 

CAS 
VIH -

Vll-

ADDRESSES 
VIH -

Vll-

i 
VIH-

VIL -

G 
VIH-

VIL -

000·003 
VIH-

VIL -
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RAS 

VIH-

VIL -

CAS 
VIH-

VIL -

ADDRESSES 
VIH-

VIL -

Vi 
VIH-

VIL -

G 
VIH-

VIL -

VIHNOH -
000-003 

VILNOl-

RAS 
VIH-

VIL -

CAS 
VIH-

VIL -

ADDRESSES 
VIH-

Vi 
VIH-

VIL -

_ VIH-

G VIL-

000-003 VOH-
VOL -

MCM41464A 

READ-MODiFY-WRiTE CYCLE 

.... ------------tRMW----------~:__-__t 
1+-----------tRAS---------------I.,j 
... ---tAR----~ 

1+---------+---tCSH-------------I.,j 
---+-----!I------tRSH-------t----t~ 

.... -t------tCAS----------.! 
i--++-------~~ ~+-~~--~ 

.. ----tRAC-------ll-~~::_..r 

PAGE MODE READ CYCLE 

1+-----------tRAS--------------+j 

VALID VALID 
DATA-OUT DATA-OUT 
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_ VIH­

RAS VIL-

VIH -
ADDRESSES 

ADDRESSES 

MCM41464A 

PAGE MODE WRITE CYCLE 

RAS ONLY REFRESH CYCLE 
(Vii and G are Don't Carel 

I+----------IRC-------:--------I-i 
IRP---.r 

(+------IRAS-------_ .. 
----------~ i----------~ 

ICRP 
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VOH-
000-003 VOl-

iiAS 
VIH-

Vil -

CAS 
VIH-

Vll-

ADORESSES 
VIH -

Vll-

Vi 
VIH-

Vll-

G 
VIH-

Vil -

VOH-
000-D03 VOl-

MCM41464A 

CAS BEFORE RAS REFRESH CYCLE 
(IN, G, and AO-A7 are Don'! Carel 

)4------------tRC------------~ 

1+-------- tRAS-----------I~ 

I+-_H-tCSR 
tRPC 

1+---- tCHR -----c~ ... 1------tCPN---~ 

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

HIDDEN REFRESH CYCLE 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

YIH -
RAS 

Yll-

YIH -
CAS 

Yll -

YIH -
ADDRESSES 

Yll -

Vi 
YIH -

Yll -

IT 
YIH -

Yll-

YOH-
DUO·DU3 

YOl-

Vi 
YIH-

Yll-

IT 
YIH-

Yll-

VIH-
DUO·DU3 

Vll-

VIH­

Vil - "-¥-¥-lC....,;IL...J"--l"--l"--l"--lL....lo'--lo'--lo~ 

IT VIH-

Vll- '-I"--lL....loL....l'--llt....l<t....l<:....Joj'-lot~~~~~~~+ .... -+...,.....1 

VIHNOH -
DUD·DU3 -------------------( 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended'inactive state of the device (greater than 4 milliseconds 
with device powered up). the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of 16 address bits will decode one of 
the 65,536 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRCD," which is the row to column 
strobe delay. This time interval is also referred to as the mul­
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle, accomplishes the normal addressing of 
the device. There are, however, other variations in addressing 
the RAM, the refresh modes (RAS only refresh; CAS before 
RAS refresh; hidden refresh), another mode called page mode 
allows the user to column access the 256 bits within a selected 
row. The refresh mode and page mode operations are de­
scribed in more detail later on. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode ,read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
sectidn. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CAS clock must also make a transition from VIH to the 
VIL level at the specified tRCD timing limits when the cOlumn 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tRCD maximum condition is not 
'met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 

minimum ItCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle, 

Data out is not latched and is valid as long as the CAS and 
G clocks are active; the output will switch to the three-state 
mode when either the CAS or G clock goes inactive. To perform 
a read cycle, the write (W) input must be held at the VIH level 
from the time the CAS clock makes its active transition (tRCS) 
to the time when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at VIL level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time, with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2lTl. 

In a late write or a ready-modify-write cycle, G must be at 
the VIH level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/ out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 
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PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 256 column locations. Page access (tCAC) is typically 
half the regular RAS clock access (tRAC) on the Motorola 
256K dynamic RAM. Page mode operation consists of holding 
the RAS clock active while cycling the CAS clock to access 
the column locations determined by the 8-bit column address 
field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpC). The CAS cycle time (tPC) consists of the CAS clock 
active time (tCAS), and CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read­
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write cycle, the conditions nor­
mal to that mode of operation will apply in the page mode 
also. In practice, any combination of read, write and read­
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy­
cling through the 256 row address locations every 4 millise­
conds, (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 256 row addresses every 4 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso­
ciated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

DQO·DQ3 - HIGH Z +----{ 

CAS Before RAS Refresh 

CAS before RAS refreshing available on the MCM41464A 
offers an alternate refresh method. If CAS is held on low for 
the specified period (tCSR) before RAS goes to low, on chip 
refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh address 
counter is automatically incremented in preparation for the 
next CAS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM41464A is that refresh cycle 
may be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at VIL and taking RAS high and 
after a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure 1 below) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM41464A can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read Iwrite operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 256 times. 

3. Read the "1 "s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "1 "s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 256 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE 

VALID DATA·OUT 

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

Motorola Mem_o_rv_Pref_iX ______ T_C_M_J41

->464A lxL __ T _______ speed-10=100 ns, 12=120 ns, 15=150 ns 
Part Number 

Package- P = Plastic 

Full Part Numbers-MCM41464AP10 
MCM41464AP12 
MCM41464AP15 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M X 1 CMOS Dynamic RAM 

The MCM511000 is a 1.2/l CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000 requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in standard 300 mil wide packages: dual-in-line pack­
age (DIP) and J-Iead small outline package. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Fast Page Mode Capability 
• Test Mode Capability 
• TTL-Compatible Inputs and Output 
• RAS Only Refresh 
• CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAC): MCM511000-85 =85 ns (Maximum) 

MCM511000-10 = 100 ns (Maximum) 
MCM511000-12=120 ns (Maximum) 

• Low Active Power Dissipation: MCM511000-85=385 mW (Maximum) 
MCM511000-10=330 mW (Maximum) 
MCM511000-12=275 mW (Maximum) 

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

Tf ------~~----~~------~--~_. 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

AS 

RAS -----------i 

DECODER 

SENSE AMP 
I/O GATING 

2048 

MEMORY 
ARRAY 

Q 

VCC 

VSS 

MCM511000 

P PACKAGE 
PLASTIC 

CASE 7fr1A 

J PACKAGE 
SMALL OUTLINE 

CASE 822 

PIN ASSIGNMENT 
DUAL-IN-L1NE 

o[ 1 • 18 VSS 

W[ 2 17 Q 

RAS[ 3 16 CAS 

Tf [ 4 15 AS 

AO [ 5 14 A8 

Al [ 6 13 A7 

A2 [ 7 12 A6 

A3 [ 8 11 A5 

VCC [ 9 10 A4 

SMALL OUTLINE 

D [ 1 26 VSS 

W[ 2 25 Q 

RAS[ 3 24 CAS 

Tf [ 4 23 NC 

NC [ 5 22 AS 

AO [ 9 18 A8 

Al [ 10 17 A7 

A2 [ 11 16 A6 

A3 [ 12 15 A5 

vcd 13 14 A4 

PIN NAMES 

AO-A9 . . . . . . . . . . . Address Input 
D . . . . . . . . . . . . . . . . Data Input 
a . . . . . . . . . . . . . . . Data Output 
IN. . . . . . . . . . . Read/Write Enable 
RAS . . . . . . . . Row Address Strobe 
CAS Column Address Strobe 
Vee ...... Power I +5 VI 
VSS .......... Ground 
TF .......... Test Function Enable 
NC . . . . . . . . . . ... No Connection 

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

Rating Symbol 

Power Supply Voltage VCC 

Voltage Relative to VSS for Any Pin Except VCC Yin, Vout 

Test Function Input Voltage Vin(TF) 

Data Out Current lout 

Value 

-1 to +7 

-1 to +7 

-1 to + 10,5 

50 

Unit 

V 

V 

V 

mA 

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

Power Dissipation Po 600 mW 

Operating Temperature Range TA o to + 70 °C 

Storage Temperature Range TstQ -55 to +150 °C 

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA =0 to 70o e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage IOperating Voltage Range) VCC 4.5 5.0 

VSS 0 0 

Logic High Voltage, All Inputs VIH 2.4 -
Logic Low Voltage, All Inputs VIL -1.0 -
Test Function Input High Voltage VIH (TFJ VCC+4.5 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

VCC Power Supply Current ICCl 
MCM511000-85, tRC=l65 ns -
MCM511000-10, tRC = 190 ns -
MCM511000-12, tRC=220 ns -

VCC Power Supply Current (Standby) (RAS = CAS = VIH) ICC2 -
VCC Power Supply Current During RAS only Refresh Cycles (CAS =VIH) ICC3 

MCM511000-85, tRC = 165 ns -
MCM511000-10, tRC = 190 ns -
MCM511000-12, tRC=220 ns -

VCC Power Supply Current During Fast Page Mode Cycle (RAS = VIL) ICC4 
MCM511000-85, tpc = 50 ns -
MCM511000-10, tpC=55 ns -
MCM511000-12, tpc = 70 ns -

VCC Power Supply Current (Standby) (RAS=CAS=VCC-0.2 V) ICC5 -
VCC Power Supply Current During CAS Before RAS Refresh Cycle ICC6 

MCM511000-85, tRC = 165 ns -
MCM511000-10, tRC = 190 no -
MCM511000-12, tRC=220 ns -

Input Leakage Current (Except TF) (0 VSVins6.5 V) Ilkalll -10 

Input Leakage Current (TF) (0 VSVin(TF)SO.8 V) IlkalII -10 

Output Leakage Current (CAS=VIH, 0 VsVoutS5.5 V) Ilka(O) -10 

Test Function Input Current (VCC+4.5 VSVinITFISl0.5 V) lil)ITEl -
Output High Voltage (lOH = - 5 mAl VOH 2.4 

Output Low Voltage (lOL =4.2 mAl VOL -

CAPACITANCE (f-l 0 MHz TA -25°C VCC-5 V Periodically Sampled Rather Than 100% Tested) - - -
Parameter Symbol 

Input Capacitance AO-A9,D Cin 

RAS, CAS, Vii, TF 

Output Capacitance (CAS = VIH to Disable Output) a Cout 

NOTES: 1. All voltages referenced to VSS. 

Max Unit Notes 

5.5 V 1 

0 

6.5 V 1 

0.8 V 1 

10.5 V 1 

Max Unit Notes 

mA 2 
70 
60 
50 

2.0 mA 

rnA 2 
70 
60 
50 

mA 2 
50 
40 
30 

1.0 mA 

mA 2 
70 
60 
50 

10 p.A 

10 p.A 

10 p.A 

1 mA 

- V 

0.4 V 

Max Unit Notes 

5 pF 3 

7 pF 3 

7 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or eflective capacitance calculated from the equation: C=I.1t/.1V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC= 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 

READ WRITE AND READ-MODIFY-WRITE CYCLES ISee Notes 1 2 3 4 and 5) 

Parameter 
Symbol MCM511000-85 MCM5110CJ0.10 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 165 - 190 -
Read-Write Cycle Time tRELREL tRWC 190 - 220 -

Page Mode Cycle Time tCELCEL tpc 50 - 55 -
Page Mode Read-Write Cycle Time tCELCEL tpRWC 75 - 85 -
Access Time from RAS tRELQV tRAC - 85 - 100 

Access Time from CAS tCELQV tCAC - 25 - 25 

Access Time from Column Address tAVQV tAA - 45 - 50 

Access Time from Precharge CAS tCEHQV tCPA - 45 - 50 

CAS to Output in Low-Z tCELQX tCLl 5 - 5 -
Output Buffer and Turn-Off Delay tCEHGZ tOFF a 30 a 30 

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

RAS Precharge Time tREHREL tRP 70 - 80 -

RAS Pulse Width tRELREH tRAS 85 10,000 100 10,000 

RAS Pulse Width I Fast Page Mode) tRELREH tRASP 85 100,000 100 100,000 

RAS Hold Time tCELREH tRSH 25 - 25 -
CAS Hold Time tRELCEH tCSH 85 - 100 -
CAS Pulse Width tCELCEH tCAS 25 10,000 25 10,000 

RAS to CAS Delay Time tRELCEL tRCD 25 60 25 75 

RAS to Column Address Delay Time tRELAV tRAD 20 40 20 50 

CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -
CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 10 - 10 -
Row Address Setup Time tAVREL tASR a - a -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC a - a -
Column Address Hold Time tCELAX tCAH 20 - 20 -

Column Address Hold Time Referenced to RAS tRELAX tAR 65 - 75 -
Column Address to RAS Lead Time tAVREH tRAL 45 - 50 -

NOTES: 

MCM5110CJ0.12 
Unit Notes 

Min Max 

220 - AS 6 

255 - ns 6 

70 - ns 

105 - ns 

- 120 ns 7,8 

- 30 ns 7,9 

- 60 ns 7,10 

- 85 ns 7 

5 - ns 7 

a 35 ns 11 

3 50 ns 

90 - ns 

120 10,000 ns 

120 100,000 ns 

30 - ns 

120 - ns 

30 10,000 ns 

25 90 ns 12 

20 60 ns 13 

10 - ns 

15 - ns 
a - ns 

15 - ns 

a - ns 

25 - ns 

90 - ns 

60 - ns 

(continued) 

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

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

range looCsTAs70°C) is assured. 
7. Measured with a current load equivalent to 2 TIL (-200 pA, +4 rnA) loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
8. Assumes that tRCDstRCD Imax). 
9. Assumes that tRCD ;,:tRCD (max). 

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

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

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

MOTOROLA MEMORY DATA 

2-41 



MCM511000 

READ. WRITE. AND READ-MODIFY-WRITE CYCLES (Continued) 

Symbol MCM511000-85 MCM511000-10 MCM511000-12 
Parameter Unit Notas 

Standard Alternate Min Max Min Max Min Max 

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

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

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

Write Command Hold Time Referenced to CAS ICELWH twCH 20 - 20 - 25 - ns 

Write Command Hold Time Referenced to RAS tBELWH twCR 65 - 75 - 90 - ns 

Write Command Pulse Width twLWH twP 20 - 20 - 25 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - 30 - ns 

Write Command to CAS Lead Time twLCEH tCWL 20 - 25 - 30 - ns 

Data in Setup Time tDVCEL tDS 0 - 0 - 0 - ns 15 

Data in Hold TIme ICELDX tDH 20 - 20 - 25 - ns 15 

Data in Hold Time Referenq!d to RAS tRELDX tDHR 65 - 75 - 90 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

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

CAS to Write Delay tCELWL tCWD 25 - 25 - 30 - ns 16 

RAS to Write Delay tRELWL tRWD 85 - 100 - 120 - ns 16 

Column Address to Write' Delay Time tAVWL tAWD 45 - 50 - 60 - ns 16 

CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns 

CAS Hold TIme for CAS Before RAS Refresh tRELCEH tCHR 30 - 30 - 30 - ns 

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

CAS Precharge Time for CAS Before RAS Counter tCEHCEL tCPT 50- - 50 - 60 - ns 
Test 

CAS Precharge TIme tCEHCEL tCPN 15 - 15 - 20 - ns 

Test Mode Enable Setup Time Referenced to RAS· tTEHREL 'lES 0 - 0 - 0 - ns 

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

NOTES: 
14. Enter 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 iN leading edge in delayed write or read-modify-write 

cycles. 
16. twcs, tRWD, tCWD, and tAWD are not restrictive oparating parameters. They are included in the data sheet as electrical characteristics 

only; if twCSl<twcs (mini. the cycle is an early write cycle and the data out pin will remain open circuit (high impedancel throughout 
the entire cycle; if tCWDl<tCWD (mini, tRWDl<tRWD (min), and tAWDl<tAWD (mini, the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access timel 
is indeterminate. 
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READ CYCLE 

VIH-
RAS 

Vll-

VIH-
CAS 

Vil -

ADDRESSES 

VIH- ...,........,.......,........,.....+....,... ....... ....,.......,........,....-.i-::I.:----t--------------+--:::£:-r....,......,..... 

tDFF -1+---1~ 

VDH -
1+------tRAC----:t=~.,_--------__=.L 

Q (DATA DUT) ---------HIGH Z -------(1 VALID DATA 

EARLY WRITE CYCLE 

~-----------------------tRC-----------------------~~ 

VIH - ----,L t+---------------tRAS----------------.j J:--------=l. 
RAS 

Vil -
~-----tRCD-------;*'_---tRSH -----1~ 

CAS 
Vll-

ADDRESSES 

VIH - ~~"""-x-+""""'~""""""'7'r""'" 
W 
Vll-~¥-~~~~~~~~~~-~-_t------4F~~~~-L-L~-L~~~~~ 

VOH -
Q IDATA DUTI --------------- HIGH Z ------------------
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D VIH-

RAS 
Vil -

vlH -
CAS 

Vil -

ADDRESSES 

Vi 

D (DATA INI 

Q (DATA Dun 

ADDRESSES 

Vi 

VOH -
Q (DATA OUTI 

MCM511000 

READ·WRITE CYCLE 

FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

ADDRESSES 
VIL -

VIH -

W 
VIL -

VIH -
o (DATA INI 

VIL -

VDH -

o (DATA OUT) -------------------------------HIGHZ-----------------------------------
VOL -

FAST PAGE MODE READ-WRITE CYCLE 

VIH - -----::i. 
i+------------tRASP-------------+i 

VIL --
i+----tCSH------'~ 

VIH - --:i:~++-----*, 

AOORESSES 

w 

D (OATA INI 

VOH -
o (DATA OUT) -----------~ 

VOL -
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HIDDEN REFRESH CYCLE {READ} 

VIH-
RAS 

Vll-

VIH -

CAS 
Vll-

ADDRESSES 

Vi 

VDH­

a (DATA Dun ----------+-(] 

HIDDEN REFRESH CYCLE {WRITE} 

ADDRESSES 

Vi 

o (DATA IN) 
Vil - '--lI~~+~.JL..~ ..,. ..... ----....... or ,,~....x......¥.~..l'_..lI.....l'-~~~¥-..l~~'__lI~~~_¥. 

1+-----tDHR-----+i 

VOH-
a IDATA Dun ------------------HIGH Z---------------

VOl-
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

• VIH-
RAS 

________ ~ ~--------------------IRAS------------------~~ 

~-------- IRSH------__ I) 
Vil -

I_-----ICAS ----_~ 
VIH-

CAS 

Vll-

VIH-
ADDRESSES 

Vil -

READ CYCLE 

VOH-
Q IDATA OUTI 

VOl-

VIH-
'Ii 

Vil -

WRITE CYCLE 

Q IDATA oun 
VOH -

---------------:---+----1f-+-HIGH z ------++-+------
VOl-

'Ii 
Vll-/~~'-~~~¥-~~~~~~~-+-__+_+----~~~~~~~~~~~~~ 

VIH-~ 
D IDATA IN) 

Vil - )1:-.,......-...,.-.,......------""1 

r--:DS 

READ· WRITE CYCLE 

VOH-
Q {DATA Dun HIGH Z 

VOl-

VIH -
'Ii 

Vll-

VIH-
D IDATA IN) 

Vll-
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 cell locations in the device. The column ad­
dress strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD," which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two other variations in 
addressing the 1 M RAM, one is called the RAS only refresh 
cycle (described later) where a 9-bit row address field is pre­
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A9 is not required for 
refresh. The other variation, which is called page mode, allows 
the user to column access the 2048 bits within a selected row. 
(See PAGE-MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from V,H to the V,L level. 
The CAS clock must also make a transition from V,H to the 
V,L level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC)' If the tRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 

minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (WI input must be held at the VIH level from the time 
the CAS clock makes its active transition (tRCS) to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS cloGk 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRwLl. These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V,L level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an earty write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2tTJ· 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/ out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single acoess. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the V,H level until the read 
data occurs at the device access time (tRAC)' At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read­
while-write cycle. For this cycle, tCWD plays an important 
role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tCWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
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occurs. The minimum specification on tCWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge . 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 1024 column locations. Page access (tCAC) is typically 
half the regular RAS clock access (tRAC) on the Motorola 1 M 
dynamic RAM. Page mode operation consists of holding the 
RAS clock active while cycling the CAS clock to access the 
column locations determined by the 10-bit column address 
field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpC). The CAS cycle time (tPC) consists of the CAS clock 
active time (tCAS). and CAS Glock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read­
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. In practice, any combination of 
read, write and read-modify-write cycles can be performed to 
suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy­
cling through the 512 row address locations every 8 millise­
conds, (i.e., at least one row every 15.6 microseconds!. A 
normal read or write operation to the RAM will serve to refresh 
all the bits (2048) associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The 
row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 

MEMORY CYCLE 

o - HIGH·Z -+---...( 

implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tCSR). This activates the internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will stay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 

. be maintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed bV holding CAS at VIL and taking RAS 
high and after a specified precharge period (tRP), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM511000 can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 512 times. 

3. Read the "l"s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "l"s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 512 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE REFRESH CYCLE 

VAllO DATA·OUT 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of the device of 256K x 4 allows the 
device to be tested as if it were a 256K x 1 DRAM. In the test 
mode, data is written into 4 sectors in parallel and retrieved 
the same way. If all 4 bits are equal on a read, data out indicates 
the same data at all bits. If all 4 bits are not equal, the data 
out will indicate a high impedance state. See truth table and 
block diagram below. 

The test mode function is performed on any of the timing 
cycles, including fast page mode, when the TF pin is held on 
"super voltage" (VCC+4.5 V), where (4.5 V:s;VCC:s;5.5 V), 
maximum voltage = 10.5 V, for the specified period (ITES, 
tTEH; see test mode cycle). A9 is ignored in the test mode. 
Normal operation requires the TF pin to either be connected 
to VIL, or remain open. 

Test Mode Truth Table 

A I B I c I D Q 

0 
I 

0 
I 

0 
I 

0 0 
1 1 1 1 1 

Any Other High-Z 

TEST MODE CYCLE 

VIH- ---------""" 

TEST FUNCTION BLOCK DIAGRAM 

TF 

a 
Ax. Ay 

Ax, Ay 

D 

TF 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 511000 X XX 

Motorola Memory Prefix ______ T-' T L==SPead (85=85 ns, 10= 100 ns, 
12= 120 nsl 

Part Number -------------' Package (P = Plastic DIP, J = Plastic SO 

Full Part Numbers-MCM511000P85 
MCM511000Pl0 
MCM511000P12 

with J leads I 

MCM511000J85 
MCM511000Jl0 
MCM511000J12 

MOTOROLA MEMORY DATA 

2-52 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M X 1 CMOS Dynamic RAM 

The MCM511001 is a 1.2p CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial 
access of up to 4 bits of data. 

The MCM511001 requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in standard 300 mil wide packages: dual-in-line pack­
age (DIP) and J-lead small outline package. 

• Three-State Data Output 
• Early-Write Common I/O Capability 
• Fast Nibble Mode Capability 
• Test Mode Capability 
• TIL-Compatible Inputs and Output 
• RAS Only Refresh 
• CAS Befdl'e RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAC): MCM511001-85=85 ns (Maximum) 

MCM511001-10=100 ns (Maximum) 
MCM511001-12= 120 ns (Maximum) 

• Low Active Power Dissipation: MCM511001-85=385 mW (Maximum) 
MCM511001-10=330 mW (Maximum) 
MCM511001-12=275 mW (Maximum) 

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

BLOCK DIAGRAM 
w------a 
CAS---r-r=~~~1-__ ~==~-f~ 

TF---+.---.----+-+-4~ 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 

A8 
A9 

RAS-----l 
~~!!!....I-------' 

MCM511001 

P PACKAGE 
PLASTIC 

CASE 7f11A 

J PACKAGE 
SMALL OUTLINE 

CASE 822 

PIN ASSIGNMENT 
DUAL-IN-liNE 

D 1. 18 VSS 

W 2 17 0 

RAS 3 16 CAS 

TF 4 15 A9 

AO 5 14 A8 

AI 6 13 A7 

A2 7 12 A6 

A3 8 11 A5 

VCC 9 10 A4 

SMALL OUTLINE 

D[ 1 26 PVSS 
W[ 2 25 po 

RAS[ 3 24 PCAS 

TF[ 4 23 PNC 

NC[ 5 22 PA9 

AO 9 18 PA8 

AI 10 17 PA7 

A2 11 16 PA6 

A3 12 15 PA5 

VCC 13 14 PA4 

PIN NAMES 

AD-A9 . . . . . . . . . . . Address Input 
o . . . . . . . . . . . . . . . . Data Input 
Q . . . . . . . . . • . • • . • Data Output 
Vii. . . . . . . . . . . Read/Write Enable 
RAS . . . . . . . . Row Address Strobe 
CAS . . . . . . Column Address Strobe 
VCC ............ Powerl+5V) 
VSS ................ Ground 
TF .......... Test Function Enable 
NC ............. No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Symbol 

Power Supply Voltage VCC 

Voltage Relative to VSS for Any Pin Except VCC Yin, Vout 

Test Function Input Voltage VinITF) 

Data Out Current lout 

Value 

-1 to +7 

-1 to + 7 

-1 to + 10.5 

50 

Unit 

V 

V 

V 

mA 

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

Power Dissipation Po 600 mW 

Operating Temperature Range TA o to + 70 °c 

Storage Temperature Range Tsta -55 to + 150 °c 

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 

VSS 0 0 

Logic High Voltage, All Inputs VIH 2.4 -
Logic Low Voltage, All Inputs VIL -1.0 -
Test Function Input High Voltage VIH (TF) VCC+4.5 -

DC CHARACTERISTICS 

Characteristic Symbol Min 

VCC Power Supply Current ICCl 
MCM511oo1-85, tRC = 165 ns -
MCM511oo1-10, tRC = 190 ns -
MCM511OO1-12, tRC=220 ns -

VCC Power Supply Current (Standby) (RAS=CAS=VIH) ICC2 -
VCC Power Supply Current During RAS only Refresh Cycles (CAS=VIH) ICC3 

MCM511OO1-85, tRC = 165 ns -
MCM511oo1-10, tRC=19O ns -
MCM511oo1-12, tRC=220 ns -

VCC Power Supply Current During Nibble Mode Cycle (RAS = VIU ICC4 
MCM511oo1-85, tNC=4O ns -
MCM511oo1-10, tNC=4O ns -
MCM511oo1-12, tNC=50 ns -

VCC Power Supply Current (Standby) (RAS = CAS = VCC - 0.2 V) ICC5 -
VCC Power Supply Current During CAS Before RAS Refresh Cycle ICC6 

MCM511oo1-85, tRC = 165 ns -
MCM511oo1-10, tRC=19O ns -
MCM511OO1-12, tRC=220 ns -

Input Leakage Current (Except TF) (0 VSVins6.5 V) Ilka(l) -10 

Input Leakage Current (TF) (0 VSVin(TF)SO.8 V) Ilkall) -10 

Output Leakage Current (CAS=VIH, a VSVouts5.5 V) Ilka(O) -10 

Test Function Input Current (VCC+4.5 VSVin(TF)s10.5 V) lin(TF) -
Output High Voltage (lOH = - 5 mAl VOH 2.4 

Output Low Voltage (lOL =4.2 mAl VOL -

CAPACITANCE (f= 10 MHz TA=25°C VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capacitance AD-A9, 0 Cin 

RAS, CAS, Vii, TF 

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

NOTES: 
1. All voltages referenced to VSS. 

Max Unit Notes 

5.5 V 1 

0 

6.5 V 1 

0.8 V 1 

10.5 V 1 

Max Unit Notes 

mA 2 
70 
60 
50 

2.0 mA 

mA 2 
70 
60 
50 

mA 2 
50 
40 
30 

1.0 mA 

mA 2 
70 
60 
50 

10 p.A 

10 p.A 

10 ~A 

1 mA 

- V 

0.4 V 

Max Unit Notes 

5 pF 3 

7 pF 3 

7 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capecitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = l<Iotl <10 V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee =5.0 V ± 10%, TA =0 to 70oe, Unless Otherwise Noted) 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES ISee Notes 1 2 3 4 and 5) 

Parameter 
Symbol MCM511001-86 MCM511001-10 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 165 - 190 -

Read-Write Cycle Time tRELREL tRWC 190 - 220 -
Nibble Mode Cycle Time tCEHCEH tNC 40 - 40 -

Nibble Mode Read-Write Cycle Time tCEHCEH tNRMW 65 - 65 -
Access Time from RAS tRELOV tRAC - 85 - 100 

Access Time from CAS tCELOV tCAC - 30 - 35 

Access Time from Column Address tAVOV tAA - 45 - 50 

Nibble Mode Access Time tCELOV tNCAC - 20 - 20 

CAS to Output in Low-Z tCELOX tCLZ 5 - 5 -

Output Buffer and Turn-Off Delay tCEHOZ tOFF 0 30 0 30 

Transition Time IRise and Fall) IT IT 3 50 3 50 

RAS Precharge Time tREHREL tRP 70 - 80 -
RAS Pulse Width tRELREH tRAS 85 10,000 100 10,000 

RAS Hold Time tCELREH tRSH 30 - 35 -

CAS Hold Time tRELCEH tCSH 85 - 100 -
CAS Pulse Width tCELCEH tCAS 30 10,000 35 10,000 

RAS to CAS Delay Time tRELCEL tRCD 25 55 25 65 

RAS to Column Address Delay Time tRELAV tRAD 20 40 20 50 

CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -
CAS Precharge Time tCEHCEL tCPN 15 - 15 -
Row Address Setup Time tAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC 0 - 0 -
Column Address Hold Time tCELAX tCAH 20 - 20 -

Column Address Hold Time Referenced to RAS tRELAX tAR 65 - 75 -
Column Address to RAS Lead Time tAVREH tRAL 45 - 50 -

MCM511001-12 
Unit Notas 

Min Max 

220 - ns 6 

255 - ns 6 

50 - ns 

80 - ns 

- 120 ns 7,8 

- 40 ns 7,9 

- 60 ns 7,10 

- 25 ns 7 

5 - ns 7 

0 35 ns 11 

3 50 ns 

90 - ns 

120 10,000 ns 

40 - ns 

120 - ns 

40 10,000 ns 

25 80 ns 12 

20 60 ns 13 

10 - ns 

20 - ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

90 - ns 

60 - ns 

(continued) 

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

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

range (OoCsTAs700 C) is assured. -
7. Measured with a current load equivalent to 2 TTL (-2OO~, + 4 mAl loads and 100 pF with the data output trip points set at 

VOH =2.0 V and VOL =0.8 V. 
8. Assumes that tRCD stRCD (max). 
9. Assumes that tRCD;"tRCD (max). 

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

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

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

Symbol MCM511 001-85 MCM511001-10 MCM511001-12 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

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

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

Read Command HoldTime Referenced to RAS tREHWX tRRH 0 - 0 - 0 - ns 14 

Write Command Hold Time Referenced to CAS tCELWH twCH 20 - 20 - 25 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 65 - 75 - 90 - ns 

Write Command Pulse Width twLWH twp 20 - 20 - 25 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - 30 - ns 

Write Command to CAS Lead Time twLCEH tCWL 20 - 25 - 30 - ns 

Data in Setup Time tDVCEL tDS 0 - 0 - 0 - ns 15 

Data in Hold Time tCELDX tDH 20 - 20 - 25 - ns 15 

Data in Hold Time Referenced to RAS tRELDX tDHR 65 - 75 - 90 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

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

CAS to Write Delay tCELWL tCWD 30 - 35 - 45 - ns 16 

RAS to Write Delay tRELWL tRWD 85 - 100 - 120 - ns 16 

Column Address to Write Delay Time tAVWL tAWD 45 - 50 - 60 - ns 16 

CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns 

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

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

CAS Precharge Time for CAS Before RAS Counter tCEHCEL tCPT 50 - 50 - 60 - ns 
Test 

Nibble Mode Pulse Width tCELCEH tNCAS 20 - 20 - 25 - ns 

Nibble Mode CAS Precharge Time tCEHCEL tNCP 10 - 10 - 15 - ns 

Nibble Mode RAS Hold Time tCELREH tNRSH 20 - 20 - 25 - ns 

Nibble Mode CAS to Write Delay Time tCELWL tNCWD 20 - 20 - 25 - ns 

Nibble Mode Write Command to RAS Lead Time twLREH tNRWL 20 - 20 - 25 - ns 

Nibble Mode Write Command to CAS Lead Time twLCEH tNCWL 20 - 20 - 25 - ns 

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

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

NOTES: 
14. Enter 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 IN leading edge in delayed write or read-modify-write 

cycles. 
16. twcs, tRWD. tCWD, and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

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

VIH-
RAS 

VIL -

VIH-
m 

VIL -

tOFF -t-----+f 

VALID DATA 

ADDRESSES 

VIH - r--.,......,~,......,........, ...... .....,.....,......,,, 
W 

~ VIH-

o (DATA IN) VIL-

I.. tDHR 

VOH -

o (DATA OUT) --------------HIGH Z -----------------
VOL -
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READ-WRITE CYCLE 

~------------------------IRWC---------------------------~ 

II VIH-

RAS 
Vll-

/'4---------------- IRAS -----------------*'1 

IRCD 

VIH -
CAS 

VIL -

ADDRESSES 
Vll-

VIH -
W 

Vll-

VIH -
o IDATA INI 

Vil -

VOH -
Q IOATA OUTI HIGH Z VALID DATA 

VOl -

NIBBLE MODE READ CYCLE 

14------------------------IRAS----------------------;~ 

INRSH----+o_--+! 

ADDRESSES 

VDH­
Q IDATA OUT) --------++-<1 
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NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

VIH -

RAS 
Vil -

VIH -
CAS 

Vll-

VIH -
ADDRESSES 

Vll-

VIH -
Vi 

Vll-

VIH -
D (DATA INJ 

Vll-

VDH -
Q (DATA Dun -------------HIGH z-----------------

VOl-

NIBBLE MODE READ-WRITE CYCLE 

~------------------------IRAS:------------------------~ 

VIH ---i-H---""lL 
CAS 

VIH­
ADDRESSES 

o (DATA INJ 

VOH -
Q (DATA Dun ---------i(1 

VOL -
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AD TO AS 

VIL -

VOH -

MCM511001 

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

\4------------tRc--------------+i 
tRP---+I 

U (DATA OUTI --------------- HIGH Z ----------------

VIH-

RAS 
VIL -

VIH-
CAS 

VIL -

VOH-
U (DATA DUn 

VOL -

tCPN 

tOFF 

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

~---------tRC---------~ 

Jr=-------::L _---- tRAS ------+1 j,,-------::L 

tCHR 

\)------------ HIGH Z -------------
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HIDDEN REFRESH CYCLE (READ) , 

VIH-
RAS 

Vil - --
VIH-

CAS 
Vll-

ADDRESSES 

Vi 

VDH -
o (DATA DUll -----------!-<I 

HIDDEN REFRESH CYCLE (WRITE) 

~------tRC-------+l 
~---tRAS---~ i4-----tRAS-----1~ 

~---tCHR--_"" 

ADDRESSES 

Vi 

D (DATA INI 

i4-----tDHR-----+i 

VDH-
o (DATA DUll ------------------HIGH Z---------------

VDl-
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

II }4----- tRSH----+ij 

VIH~ ____ """- ~----------tRAS----------t~ 

VIH-
ADDRESSES 

Vil -

READ CYCLE 

VOH-
Q (OATA OUTI 

VOL -

VIH-
W 

Vil -

WRITE CYCLE 
VOH -

Q (DATA Dun 

VOL -

VIH WVXX>O<XXXXX>i o (DATA INI N\I\ 
Vil - 11'--;---1"----

READ· WRITE CYCLE telz 

VOH-

o (OATA oun --------------+--++--<! 

D (DATA INI 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 cell locations in the device. The column ad­
dress strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD," which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two other variations in 
addressing the 1M RAM, one is called the RAS only refresh 
cycle (described later) where a 9-bit row address field is pre­
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A9 is not required for 
refresh. The other variation, which is called nibble mode, al­
lows the user to access 4 bits serially. (See NIBBLE MODE 
section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CAS clock must also make a transition from VIH to the 
VI L level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 
minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. . 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the VIH level from the time 
the CAS clock makes its active transition (tRCS) to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL levell at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an earty 
write cycle. In an earty write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at VIL level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2qI. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input! out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read­
while-write cycle. For this cycle, tCWD plays an important 
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role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tCWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on tCWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

NIBBLE MODE 

Nibble mode allows high speed serial read, write, or read­
modify-write access of 2, 3, or 4 bits of data. The bits of data 
that may be accessed during nibble mode are determined by 
the 9 row addresses and the 9 column addresses. The 2 bits 
of addresses (CAS, RAS) are used to select 1 of the 4 nibble 
bits for initial access. After the first bit is accessed by the 
normal mode, the remai(ling nibble bits may be accessed by 
toggling CAS "high" then "low" while RAS remains "low". 
Toggling CAS causes RAS and CAS to be incremented inter­
nally while all other address bits are held constant and makes 
the next nibble bit available for access. 

If more than 4 bits are accessed during nibble mode, the 
address sequence will begin to repeat. If any bit is written 
during nibble mode, the new data will be read on any sub­
sequent access. If the write operation is executed again on 
subsequent access, the new data will be written into the se­
lected cell location. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy­
cling through the 512 row address locations every 8 millise­
conds, (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits (2048) associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The 
row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 

MEMORY CYCLE 

n - HIGH·Z +--0( 

implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tCSR). This activates the internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will stay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 
be maintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at VIL and taking RAS 
high and after a specified precharge period (tRP), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM511001 can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "I" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 512 times. 

3. Read the "1"s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "1"s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 512 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE REFRESH CYCLE 

VALID DATA·OUT 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of the device of 256K x 4 allows the 
device to be tested as if it were a 256K x 1 DRAM. In the test 
mode, data is written into 4 sectors in parallel and retrieved 
the same way. If all 4 bits are equal on a read, data out indicates 
the same data at all bits. If all 4 bits are not equal, the data 
out will indicata a high impedance state. See truth table and 
block diagram below. 

The test mode function is performed on any of the timing 
cycles, including fast page mode, when the TF pin is held on 
"super voltage" (VCC+4.5 V), where (4.5 VSVCCS5.5 V), 
maximum voltage = 10.5 V, for the specified period (tTES, 
tTEH; see test mode cycle). A9 is ignored in the test mode. 
Normal operation requires the TF pin to either be connected 
to VIL, or remain open. 

Test Mode Truth Table 

A I B I c I D Q 

0 I 0 I 0 I 0 0 
1 1 1 1 1 

Any Other High-Z 

TEST MODE CYCLE 

V'H- --------i.. 
V,L -

V'H- --------+--""""\ 
m 

trEH---I 

TEST FUNCTION BLOCK DIAGRAM 

TF 

0 

A" Ay 

A" Ay 

0 

TF 
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ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory prefix ______ T ...... CM In,om T T ..... -----SPeed (85=85 ns, 10=100 ns, l 12= 120 ns) 
Part Number-------------' '-------Package (P=Plastic DIP, J=Plastic SO 

Full Part Numbers-MCM511001P85 
MCM511001 P10 
MCM511001 P12 

with J leads) 

MCM511001J85 
MCM511001J10 
MCM511001J12 

MOTOROLA MEMORY DATA 

2-66 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1 M X 1 CMOS Dynamic RAM 

The MCM511002 is a 1.21' CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The static column mode feature allows column data to 
be accessed upon the column address transition when RAS and CS are held low, similar 
to static RAM operation. 

The MCM511002 requires only 10 address lines; row and column address inputs are 
multiplexed. 

• Three-State Data Output 
• Early-Write Common 1/0 Capability 
• Static Column Mode Capability 
• Test Mode Capability 
• TTL-Compatible Inputs and Output 
• RAS Only Refresh 
• CS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAC): MCM511002-85=85 ns (Maximum) 

MCM511002-10= 100 ns (Maximum) 
MCM511OO2-12 = 120 ns (Maximum) 

• Low Active Power Dissipation: MCM511oo2-85=385 mW (Maximum) 
MCM511OO2-10=330 mW (Maximum) 
MCM511002-12 =275 mW (Maximum) 

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

W ____________ ~~~~B~LO~C~K~D~IA~G=R~A~M~~~------~ 
CS---...... -----q---"" 

~L--Fr=t=~~ 
TF 

AD 

Al DECODER 

A2 
SENSE AMP 

A3 liD GATING 

A4 

A5 2048 

A6 

A7 

A8 MEMORY 

A9 
ARRAY 

RAS 

D 

Q 

Vee 
VSS 

.-----M_C_M-=-5_11_00_2 ----,1 .-li 
_. 

___ - PPACKAGE 
PLASTIC 

CASE 707A 

~ 
J PACKAGE 

SMALL OUTLINE 
CASE 822 

PIN ASSIGNMENT 
DUAL-IN-LINE 

D 1. 18 ~VSS 
W 2 17 ~Q 

RAS 3 16 ~cs 
TF 4 15 ~A9 
AD 5 14 A8 

Al 6 13 A7 

A2 7 12 A6 

A3 8 11 A5 

Vee 9 10 A4 

SMALL OUTLINE 

DI 1 26 ~VSS 

Wl2 25 Q 

RASI 3 24 ~cs 
TFI 4 23 ~Ne 
Ne I 5 22 ~A9 

AD 9 18 ~A8 
Al 10 17 ~A7 
A2 11 16 ~A6 
A3 12 15 ~A5 

Vee 13 14 ~A4 

PIN NAMES 

AO-A9 . . . . . . . . . . . Address Input 
D . . . . . . . . . . . . . . . . Data Input 
Q . . . . . . . . . . . . . . . Data Output 
IN. . . . . . . . . . . Read/Write Enable 
RAS . . . . . . . . Row Address Strobe 
CS . . . . . . . . . . . . ... Chip Select 
VCC ............ Power (+5 VI 
VSS ................ Ground 
TF .......... Test Function Enable 
NC ............. No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM511002 

ABSOLUTE MAXIMUM RATINGS ISee Notel 

Rating Symbol 

Power Supply Voltage VCC 

Voltage Relative to VSS for Any Pin Except VCC Yin, Vout 

Test Function Input Voltage VinITF) 

Data Out Current lout 

Value 

-1 to +7 

-1 to +7 

-1 to + 10.5 

50 

Unit 

V 

V 

V 

rnA 

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

Power Dissipation Po 600 mW 

Operating Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -55 to + 150 °c 

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A =0 to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 

VSS 0 0 

Logic High Voltage, All Inputs VIH 2.4 -

Logic Low Voltage, All Inputs VIL -1.0 -

Test Function Input High Voltage VIH (TF) VCC+4.5 -
DC CHARACTERISTICS 

Characteristic Symbol Min 

V CC Power Supply Current ICCl 
MCM511002-85, tRC = 165 ns -
MCM511002-10, tRC=l90 ns -
MCM511002-12, tRC=220 ns -

VCC Power Supply Current (Standby) (RAS=CS=VIHI ICC2 -

VCC Power Supply Current During RAS only Refresh Cycles (CS = VIH) ICC3 
MCM511002-85, tRC = 165 ns -
MCM511002-10, tRC= 190 ns -
MCM511002-12, tRC=220 ns -

Vce Power Supply Current During Static Column Mode Cycle (RAS = CS = VIL) ICC4 
MCM511002-85, tsC=50 ns -
MCM511002-10, tSC=55 ns -
MCM511002-12, tSC=70 ns -

VCC Power Supply Current (Standby) (RAS = CS = VCC - 0.2 V) ICC5 -

VCC Power Supply Current During CS Before RAS Refresh Cycle ICC6 
MCM511002-85, tRC = 165 ns -
MCM511002-10, tRC=l90 no -
MCM511002-12, tRC=220 ns -

Input Leakage Current (Except TF) (0 V SVin s6.5 V) IlkaOi -10 

Input Leakage Current (TF) (0 VSVinITFISO.8 V) Ilkalli -10 

Output Leakage Current (CS=VIH, 0 VSVouts5.5 V) Ilka(O) -10 

Test Function Input Current (VCC+4.5 VSVin!TF)s10.5 V) linLTF) -
Output High Voltage UOH = - 5 rnA) VOH 2.4 

Output Low Voltage UOL = 4.2 rnA) VOL -
CAPACITANCE (f= 10 MHz TA=25°C VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol 

Input Capecitance AD-AS, D Gin 

RAS, CS, W, TF 

Output Capacitance (CS = VIH to Disable Output) a Caut 

NOTES: 
1. All voltages referenced to VSS. 

Max Unit Notes 

5.5 V 1 

0 

6.5 V 1 

0.8 V 1 

10.5 V 1 

Max Unit Notes 

rnA 2 
70 
60 
50 

2.0 rnA 

rnA 2 
70 
60 
50 

rnA 2 
50 
40 
30 

1.0 rnA 

rnA 2 
70 
60 
50 

10 p.A 

10 p.A 

10 p.A 

1 rnA 

- V 

0.4 V 

Max Unit Notes 

5 pF 3 

7 pF 3 

7 pF 3 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=I<1t/<1V. 
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MCM511002 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to 70oe, Unless Otherwise Noted) 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes I, 2, 3, 4, and 51 

Symbol MCM511002-85 MCM511002-10 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 165 - 190 -
Read-Write Cycle Time tRELREL tRWC 190 - 220 -

Static Column Mode Cycle Time tAVAV tsc 50 - 55 -
Static Column Mode Read-Write Cycle Time tAVAV tSRWC 90 - 100 -
Access Time from RAS tRELOV tRAC - 85 - 100 

Access TIme from CS tCELOV tCAC - 25 - 25 

Access TIme from Column Address tAVOV tAA - 45 - 50 

Access Time from Last Write twLOV tALW - 85 - 96 

CS to Output in Low-Z tCELOX tCLl 5 - 5 -
Output Buffer and Turn-Off Delay tCEHOZ tOFF 0 30 0 30 

Data Out Hold from Address Change tAXOX tAOH 5 - 5 -
Data Out Enable from Write twHOV tow - 30 - 30 

Data Out Hold from Write twHOX twOH 0 - 0 -

Transition Time (Rise and Falll tr tr 3 50 3 50 

RAS Precharge Time tREHREL tRP 70 - 80 -
RAS Pulse Width tRELREH tRAS 85 10,000 100 10,000 

RAS Pulse Width (Static Column Mode) tRELREH tRASC 85 100,000 100 100,000 

RAS Hold TIme tCELREH tRSH 25 - 25 -
CS Hold TIme tRELCEH tCSH 85 - 100 -

CS Pulse Width tCELCEH tcs 25 10,000 25 10,000 

CS Pulse Width (Stetic Column Mode) tCELCEH tcsc 25 100,000 25 100,000 

RAS to CS Delay TIme tRELCEL tRCD 25 60 25 75 

RAS to Column Address Delay Time tRELAV tRAD 20 40 20 50 

CS to RAS Precharge Time tCEHREL tCRP 10 - 10 -

CS Precharge TIme (Static Column Mode Cycle tCEHCEL tcp 10 - 10 -
Only) 

Row Address Setup Time tAVREL tASR 0 - 0 -

Row Address Hold Time tRELAX tRAH 15 - 15 -

NOTES: 

MCM511002-12 
Unit Not .. 

Min Max 

220 - ns 6 

255 - ns 6 

65 - ns 

120 - ns 

- 120 ns 7,8 

- 30 ns 7,9 

- 60 ns 7,10 

- 115 ns 7,11 

5 - ns 7 

0 35 ns 12 

5 - ns 

- 35 ns 

0 - ns 

3 50 ns 

90 - ns 

120 10,000 ns 

120 100,000 ns 

30 - ns 

120 - ns 

30 10,000 ns 

30 100,000 ns 

25 90 ns 13 

20 60 ns 14 

10 - ns 

15 - ns 

0 - ns 

15 - ns 

(continued) 

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

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

range (O°CsTAs700 C) is assured. 
7. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mAl loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
8. Assumes that tRCDstRCD (max). 
9. Assumes that tRCD",tRCD (maxI. 

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

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

greater than the specified tRAD (max), then access time is controlled exclusively by tAA. 
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MCM511002 

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

Symbol MCM511002-86 MCM511002-10 MCM511002-12 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

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

Column Address Hold Time tCELAX tCAH 20 - 20 - 25 - ns 

Write Address Hold Time Referenced to RAS tRELAX tAWR 65 - 75 - 90 - ns 

Column Address Hold Time Referenced to RAS tRELAX tAR 100 - 115 - 140 - ns 

Column Address to RAS Lead Time tAVREH tRAL 45 - 50 - 60 - ns 

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

Write Command to CS Lead Time tWLCEH tCWL 20 - 25 - 30 - ns 

Last Write to Column Address Delay Time tWLAV tLWAD 25 40 25 45 30 55 ns 16 

Last Write to Column Address Hold Time twLAX tAHLW 85 - 95 - 115 '- ns 

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

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

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

Write Hold Time tCELWH twH 0 - 0 - 0 - ns 18 

Write Command Hold Time Referenced to RAS tRELWH twCR 65 - 75 - 90 - ns 

Write Command Pulse Width twLWH twP 20 - 20 - 25 - ns 

Write Command Inactive Time twHWL twl 10 - 10 - 15 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - 30 - ns 

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

Date In Hold Time tCELDX tDH 20 - 20 - 25 - ns 19 

Data In Hold Time Referenced to RAS tRELDX tDHR 65 - 75 - 90 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

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

CS to 'Write Delay tCELWL tCWD 25 - 25 - 30 - ns 18 

RAS to Write Delay tRELWL tRWD 85 - 100 - 120 - ns 18 

Column Address to Write Delay Time tAVWL tAWD 45 - 50 - 60 - ns 18 

CS Setup Time for CS 8efore RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns 

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

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

CS Precharge Time for CS Before RAS Counter tCEHCEL tCPT 50 - 50 - 60 - ns 
Test 

CS Precharge Time tCEHCEL tCPN 15 - 15 - 20 - ns 

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

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

NOTES: 
15. tAH is time required to latch column address. 
16. Operation within the tLWAD limit ensures that tALW can be met. tLWAD (max) is specified as a reference point only; if tLWAD is greater 

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

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

19. These parameters are referenced to CS leading edge in random write cycles and to Vii leading edge in delayed write or read-niodify-write 
cycles. 
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MCM511002 

READ CYCLE 

~------------tRc-----------------+i 

~---tRP'---il~ 

VIH -
ADDRESSES 

Vll-

VIH- tcs 
CS 

Vll-

VIH -
Vi 

Vll-

VDH -
Q (DATA OUT I VALID DATA 

VOl-

EARLY WRITE CYCLE 

t-------------tRc--------:--------~ 
i'+----tRP----.t 

VIH------:~ 1"".---------tRAS ----------..j ..r---------,rl 
RAS 

Vll-

AODRESSES 

Vll-

VIH -

CS 
Vll-

VIH -
Vi I+--H--twp----'---_~.1 

Vll- I ~-, 

... ,,'" :,::<XXX~ .. ,,·~::?xxxxxooxxxm 
~ tDHR-------:=j-t~~ • 

VDH- ' 
Q (DATA OUT) HIGH Z -------------------

VOl-
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II RAS 

ADDRESSES 

CS 

iii 

D IDATA INI 

o IDATA DUn 

VIH-
RAS 

Vll-

VIH -
ADDRESSES 

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VDH -

VOl-

MCM511002 

READ-WRITE CYCLE 

~-----------------------IRWC--------------------------~ 

STATIC COLUMN MODE READ CYCLE 

f+------------------------�RAsc-------------------'-----+I ..J..----.I.-

----~---ISC-----.t .... --

COLUMN 
ADDRESS 

VIH----+--------I--..L. i'+---t-ICS-----!~ j,..---hL 

cs 
Vll-

VIH -
iii 

Vll-

VOH-
o IDATA OUTI 

VOL -

IRCS-+of-t---t-i 1''----+-I---..... f" 
IRCD+-+--+I 

HIGH Z 
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MCM511002 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH -

RAS 
Vll-

VIH-
ADDRESSES 

Vll-

VIH-

CS 
Vll-

VIH-
W 

Vll-

VIH -
D (DATA INI 

Vll-

VOH -
Q (DATA OUT I -----------------HIGH Z-------------------

VOL -

VIH-
RAS 

Vil -

VIH -
ADORESSES 

V'l-

VIH -
CS 

Vll-

VIH-
W 

V'l-

VIH-
o (OATA INI 

Vil -

VOH -
Q (OATA OUT) 

VOl-

STATIC COLUMN MODE READ-WRITE CYCLE 
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RAS 

ADDRESSES 

CS 

Vi 

o (DATA INI 

Q (DATA DUTI 

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VDH-

VDl-

MCM511002 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

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

i4------------tRC-------------+\ 

VIH- ----,l..I+--------tRAS--------·q, ..... ----.....,~ 

AD TO-AS 
Vll­

VOH-
Q (DATA OUTI --------------- HIGH Z ----------------

CS BEFORE RAS REFRESH CYCLE 
,Vii and AD to A9 are Don't Care) 

1+--------tRC------:------t 

VIH- .Jo:------....... _----tRAS------..j .Jr:-------:il.. 
RAS 

Vll-

tCPN tCHR 
VIH-

CS 
vll-

tOFF 

VOH-
Q (DATA OUTI I)------------HIGH Z -------------

VOl-
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RAS 

CS 

AOORESSES 

'Ii 

o IOATA OUT) 

RAS 

cs 

AOORESSES 

'Ii 

o !DATA INI 

o IOATA OUT) 

VIH -

Vll-

VIH-

Vil -

VIH-

Vll-

VIH -

Vll-

VOH -

VOl-

vIH-

Vll-

vIH-

vll-

VIH-

Vll-

VIH -

Vll-

VIH -

Vll-

VOH -

VOl-

HIGH l 

tell 

MCM511002 

HIDDEN REFRESH CYCLE (READ) 

VAllO OATA 

HIDDEN REFRESH CYCLE (WRITE) 

HIGH l 
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MCM511002 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

14------------tRAS------------+I 

14------tRSH------.t J:----~ 

VIH- .Jo----.i. 1+----tCS----+i .J,:--+-I------
CS 

VIL -

VIH-
ADDRESSES 

VIL -

READ CYCLE 

VOH-
Q IDATA OUli ---------

WRITE CYCLE 

ADDRESSES 

VOH -
Q IDATA OUli --------------+--H HIGH Z 

14---++---tCWL------~ 

..... --+-+---twP------+-+I 

D (DATA IN) 

VIL-~~~~~~~~~~~~~~~--~~---------~_4~~~~~~~~ 

tDH --1 I 
lc-..l.V-A:....LlD-OA-TA----.n-XXXXXXXXXXXXXX> 

I tCAH ~I~I~~...,....., READ-WRITE CYCLE 

ADORESSES 

VOH-
Q (OATA Dun ------- HIGH Z ------+-++--(1 

VIH- ..... .,..... __ ....-_,.....,...., .................. ,....,......,.......,....,a,.-------........ 

D (DATA IN) 
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MCM511002 

DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe !clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device Igreater than 4 milliseconds 
with device powered up), the wake up sequence 18 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks lactive negative) 
called the row address strobe IRAS) and chip select ICS)' A 
total of twenty address bits will decode one of the 1,048,576 
cell locations in the device. The column address strobe follows 
the row address strobe by a specified minimum and maximum 
time called "tRCD," which is the row to column strobe delay. 
This time interval is also referred to as the multiplex window 
which gives flexibility to a system designer to set up his external 
addresses into the RAM. These conditions have to be met for 
normal read or write cycles. This initial portion of the cycle 
accomplishes the normal addressing of the device. There are, 
however, two other variations in addressing the 1 M RAM, one 
is called the RAS only refresh cycle Idescribed later) where a 
9-bit row address field is presented on the input pins and 
latched by the RAS clock. The most significant bit on Row 
Address A9 is not required for refresh. The other variation, 
which is called static column, allows the user to column access 
the 2048 bits within a selected row. ISee STATIC COLUMN 
CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CS clock must also make a transition from VIH to the VIL 
level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CS clock 
must be active before or at the tRCD maximum specification 
for an access Idata valid) from the RAS clock edge to be 
guaranteed ItRAC). If the tRCD maximum condition is not 
met, the access ItCAC) from the CS clock active transition 
will determine read access time. The external CS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CS clock will allow the external CS signal to 
become active as soon as the row address hold time ItRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CS clock. 

Once the clocks have become active, they must stay active 
for the minimum ItRAS) period for the RAS clock and the 
minimum ItcS) period for the CS clock. The RAS clock must 

stay inactive for the minimum ItRP) time. The former is for 
the completion of the cycle in progress, and the latter is for :", 
the device internal circuitry to be precharged for the next active. 
cycle. 

Data out is not latched and is valid as long as the CS clock 
is active; the output will switch to the three-state mode when 
the CS clock goes inactive. To perform a read cycle, the write 
IW) input must be held at the VIH level from the time the CS 
clock makes its active transition ItRCS) to the time when it 
transitions into the inactive ItRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
IW) clock must go active IVIL level) at or before the CS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time ItCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CS clocks need to be active after 
the write operation has started (W clock at VIL level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2tTl. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read­
while-write cycle. For this cycle, tCWD plays an important 
role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tCWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on tCWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 
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STATIC COLUMN CYCLES 

Static column operation allows fast successive data oper­
ations at the 1024 column locations within a row. Access time 
is typically half the regular RAS clock access (tRAC). Static 
column operation is achieved by holding both RAS and CS 
low, and selecting the column location determined by the 10-
bit column address field. 

The static column cycle is always initiated with a row address 
being provided and latched by the RAS clock, followed by a 
column address and CS clock, as in a normal read or write 
cycle. Subsequent column addresses are accessed at a higher 
speed (tAA, tALW, tow, or tCAC, depending on the previous 
and intended operation), as the column address field is 
changed. Read, write, and read-write operations can be per­
formed and mixed in any order when the device is in the static 
column mode. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy­
cling through the 512 row address lorations every 8 millise­
conds, (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits (2048) associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The 
row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CS clock is not required and must be inactive or 
at a VIH level. 

CS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CS has 
been low (by tCSR)' This activates the internal refresh counter 

Q - HIGH·Z -+--..... 

which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automlltic refresh cycle, 
the output will stay in the high impedance state. If the output 
was enabled by CS in the previous cycle, the data out will be 
maintained during the automatic refresh cycle as long as CS 
is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per­
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CS at VIL and taking RAS 
high and after a specified precharge period (tRP), executing 
a CS before RAS refresh cycle. (See Figure 1.) 

CS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM511000 can be tested 
by CS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CS before RAS Refresh Counter Test Read­
Write Cycle (see timing diagram). Repeat 512 times. 

3. Read the "1"5 (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "1 "s 
and write a "0" into each cell by performing CS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 512 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE 

VALID DATA·OUT 

Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of the device of 256K x 4 allows the 
device to be tested as if it were a 256K x 1 DRAM. In the test 
mode, data is written into 4 sectors in parallel and retrieved 
the same way. If all 4 bits are equal on a read, data out indicates 
the same data at all bits. If all 4 bits are not equal, the data 
out will indicate a high impedance state. See truth table and 
block diagram below. 

The test mode function is performed on any of the timing 
cycles, including fast page mode, when the TF pin is held on 
"super voltage" (VCC+4.5 V), where (4.5 V"VCC,,5.5 V), 
maximum voltage; 10.5 V, for the specified period (tTES, 
tTEH; see test mode cycle). A9 is ignored in the test mode. 
Normal operation requires the TF pin to either be connected 
to VIL, or remain open. 

Test Mode Truth Table 

A I B I c I 0 Q 

0 I 0 I 0 I 0 0 
1 1 1 1 1 

Any Other High·Z 

TEST MODE CYCLE 

VIH - --------~ 

tTEH---I 

TEST FUNCTION BLOCK DIAGRAM 

Ax, Ay 

TF 

Q 

Ax, Ay 

Ax, Ay 

0 

TF 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 511002 X XX 

Motorola Memory Prefix ______ T..J T L== Speed (85=85 ns, 10= 100 ns,. 
12= 120 ns) 

Part Number ---------------' Package (P=Plastic DIP, J=Plastic SO 

Full Part Numbers-MCM511002P85 
MCM511oo2Pl0 
MCM511002P12 

with J leads) 

MCM511002J85 
MCM511OO2J 1 0 
MCM511002J12 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K X 4 CMOS Dynamic RAM 

The MCM514256 is a 1.21' CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech­
nology. Advanced circuit design and fine line processing provide high performance, im­
proved reliability, and low cost. 

The MCM514256 requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in standard 300 mil wide packages: dual-in-line pack­
age (DIP) and J-Iead small outline package. 

• Three-State Data Output 
• Fast Page Mode Capability 
• TTL-Compatible Inputs and Output 
• RAS Only Refresh 
• CAS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAC): MCM514256-85=85 ns (Maximum) 

MCM514256-10=100 ns (Maximum) 
MCM514256-12 = 120 ns (Maximum) 

• Low Active Power Dissipation: MCM514256-85=413 mW (Maximum) 
MCM514256-10=358 mW (Maximum) 
MCM514256-12=303 mW (Maximum) 

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

BLOCK DIAGRAM 

Vi ----------<:r---... DOO-003 

CAS-----~1Ooj 14----+-G 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

RAS-------...j 

MCM514256 

P PACKAGE 
PLASTIC 

CASE 738A 

J PACKAGE 
SMALL OUTLINE 

CASE B22 

PIN ASSIGNMENT 
DUAL-IN-LiNE 

000 1. 20 ~VSS 
001 2 19 ~003 

Vi 3 18 ~002 
RAS 4 17 ~i:AS 

NC 5 16 ~G 
AD 6 15 ~A8 
Al 7 14 ~A7 
A2 8 13 ~A6 
A3 9 12 ~A5 

VCC 10 11 ~A4 
SMALL OUTLINE 

000 1 26 ~VSS 
001 2 25 ~003 

Vi 3 24 ~002 
RAS 4 23 ~i:AS 

NC 5 22 ~G 

AD 9 18 ~A8 
AI 10 17 ~A7 
A2 11 16 ~A6 
A3 12 15 ~A5 

VCe! 13 14 ~A4 

PIN NAMES 

AD-AS . . . . . . . . . . . Address Input 
DQD-003 ....... Oata Input/Output 
G . . . . . . . . . . . . . . Output Enable 
w. . . . . . . . . . . . Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
CAS . . . . .. Column Address Strobe 
VCC ............ Power (+5V) 
VSS ................ Ground 
NC . . . . . . . . . . . . . No Connection 

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

"Rating Symbol Value Unit 

Power Supply Voltage Vcc -lto+7 V 

Voltage Relative to VSS for Any Pin ExceptVcc Vin, Vout -1 to +7 V 

Data Out Current lout 50 rnA 

Power Dissipation Po 1 W 

Operating Temperature Range TA o to +70 DC 

Storage Temperature Range Tstg -55 to +150 DC 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA =0 to 70De, Unless Otherwise Notedl 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 

Logic High Voltage, All Inputs VIH 2.4 - 6.5 V 1 

Logic Low Voltage, All Inputs VIL -1.0 - 0.8 V 1 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Unit Notes 

VCC Power Supply Current ICCI rnA 2 
MCM514256-85, tRC = 165 ns - 75 
MCM514256-10, tRC = 1"90 ns - 65 
MCM514256-12, tRC,,220 ns - 55 

VCC Power Supply Current (Standby) (RAS = CAS = VIH) ICC2 - 2.0 rnA 

VCC Power Supply Current During RAS only Refresh Cycles (CAS = VIH) ICC3 rnA 2 
MCM514256-85, tRC = 165 ns - 75 
MCM514256-10, tRC=I90 ns - 65 
MCM514256-12, tRC=220 ns - 55 

VCC Power Supply Current During Fast Page Mode Cycle (RAS = VIL) ICC4 rnA 2 
MCM514256-85, tpc = 50 ns - 55 
MCM514256-10, tpc = 55 ns - 45 
MCM514256-12, tpC=70 ns - 35 

VCC Power Supply Current (Standby) (RAS=CAS=VCC-0.2 V) ICC5 - 1.0 rnA 

V CC Power Supply Current During CAS Before RAS Refresh Cycle ICC6 rnA 2 
MCM514256-85, tRC = 165 ns - 75 
MCM514256-10, tRC = 190 ns - 65 
MCM514256-12, tRC=220 ns - 55 

Input Leakage Current (0 V ",Vin ",6.5 V) Ilka(l) -10 10 pA 

Output Leakage Current (CAS =VIH, 0 V",Vout",5.5 V) Ilka(O) -10 10 pA 

Output High Voltage (lOH = - 5 rnA) VOH 2.4 - V 

Output Low Voltage (lOL =4.2 rnA) VOL - 0.4 V 

CAPACITANCE (f= 1.0 MHz, TA=25DC VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Max Unit Notes 

Input Capacitance AO-AS Cin 5 pF 3 

G, RAS, CAS, Vii 7 pF 3 

Output Capacitance (CAS =VIH to Disable Output) 000-003 Cout 7 pF 3 

NOTES: 
1. All voltages referenced toVSS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA =0 to 70oe, Unless Otherwise Noted) 

READ WRITE AND READ-MODIFY-WRITE CYCLES (See Notes 1 2 3 and 41 

Symbol MCM514256-85 MCM5142!i6-10 
Parameter 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 165 - 190 -

Read-Modify-Write Cycle Time tRELREL tRMW 225 - 255 -
Fast Page Mode Cycle Time tCELCEL tpc 50 - 55 -
Fast Page Mode Read·Modify·Write Cycle Time tCELCEL tPRMW 110 - 115 -
Access Time from RAS tRELQV tRAC - 85 - 100 

Access Time from CAS tCELOV tCAC - 30 - 30 

Access Time from Column Address tAVQV tAA - 45 - 50 

Access Time from Precharge CAS tCEHQV tCPA - 45 - 50 

CAS to Output in Low·Z tCELOX tCLZ 5 - 5 -
Output Buffer and Turn-Off Delay tCEHOZ tOFF 0 30 0 30 

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

RAS Precharge Time tREHREL tRP 70 - 80 -
RAS Pulse Width tRELREH tRAS 85 10,000 100 10,000 

RAS Pulse Width (Fast Page Model tRELREH tRASP 65 100,000 100 100,000 

RAS Hold Time tCELREH tRSH 30 - 30 -
CAS Hold Time tRELCEH tCSH 65 - 100 -
CAS Pulse Width tCELCEH tCAS 30 10,000 30 10,000 

RAS to CAS Delay Time tRELCEL tRCD 25 55 25 70 

RAS to Column Address Delay Time tRELAV tRAD 20 40 20 50 

CAS to RAS Precharge Time tCEHREL tCRP 10 - 10 -
CAS Precharge Time tCEHCEL tCPN 15 - 15 -
CAS Precharge Time (Page Mode Cycle Onlyl tCEHCEL tcp 10 - 10 -
Row Address Setup Time fAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC 0 - 0 -
Column Address Hold Time' tCELAX tCAH 20 - 20 -
Column Address Hold Time Referenced to RAS tRELAX tAR 65 - 75 -
Column Address to RAS Lead Time tAVREH tRAL 45 - 50 -

NOTES: 

MCM514256-12 
Unit Notes 

Min Max 

220 - ns 5 

295 - ns 5 

70 - ns 

140 - ns 

- 120 ns 6,7 

- 35 ns 6,8 

- 60 ns 6,9 

- 65 ns 6 

5 - ns 6 

0 35 ns 10 

3 50 ns 

90 - ns 

120 10,000 ns 

120 100,000 ns 

35 - ns 

120 - ns 

35 10,000 ns 

25 85 ns 11 

20 60 ns 12 

10 - ns 

20 - ns 

15 - ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

90 - ns 

60 - ns 

(continued) 

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

transmit between VIH and VIL (or between V'L and VIHI in a monotonic manner. 
4. AC measurements IT = 5,0' ns. 
5. The specifications for tRC (mini and tRMW (mini are used only to indicate cycle time at which proper operation over the full temperature 

range (ooC,sTA,s70oCI is assured. 
6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mAl loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
7. Assumes that tRCD,stRCD (maxi. 
8. Assumes that tRCD2:tRCD (maxi, 
9. Assumes that tRAD 2:tRAD (maxi. 

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

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

greater than the specified tRAD (maxi, then access time is controlled exclusively by tAA. 
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READ WRITE AND READ-MODIFY-WRITE CYCLES (Continuedl 

Symbol MCM514256-85 MCM514256-10 MCM514256-12 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

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

Read Command Hold Time tCEHWX tRCH 0 - 0 - 0 - ns 13 

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

Write Command Hold Time Referenced to CAS tCELWH twCH 20 - 20 - 25 - ns 

Write Command Hold Time Referenced to RAS tRELWH twCR 65 - 75 - 90 - ns 

Write Command Pulse Width twLWH twP 20 - 20 - 25 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - 30 - ns 

Write Command to CAS Lead Time twLCEH tCWL 20 - 25 - 30 - ns 

Data in Setup Ti'1'e tDVCEL tDS 0 - 0 - 0 - ns 14 

Data in Hold Time tCELDX tDH 20 - 20 - 25 - ns 14 

Data in Hold Time Referenced to RAS tRELDX tDHR 65 - 75 - 90 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

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

CAS to Write Delay tCELWL tCWD 65' - 65 - 75 - ns 15 

RAS" to Write Delay tRELWL tRWD 120 - 135 - 160 - ns 15 

Column Address to Write Delay Time tAVWL tAWD 80 - 85 - 100 - ns 15 

CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 10 - 10 - 10 - ns 

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

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

CAS Precharge Time for CAS Before RAS Counter tCEHCEL tCPT 50 - 50 - 60 - ns 
Test 

RAS Hold Time Referenced to G tGLREH tROH 20 - 20 - 20 - ns 

G Access Time tGLQV tGA - 25 - 25 - 30 ns 

G to Data Delay tGLHDX tGD 25 - 25 - 30 - ns 

Output Buffer Turn-Off Delay Time from G tGHQZ tGZ 0 25 0 25 0 30 ns 

G Command Hold Time twLGL tGH 25 - 25 - 30 - ns 

NOTES: 
13. Enter tRRH or tRCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS,leading edge in random write cycles and to IN leading edge in delayed write or read-modify-write 

cycles. 
15. twcs, tRWD, tCWD, and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

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

VIH - -------,,L 1-11----­
RAS 

Vll-

VIH­
ADDRESSES 

Vll-

VIH -"'~~~"'MrJOi:-?:"""+--+----------+-+::C:-~~"'~~~"" 
Vi 

Vil - lL..~lL..~lL..lL..¥-~'" 

VOH-
000-003 ------

VOl-

WRITE CYCLE (EARLY WRITE) 

VIH - ------,.L 1+---­
RAS 

Vll-

VIH - _,....,...,. ..Jc-...",,""';-~ 

ADDRESSES 
Vil - """"-"'-3 -,.....;=~-'r 

VIH - ,-,It""7"''"''t""""7I~","",-'' 
Vi 

Vil - ...... ......., ....... "-'''-'''-'''"r'''-'...,''--+--I---''f'-''-................................... ~ ........................................ ..v.. ....... ..v....v.. ...... 

VIH - "7\:"""7'I:"""7t'~~'"7'1"----x-~"""""""*"""""'"""'7{'"'"'7{'"'"Jr7r7r7r"'7r"'~~"'''~'"'''''"'''"'''''.-T 
G 

Vil - .................................. :....lo'-T'-->'--''--''--'f-'''-'''-:-'''-~~~lIL....lIL....~.¥...lL...lL..-''--¥-..loL...-¥--'''--'''--'''--''-.......................... 

VIH-
000-003 ---------- ... ---------HIGH Z--------

Vll- ... ----~ 
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MCM514256 

WRITE CYCLE (G CONTROLLED WRITE) 

VIH-----~ ""----
RAS 

VIL -

VIH­
ADDRESSES 

VIH - ............ ,......,.....,..""T"....,......,.....,.-.,.....,,......, ....... ,...,.....,.....L 
Vi 

VIL - ~~~~...¥. ...... ..x..~¥-~"'-lI'-liI...¥.-++ ___ .....;'f-l"'-l"'-ll'-lil'-" ................................. .l<.-'~~'-"...¥.-lI 

VIH - ~{""'l!:-"lI:~"'X""~Ir'lr'7'~----II-t-~~:""7'l'~~"'X""~Ir'l{""'l!:-"lI:~"'X""~~{""'l!:-"lI:~~ 
G 

VIL - L.:l~:...¥....lC.-¥-.¥..¥..:l~ 

READ-MODIFY-WRITE CYCLE 

VIH-
RAS 

vlL -

VIH-
CAS 

VIL -

VIH-
ADDRESSES 

VIL -

VIH-
W 

VIL -

VIH-
G 

VIL -

VIHNoH -
000·003 

VILNOL -
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VIH-------:L 1-0--­
RAS 

Vll-

VOH -
DOD-D03 

VOl-

VIH---.... 
RAS 

Vll-

VIH­
ADDRESSES 

Vll-

VIH - ,........, ............... ,..:...,.....,. ...... 

VI 

MCM514256 

FAST PAGE MODE READ CYCLE 

FAST PAGE MODE WRITE CYCLE 

Vil - '--lo'-"~y.~L....loq:f-+--.....::f-.¥-.¥-.¥-~'R-+--~F-.¥-lI{\-¥...~II'f-II---=f.JI.....JI....~.¥-.¥-.JI....~ 

G 

DOO-D03 

VIH - ---+---+--bI:.-7r--,<:'"""lor::lI:::----+I::t::~~~_r_\'r--_+_t:E~~""""7'I""""7'I~~r_7<:'"""l~ 

Vll-

VIH - .-X~"'"lf'"~7\ .,j,:---::,:,~....,ol. ~"'"lIl"~""'''''''~~-~ 

Vil - ..................... ......, 1-.....::;::;.:;..:::-.~ "-' ....... __ 1<-~.;.;.;.;..~ 
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MCM514256 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
VIH- t4--------------tRASP--------------..j 

VIL -

14----tRSH----+f 

VIH-
CAS 

VIL -

VIH-
ADDRESSES 

VIL -

W 
VIH-

VIL -

VIH-
G 

VIL -

VIHNOH-
000-003 ------H~IUI 

VILNOL -

VALID 
DATA OUT DATA IN 

VALID 
DATA OUT 
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VIH-
RAS 

Vll-

VIH-
CAS 

Vll-

VIH-
ADDRESSES 

Vll-

VOH-
000·003 VOl-

MCM514256 

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

~----------tRC-------,----------+t 

tRP---+j ______ ~ ,..------tRAs--------t r _____ -1. 

tCRP 

CAS BEFORE RAS REFRESH CYCLE 
(Vii, G, and AO-AS are Don't Care) 

t------------tRC---------------'~ 

J4--------tRAS---------t 

~-H-tCSR tRPC 
J4----tCHR------.,~ ""1----tCPN----+! 

-------------HIGH z---------------
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HIDDEN REFRESH CYCLE (READI 

VIH----....... ~-­
RAS 

VIH­
ADDRESSES 

VIL -

VIH-~~~~~~~~-~------~~~~~~~~~~~~~~~~~~~~ 
W 

VIL - ..lI-,¥...;~-'r-"-

VOH­
DDO-DD3 ----------(1 

HIDDEN REFRESH CYCLE (WRITEI 

j+-------IRC------*_------
i4-----IRAS----+t 

VIH _--""1..i+---1AR---.j 

RAS 

VIH­
ADDRESSES 

VIL -
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RAS 
VIH-

VIL -

CAS 
VIH-

VIL -

READ CYCLE 

VIH-
ADDRESSES 

VIL -

W 
VIH-

VIL -

IT 
VIH-

VIL -

000-003 
VOH-

VOL -

WRITE CY.CLE 

W 
VIH-

VIL -

IT 

VIH-
000-003 

VIL -

W 
VIH-

VIL -

IT 
VIH-

VIL -

VIHIVOH -
OoO-D03 VILIVOL-

MCM514256 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

1+----------tRAS----------_~ -!io:----""'-

HIGH Z 

.. -----tRSH-----~ 

-Jo------.~ "'-----tCAS-----+t 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clockl to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of 18 address bits will decode one of 
the 262,144 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRCD," which is the row to column 
strobe delay. This time interval is also referred to as the mul­
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, other variations in addressing 
the RAM, the refresh modes (RAS only refresh; CAS before 
RAS refresh; hidden refresh), another mode called page mode 
allows the user to column access the 512 bits within a selected 
row. The refresh mode and page mode operations are de­
scribed in more detail later on. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ­
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CAS clock must also make a transition from VIH to the 
VIL level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC)' If the tRCD maximum condition is not 
met, the access (tCAC) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 

minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRP) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS and 
G clocks are active; the output will switch to the three-state 
mode when either the CAS or G clock goes inactive. To perform 
a read cycle, the write {WI input must be held at the VIH level 
from the time the CAS clock makes its active transition (tRCS) 
to the time when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time {tCWL) and 
the row strobe to write lead time (tRWU, These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at VIL level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds -
[tRWL +tRP+2ql. _ 

In a late write or a ready-modify-write cycle, G must be at 
the VIH level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write {WI clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the VI H level until the read 
data occurs at the device access time (tRAC). At this time t~e 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time between read and write. 
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PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 512 column locations. Page access (tCAc! is typically 
half the regular RAS clock access (tRAC) on the Motorola 1 M 
dynamic RAM. Page mode operation consists of holding the 
RAS clock active while cycling the CAS clock to access the 
column locations determined by the 9-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col­
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpC)' The CAS cycle time (tpC) consists of the CAS clock 
active time (tCAS), and CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read­
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write cycle, the conditions nor­
mal to that mode of operation will apply in the page mode 
also. In practice, any combination of read, write and read­
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy­
cling through the 512 row address locations every 8 millise­
conds, (i.e., at least one row every 15.6 microseconds!. A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso­
ciated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a VIH level. 

000.003 - HIGH Z -1----< 

CAS Before RAS Refresh 

CAS before RAS refreshing available on the MCM514256 
offers an alternate refresh method. If CAS is held on low for 
the specified period (tCSR) before RAS goes to low, on chip 
refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh address 
counter is automatically incremented in preparation for the 
next CAS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM514256 is that refresh cycle 
may be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at VIL and taking RAS high and 
after a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure 1 below) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM514256 can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 512 times. 

3. Read the "l"s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "l"s 
and write a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 512 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

VALID DATA OUT 

Figure 1. Hidden Refresh Cycle 
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MCM514256 

ORDERING INFORMATION 
(Orc!er by Full Part Number) 

Motorola Memory Prefix-----'-----' . Speed (85=85 ns, 10=100 ns, T T514256 
L=X T 

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

Full Part Numbers-MCM514256P85 
MCM514256Pl0 
MCM514256P12 

12= 120 ns) 

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

MCM514256J85 
MCM514256Jl0 
MCM514256J12 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
256K X 4 CMOS Dynamic RAM 

The MCM514258 is a 1.4< CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech­
nology. Advanced circuit design and fine line processing provide high performance, im­
proved reliability, and low cost. 

The MCM514258 requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in standard 300 mil wide packages: dual-in-line pack­
age (DIP) and J-lead small outline package. 

• Three-State Data Output 
• Static Column Mode Capability 
• TTL-Compatible Inputs and Output 
• RAS Only Refresh 
• CS Before RAS Refresh 
• Hidden Refresh 
• 512 Cycle, 8 ms Refresh 
• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
• Fast Access Time (tRAC): MCM514258-85=85 ns (Maximum) 

MCM514258-10 = 100 ns (Maximum) 
MCM514258-12 = 120 ns (Maximum) 

• Low Active Power Dissipation: MCM514258-85=413 mW (Maximum) 
MCM514258-10=358 mW (Maximum) 
MCM514258-12 = 303 mW (Maximum) 

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

BLOCK DIAGRAM 

w----------------~~~ 

cs ----------~ 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

RAS----------~~ 

j+---+-G 

MCM514258 

P PACKAGE 
PLASTIC 

CASE738A 

J PACKAGE 
SMAll OUTLINE 

CASE B22 

PIN ASSIGNMENT 
DUAL-IN-LiNE 

000 1. 20 PVSS 

001 2 19 Po03 

W 3 18 002 

RAS 4 17 CS 
Ne 5 16 G 
AD 6 15 A8 

Al 7 14 A7 

A2 8 13 AS 

A3 9 12 A5 

Vee 10 11 A4 

SMALL OUTLINE 

DOD 1 26 Vss 

001 2 25 003 

W 3 24 002 

RAS 4 23 cs 
Ne 5 22 G 

AD 9 18 A8 

Al 10 17 A7 

A2 11 16 A6 

A3 12 15 A5 

Vee 13 14 A4 

PIN NAMES 

AD-A8 • . . . . . . . . . . Address Input 
000-003 ....... Oata Input/Output 
G . . . . . . . . . . . . . . Output Enable 
w. . . . . . . . . . . . Read/Write Input 
RAS . . . . . . . . Row Address Strobe 
CS . . . . . . . . . . . . . . . Chip Select 
VCC ............ Power (+5VI 
VSS ......•........• Ground 
NC . . . . . . . . . . . . . No Connection 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM514258 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -1 to +7 V 

Voltage Relative to V S5 for Any Pin Except V CC Vin, Vout -1 to +7 V 

Data Out Current lout 50 mA 

Power. Dissipation Po 1 W 

Operating Temperature Range TA Oto+70 °c 

Storage Temperature Range Tsto -56 to + 150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to 70oe, Unless OthelWise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 1 

VSS 0 0 0 

Logic High Voltage, All Inputs VIH 2.4 - 6.5 V 1 

Logic Low Voltage, All Inputs VIL -1.0 - 0.8 V 1 

DC CHARACTERISTICS 
Characteristic Symbol Min Max Unit Notes 

V CC power Supply Current ICCI mA 2 
MCM514258-85, tRC = 165 ns - 75 
MCM514258-10, tRC = 190 ns - 65 
MCM514258-12, tRC=220 ns - 56 

VCC Power Supply Current (Standby) (RAS = CS = VIH) ICC2 - 2.0 mA 

VCC power Supply Current During RAS only Refresh Cycles (CS = VIH) ICC3 mA 2 
MCM514258-85, tRC = 165 ns - 75 
MCM514258-10, tRC = 190 ns - 65 
MCM514258-12, tRC=220 ns - 56 

VCC Power Supply Current During Static Column Mode Cycle (RAS=VIL) ICC4 mA 2 
MCM514258-85, tsc = 50 ns - 75 
MCM514258-10, tSC=56 ns - 65 
MCM514258-12, tSC=70 ns - 56 

VCC Power Supply Current (Standby) (RAS = CS = VCC - 0.2 V) ICC5 - 1.0 mA 

V CC Power Supply Current During CS Before RAS Refresh Cycle ICC6 mA 2 
MCM514258-85, tRC = 165 ns - 75 
MCM514258-10, tRC = 190 ns - 65 
MCM514258-12, tRC=220 ns - 56 

Input Leakage Current (0 V:SVin:s6.5 V) Ilkolll -10 10 pA 

Output Leakage Current (CS=VIH, 0 V':sVout:s5.5 V) Ilka(O) -10 10 pA 

Output High Voltage (lOH = - 5 mAl VOH 2.4 - V 

Output Low Voltage (lOL =4.2 mAl VOL - 0.4 V 

CAPACITANCE (f= 10 MHz TA=25°C VCC=5 V Periodically Sampled Rather Than 100% Tested) 

Parameter Symbol Max Unit Notes 

Input Capacitance AO-AS Cin 5 pF 3 

G, RAS, CS, IN 7 pF 3 

Output Capacitance (eS = VIH to Disable Output) DQO-D03 Cout 7 pF 3 

NOTES: 
1. All voltages referenced to VSS. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Mater or effective capacitance calculated from the equation: C=IAt/AV. 
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MCM514258 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA=O to 70oe, Unless Otherwise Noted) 

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

Parameter 
Symbol MCM514258-86 MCM514258-10 

Standard Alternate Min Max Min Max 

Random Read or Write Cycle Time tRELREL tRC 165 - 190 -
Read-Modify-Write Cycle Time tRELREL tRMW 225 - 255 -

Static Column Mode Cycle Time tAVAV tsc 50 - 55 -

Static Column Mode Read-Modify-Write Cycle tAVAV tSRMW 110 - 115 -
Time 

Access Time from RAS tRELQV tRAC - 85 - 100 

Access Time from CS tCELQV tCAC - 30 - 30 

Access Time from Column Address tAVQV tAA - 45 - 50 

Access Time from Last Write twLQV tALW - 85 - 95 

CS to Output in Low-Z tCELOX tCLl 5 - 5 -
Output Buffer and Turn-Off Delay tCEHOZ tOFF 0 30 0 30 

Output Data Hold Time from Column Address tAXOX tAOH 5 - 5 -
Output Data Enable Time from Write twHQV tow - 30 - 30 

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

RAS Precharge Time tREHREL tRP 70 - 80 -

RAS Pulse Width tRELREH tRAS 85 10,000 100 10,000 

RAS Pulse Width (Static Column Model tRELREH tRASC 85 100,000 100 100,000 

CS to RAS Hold Time tCELREH tRSH 30 - 30 -
RAS to CS Hold Time tRELCEH tCSH 85 - 100 -
CS Pulse Width tCELCEH tcs 30 10.000 30 10,000 

CS Pulse Width (Static Column Model tCELCEH tcsc 30 100,000 30 100,000 

RAS to CS Delay Time tRELCEL tRCD 25 55 25 70 

RAS to Column Address Delay Time tRELAV tRAD 20 40 20 50 

CS to RAS Precharge Time tCEHREL tCRP 10 - 10 -
CS Precharge Time tCEHCEL tCPN 15 - 15 -
CS Precharge Time (Static Column Mode) tCEHCEL tcp 10 - 10 -

Row Address Setup Time tAVREL tASR 0 - 0 -
Row Address Hold Time tRELAX tRAH 15 - 15 -
Column Address Setup Time tAVCEL tASC 0 - 0 -

Column Address Hold Time tCELAX tCAH 20 - 20 -

Write Address Hold Time Referenced to RAS tRELAX tAWR 65 - 75 -
Column Address Hold Time Referenced to RAS tRELAX tAR 100 - 115 -
Column Address to RAS Lead Time tAVREH tRAL 45 - 50 -

NOTES: 

MCM514258-12 
Unit Notes 

Min Max 

220 - ns 5 

295 - ns 5 

65 - ns 

135 - ns 

- 120 ns 6,7 

- 35 ns 6,8 

- 60 ns 6,9 

- 115 ns 6,10 

5 - ns 6 

0 35 ns 11 

5 - ns 

- 35 ns 

3 50 ns 

90 - ns 

120 10,000 ns 

120 100,000 ns 

35 - ns 

120 - ns 

35 10,000 ns 

35 100,000 ns 

25, 85 ns 12 

20 60 ns 13 

10 - ns 

20 - ns 

15 - ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

90 - ns 

140 - ns 

60 - ns 

(continued) 

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

transmit between V,H and V,L (or between V,L and V,H) in a monotonic manner. 
4. AC measurements IT = 5.0 ns. 
5. The specifications for tRC (mini and tRMW Imin) are used only to indicate cyele time at which proper operation over the full temperature 

range (0°CsTAS700C) is assured. 
6. Measured with a current loed equivalent to 2 TTL (-200,.A, +4 mAl loads and 100 pF with the data output trip points set at 

VOH=2.0 V and VOL =0.8 V. 
7. Assumes that tRCDstRCD (max). 
8. Assumes that tRCD~tRCD (max). 
9. Assumes that tRAD~tRAD (max). 

10. Assumes that tLWADstLWAD (max). 
11. tOFF (max) and/or tGZ define the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

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

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

Symbol MCM5142!i8-85 MCM514268-10 MCM614268-12 
Parameter Unit Notes 

Standard Altarnate Min Max Min Max Min Max 

Column Address Hold Time Referenced to RAS tREHAX tAH 10 - 10 - 15 - ns 14 

Last Write to Column Address Delay Time twLAV tLWAD 25 40 25 45 30 55 ns 15 

Last Write to Column Address Hold TIme twLAX tAHLW 85 - 96 - 115 - ns 

Read Command Setup Time Referenced to CS twHCEL tRCS 0 - 0 - 0 - ns 

Read Command Hold TIme Referenced to CS tCEHWX tRCH 0 - 0 - 0 - ns 16 

Read Command Hold TIme Referenced to RAS tREHWX tRRH 0 - 0 - 0 - ns 16 

Write Command Hold Time (Output Data Disable) tCEHWH twH 0 - 0 - 0 - ns 17 

Write Command Hold Time Referenced to RAS tRELWH twCR 65 - 75 - 90 - ns 

Write Command Pulse Width twLWH twP 20 - 20 - 25 - ns 

Write Inactive Time twHWL twl 10 - 10 - 15 - ns 

Write Command to RAS Lead Time twLREH tRWL 20 - 25 - 30 - ns 

Write Command to CS Lead TIme twLCEH tCWL 20 - 25 - 30 - ns 

Data in Setup Time tDVCEL tDS 0 - 0 - 0 - ns 18 

Data in Hold TIme tCELDX tDH 20 - 20 - 25 - ns 18 

Data in Hold TIme Referenced to RAS tRELDX tDHR 85 - 75 - 90 - ns 

Refresh Period tRVRV tRFSH - 8 - 8 - 8 ms 

Write Command Setup Time (Output Data Disable) twLCEL tws 0 - 0 - 0 - ns 17 

CS to Write Delay (RMW Cycle) tCELWL tCWD 65 - 65 - 75 - ns 17 

RAS to Write Delay (RMW Cycle) tRELWL tRWD 120 - 135 - 160 - ns 17 

Column Address to Write Delay TIme tAVWL tAWD 80 - 85 - 100 - ns 17 

CS Setup Time for CS Before RAS Refresh tCELREL tcSR 10 - 10 - 10 - ns 

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

RAS Precharge to CS Active TIme tREHCEL tRPC 0 - 0 - 0 - ns 

CS Precharge Time for CS Before RAS Counter tCEHCEL tCPT 50 - 50 - 60 - ns 
Test 

RAS Hold TIme Referenced to G tGLREH tROH 20 - 20 - 20 - ns 

G Access Time tGLQV tGA - 30 - 30 - 35 ns 

G to Data Delay tGHDX tGD 25 - 25 - 30 - ns 

Output Buffer Turn-Off Delay Time from G tGHOZ tGZ 0 25 0 25 0 30 ns 11 

G Command Hold Time twLGL tGH 25 - 25 - 30 - ns 

NOTES: 
14. tAH is the condition to latch the column address when RAS transitions from low to high. 
15. Operation within the specified tLWAD (max) limit ensures that tALW (max) can be met. tLWAD (max) is specified as a reference point 

only; if tLWAD is greeter than the specifiad tLWAD (max) limit. then access time is controlled exclusively by tAA. 
16. Enter tRRH or tRCH must be satisfied for 8 read cycle. 
17. twH, tws, tRWD, tCWD, and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only; if tws ~tws (min) and twH ~twH (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tCWD ~tCWD (min), tRWD ~tRWD (min), and tAWD ~ tAWD (min), the cycle is a read-modify­
write cycle and the data out will contain data read from the selectad cell. If neither of these sets of conditions is satisfied, the condition 
of the dete out (at access time) is indeterminate. 

18. Thess parameters are referenced to ~ leading edge in random write cycles and to VIi leading edge in delayed write or read-modify-write 
cycles. 
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VIH-----~L 
RAS 

Vll-

VIH - r7r"l"{""'?I. ,..-:;:;~"" 
ADDRESSES 

Vll-

MCM514258 

READ CYCLE 

Vi 
VIH -~lt'"""lf""'JI~""'7't"',*-'lI{""'l~'+--+---------+-~"nI:"''7'\'7'\'''''''" 
Vll--....................... ....., ...... --

VOH -
000·003 ------

VOl-

WRITE CYCLE (EARLY WRITE) 

VIH-------1. -.--­
RAS 

VIH­
CS 

Vll-

·VIH - _'lI{""'l~ .,.-:;:~~ 

ADDRESSES 
Vll- ................... ."... ...... ..,. ....... 
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MCM514258 

WRITE CYCLE fG CONTROLLED WRITE) 

~--------------------~c--------------------~~ 
.... --------tRAS--------+t 

VIH----~ 
RAS 

VIL -

VIH­
ADDRESSES 

VIL -

VIH - ....., ............. ,....,....,..""'Ir""'lr'"..,.......-::IIo:-----++---.l: ................ "'lr'""'lr'"..,.....,....,.....,...., ..... ,...,._ ..... "'lr'"..,.....,....,....,,.... 
G 

VIL - "-l~'-lI~...¥.~....lC,..,,¥,,¥, ............. _ 

READ-MODIFY-WRITE CYCLE 

VIH-
RAS 

VIL -

VIH-
cs 

VIL -

VIH-
ADDRESSES 

VIL -

VIH-
W 

VIL -

VIH-
G 

VIL -

VIHiVDH-
DnO-DOl 

VILiVOL -
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STATIC COLUMN MODE READ CYCLE 

VIH-
RAS 

Vll-

VIH-
ADDRESSES 

Vll-

VIH-

CS 
Vll-

VIH-
W 

Vll-

VIH-
ii 

Vll-

VOH-
000-003 -----

RAS 

ADDRESSES 

CS 

W 

ii 

OOO.(]Q3 

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

VIH-

Vll-

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 
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II VIH-
RAS 

VIH-
~ 

VIL -

CI 
VIH-

VIL -

VIH-
W 

VIL -

VIH-
ii 

VIL -

VIHNOH -

MCM514258 

STATIC COLUMN MODE READ·MODIFY·WRITE CYCLE 

f4------------IfiASC,-----------

COLUMN 
ADDRESS 

i4-----tRAL-----+I 

i4---tAWD 

DoO·003 ---------I<r)OO 
VILNOL -

VALlD 
OATA OUT DATA OUT 

VIH-
STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

RAS 
VIL 

VIH-
ADDRESSES 

VIL -

VIH---+--...... 

VIL -

VIH-
W 

VIL -

VIH-
ii 

VIL -

1+--+---+tAWD-----~ 

i4---Il-tcwo-----Io-I 

----.*I •• ----WRITE------I.o-II .... I---READI---.... 

MOTOROLA MEMORY DATA 

2·102 



RAS 
VIH-

VIl-

es VIH-

Vll-

VIH-
ADDRESSES 

Vll-

VOH­
DOO.QQ3 VDl-

~ 

ICRP_ foo-

J 

MCM514258 

RAS ONLY REFRESH CYCLE 
(W and ~ are Don't Carel 

IRC 

IRAS 
i--IRP 

II \ 
IRPC_ r-

V 
IRAH-~ 

IASR i4-xxxU.: .. ~xxxx,--__ 
CS BEFORE RAS REFRESH CYCLE 

(W, ~, and AO-AB are Don't Carel 

14-----------IRC-----------~ 

---t \4------- IRAS--------.j 

I+-...... -+- ICSR IRPC 
\4----ICHR------i-l ""I----ICPN----+j 

,.,~ 

_-----------HIGHZ---------------
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VIH­
ADDRESSES 

VIL -

VOH-

MCM514258 

HIDDEN REFRESH CYCLE (READI 

.... ______ tRc ______ _t�oI4------ tRC--------+I 

1+-----tRAS-----.,~ 
.J.---.&.. foIl-----tRAS-----.I J.---...L 

DnO-Dn3 ----HIGH Z ----<1 VALID DATA OUT 

VOL -

VIH _--"'1- 1+--­
RAS 

VIL -

VIH­
ADDRESSES 

VIL -

HIDDEN REFRESH CYCLE (WRITE) 

------.... _------tRc------.-I 

J,:----:L ..... ---tRAS----+t J.---......L 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ VIH - ------'OL. 

RAS Vll- • 
READ CYCLE 

VIH - .,....,....., ...... ,....,.......,.......,.......,......,,......,.....,.....,... ......... J.,...-......!..!..----......",""""",...--......!..!........!....!......,L " ........ ...,......,.. 

ADDRESSES 
VIL - loL-:~l....:I/.....::L..:I-:IL..!oc....::J.~..:I-~L..::J ~-...,...,.----......::!!!!!!::...----:--:--r-.,........"" ,,~..lt...,;~ 

VIH - -X-"'7r""Jr7't""",.....,.......,......,.,....,......,.......,.......,.......,.....~*'-+lI----------+lI-+--~"..,......,......,.... 

Vi VIL - ~..:.t....:>i-.:>i-::.L.::.L.:.L...loL-:lL...:lL...l"-lL.l'-j( 

VIH - -'O:~~....,.....,......,......,......~,......,......., ............ r-7I,.....,......,..J....,;.....,.....,. 

ii VIL - ....lo:-lL....loL...:.t.....:L.lL..::L-loL-:"-l"-l'--l.'-Jij~:....lI:~r¥..:L..l£.:=F-_+-____ ..L.¥.-¥-lC;-lW"-l"-l"-l"-l'-

VDH-
000-003 VOL _ --------

IDS 

000-003 VIH - -----HIGH Z ---__ -<1 
VIL - "l:--..,....,-----..;;r 

VIH - COLUMN 

ADDRESSES VIL - ...... -"--"-..>L.~::.L.¥-loL..:lL...l"-lL..-l'-3 ~_-:-.,...._..:A:::D::DR:::ES::S:..-___ ."..:i(""" "-i'L..lC--1'-.¥..::L-¥-¥-"-l'-

Vi VIH­

VIL - ""-""--"--"-"'-"'-lL..-l ..... '---Joj"-¥.....lo:-lL~ 

_ VIH - -:--7.,.,,....,......,.......,......,......,....'n""..,......~,......,.......,n ..... r-7I,...,.( 
G 

VIL - .:..:lL..-l ..... '-lj:....ll:...l!...l'-..:.t....lL...lL..::.L.loL-:"-lI'-l'--l.'-Jij~:.-.j...J 

000-003 VIHIVOH - ------- HIGH Z:--------KlX 
VILIVOL -

DATA OUT 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor­
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex­
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CS). A total of 18 address bits will decode one of the 
262,144 cell locations in the device. The column address strobe 
follows the row address strobe by a specified minimum and 
maximum time called "tRCD," which is the row to column 
strobe delay. This time interval is also referred to as the mul­
tiplex window which gives flexibility to a system designer to 
set up his extemal addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, other variations in addressing 
the RAM, the refresh modes (RAS only refresh; CS before 
RAS refresh; hidden ref_h), another mode called static col­
umn mode allows the user to column access the 512 bits within 
a selected row. The refresh mode and static column mode 
operations are described in more detail later on. 

READ CYCLE 

A read cycle is referred to·as a normal read cycle to differ­
entiate it from a static column mode read cycle, a read-while­
write cycle, and read-modify-write cycle which are covered in 
a later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from VIH to the VIL level. 
The CS clock must also make a transition from VIH to the VIL 
level at the specified tRCD timing limits when the column 
addresses are latched. Both the RAS and CS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CS clock 
must be active before or at the tRCD maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC)' If the tRCD maximum condition is not 
met, the access (tCAC) from the CS clock active transition 
will determine read access time. The external CS Signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CS clock will allow the external CS Signal to 
become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch­
ing the address bus from row to .column addresses and in 
generating the CS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAS) period for the RAS clock and the 
minimum (tCS) period for the CS clock. The RAS clock must 
stay inactive for the minimum (tRP) time. The former is for 
the completion of the cycle in progress, and the latter is for 
the device internal circuitry to be precharged for the next active 
cycle. 

Data out is not latched and is valid as long as the CS and 
G clocks are active; the output will switch to the three-state 
mode when either the CS or G clock goes inactive. To perform 
a read cycle, the write (W) input must be held at the VIH level 
from the time the CS clock makes its active transition (tRCS) 
to the time when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (VIL level) at or before the CS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tCWL) and 
the row strobe to write lead time (tRWL). These define the 
minimum time that RAS and CS clocks need to be active after 
the write operation has started (W clock at VIL level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CS goes low which is 
beyond twcs minimum time. Thus the parameters tCWL and 
tRWL must be satisfied before terminating this· cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CS 
clock. This time could be as long as 10 microseconds­
[tRWL +tRP+2tTl. 

In a late write or a ready-modify-write cycle, G must be at 
the VIH level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input! out­
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis­
cussed above. 

For the read-modify-write cycle a normal read cycle is ini­
tiated with the write (W) clock at the VIH level until the read 
data occurs at the device access time (tRAC). At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de­
scribed assumes a zero modify time betWeen read and write. 
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STATIC COLUMN MODE CYCLES 

Output buffers are always on when the device is in the static 
column mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. The static column mode al­
lows faster access (tAA) to any of the 512 column addresses 
on a given row, typically at half the standard (tRAC) rate for 
randomly performed operations. Static column mode opera­
tion consists of changing column addresses while holding the 
RAS and CS clocks active. A new column location can be 
accessed with each static column cycle (tSC). 

Static column mode operation is initiated with a standard 
read or write cycle. The row address is latched by the RAS 
clock transition to active, followed by column addresses and 
CS clock. Performing an address cycle (tSC) while RAS and 
CS clocks remain active constitutes the first static column 
cycle. Subsequent static column cycles can be performed as 
long as the RAS and CS clocks are held active. The first access 
(data out) occurs at the standard (tRAC) rate. All of the read 
operations in static column mode following the initial operation 
are measured at the faster rate (tAA), provided all other timing 
minimums are maintained. Static column cycle time deter­
mines how fast successive bits are read. 

Any combination of read, write, or read-modify-write op­
erations can be performed in the static column mode. The 
conditions normal to each operation apply when the device is 
operated in this mode. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy­
cling through the 512 row address locations every 8 millise­
conds, (Le., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS­
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso­
ciated internal row locations are refreshed. As the heading 

MEMORY CYCLE 

,....-..... 

\ \. 

-HIGHZ f 
\. 

000·003 

implies, the CS clock is not required and must be inactive or 
at a VIH level. 

CS Before RAS Refresh 

CS before RAS refreshing available on the MCM514258 of­
fers an alternate refresh method. If CS is held on low for the 
specified period ItCSR} before RAS goes to low, on chip re­
fresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. 

After the refresh operation is performed, the refresh address 
counter is automatically incremented in preparation for the 
next CS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM514258 is that refresh cycle 
may be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CS at VIL and taking RAS high and 
after a specified precharge period (tRP), executing a CS before 
RAS refresh cycle. (see Figure 1 below) 

CS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of MCM514258 can be tested 
by CS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 
2. Select any column address and read the "O"s written in 

step 1. Write a "1" into each cell of the selected column 
by performing CS before RAS Refresh Counter Test Read­
Write Cycle (see timing diagram). Repeat 514 times. 

3. Read the "l"s (use a normal read mode) written in step 
2. 

4. Select the same column address as step 2, read the "l"s 
and write a "0" into each cell by performing CS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 512 times. 

5. Read the "O"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 

REFRESH CYCLE REFRESH CYCLE 

-
~ 

VAUO DATA OUT }-~ 
Figure 1. Hidden Refresh Cycle 

MOTOROLA MEMORY DATA 

2-107 



II 

MCM514258 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix --------' . Speed (85 = 85 ns, 10 = 100 ns, T T514258 
L=x T 

Part Number ------------..... 

Full Part Numbers-MCM514258P85 
MCM514258Pl0 
MCM514258P12 

12= 120 ns) 

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

MCM514258J85 
MCM514258Jl0 
MCM514258J12 
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MCM2016H 
MCM2018 
MCM6064, 
MCM60L64 

MCM60256, 
MCM60L256 

General MOS Static RAMs • 
I, 

2K x 8, 45/55/10 ns, NMOS ................................ 3-3 
2K x 8,35/45 ns, NMOS ................................... 3-8 
8Kx8, 100/120/150 ns, CMOS ............................. 3-13 
8Kx8, 100/120/150 ns, CMOS, Lower Power ................ 3-13 
32Kx8, 85/100/120 ns, CMOS ............................. 3-19 
32Kx8, 85/100/120 ns, CMOS, Lower Power ................ 3-19 
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.. 
MOS Static RAMs 
(+5 V, 0 to 70°C) 

Organization Part Number 

2Kx8 MCM2016HN46 
MCM2016HN55 
MCM2016HN70 

MCM2018N35 
MCM2018N46 

(1) 300 mil package. 

CMOS Static RAMs 

Access Tima 
Ins maxI 

(1) 46 
(1) 55 
(1) 70 
(1) 35 
(1) 46 

( + 5 V, 0 to 70°C unless otherwise noted) 

Organization Part Number 
Access Time 

Ins max) 

8Kx8 MCM6064Pl0 100 
MCM6064P12 120 
MCM6064P15 150 

MCM60L64Pl0 100 
MCM60L64P12 120 
MCM60L64P15 150 

32Kx8 MCM60256P85 85 
MCM60256Pl0 100 
MCM60256P12 120 

MCM60L256P85 85 
MCM60L256Pl0 100 
MCM60L256P12 120 
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24 
24 
24 

24 
24 

Pins 

28 
28 
28 

28 
28 
28 

28 
28 
28 

28 
28 
28 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Fast 16K Bit Static RAM 
The MCM2016H is a 16,384 bit static random access memory organized as 2048 

words by 8 bits, fabricated using Motorola's high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the 
ease-of-use features of fully static operation (no external clocks or timing strobes 
required) with the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-lOO ns buffer memory sys­
tems, this high speed static RAM is intended for applications that demand superior 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi­
cant system-level power savings. 

The MCM2016H is in a 24-pin dual-in-line 300 mil wide plastic package with the 
industry standard JEDEC approved pinout. 

• Single + 5 V Operation, ± 10% 
• Fully Static: No Clock or Timing Strobe Required 
• Fast Access TIme: MCM2016H-45=45 ns (Maximum) 

MCM2016H-55 = 55 ns (Maximum) 
MCM2016H-70=70 ns (Maximum) 

• Power Supply Current: 135 mA Maximum (Active) 

• Three-State Output 

A4 
4 

A5 
3 

AS 

A7 

A8 23 

A9 
22 

Al0 19 

000 
001 10 

002 
11 

003 13 

004 14 

005 15 

DOS 
lS 

007 17 

E 18 

G 20 

W 21 

20 mA Maximum (Standby) 

BLOCK DIAGRAM 

ROW 
DECODER 

• 
• 
• 

• • 

r--------, 

MEMORY MATRIX 
128 x 128 

COLUMN I/O 

COLUMN DECODER 

AD Al A2 A3 

PIN 24 = VCC 
PIN 12=VSS 

• • 
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N PACKAGE 
PLASTIC 
CASE 724 

PIN ASSIGNMENT 

A7 

AS 

AS 

A4 

A3 

A2 

Al 

AD 

DOD 

001 

DD2 

VSS 

1. 24 P 
2 23 P 
3 22 P 
4 21 

5 20 

S 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

PIN NAMES 

VCC 

A8 

A9 

W 
G 
Al0 

E 
007 

DDS 

005 

004 

003 

AO-A 10 ..............•. Address Input 
DQO-Dm ........... Date Input/Output 
Iii. . . . . . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . . . . . Output Enable 
E . . . . . . . . . . . . . . . . . . . . Chip Enable 
VCC ............. + 5 V Power Supply 
Vss .................... Ground 
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MCM2016H 

MODE SELECTION 

Mode E G W VCC Current DQ 

Standby H X X ISB High Z 

Read L L H ICC 0 

Write Cycle L X L ICC 0 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage on Any Pin With Respect to V SS Vin, Vout -0.5 to +7.0 V 

DC Output Current lout ±20 mA 

Power Dissipetion Po 1.1 Wan 

Temperature Under Bias Tbias -10to +80 °C 

Operating Temperature Range TA Oto +70 °C 

Storage Temperature Range Tstg -65 to +150 °C 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 

Input Voltage (50 ns Maximum Address Rise and Fall Times, while the chip is selected) VIH 2.2 3.0 6.0 V 

VIL -0.5* 0 0.8 V 

*The device will withstand undershoots to the - 2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (VCC = 5.5 V, Vin = GND to VCC) Ilkg(l) -1.0 1.0 pA 

Output Leakage Current (E=VIH or G=VIH, VI/O=GNO to VCC) Ilkg(O) -1.0 1.0 pA 

Operating Power Supply Current (E=VIL, 11/0=0 mAl ICC - 135 rnA 

Standby Power Supply Current (E = VIH) ISB - 20 rnA 

Output Low Voltage UOL =8.0 rnA) VOL - 0.4 V 

Output High Voltage UOH = - 4.0 rnA) VOH 2.4 - V 

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

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E and DQ Cin 3 5 pF 
E 5 7 

I/O Capacitance DO CliO 5 7 pF 

MOTOROLA MEMORY DATA 

3-4 



MCM2016H 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5 V ± 10%, TA =0 to + 70°C, Unless Otherwise Noted) 

Input Pulse Levels . . . . . . . . . . . . . ......... 0 and 3.0 V Input and Output Timing Measurement Reference Levels. . . 1.5 V 
Input Rise and Fall Times ...................... 5 ns Output Load ......................... See Figure 1 

READ CYCLE ISee Note 1) 

Symbol MCM2016H-16 MCM2016H.ai MCM2016H·70 
Parameter Units Notes 

Standard Alternata Min Max Min Max Min Max 

Address Valid to Address Valid (Read Cycle Time) tAVAV tRC 45 - 55 - 70 - ns 

Address Valid to Output Valid (Address Access TIme) tAVOV tAC - 45 - 55 - 70 ns 

Chip Enable Low to Chip Enable High (Read tELEH tRC 45 - 55 - 70 - ns 
Cycle Time) 

Chip Enable Low to Output Valid (Chip Enable tELOV tACS - 45 - 55 - 70 ns 
Access Time) 

Output Enable Low to Output Valid (Output tGLOV tOE - 20 - 25 - 30 ns 
o Enable Access Time) 

Chip Enable Low to Output Invalid (Chip Enable tELOX tCLZ 5 - 5 - 5 - ns 2 
to Output Active) 

Chip Enable High to Output High Z (Chip Disable tEHOZ tCHZ 0 20 0 20 0 20 ns 2 
to Output Disable) 

Output Enable Low to Output Invalid (Output tGLOX tOLZ 0 - 0 - 0 - ns 2 
Enable to Output Active) 

Output Enable High to Output High Z (Output tGHOZ tOHZ 0 20 0 20 0 20 ns 2 
Disable to Output Disable) 

Address Invalid to Output Invalid (Output Hold TIme) tAXOX tOH 5 - 5 - 5 - ns 

Chip Enable Low to Power Up tELICCH tpu 0 - 0 - 0 - ns 

Chip Enable High to Power Oown tEHICCL tpD - 20 - 20 - 20 ns 

NOTES: 
1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition 

between VIL and VIH (or between VIH and VIL) in a monotonic manner. 
2. Transition is measured ± 200 mV from the steady state output voltage with the output loading specified in Figure 1. 
3. In read cycle 2, all addresses are valid prior to or coincident with chip enable (E) transition low. 

READ CYCLE 1 (W = VIH, E = VIL) 

tAVAV 

A (ADDRESS) W 
J~ J\. 

tAVUV .-
_tGLUV_ tGHUZ 

G (OUTPUT ENABLE) -'i\ 
I 

tGLUX tAXUX 

b<xx~ OUTPUT DATA VALID (ZZ) U IOATA OUT) 

READ CYCLE 2 (W=VIH, G=VIL; See Note 3 Above) 

E (CHIP ENABLE) 
----1+------- tElEH ------------

_tElUV-

~I tEHUZ 

r---------------~--~ 
.. 

U (DATA OUT) OUTPUT DATA VALID 

tELICCH -t ... - .. _tEHICCL_ 

-~--- --+.,----------------------...... 
VCC SUPPLY ICC 

CURRENT 

ISS 
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WRITE CYCLE (See Notes 1 and 2) 

Symbol MCM2016H-45 MCM2016H-55 MCM2016H-1O 
Parameter Units Notes 

Standard Alternate Min Max Min Max Min Max 

Address Valid to Address Valid (Write Cycle Time) tAVAV twc 45 - 55 - 70 - ns 

Chip Enable Low to Write High IChip Enable to End tELWH tEW 40 - 50 - 65 - ns 
of Write) 

Address Valid to Chip Enable Low IAddress Setup tAVEL tAS 0 - 0 - 0 - ns 
to Chip Enable) 

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

Address Valid to Write High tAVWH tAW 40 - 50 - 65 - ns 3 

Write Low to Write High IWrite Pulse Width) tWLWH twp 35 - 40 - 40 - ns 

Write High to Address Don't Care IAddress Hold twHAX twR 0 - 0 - 0 - ns 4 
After End of Write) 

Write High to Output Don't Care IDutput Active twHOX twLZ 0 - 0 - 0 - ns 5 
After End of Write) 

Write Low to Output High Z (Write Enable to Output twLQZ twHZ 0 20 0 20 0 20 ns 5 
Disable) 

Data Valid to Write High IData Setup to End of tDVWH tDS 20 - 25 - 30 - ns 3 
Write) 

Write High to Data Don't Care IData Hold After End twHDX tDH 0 - 0 - 0 - ns 3,5 
of Write) 

Output Enable High to Output High Z tGHQZ tOHZ 0 20 0 20 0 20 ns 

NOTES: 
1. Write enable IVii) must be high during all address transitions. 
2. If the chip enable (E) low transition occurs simultaneously with the write enable liN) transition, the output remains in a high impedance 

state. 
3. Both chip enable (E) and write enable (iN) must be active (low) to write data into the memory. Either signal can terminate the write cycle 

by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write. 
4. twHAX is measured from the earlier of, chip enable IE) or write enable liN) going high to the end of write cycle. 
5. Output enable (IT) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period tlien the data 

input/output IDQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 

WRITE CYCLE 1 (IN Controlled) 

!+----------IAVAV -------------.1 
A IADDRESS) 

!+-------IELWH ---------+4-----I~-

E (CHIP ENABLE) 

... -----twLWH-----..... 

W !WRITE ENABLE) 

lllDUTPUT ENABLE) 

t4-_+- IWLOZ 

IWHOX 

HIGH IMPEDANCE 
Q (DATA OUT) 

IDVWH --_ ..... 1----+- twHOX 

o (DATA IN) DATA IN VALID 

MOTOROLA MEMORY DATA 
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A (ADDRESS! 

E (CHIP ENABLE! 

Vi iWRITE ENABLE) 

Ii (OUTPUT ENABLE) 

Q (DATA OUT) 

o IDATA IN} 

MCM2016H 

WRITE CYCLE 2 (E Controlled) 

~----------IAVAV -------------I~ 

IAVEl-+.-l*--------IElWH----------I .. ~f.---~+_IWHAX 

~------IWlWH-----~ 

~----+---IAVWH ----------+( 

HIGH IMPEDANCE 

IDVWH --_~---.,.r-IWHDX 

5 V 

0--.-----+ 

255 

480 

30 pF 
!INCLUDING 
SCOPE AND JIG} 

Figure 1. Output Load 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 2016H X XX 

DATA IN VALID 

Motorola Mem_o_rv_p_re_f_ix ______ T ___ T---' IL_T _______ speed (45=45 ns. 55=55 ns. 70=70 ns) 

Part Number - - Package (N = 3OO-mil Plastic) 

Full Part Numbers-MCM2016HN45 MCM2016HN55 MCM2016HN70 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Fast 16K Bit Static RAM 
The MCM2018 is a 16,384 bit static random access memory organized as 2048 

words by 8 bits, fabricated using Motorola's high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the· 
ease-of-use features of fully static operation (no external clocks or timing strobes 
required) with the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-l00 ns buffer memory sys­
tems, this high speed static RAM is intended for applications that demand superior 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi­
cant system-level power savings. 

The MCM2018 is in a 24-pin dual-in-line 300 mil wide package with the industry 
standard JEDEC approved pinout. 

• Single + 5 V Operation, ± 10% 
• Fully Static: No Clock or Timing Strobe Required 
• Fast Access Time: MCM2018-35=35 ns (Maximum) 

MCM2018-45 = 45 ns (Maximum) 
• Power Supply Current: 135 mA Maximum (Active) 

20 mA Maximum (Standby) 

• Three-State Output 

BLOCK DIAGRAM 

A4 4 

AS 3 PIN 24=VCC 

MCM2018 

N PACKAGE 
PLASTIC 
CASE 724 

PIN ASSIGNMENT 

A7 

A8 

AS 

A4 

A3 

A2 

Al 

AO 

DOD 

001 

002 

1. 

2 

3 

4 

5 

8 

7 

8 

9 

10 

11 

24 ~ 
23 ~ 

22 ~ 
. 21 ~ 

20 ~ 
19 ~ 
18 ~ 

17~ 
16 ~ 
15 ~ 
14 ~ 

Vcc 
A8 

A9 

iii 
ii 
Al0 

E 
007 

006 

005 

004 

12 13 ~ Vss 003 

• PIN 12=VSS PIN NAMES 
A6 
A7 

AS 
A9 

,AID 

000 9 

001 10 

002 11 

003 13 

004 14 

005 15 

008 18 

007 17 

E 18 

ii 20 

iii 21 

23 
22 

19 

ROW 
DECODER • 

• 
MEMORY MATRIX 

128 x 128 

AD Al A2 A3 

• • 

MOTOROLA MEMORY DATA 
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AO-A 10 ................ Address Input 
OOO-OQ7 ........... Data Input/Output 
W. . . . . . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . . . . . Output Enable 
E . . . . . . . . . . . . . . . . . . . . Chip Enable 
VCC ............. + 5 V Power Supply 
VSS .................... Ground 



MCM2018 

MODE SELECTION 

Mode E G W VCC Current DO 

Standby H X X ISB High Z 

Read L L H ICC 0 

Write Cycle L X L ICC D 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage on Any Pin With Respect to VSS Yin, Vout -0.5 to + 7.0 V 

DC Output Current lout ±20 mA 

Power Dissipation PD 1.1 Watt 

Temperature Under Bias Tbias -IOta +80 °c 

Operating Temperature Range TA Oto +70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA=O to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 

Input Voltage (50 ns Maximum Address Rise and Fall Times, While the Chip is Selected) VIH 2.0 3.0 6.0 V 

VIL -0.5* 0 0.8 V 

*The device will withstand undershoots to the -2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (VCC = 5.5 V, Vin = GND to VCC) Ilkg(l) -1.0 1.0 ,.A 

Output Leakage Current (E=VIH or G=VIH, VIIO=GND to VCC) Ilkg(O) -1.0 1.0 ,.A 

Operating Power Supply Current (E=VIL, 11/0=0 mAl ICC - 135 mA 

Standby Power Supply Current (E=VIH) ISB - 20 mA 

Output Low Voltage UOL = 8.0 mAl VOL - 0.4 V 

Output High Voltage UOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f=I.0 MHz, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E and DO Cin 3 5 pF 
E 5 7 

II 0 Capacitance DO CliO 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM2018 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5 V ± 10%, TA =0 to + 70oC, Unless Otherwise Noted) 

Input Pulse Levels ........•............. 0 and 3.0 V 
Input Rise and Fall Times ...................... 5 ns 

Input and Output Timing Measurement Reference Levels. . . 1.5 V 
Output Load. . . . . . . . . . . . . . . . . . . . . . . . . See Figure 1 

READ CYCLE (See Note 1) 

Symbol MCM2018-36 MCM2018-46 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Address Valid to Address Valid (Read Cycle Time) tAVAV tRC 35 - 45 - ns 

Address Valid to Output Valid (Address Access Time) tAVQV tAC - 35 - 45 ns 

Chip Enable Low to Chip Enable High (Read Cycle Time) tELEH tRC 35 - 45 - ns 

Chip Enable Low to Output Valid (Chip Enable Access Time) tELQV tACS - 35 - 45 ns 

Output Enable Low to Output Valid (Output Enable Access Time) tGLQV tOE - 20 - 20 ns 

Chip Enable Low to Output Invalid (Chip Enable to Output Active) tELOX tCLZ 5 - 5 - ns 2 

Chip Enable High to Output High Z (Chip Disable to Output tEHOZ tCHZ 0 20 0 20 ns 2 
Disable) 

Output Enable Low to Output Invalid (Output Enable to Output tGLOX tOLZ 0 - 0 - ns 2 
Active) 

Output Enable High to Output High Z (Output Disable to Output tGHOZ tOHZ 0 20 0 20 ns 2 
Disable) 

Address Invalid to Output Invalid (Output Hold Time) tAXOX tOH 5 - 5 - ns 

Chip Enable Low to Power Up tELICCH tpu 0 - 0 - ns 

Chip Enable High to Power Down tEHICCL tPD - 20 - 20 ns 

NOTES: 
1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition 

between VIL and VIH (or between VIH and VIL) in a monotonic manner. 
2. Transition is measured ± 200 mV from the steady state output voltage with the output loading specified in Figure 1. 
3. In read cycle 2, all addresses are valid prior to or coincident with chip enable (E) transition low. 

tAVAV 

A (ADDRESS) 
, 

I\. I\. 
tAvnV 

!--IGLnV- IGHOZ 

ll" (OUTPUT ENABLE) ...; 

IGLOX IAXOX 

kxxx- 00) OUTPUT DATA VALID n (DATA OUT) 

READ CYCLE 2 (Vii = VIH, G = VIL; See Note 3 Above) 

14-------IElEH --------~ 

E (CHIP ENABLE) 

IElnx -i .. --...... "'-_+-!EHOZ 

n IDATA OUT) OUTPUT DATA VALID 

!ElICCH ,"--.1 
.-----------+,~----------------------------~ VCC SUPPLY ICC 

CURRENT 

ISS 

MOTOROLA MEMORY DATA 
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MCM2018 

WRITE CYCLE (See Notes 1 and 2) 

Symbol MCM2018-36 MCM2018-46 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Address Valid to Address Valid (Write Cycle Time) tAVAV twc 35 - 46 - ns 

Chip Enable Low to Write High (Chip Enable to End of Write) tELWH tEW 30 - 40 - ns 

Address Valid to Chip Enable Low (Address Setup to Chip Enable) tAVEL tAS 0 - 0 - ns 

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

Address Valid to Write High tAVWH tAW 30 - 40 - ns 3 

Write Low to Write High (Write Pulse Width) twLWH twP 30 - 35 - ns 

Write High to Address Don't Care (Address Hold After End of Write) twHAX twR 0 - 0 - ns 4 

Write High to Output Oon't Care (Output Active After End of Write) twHQ)( twLZ 0 - 0 - ns 5 

Write Low to Output High Z (Write Enable to Output Disable) twLOZ twHZ 0 20 0 20 ns 5 

Data Valid to Write High (Oata Setup to End of Write) tDVWH tDS 15 - 2,0 - ns 3 

Write High to Data Don't Care (Data Hold After End of Write) twHDX tDH 0 - 0 - ns 3,5 

Output Enable High to Output High Z tGHOZ tOHZ 0 20 0 20 ns 

NOTES: 
1. Write enable (W) must be high during all address transitions. 
2. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 

state. 
3. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate tha write cycle 

by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write. 
4. twHAX is measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle. 
5. Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data 

input/output IDa) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 

WRITE CYCLE 1 (Vii Controlled) 

1+-----------tAvAv -------------.1 

A (ADDRESS) 

t+--------tElWH ---------+"If-----+_ 

E (CHIP ENABLE) 

\4------twLWH -----~ 

W (WRITE ENABLE) 

ii (DUTPUT ENABLE) 

twHOX 

HIGH IMPEDANCE 
Q (DATA DUT) 

D (DATA IN) 

________________________________ ~F-tD-V-W-H--------.--~~ .... 
________________________________ -.J DATA IN VALID -* 

MOTOROLA MEMORY DATA 
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MCM2018 

WRITE CYCLE 2 IE Controlled) 

j4-----------tAVAV -----------_tl~ 

A (ADDRESS) 

tAVEl -I,..;~ ... _------- tElWH---------+-I4---~twHAX 

E (CH}P ENABLE) 

!+------tWLWH-----_tl"i 

W (WRITE ENABLE) 

~---_+---tAVWH--------_.j 

ii (OUTPUT ENABLE) 

14---I~- tWlOZ 

o (DATA DUll -=..;;;;...;;.;.;.;;;.;.;;,-{ 
HIGH IMPEDANCE 

o (DATA IN) 

5 V 

0--.----+ 
255 

tDVWH ---+-i4---I*-twHDX 

4BD 

3D pF 
(INCLUDING 
SCOPE AND JIG) 

DATA IN VALID 

Figure 1. Output Load 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix _______ T--J
CM T r T'-X ______ Speed 135 = 35 ns, 45 = 45 ns) 

Part Number ---------------' '---------- Package IN =300-mil Plastic) 

Full Part Numbers-MCM2018N35 
MCM2018N45 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
8K X 8 Bit CMOS Static Random 
Access Memory 

The MCM6064 is a 65,536 bit low-power static random access memory organized as 
8192 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design elimi­
nates the need for external clocks or timing strobes, while CMOS circuitry reduces power 
consumption and provides greater reliability. The maximum operating current is 5 mAl 
MHz and corresponding maximum power consumption is 27.5 mW/MHz. 

The chip enable pins (Ef and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. For MCM6064 typical standby current is 3 p.A, with a 
maximum of 100 p.A. For MCM60L64 typical standby current is 0.6 p.A, with maximum of 
1.0 p.A at 25°C. The availability of active high and active low chip enable pins provides 
more system design flexibility than single chip enable devices. 

The MCM6064 is available in a 600 mil, 28 pin plastic dual-in-line package. 

• Single 5 V Supply, ± 10% 
• 8K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Dissipation-248 mW (Maximum Active) 
• Two Chip Enable Inputs for More System Design Flexibility and Low Power Standby 

Mode 
• Battery Backup Capability (MCM60L64) 
• Data Retention Supply Voltage =2.0 V to 5.5 V 
• All Inputs and Outputs Are TTL Compatible 
• Pin Compatible with 2764 EPROM Family 
• Three State Outputs 
• Fast Access Times: MCM6064-10 and MCM60L64-10= 100 ns (Max) 

MCM6064-12 and MCM60L64-12 = 120 ns (Max) 
MCM6064-15 and MCM60L64-15= 150 ns (Max) 

IT 
E2 

LSB ••• A5 

A6 

A7 

A12 

A8 

A9 

All 

MSB ••.• Al0 

000 --..---l 

007 -..-1I-H 

W 
ii---oL./ 

BLOCK DIAGRAM 

MEMORY ARRAY 
1256 ROWS 

256 COLUMNS) 

SENSE AMP 

--Vee 
--VSS 

J 

LSB AD Al A2 A3 A4 MSB 

MCM6064 
MCM60L64 

PIN ASSIGNMENT 

NC 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

000 

001 

002 

VSS 

I 1. 28 P 
I 2 27 P 

3 26 P 
4 25 P 
5 24 P 
6 23P 
7 22 P 
8 21 

9 20 

10 19 

11 18 

12 17 

13 1.6 

14 15 

PIN NAMES 

Vee 
W 
E2 

A8 

A9 

All 

ii 
Al0 

IT 
007 

006 

005 

004 

003 

AO-A 12 .•...•...... Address 
iN . . . . . . . . . . . . Write Enable 
ft, E2 ........... Chip Enable 
G . . . . . . . . . . . Output Enable 
DOO-D07 ..... Data Input/Output 
VCC ....... + 5 V Power Supply 
VSS .............. Ground 
NC ........... No Connection 

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

MOTOROLA MEMORY DATA 
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MCM6064- MCM60L64 ' 

TRUTH TABLE 

E1 E2 G W Mode Supply Current I/O Pin 

H X X X Not Selected ISB High Z 

X L X X Not Selected ISB High Z 

L H H H Output Disabled ICC High Z 

L H L H Read ICC Dout 

L H X L Write ICC Din 

X=don t care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7 V 

Voltage to Any Pin with Respect to V SS Vin, Vout -0.5 to VCC+0.5 V 

Power Dissipation ITA =25°C) PD 1.0 W 

Temperature Under Bias Tbias -10to+85 ·C 

Operating Temperature TA ° to +70 ·C 

Storage Temperature Tstg -55 to + 150 ·C 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ±10%, TA=O to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - VCC+0.3 V 

Input Low Voltage VIL -0.3* - 0.8 V 

*VIL (min)= -0.3 V de; VIL (min) = -3.0 V ac (pulse width ",50 ns) 

DC CHARACTERISTICS 

Paramatar Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin=O to VCC) IlkQ(I) - <0.01 ±1.0 r.<A 
Output Leakage Current (E1 =VIH, E2=VIL, or G=VIH, Vout=O to VCC) Ilka(O) - <0.01 ±1.0 r.<A 
DC Supply Current (E1 =VIL, E2=VIH, Vin=VIH or VIL) ICC - - 10 mA 

AC Supply Current (E1 =VIL, E2=VIH, Vin=VIH or VIL, 10ut=0) ICCA mA 
MCM6064-10: tAVAV=1oo ns - - 45 
MCM6064-12: tAVAV=120 ns - - 40 
MCM6064-15: tAVAV= 150 ns - - 35 

Standby Current (E1 =VIH or E2=Vll) ISB1 - - 3.0 mA 

Standby Current (E1«VCC-0.2 or E2",0.2 V) MCM6064 ISB2 - 3 100 r.<A 
MCM60L64, TA=25°C - 0.6 1.0 

TA=O to 70·C - - 30 

Output Low Voltage (I0L =4.0 mAl VOL - - 0.4 V 

Output High Voltage (I0H = -1.0 mAl VOH 2.4 - - V 

CAPACITANCE (Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance (Vin = 0 V) All Inputs Except DQ Cin - 6 pF 

110 Capacitance (VIIO=O V) DQ CliO - 8 pF 

MOTOROLA MEMORY DATA 
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MCM6064-MCM60L64 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA =0 to 70 0 e, Unless Otherwise Noted) 

Input Pulse Levels 
Input RiselFall Time 

0.6 V, 2.4 V 
. 5 ns 

. .. 1.5 V 

Output Timing Measurement Reference Levels. 
Output Load . 

.0.8 and 2.2 V 

. See Figure 1 
Input Timing Measurement Reference Levels. 

READ CYCLE ISee Note 1) 

MCM6064-10 MCMS064-12 MCMS064-15 

Parameter Symbol 
Alt MCM60L64-10 MCM60L64-12 MCM60L64-15 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 100 ~ 120 ~ 150 ~ ns ~ 

Address Access Time tAVQV tAA ~ 100 ~ 120 ~ 150 ns ~ 

El Access Time tE1LQV tACl ~ 100 ~ 120 ~ 150 ns ~ 

E2 Access Time tE2HQV tAC2 ~ 100 ~ 120 ~ 150 ns ~ 

G Access Time tGLQV tOE ~ 50 ~ 60 ~ 70 ns ~ 

Output Hold from Address Change tAXQX tOH 20 ~ 20 ~ 20 ~ ns ~ 

Chip Enable to Output Low-Z tEl LQX, tE2HQX tCLl 10 ~ 10 ~ 15 ~ ns 2,3 

Output Enable to Output Low-Z tGLQX tOll 5 ~ 5 ~ 5 ~ ns 2,3 

Chip Enable to Output High-Z tEl HQZ, tE2LQZ tCHZ 0 35 0 40 0 50 ns 2,3 

Output Enable to Output High-Z tGHQZ tOHZ 0 35 0 40 0 50 ns 2,3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 

1 .... f-----------tAvAV -----------.1 

------~~I~----------------------------------~\il~----------
A IADDRESS) .7:\. 7f\ 

I" tAVQV .1 ~ tAXQX ---I 

[1, E2 (CHIP ENABLEI ------"""""¥ : X i 
i I 'E1HQZ 

1-tE1LQV, tE2HQV-~ I- tmQZ -I 
-----+I~ 1 1 

IT [OUTPUT ENABLEI I 'L I f I 
I I' II I 

Q (DATA DUTI 

1 1-- tGLQV ~I I-tGHQZ-1 

: i ¢\XX>¢~ _____ D_A_TA_V_AL_IO _____ ~ 
1 1-- tGLQX ---I 
I_~ tE1lQX-I 

tE2HQX 

5.0 V 

TEST POINT 0-.,.......,.--+4-4 

100 pf* 2.4 k 

*Includes jig capacitance. 

lN914B 
OR EQUIV. 

Figure 1. AC Test Load 

MOTOROLA MEMORY DATA 
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MCM6064- MCM60L64 

WRITE CYCLE 1 (IN CONTROLLED) (See Note 11 

MCM6064-10 MCM6064-12 MCM6064-15 

Parameter Symbol 
Alt MCM60l64-10 MCM60l64-12 MCM60l64-15 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Write Cycle Time tAVAV twe 100 - 120 - 150 - ns -

Address Setup Time tAVWl tAS 0 - 0 - 0 - ns -

Address Valid to End of Write tAVWH tAW 80 - 85 - 100 - ns -
Write Pulse Width twlWH twp 80 - 70 - 90 - ns 2 

Data Valid to End of Write tDVWH tDW 40 - 50 - 60 - ns -

Data Hold Time tWHDX tDH 0 - 0 - 0 - ns 3 

Write low to Output in High-Z twlOZ twHZ 0 35 0 40 0 50 ns 4,5 

Write High to Output low-Z twHOX twLZ 5 - 5 - 10 - ns 4,5 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns -
NOTES: 

1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high 5, high 
War low E2. 

2. If W goes low coincident with or prior to Ef low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from 

the previous steady state voltage. 
5. These parameters are periodically sampled and not 100% tested. 

i"""1 .. l---------tAVAV---------.. ·1 
~------------------------~~II~-------

A (ADDRESSI -..Jj\ ___________________ ....J!1\ 
1 ..... 1---------- tAvwH-------I .. ~I-!- tWHAX 

IT ICHIP ENABLEI \\'1\\\ : jf"""""r"71-r-TII-r-; 

E2 (CHIP ENABLEI II/VI!/ I \\\\\\ 

Vi (WRITE ENABLEI 

: Ie tWLWH "I 

I ~ ;fr----------------
:----- tAVWL-1 ~ tDVWH-l-r tWHDX 

o IDATA INI <xxxxxX>O$<xm DATA VALID i 'fj"'""XXXXXX~--,.;--r 
tWLOZ I.. .1 ~ tWHOX 

o IDATA DUTI ____ H_IG_H_-Z __ ~(XXX) HIGH·Z k Xxx>-

MOTOROLA MEMORY DATA 
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MCM6064- MCM60L64 

WRITE CYCLE 2 (Ei". E2 CONTROLLED) (See Note 1) 

MCM6064-10 MCM6064-12 MCM6064-15 

Parameter Symbol 
Alt MCM60L64-10 MCM60L64-12 MCM60L64-15 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 100 - 120 - 150 - ns -
Address Setup Time tAVEI L. tAVE2H tAS 0 - 0 - 0 - ns 2 

Address Valid to End of Write tAVE1H, tAVE2L tAW 80 - 85 - 100 - ns 2 

Chip Enable to End of Write tEl LEl H, tE2HE2l tcw 80 - 85 - 100 - ns 2,3 

Data Valid to End of Write tDVE1H, tDVE2l tDW 40 - 50 - 80 - ns 2 

Data Hold Time tEl HDX, tE2lDX tDH 0 - 0 - 0 - ns 2,4 

Write Recovery Time tE1HAX, tE2LAX twR 0 - 0 - 0 - ns 2,5 

NOTES: 
1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high E1, high 

War low E2. 
2. E1 and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to E1low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
5. W must be high during all address transitions. 

i""'� ... 1f-----------tAvAv-----------.. ~11 

------~~I~------------------------~~I~---
A lAD DRESS) If\ A 

Ie. .. ..---------tAVE1H tAVE2L --------.. ~ 1 I 

i 't ... -----~,,! IT (CHIP ENABlE) 

E2 (CHIP ENABLE) 

I I I I 

i I \ I 
--------~I--------------~I I~--~-----

, .... 1------ ::~:~~ ~ I .. ::~~~~~ ~ I.. ~ ~ ::~~:: 

D (DATA IN) XXXXXXXXX~ DATA VALID ! mo<XXX 
I--- tDVE1H ~ I" ~ I tE1HDX 

tDVE2l tE2LDX 

Q (DATA DUT) ___________________ ..:.H;;,;IG;;,;H..:.Z __________________ _ 
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MCM6064. MCM60L64 

DATA RETENTION CHARACTERISTICS (TA = 0 to + 70°C) 

Parameter Symbol Min Typ Max 

Vee for Data Retention (El ",VCC-0.2 V or E2s0.2 V) VDR 2.0 - 5.5 

Data Retention Current (El ",VCC-0.2 or E2s0.2 V) ICCDR 
MCM6064: VCC =3.0 V - - 50 

VCC=5.5V - - 100 
MCM60L64: VCC=3.0 V - - 15 

VCC=5.5V - - 30 

Chip Disable to Data Retention Time tCDR 0 - -
Operation Recovery Time tree tAVAV* - -

*tAVAV = Read Cycle Time 

1+---- DATA RETENTION MODE ---+I 
----------~~ ~~------------

VCC VDR",2.0 V 

IT CONTROL 

E2 CONTROL ~~~Li.~:"J-_____ ...;;;E2:..;S;:.;O:..;.2;"V ___ ----(:,:"':"'LLL..L....i.:""L. 

ORDERING INFORMATION 
(Order by Full Part Number) 

x XX 

Unit 

V 

~ 

ns 

ns 

Motorola Memory Prefix _______ T--'CM 6064 01' ~ 
Part Number -

(With 1,.= I,.ow Power Version) 

T T-speed (10=100 ns, 12=120 ns, 

~ 15=150ns) 

Package (P = Plastic) 

Full Part Numbers- MCM6064P10 
MCM6064P12 
MCM6064P15 

MCM60L64P10 
MCM60L64P12 
MCM60L64P15 

MOTOROLA MEMORY DATA 

3-18 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

32K X 8 Bit CMOS Static Random 
Access Memory 

The MCM60256 is a 262,144 bit low-power static random access memory organized as 
32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the minimum cycle time is 85 ns. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The typical standby current for MCM60L256 is 2 pA. Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 40 ns (MCM60256-85). Thus the MCM60256 is 
suitable for use in various microprocessor application systems where high speed, low 
power, and battery backup are required. 

The MCM60256 is offered in a 600 mil, 28 pin plastic dual-in-line package. 

• Single 5 V Supply, ± 10% 
• 32K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Low Power Dissipation-27.5 mW/MHz (Typical Active) 
• Two Chip Enable Inputs for More System Design Flexibility and Low Power Standby 

Mode 
• Battery Backup Capability (MCM60L256) 
• Data Retention Supply Voltage = 2.0 V to 5.5 V 
• All Inputs and Outputs Are TIL Compatible 
• Three State Outputs 
• Fast Access Times: MCM60256-85 and MCM60L256-85=85 ns (Max) 

MCM60256-10 and MCM60L256-10 = 100 ns (Max) 
MCM60256-12 and MCM60L256-12= 120 ns (Max) 

BLOCK DIAGRAM 

MSB A5 

A6 

A7 

A12 -VCC 
MEMORY ARRAY 

A14 ROW (512 ROWS ANO -VSS 

A13 512 COLUMNSI 

A8 

A9 

LSB All 

000 
COLUMN I/O 

007 

ii----d.~ 

MCM60256 
MCM60L256 

PIN ASSIGNMENT 

A14 1 • 28 bvcc 

A12 2 27 PW 

A7 3 26 PA13 

A6 4 25 bA8 

A5 [ 5 24 PA9 

A4[ 6 23 PAll 

A3 [ 7 22 ~ii 
A2 [ 8 21 bAlD 

Al [ 9 20 Pf: 

AD 10 19 ~007 
000 11 18 bo06 

001 12 17 P005 

002 13 16 ~D04 
VSS 14 15 bo03 

PIN NAMES 

AO-A14 .. . ..... Address 
W .. . Write Enable 
E .. . . . . . . . . Chip Enable 
G .... Output Enable 
000-007 .. . . Data Input/Oulput 
VCC· ... + 5 V Power Supply 
VSS· Ground 

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

MOTOROLA MEMORY DATA 
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MCM60256- MCM60L256 

TRUTH TABLE 

E G W Mode Supply Current 1/0 Pin 

H X X Not Selected ISB High Z 

L H H Output Disabled ICC High Z 

L L H Read ICC Dout 

L X L Write ICC Din 

X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC - 0.3 to 7.0 V 

Voltage to Any Pin with Respect to VSS Vin, Vout -0.5 to VCC+0.5 V 

Power Dissipation (T A = 25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA o to + 70 °c 

Storage Temperature Tsto -55 to + 150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A =0 to 70o e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - VCC+0.3 V 

I nput Low Voltage VIL -0.3* - 0.8 V 

*VIL (min) = -0.3 V de; VIL (min) = -3.0 V ac (pulse width ",50 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current (All Inputs, Vin=O to VCC) Ilka(l) - <0.01 ±1.0 p.A 

Output Leakage Current (E=VIH or G=VIH or W=VIL, Vout=O to VCC) Ilkg(O) - <0.01 +1.0 p.A 

Operating Current (Read Cycle) ICCA1 rnA 
(E=VIL, W=VIH, Other Input=VIHIVIL, 10ut=0 rnA) 

MCM60256: tAVOV= 1 p.S - 10 -
MCM60256-85: tAVOV=85 ns - - 70 
MCM60256-1O: tAVOV= 100 ns - - 70 
MCM60256-12: tAVOV = 120 ns - - 70 

(E=0.2 V, W=VCC-0.2 V, Other Input=VCC-0.2 V/0.2 V, ICCA2 
lout =.0 rnA) MCM60256: tAVOV= 1 p.S - 5 -

MCM60256-85: tAVOV=85 ns - - 60 
MCM60256-10: tAVOV = 100 ns - - 60 
MCM60256-12: tAVOV = 120 ns - - 60 

Standby Current (E=VIH) ISB1 - - 3.0 rnA 

Standby Current (E 2: VCC - 0.2 V, VCC = 2.0 to 5.5 VI. MCM60256 ISB2 - - 1.0 rnA 
MCM60L256 - 2 100 p.A 

Output Low Voltage (lOL = 4.0 mAl VOL - - 0.4 V 

Output High Voltage (lOH = - 1.0 mAl VOH 2.4 - - V 

Typical values are referenced to T A = 25°C and VCC = 5.0 V 

CAPACITANCE (f = 1 MHz T A = 25°C Periodically Sampled Rather Than 100% Testedl 

Characteristic Symbol Min Max Unit 

Input Capacitance (Vin = 0 V) All Inputs Except DO Cin - 10 pF 

110 Capacitance (Vila = 0 VI DO CliO - 10 pF 

MOTOROLA MEMORY DATA 
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MCM6025S- MCMS0L256 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to 70D e, Unless Otherwise Noted) 

Input Pulse Levels .. 
Input RiselFail Time .. 

0.6 V, 2.4 V 
. 5 ns 
1.5 V 

Output Timing Measurement Reference Levels ..... 0.8 and 2.2 V 
Output Load. . . . . . . . . . . . . . See Figure 1 

Input Timing Measurement Reference Levels. 

READ CYCLE (See Note 11 

MCM60256-85 MCM60256-10 MCM60256-12 

Parameter Symbol 
Alt MCM60L.266-85 MCM60L.266-10 MCM60L2!i6-12 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 85 - 100 - 120 - ns -
Address Access Time tAVOV tAA - 85 - 100 - 120 ns -

E Access Time tELOV tAC - 85 - 100 - 120 ns -

G Access Time tGLOV tOE - 40 - 50 - 60 ns -

Output Hold from Address Change tAXOX tOH 5 - 10 - 10 - ns -

Chip Enable to Output Low-Z tELOX tCLl 10 - 10 - 10 - ns 2,3 

Output Enable to Output Low-Z tGLOX tOll 5 - 5 - 5 - ns 2,3 

Chip Enable to Output High-Z tEHOZ tCHZ 0 30 0 50 0 60 ns 2,3 

Output Enable to Output High-Z tGHOZ tOHZ 0 30 0 40 0 50 ns 2,3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high HZ and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 

A (ADDRESSI _____ ~:~~~~~~~~~~~~~~~~~~~-tA-V-AV--:_-_ -_-:_ -_ -_ -_ -_ -_ -_-_ -_ -_ -_ -_-_ -_ ~-t------
.... tAVOV .' tAXQX--

E (CHIP ENABLEI 

G (OUTPUT ENABLE I 

Q (OATA OUTI 
HIGH·Z 

\. 
.. tElOV 

_tSLOV 

C><XX~ 
....-tGLOX--

-tELOX_ 

5.0 V 

TEST POINT o-..-~--!o4Ir-4 

100 pF* 
lN914B 

OR EQUIV. 

* Includes jig capacitance. 

Figure 1. AC Test Load 

MOTOROLA MEMORY DATA 
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II 

MCM60256·MCM60L256 

WRITE CYCLE 1 AND 2 (See Note 1) 

MCM60256-85 MCM60256-10 MCM60256-12 

Parameter Symbol 
Alt MCM60L256-85 MCM60L256-10 MCM60L256-12 Unit Notes 

Symbol 
Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 85 - 100 - 120 - ns -
Address Setup Time tAVWL/tAVEL tAS 0 - 0 - 0 - ns -
Address Valid to End of Write tAVWH/tAVEH tAW 75 - 90 - 100 - ns -

Write Pulse Width twLWH twp 60 - 70 - 80 - ns 2 

Data Valid to End of Write tOVWH/tOVEH tow 40 - 40 - 50 - ns -
Data Hold Time twHox/tEHOX tOH 0 - 0 - 0 - ns -
Write Low to Output in High-Z twLOZ twHZ 0 30 0 50 0 60 ns 3,4 

Write High to Output Low-Z twHOX twLZ 10 - 10 - 10 - ns 3,4 

Write Recovery Time twHAX/tEHAX twR 10 - 10 - 10 - ns 5 

Chip Enable to End of Write tELWH/tELEH tcw 65 - 90 - 100 - ns -
NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 
2. A write occurs during the overlap (twpi of a low E and a low Vii. If Vii goes low prior to E low then outputs will remain in a high impedance 

state. 
3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 500 mV transition from 

the previous steady state voltage. 
4. These parameters are periodically sampled and not 100% tested. 
5. twR is measured from the earlier of E or Vii going high to the end of write cycle. 

WRITE CYCLE 1 (IN CONTROLLED) 

A (ADDRESSI 

E (CHIP ENABLEI 

Vi (WRITE ENABLEI 

D (DATA INI 

Q (DATA DUn ---=:..:...----( 

MOTOROLA MEMORY DATA 
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MCM60256- MCM60L256 

WRITE CYCLE 2 (E Controlled) 

tAVAV 

A (ADDRESSI 
1\ I~ 
-tAVEl tElEH tEHAX-

tAVEH 

~ 
\ E (CHIP ENABLEI 

tWLWH 

iii (WRITE ENABLEI \\\\\\\\\\~~ l~//LI /~ 
HIGH IMPEDANCE HIGH IMPEDANCE 

n (DATA oun 

tDVEH .1 tEHDX 

1 ,It DATA VALID 
1\ o (OATA INI 

DATA RETENTION CHARACTERISTICS (TA =0 to +lODCI 

Parametar Symbol Min Typ Max Unit 

VCC for Data Retantion (E",VCC-0.2 VI VDR 2.0 - 5.5 V 

Data Retention Current (E"'VCC-0.2 VI MCM60256 ICCDR - - 1.0 rnA 
MCM60L256: VCC=3.0 V - - 50 ,.A 

VCC=5.5V - - 100 ,.A 
Chip Disable to Data Retention Time tCDR 0 - - ns 

Operation Recovery Time trec tAVAV* - - ns 

*tAVAV = Read Cycle Time 

DATA RETENTION MODE 

VCC 

~--- DATA RETENTION MODE ---+I 
------------~ ~--------------

4.5 V !\ J"lr 4.5 Y 
, " VoR '" 2.0 V ~ ________________ J 

t tCoR_ I-tree i 
E CONTROL / I I 1{vIH \"' ______ E_"'_Y.;;.;oR;...-_0_.2_V _____ ..J1 VI~ \\ \ \ \ 

NOTE: If the VIH of E is 2.4 V in operation, 1581 current flows during the period that the VCC voltage is decreasing from 4.5 V to 2.4 V. 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 60256 or 601256 

Motorola Memory Prefix T I 
Part Number __________ ---.J 

x XX 

I T-speed (85=85 ns, 10=100 ns, 

~ 12=120n5) 

(With L = Low Power Version) 

Full Part Numbers-MCM60256P85 
MCM60256P10 
MCM60256P12 

Package (P = Plastic) 

MCM60L256P85 
MCM60L256P10 
MCM60L256P12 

MOTOROLA MEMORY DATA 
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MCM1423 
MCM6164, 
MCM61L64 

MCM6164C 
MCM6168 
MCM6206 
MCM6207 
MCM6208 
MCM6264 
MCM6268 
MCM6269 
MCM6287 
MCM6288 
MCM6290 

CMOS Fast Static RAMs 

4K x 4, 40 ns, Equivalent to IMS1423 ........................ 4-3 
8K x 8, 45/55 ns, E1, E2, and G Inputs . . . . . . . . . . . . . . . . . . . . . .. 4-8 
8K x 8, 45/55 ns, Lower Power ............................. 4-8 
8K x 8, 55/70 ns, - 40 to 85°C . .. .. . . . . . . . . . .. . . . . . . . . . .. ... 4-16 
4K x 4, 45/55/70 ns ....................................... 4-24 
32K x 8, 45/55/70 ns, Output Enable ........................ 4-29 
256K x 1, 25/35 ns, Separate Input and Output Pins ........... 4-34 
64K x 4, 25/35 ns ......................................... 4-39 
8K x 8, 35/45 ns, 300-mil PDIP .............................. 4-44 
4K x 4, 25/35 ns .......................................... 4-49 
4K x 4, 25/35 ns, Fast Chip Select . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-54 
64K x 1, 25/35 ns, Separate Input and Output Pins ............ 4-59 
16Kx4, 25/30/35 ns, ...................................... 4-68 
16K x 4, 25/30/35 ns, Output Enable ................... ;.... 4-76 

MOTOROLA MEMORY DATA 
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• 
CMOS Fast Static RAMs 
(+ 5 V, 0 to 70De unless otherwise noted) 

Organization Part Numbar 
Access Time 

Ins max) 

4Kx4 MCM1423P46 40 
IMS1423P-46 40 

MCM6168P46 46 
MCM6168P55 55 
MCM6168P70 70 

MCM6268P25 25 
MCM6268P35 35 

MCM6269P25* (2) 25 
MCM6269P35 (2) 35 

8Kx8 MCM6164C46 46 
MCM6164C55 55 

MCM61L64C46 46 
MCM61L64C55 55 

MCM6164P46* 46 
MCM6164P55* 55 

MCM61L64P46* 46 
MCM61L64P55* 55 

MCM6164J46* 46 
MCM6164J55* 55 

MCM61L64J46* 46 
MCM61L64J55* 55 

MCM6164CC55 (3) 55 
MCM6164CC70 (3) 70 

MCM6264P35* 35 
MCM6264P46* 46 

MCM6264J35* 35 
MCM6264J46* 45 

*To be Introduced 
(2) Chip select version 
(3) Industrial temperature range, - 40 to 85°C 
(4) Output enable version 

Pins Organization 

20 16Kx4 
20 

20 
20 
20 

20 
20 

20 
20 

28 64Kx1 

28 

28 
28 

28 32Kx8 

28 

28 
28 

28 
28 

28 64Kx4 

28 

28 
28 

28 
28 

28 256Kx 1 

28 

MOTOROLA MEMORY DATA 
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Part Number 
Access Time 

Pins 
Ins max) 

MCM6288P25 25 22 
MCM6288P30 30 22 
MCM6288P35 35 22 

MCM6290P25* (4) 25 24 
MCM6290P30* (4) 30 24 
MCM6290P35* (4) 35 24 

MCM629OJ25* (4) 25 24 
MCM629OJ30* (41 30 24 
MCM629OJ35* (4) 35 24 

MCM6287P25 25 22 
MCM6287P35 35 22 

MCM6287J25 25 24 
MCM6287J35 35 24 

MCM6206P46* 45 28 
MCM6206P55* 55 28 
MCM6206P70* 70 28 

MCM6206J45* 45 28 
MCM6206J55* 55 28 
MCM6206J70* 70 28 

MCM6208P25* 25 24 
MCM6208P35* 35 24 

MCM6208L25* 25 24 
MCM6208L35* 35 24 

MCM6208J25* 25 24 
MCM6208J35* 35 24 

MCM6207P25* 25 24 
MCM6207P35* 35 24 

MCM6207L25* 25 24 
MCM6207L35* 35 24 

MCM6207J25* 25 24 
MCM6207J35* 35 24 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

4K X 4 Bit Static Random Access 
Memory 

The MCM1423 is a 16,384-bit static random access memory organized as 4096 
words of 4 bits, fabricated using Motorola's second-generation high-performance sil­
icon-gate CMOS (HCMOS III) technology. Static design eliminates the need for ex­
ternal clocks or timing strobes, while CMOS circuitry reduces power consumption, 
provides greater reliability, and provides protection against soft errors caused by al­
pha particles. Fast access time makes this device suitable for cache and other sub-
50 ns applications, especially those requiring just a little faster address access time 
(40 ns). 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This feature reduces system power requirements without degrading access 
performance. 

The MCM1423 is available in a 300 mil, 20 pin plastic dual in-line package with the 
JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Protects Against Soft Errors Caused by Alpha Particles 
• Fast Access Time (Maximum): 

Address Chip Enable 
40 ns 45 ns 

• Low Power Operation: 80 mA Max (Active) 
20 mA Max (Standby- TTL Levels) 
2 mA Max (Standby-Full Rail) 

(lSBI 
A5 

AO 

Al 

A2 

A3 

A6 

A7 
(MSBI 

000 

001 

002 

003 

Vi 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATR(X 
126 ROWSx 
128 COLUMNS 

--Vcc 
-- VSS 

E 

H 

L 

L 

W 

X 

H 

L 

MCM1423* 

-1 
P PACKAGE 

PLASTIC 
CASE 738 

PIN ASSIGNMENT 

M[ 1 • 20 Pvcc 

A5 [ 2 19 pA3 

A6 [ 3 18 P A2 

A7 [ 4 17 PAl 

A8 [ 5 16 hAO 

A9[ 6 15 0000 

Ala [ 7 14 ~D01 

A11 [ 6 13 002 

E[ 9 12 nD03 

VSS[ 10 11 ~Vi 

PIN NAMES 

AO-A 11 ............ Address (nput 
Vii. . . . . . . . . . . . . . . Write Enable 
E . . . . . . . . . . . . .... Chip Enable 
DQO-DQ3 ....... Data Input/Output 
V CC . . . ...... + 5 V Power Supply 
VSS ................ Ground 

*This device may also be ordered as 
IMS1423P-46. 

TRUTH TABLE 

Mode Supply Current I/O Pin 

Not Selected ISB High-Z 

Read ICC Dout 

Write ICC Din 

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

MOTOROLA MEMORY DATA 
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··MCM1423 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Value Unit 

Power Supply Voltage (V CC) -0.5 to + 7.0 V 

Voltage Relative to VSS for Any Pin Except VCC -0.5 to VCC +0.5 V 

Output Current (per 1/0) ±20 mA 

Power Dissipation 1.0 W 

Operating Temperature o to + 70 °c 

Storage Temperature -55 to +125 °c 

Temperature Under Bias -10to+85 °c 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max 

Supply Voltage (Operating Range) VCC 4.5 5.0 5.5 

Input High Voltage (See note below) VIH 2.0 - VCC+0.3 V 

Input low Voltage (See note below) Vil -0.3* - 0.8 

*Vll (mini ~ - 0.3 V de; VIL (mini ~ -3.0 V ac Ipulse width ,,20 nsl 
NOTE: Address rise and fall times while the chip is selected are 50 ns maximum. 

DC CHARACTERISTICS 

Parameter Symbol Min Typ Max 

Input leakage Current (All Inputs, Vin ~ 0 to 5.5 VI III - - 1.0 

Output Leakage Current IE~VIH or W~Vll; Vout~O to VCCI** IOl - - 2.0 

Power Supply Current (E~Vll; Vin~Vll or VIH, 10ut~0 mAI** ICC - - 80 

Standby Current (E ~ VIHI ISB1 - - 20 

.Standby Current (E",VCC-0.2 VI 10.2 V",Vin"'VCC-O.2 VI ISB2 - - 2 

Output low Voltage (lOl ~ 8.0 mAl VOL - - 004 

Output High Voltage (lOH ~ - 4.0 mAl VOH 204 - -

**Input levels less than - 0.3 V or greater than Vee + 0.3 V Will cause 1/0 and power supply currents to exceed maximum rating. 

CAPACITANCE (f ~ 1.0 MHz, T A ~25°C, periodically sampled rather than 100% tested) 

Characteristic Symbol Min Typ Max 

Input Capacitance All Inputs Except E Cin - 3 5 
E - 5 7 

1/0 Capacitance CliO - 5 7 

AC TEST LOADS 

+5V +5V 

480 480 

I/O - ..... ------. I/O - ..... ------. 

255 =;::: 30 pF 
(INCLUDING 
SCOPE AND JIGI 

Figure 1A 

255 

MOTOROLA MEMORY DATA 
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=-= 5 pF 

Figure 1B 

(INCLUDING 
SCOPE AND JIGI 

Unit 

V 

V 

V 

Unit 

~A 

~A 

mA 

mA 

mA 

V 

V 

Unit 

pF 

pF 



MCM1423 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee =5.0 V ± 10%, TA =0 to 70oe, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ....... 1.5 V Output Timing Mesurement Reference Level ....... 1.5 V 
Input Pulse Levels ..................... 0 to 3.0 V Output Load ...................... See Figure 1A 
Input Rise/ Fall Time ........................ 5 ns 

READ CYCLE 1 IE = VIL) 

Symbol MCMl423P45 
Parameter Unit 

Standard Alternate Min Max 

Read Cycle Time tAVAV tRC 40 - ns 

Address Access Time tAVQV tAA - 40 ns 

Output Hold from Address Change tAXOX tOH 5 - ns 

tAVAV 

ADDRESS \V V 
Ir>.. Ir>.. 
~lAXOX 

a PREVIOUS DATA VALIa XXXXX It DATA VALID 
r>.. 

lAVOV 

READ CYCLE 2 IE is Clockedl 

Symbol MCMl423P45 
Parameter Unit Notes 

Standard Alternate Min Max 

Read Cycle Time tAVAV tRC 40 - ns 

Address Access Time tAVQV tAA - 40 ns 

E Access Time tELQV tACS - 45 ns 

E Low to Output Active IELOX tLl 5 - ns 1 

E High to Output High-Z tEHQZ tHZ 0 20 ns 1 

Output Hold from Address Change tAXOX tOH 3 - ns 

Power Up Time tELICCH tpu 0 - ns 

Power Down Time tEHICC\. tPQ - 45 ns 

NOTE: 
1. Measured with ac load of Figure lB. Parameter is sampled and not 100% tested. T,ansition measured ± 500 mV from steady-state voltage. 

tAVAV 

ADDRESS If ,r-
Ir>.. IlL-

lElOV 

r>.. 

I- I£lOX .. tEHO 

a 0<>Q0QG,," DATA VALID \--I 
lAVOV 

tELICCH - i+-lEHICCl 
Vcc ICC 

SUPPLY 
CURRENT IS8 

MOTOROLA MEMORY DATA 
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MCM1423 

WRITE CYCLE 1 (Vii Controlled) (See Note 1) 

Symbol MCMl423P45 
Parameter Unit Notes 

Standard Alternate Min Max 

Write Cycle Time tAVAV twc 40 - ns 

Address Setup Time tAVWL tAS 0 - ns 

Address Valid to End of Write tAVWH tAW 35 - ns 

Write Pulse Width twLWH twp 35 - ns 

Data Valid to End of Write tDVWH tow 15 - ns 

Data Hold Time twHOX tOH 5 - ns 

Write Low to Output High-Z twLOZ twz 0 20 ns 2,3 

Write High to Output Active twHOX tow 6 - ns 2, 3 

Wrh:e Recovery Time twHAX twR 5 - ns 

• E Low to End of Write IELWH tcw 35 - ns 

NOTES: 
1. A Write occurs during the overlap of a low Vii and a low E. 
2. Measured with the ac load of Figure lB. Parameter is sampled and not 100% tested. Transition. measured ±500 mV from steady-state 

voltage. . 
3. When the outputs are active, data of opposite logic level to an output must not be applied. 

tAVAV 

ADDRESS 

tAVWH -------~!+--I*- IWHAX 

---I--""\j.------IElWH-----~ 

tWlWH 

tDVWH - .... ~~-tWHDX 

DATA VALID 

Q----~~~---< 
HIGH·Z 

MOTOROLA MEMORY DATA 
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MCM1423 

WRITE CYCLE 2 (e Controiled) (See Note 1) 

Parameter 
Symbol MCMl423P45 

Unit 
Standard Alternate Min Max 

Write Cycle Time tAVAV twc 40 - ns 

Address Setup Time tAVEl tAS 0 - ns 

Address Valid to End of Write tAVEH tAW 35 - ns 

Write PtJlse Width tElEH tEW 35 - ns 

Data Valid to End of Write tDVEH tow 15 - ns 

Data Hold Time tEHDX tDH 5 - ns 

Write Recovery Time tEHAX tWR 5 - ns 

Write low to End of Write twlEH twp 35 - ns 

NOTE: 
1. If E goes low coincident with or after IN low, and E goes high before or coincident with IN high, the liD will remain in a high impedance 

condition. 

tAVAV -----------.....,~ 

ADDRESS 

~--------- tAVEH ---------~ 

Vi 

a ____________________________________ ~H~IG~H~.Z~ __________________________________ __ 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 
signal name from which interval is defined ---l I I I 

transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z=transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus. the access 
time is shown as a maximum since the device never provides 
data later than that time. 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix _______ T----'CM T TL_T_x _______ Speed (45=45 ns) 

Part Number - l Package (P = Plastic DIP) 

Full Part Number-MCMl423P45 
NOTE: This device may also be orderad as IMS1423P-45. 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

8K X 8 Bit Fast Static Random 
Access Memory 

The MCM6164/MCM61L64 is a 65,536 bit static random access memory orgalJized as 
8192 words of 8 bits, fabricated using Motorola's second-generation high-performance sili­
con-gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and provides 
greater reliability. 

The chip enable pins (E'f and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164/MCM61L64 is available in a 600 mil, 28 pin ceramic dual-in-line package, 
with J EDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• 8K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Fast Access Time - 46, 55 ns (Maximum) 
• Low Power Dissipation - 495, 440 mW (Maximum, Active) 
• Low Power/Data Retention Version (MCM61L64) 
• Fully TTL Compatible 
• Three State Data Outputs 
• Also Available in Industrial Temperature Range (-40 to 85°C) as MCM6164C 

A5 

A6 

A7 

A8 

A9 

AID 

All 

A12 

000 

007 

IT 
E2 

W 
IT 

BLOCK DIAGRAM 

MEMORY ARRAY 
(256 ROWS 

256 COLUMNSI 

I/O CIRCUITS 

COLUMN SELECT 

_VCC 

-VSS 

MOTOROLA MEMORY DATA 
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MCM6164 
MCM61L64 

CERAMIC 
CASE 733 

For Plastic DIP or SOJ package, 
consult your Motorola representative. 

PIN ASSIGNMENT 

NC 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

AI 

AD 

000 

001 

002 

VSS 

I 

I 

[ 

[ 

[ 

I 

[ 

,. 28 ~ 
2 27P 
3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

PIN NAMES 

VCC 

W 
E2 

A8 

A9 

All 

IT 
AID 

IT 

007 

006 

005 

004 

003 

AO-A 12 .......•.... Address 
Vii . . . . . . . . . . . . Write Enable 
E'f, E2. . . . . . . . . . . Chip Enable 
G .. .. .. .. .. . Output Enable 
DQO-DQ7 ..... Data Input/Output 
VCC ....... + 5 V Power Supply 
VSS .............. Ground 
NC ........... No Connection 



MCM6164- MCM61 L64 

TRUTH TABLE 

E1 E2 G W Mode 

H X X X Not Selected 

X L X X Not Selected 

L H H H Output Disabled 

L H L H Read 

L H X L Write 

X=don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Yin, Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/0) lout +20 mA 

Power Dissipation (T A = 25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA Oto +70 °c 

Storage Temperature TstIL -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. 

Supply Current 1/0 Pin 

ISB High Z 

ISB High Z 

ICC High Z 

ICC Dout 

ICC Din 

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA=O to 70D e, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - VCC+0.3 V 

Input Low Voltage VIL -0.3* - 0.8 V 

*VIL (min) = - 0.3 V dc, VIL Imin) = - 3.0 V Ipulse width s20 ns) 

DC CHARACTERISTICS 

Charactaristic Symbol Min Typ Max Unit 

Input Leakage Current IAlllnputs, Vin=O to VCC) Ilkgll) - <0.01 ±1.0 ItA 
Output Leakage Current (E1 =VIH, E2=VIL, or G=VIH, Vout=O to VCC) IlkalO) - <0.01 ±1.0 ItA 
Power Supply Current tAVAV=45 ns ICC - 50 90 mA 

IEi' =VIL, E2=VIH, Vin=VIH or VIL, 10ut=0) tAVAV=55ns - 40 80 

Standby Current IE1 = VIH or E2 = VIL) ISB1 - 1.3 3.0 mA 

Standby Current (E1 ;<:VCC-0.2 V or E2s0.2 V) MCM6164 ISB2 - - 1.0 mA 
MCM61L64 - 5 50 ItA 

Output Low Voltage IIOL =8.0 mAl VOL - 0.15 0.4 V 

Output High Voltage IIOH= -4.0 mAl VOH 2.4 3.0 - V 

Typical values are referenced to TA =25°C and VCC=5.0 V 

CAPACITANCE (1-1 0 MHz TA -25°C Periodically Sampled Rather Than 100% Tested) - -

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except DO Cin 6 pF 

InputlOutput Capacitance DO CliO 8 pF 

MOTOROLA MEMORY DATA 

4-9 



• 

MCM6164-MCM61L64 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70oe, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ................•...... 0 to 3.0 V 
Input RisefFall Time .•.••........•........... 5 ns 

Output Timing Measurement Reference Level ..• 0.8 V and 2.0 V 
Output Load ............................ Figure 1 

READ CYCLE (See Note 1) 

MCM6164-45 MCM6164-ai 

Characteristic Symbol 
Alt MCM61lJ14.45 MCM61L64-ai Unit Notes 

Symbol 
Min Max Min Max 

Read Cycle Time tAVAV tRC 45 - 55 - ns -
Address Cycle Time tAVQV tAA - 45 - 55 ns -
El Access Time tE1LQV tACl - 45 - 55 ns -
E2 Access Time tE2HQV tAC2 - 45 - 55 ns -
G Access Time tGLQV tOE - 20 - 25 ns -
Output Hold from Address Change tAXOX tOH 5 - 5 - ns -
Chip Enable to Output Low-Z tEl LOX, tE2HOX tCLl 5 - 5 - ns 2,3 

Output Enable to Output Low-Z tGLOX tOll 0 - 0 - ns 2,3 

Chip Enable to Output High-Z tEl HOZ, tE2LOZ tCHZ 0 20 0 20 ns 2,3 

Output Enable to Output High-Z tGHOZ tOHZ 0 20 0 20 ns 2,3 

NOTES: 
1. Vii is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous staady state voltage. 
3. Periodically sampled rather than 100% tested. 

A (ADDRESS) _____ ~:~~~~~~~~~~~~~~~~~~~-tA-V-AV:------------------_-_-_-_-_-_-_-_-_-_-~~ _____ _ 

t tAvnV -----... '1' ttAxnx-. 

IT, E2 (CHIP ENABLE) 

G (OUTPUT ENABLE) 

n (DATA OUT) __ ....;.;;HIG;;.,H_.Z ___ -+ __ +-___ -<I 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

+5V 

110-__ ----.. 

255 

480 

30 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 1. Test Load 

MOTOROLA MEMORY DATA 
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MCM6164- MCM61 L64 

WRITE CYCLE 1 IW CONTROLLED) (See Note 1) 

MCM8184-46 MCM8184-55 

Characteristic Symbol 
Alt MCM61L64-45 MCM61Ui4-li6 Unit Notes 

Symbol 
Min Max Min Max 

Write Cycle Time tAVAV twc 46 - 55 - ns -
Address Setup Time tAVWL tAS 0 - 0 - ns -
Address Valid to End of Write tAVWH tAW 40 - 50 - ns -
Write Pulse Width twLWH twP 25 - 30 - ns 2 

Data Valid to End of Write tOVWH tow 20 - 25 - ns -
Data Hold Time twHOX tOH a - a - ns 3 

Write Low to Output in High-Z twLOZ twHZ a 20 a 20 ns 4,5 

Write High to Output Low-Z twHOX twLZ 5 - 5 - ns 4,5 

Write Recovery Time twHAX twR 0 - 0 - ns -
NOTES: 

1. A write cycle starts at the latest transition of a low ft, low Vii or high E2. A write cycle ends at the earliest transition of a high ft, high Vii 
or low E2. 

2. If Vii goes low coincident with or prior to ft low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. Periodically sampled rather than 100% tested. 

~--------- tAVAV---------~ 

A (ADDRESSI 

14---------tAVWH-------...;...ot---I-tWHAX 

E :CHIP ENABLE) 

... ---- tWLWH-----.·~1 

Vi (WRITE ENABLE) 

tDVWH---I*_-r-.-

o (DATA IN) DATA VALID 

HIGH·Z 
Q (DATA OUT) --------{ 

3.4 
3.2 

8 3.0 
~ 2.8 

I 
J I 

"" ~ 2.6 
VCC~ 5.0 V _ r-TYPICAL '" !; 

CHARACTERISTICS ,;; 

'" 0:: 
N 
l!t 
,;; 

~ 
,;; 
c:::I 
:> 
:'!' 

2.4 
2.2 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.6 

0.6 
o 

TA~25°C 

:/ 

0.4 0.6 1.2 1.6 2.0 2.4 2.8 
ADDRESS INPUT LEVELS (V) 

-

3.2 

Figure 2. Access Time Versus Address Input Levels 

MOTOROLA MEMORY DATA 
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MCM6164. MCM61L64 

WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 

MCM6164-46 MCM6164-S6 

Charactaristic Symbol 
Alt MCM61L64-46 MCM61l.64-66 Unit Notes 

Symbol 
Min Max Min Max 

Write Cycle Time tAVAV twc 45 - 56 - ns -
Address Setup Time tAVE1L tAS 0 - 0 - ns -
Address Valid to End of Write tAVE1H tAW 40 - 50 - ns -
Chip Enable to End of Write tE1LE1H tcw 40 - 50 - ns 3 

Data Valid to End of Write tOVE1H tow 20 - 25 - ns -
Data Hold Time tE1HOX tOH 0 - 0 - ns 4 

Writa Recovery Time tE1HAX twR 0 - 0 - ns 5 

NOTES: 

• 1. A writa cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high El, high Vii 
or low E2. 

2. El and E2 timings are identical when E2 signals are inverted. 
3. If Vii g088 low coincident with or prior to Ellow or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
5. Vii must be high during all address transitions. 

tAVAV .. 
A (ADDRESS) 

E (CHIP ENABLE) 

o (DATA IN) DATA VALID 

IDVE1H 

Q (DATA OUT) 
HIGH·Z 

LOW Vce DATA RETENTION CHARACTERISTICS (TA=O to +70·C) (MCM61L64 Only) 

Characteristic Symbol Min Typ Max Unit 

VCC for Data Retention 
(El2:VCC-0.2 V or E2s0.2 V, Vin2:VCC-0.2 V or Vin SO.2 V) 

VDR 2.0 1.0 7.0 V 

Data Retention Current 
(VCC=3.0 V, El2:2.8 V or E2s0.2 V, Vin2:2.8 V or Vin SO.2 V) 

ICC DR - 10 30 pA 

Chip Disable to Data Retention Time (see waveform below) tCOR 0 - - ns 

Operation Recovery Time (see waveform below) trec tAVAV* - - ns 

*tAVAV=Read Cvcle Time 

14---- DATA RETENTION MODE --_~ 

VCC VDR2:2.0 V 

IT CONTROL 

E2 CONTROL ~.J~~~~~~,... ______ ..;E;;;2.;;S;.;O.;;.2;..V;"' ______ '"\=-".t.~~LL.L~(" 

MOTOROLA MEMORY DATA 
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MCM6164-MCM61L64 

TYPICAL CHARACTERISTICS 
(Continued) 
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Figure 3. Standby Current Versus Temperature 
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Figure 5. Standby Current Versus Temperature 

1.04 

1.03 

1.02 

1.01 
I~ VCC=5.5 V 

"-..... 
1.00 

0.99 

..... r-- --. -

80 

/ 

80 

'" 0.98 
I----..., 

~ 

0.97 

0.96 
o 20 40 60 

TA, AMBIENT TEMPERATURE lOCI 

Figure 7. Supply Current Versus Temperature 
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Figure 4. Standby Current Versus Supply Voltage 
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MCM6164-MCM61L64 

TYPICAL CHARACTERISTICS 
(Continued) 
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MCM6164-MCM61L64 

ORDERING INFORMATION 
(Order by Full Part Number) 

C XX MCM 6164 or 61L64 

Motorola Memory Prefix T I 
Part Number------------------' 

T ~speed (45=45 ns, 55=55 ns) 

~paCkage (C= Ceramic DIP) 
(with L = Low Power Version) 

Full Part Numbers-MCM6164C45 MCM6164C55 MCM61 L64C45 MCM61 L64C55 

For Plastic DIP or SOJ package, consult your Motorola representative. 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Advance Information 

8K X 8 Bit Fast Static Random 
Access Memory 
Industrial Temperature Range: - 40 to 85°C 

The MCM6164C is a 66,536 bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. With its operating temperature range of - 40°C to + 85°C and hermetic pack­
age, the MCM6164C is ideally suited for IJarsh industrial type environments. 

The chip enable pins (E'f and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164C is available in a 600 mil, 28 pin ceramic dual-in-line package with the 
JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• 8K x 8 Organization 
• Fully Static- No Clock or Timing Strobes Necessary 
• Fast Access Time~55 or 70 ns (Maximum) 
• Low Power Dissipation-440 or 385 mW (Maximum, Active) 
• Fully TIL Compatible 
• Three State Data Outputs 
• Also Available in Commercial Temperature Range (0 to 70°C) as MCM6164/MCM61L64 

A5 

A6 

A7 

A8 

A9 

Al0 

All 

A12 

000 • 

007 

IT 
E2 

W 
ii 

BLOCK DIAGRAM 

MEMORY ARRAY 
(256 ROWS 

256 COLUMNS) 

110 CIRCUITS 

COLUMN SELECT 

-VCC 
-VSS 

MCM6164C 

C PACKAGE 
CERAMIC 
CASE 733 

PIN ASSIGNMENT 

NC 1. 28 PVCC 

A12 2 27 pw 
A7 3 26 PE2 

A6 4 25 PA8 

A5 5 24 PA9 

A4 6 23 PAll 

A3 7 22 pii 
A2 8 21 PAlO 

Al 9 20 pIT 
AO 10 19 P007 

000 11 18 PD06 

001 12 17 P 005 

002 13 16 P 004 

VSS 14 15 P 003 

PIN NAMES 

AD-A 12 ............ Address 
Vii ............ Write Enable 
El, E2 ........... Chip Enable 
G .. .. .. .. .. . Output Enable 
DOO-DQ7 ..... Data Input/Output 
VCC ..•.... +5 V Power Supply 
VSS .............. Ground 
NC ........... No Connection 

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

MOTOROLA MEMORY DATA 
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MCM6164C 

TRUTH TABLE 

E1 E2 G W Mode 

H X X X Not Selected 

X L X X Not Selected 

L H H H Output Disabled 

L H L H Read 

L H X L Write 

x = don't cafe 

ABSOLUTE MAXIMUM RATINGS ISee Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to + 7.0 V 

Voltage Relative to VSS for Any Vin. Vout -0.5 to Vee+0.5 V 
Pin Except V CC 

Output Current Iper I/O) lout ±20 mA 

Power Dissipation ITA = 25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA -40 to +85 °c 

Storage Temperature Tstg -65 to +150 °e 

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

Supply Current I/O Pin 

IS8 High Z 

IS8 High Z 

ICC High Z 

ICC Dout 

ICC Din 

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee =5.0 V ± 10%. TA = -40 to 85°C. Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage 10perating Voltage Range) Vee 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - Vee+ 0.3 V 

Input Low Voltage VIL -0.3* - 0.8 V 

*VIL Imin) = -0.3 V de. VIL Imin) = -3.0 V Ipulse width :s20 ns) 

DC CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

Input Leakage Current IAlllnputs. Vin =0 to Vec) Ilkgil) - <0.01 ±2.0 pA 

Output Leakage Current IEl =VIH. E2=VIL. or G=VIH. Vout=O to Vec) IlkolO) - <0.01 ±2.0 pA 

Power Supply Current tAVAV=55 ns ICC - 40 80 mA 
lEi" =VIL. E2=VIH. Vin=VIH or VIL. 10ut=0) tAVAV=70 ns - 35 70 

Standby Current IEl =VIH or E2=VIL) ISBl - 1.3 3.0 mA 

Standby Current IEl ;,;VCC-0.2 V or E2:s0.2 V) ISB2 - 0.005 1.0 rnA 

Output Low Voltage IIOL = 8.0 mAl VOL - 0.15 0.4 V 

Output High Voltage IIOH = - 4.0 mAl VOH 2.4 3.0 - V 

Typical values are referenced to TA=25°C and VCC=5.0 V 

CAPACITANCE (f= 10 MHz TA=25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except DO Cin 6 pF 

Input/Output Capacitance DO CI/O 8 pF 

MOTOROLA MEMORY DATA 
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MCM6164C 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5 V ± 10%, TA = ~40 to +85°C, Unless Otherwise Noted) 

Input TIming Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V 
Input Rise/Fall Time ......................... 5 no 
Output Timing Measurement Reference Level . . . 0.8 V and 2.0 V 

+5V 

480 

Output Load ............................ Figure 1 110 ---it------.. 

READ CYCLE (See Note 1) 

255 
30 pF 

= = (INCLUDING 
SCOPE AND JIG) 

Figure 1. Test Loed 

MCM6164CC1i6 MCM8164CC70 Alt 
Parametar Symbol 

Symbol 
Notes 

Min Max Min Max 

Read Cycle Time tAVAV tRC 55 - 70 - -
Address Cycle Time tAVOV tAA - 55 - 70 -
El Access Time tE1LOV tACl - 55 - 70 -
E2 Access Time tE2HOV tAC2 - 55 - 70 -
G Access Time tGLOV toE - 25 - 30 -
Output Hold from Address Change tAXOX tOH 5 - 5 - -
Chip Enable to Output Low-Z tE1LOX, tE2HOX tCLZ 5 - 5 - 2,3 

Output Enable to Output Low-Z tGLOX tOLZ 0 - 0 - 2,3 

Chip Enable to Output High-Z tEl HOZ, tE2LOZ tCHZ 0 20 0 20 2,3 

Output Enable to Output High-Z tGHOZ tOHZ 0 20 0 20 2,3 

NOTES: 
1. Vii is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. Periodically sampled rather than 100% tested. 

A (ADDRESS) _____ J(~~~~~~~~~~~~~~~~~~~~_I_AV_AV __ - -_ -_ -_ -_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ ..... 

~ IAVQV -----~.~' 
IT, E2 (CHIP ENABLE) 

- IE1LQV. IE2HQV---~ 

ii (OUTPUT ENABLE) 

Q IDATA OUT) ___ H;.;;IG;;;.H;.;;.Z;..... __ -+ __ f-___ {1 

MOTOROLA MEMORY DATA 
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MCM6164C 

WRITE CYCLE 1 (Vii CONTROLLED) (See Note 11 

Alt MCM6164CC55 MCM6164CC70 
Parameter Symbol Symbol Notes 

Min Max Min Max 

Write Cycle Time tAVAV twc 55 - 70 - -
Address Setup Time tAVWL tAS 0 - 0 - -

Address Valid to End of Write tAVWH tAW 50 - 60 - -
Write Pulse Width tWLWH twp 30 - 40 - 2 

Data Valid to End of Write tDVWH tow 25 - 30 - -
Data Hold Time twHDX tDH 0 - 0 - 3 

Write Low to Output in High-Z tWLOZ twHZ 0 20 0 20 4,5 

Write High to Output Low-Z twHQ)( twLZ 5 - 5 - 4,5 

Write Recovery Time tWHAX twR 0 - 0 - -
NOTES: 

1. A write cycle starts at the latest transition of a low Ef, low Vii or high E2. A write cycle ends at the earliest transition of a high Ef, high Vii 
or low E2. 

2. If Vii goes low coincident with or prior to Ef low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. Periodically sampled rather than 100% tested. 

t4---------tAVAV---------~ 

A (ADDRESSI 

~---------tAVWH------__ __t .. I_ .... ~ tWHAX 

E (CHIP ENABLEI 

,.----- tWLWH----__ ~~1 

Vi (WRITE ENABLEI 

D (DATA INI 

o (DATA DUTI ---,;..;.;;.----( 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 
.,,,,,,~ fmm ..,,'" .~ ••• ,,,,,,,,---' I II 

transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 

tDVWH--~_*-

DATA VALID 

HIGH·Z 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MCM6164C 

WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 

Alt MCM6164CC56 MCM6164CC70 
Parameter Symbol 

Symbol 
Notes 

Min Max Min Max 

Write Cycle Time tAVAV twc 55 - 70 - -
Address Setup Time tAVE1L tAS 0 - 0 - -
Address Valid to End of Write tAVE1H tAW 50 - 60 - -

Chip Enable to End of Write tE1LE1H tcw 50 - 60 - 3 

Date Valid to End of Write tOVE1H tow 25 - 30 - -
Data H old Time tE1HOX tOH 0 - 0 - 4 

Write Recovery Time tE1HAX twR 0 - 0 - 5 

NOTES: 
1. A write cycle starts at the latest transition of a low ft, low iN or high E2. A write cycle ends at the earliest transition of a high ft, high iN 

• or low E2. 
2. El and E2 timings are identical when E2 signals are inverted. 
3. If iN goes low coincident with or prior to Ellow or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
5. iN must be high during all address transitions. 

tAVAV • 
A (ADDRESS) 

E (CHIP ENABLE) 

D (DATA IN) DATA VALID 

tDVE1H 

Q (DATA OUT) 
HIGH·Z 

MOTOROLA MEMORY DATA 
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MCM6164C 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
(Continued) 
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Figure 14. Access Time Versus Address Input Levels 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6164 C C 56 

Package 

3.2 

II L s_ dl",,_, 

Operating Temperature Range 

'--------Part Number 

L....----------Motorola Memory Prefix 

Full Part Number-MCM6164CC55 or MCM6164CC70 
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MOTOROLA 
- SEMICONDUCTOR 

TeCHNICAL DATA 

• 

4K x 4 Bit Static Random Access 
Memory 

The MCM6168 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. Fast access time makes this device suitable for cache and other high speed 
applications. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goas high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
This feature provides reduced system power requirements without degrading access time 
performance. . 

The MCM6168 is available in a 300 mil, 20 lead plastic dual-in-line package with the 
standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three State Output 
• Fast Access Time (Maximum): 

MCM6168-45 
MCM6168-55 
MCM6168-70 

Address 
45 ns 
50 ns 
60 ns 

Chip Enable 
45 ns 
55 ns 
70 ns 

• Low Power Operation: 80 rnA Max (Active) 

• Fully TTL Compatible 

ILSBI A5 

AD 

Al 

A2 

A3 

A6 

IMSBI A7 

000 

001 

002 

003 

20 rnA Max (Standby-TTL Levels) 
2 rnA Max (Standby-CMOS Levels) 

BLOCK DIAGRAM 

MEMORY MATRIX 
128 ROWS x 
128 COLUMNS 

-Vee 
-VSS 

MOTOROLA MEMORY DATA 
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PIN ASSIGNMENT 

A4 

A5 

A6 

A7 

A8 

A9 

AID 

All 

E 

VSS 

11. 20 

I 2 19 

I 3 16 

I 4 17 

I 5 16 

I 6 15 

I 7 14 

I 8 13 

I 9 12 

I 10 11 

PIN NAMES 

Vee 
A3 

A2 

Al 

AD 

000 

001 

002 

003 

Vi 

AO-A 11. . . . . . . . . . . . Address Input 
iN, . . . . . . . . . . . . . . Write Enable 
E . . . . . . . . . . . . . . . . Chip Enable 
DQO-D03 •..•..• Oats Input/Output 
VCC ......... +5 V Power Supply 
VSS ................ Ground 



MCM6168 

TRUTH TABLE 

E W Mode VCC Current 1/0 Pin 

H X Not Selected ISB1, ISB2 High-Z 
L H Read lee Dout 
L L Write lec Din 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5to +7.0 V 

Voltage Relative to VSS for Any Vin, Vout -0.5 to Vee+0.5 V 
Pin Except Vec 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (T A = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -lOto +85 °e 

Operating Temperature TA o to + 70 °C 

Storage Temperature Tsto -55 to +125 °C 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit Notss 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 1 

Input Low Voltage VIL -0.3 - 0.8 V 1,2 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit Notes 

Input Leakage Current (All Inputs, Vin =0 to VCC) Ilko(t) - ±1.0 p.A 

Output Leakage Current (E=VIH or W=VIL, Vout=O to VCC) Ilkg(O) - ±2.0 p.A 3 

Power Supply Current (E=VIL, Vin=VIL or VIH, 10ut=0 mAl ICC - 80 mA 3 

TTL Standby Current (E = VIH) ISBl - 20 mA 

CMOS Standby Current (El<VCC-0.2 V, Vin:$0.2 V or 2:VCC-0.2 V) ISB2 - 2 mA 

Output Low Voltage (tOL =8.0 rnA) VOL - 0.4 V 

Output High Voltage (tOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 10 MHz TA = 25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Mex Unit 

Input Capacitance All Inputs Except E Cin 3 5 pF 
E 5 7 

110 Capacitance ClIO 5 7 pF 

NOTES: 
1. Address rise and fall times while the chip is selected are 50 ns maximum. 
2. VIL(min)= -0.3 V de; VIL(min)= -3.0 V ac (pulse width:$20 ns). 
3. Input levels less than - 0.3 V or greater than VCC + 0.3 V will cause 1/0 and power supply currents to exceed maximum rating. 

MOTOROLA MEMORY DATA 
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MCM6168 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level ..... 0.8 and 2.0 V 
Input Pulse Levels ....................... 0 to 3.0 V Output Load ............ Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6168-46 MCM6168-55 MCM&168-70 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 46 - 55 - 70 - ns 

Address Access Time tAVQV tAA - 46 - 50 - &0 ns 

E Access Time tELOV tACS - 46 - 55 - 70 ns 

E Low to Output Active tELOX tLZ 10 - 10 - 10 - ns 2,3 

E High to Output High-Z tEHOZ tHZ 0 15 0 20 0 25 ns 2,3 

Output Hold from Address Change tAXOX tOH 5 - 5 - 5 - ns 

Power Up Time tELICCH tpu 0 - 0 - 0 - ns 

Power Down Time tEHICCL tpD - 46 - 55 - 70 ns 

NOTES: 
1. Vii is high for read cycle. 
2. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
3. This parameter is sampled and not 100% tested. 
4. Device is continuously selected (E = VILt. 
5. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 4 Above) 

tAVAV 

A IADDRESSI " W-
I 11\ 

tAXOX 

o IDATA oun PREVIOUS DATA VALID KXXXXX): DATA VALID 

tAVOV 

READ CYCLE 2 (See Note 5 Above) 

.. tAVAV --
A IADDRESSI 

,-
j "----.. tElOV 

E ICHIP ENABlEI 
~ 

-- tElOX tEH oz 

o IDATA oun -()()O()()() DATA VALID '-
tAVOV 

VCC ICC 
tELICCH - I4-tEHICCl 

---------
SUPPLY 

CURRENT IS8 

MOTOROLA MEMORY DATA 
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MCM6168 

WRITE CYCLE 1 (IN Controlled' See Note 1) 

Symbol MCM6168-45 MCM6168-56 MCM6168-70 
Notes Parameter Unit 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 40 - 50 - 60 - ns 

Address Setup Time tAVWL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 35 - 45 - 55 - ns 

Write Pulse Width twLWH twP 35 - 45 - 55 - ns 

Data Valid to End of Write tDVWH tow 15 - 20 - 25 - ns 

Data Hold Time twHDX tDH 3 - 3 - 3 - ns 

Write Low to Output High-Z twLQZ twz - 20 - 25 - 30 ns 2,3 

Write High to Output Active twHo)( tow 5 - 5 - 5 - ns 2,3 

Write Recovery Time twHAX twR 5 - 5 - 5 - ns 

NOTES: 
1. A write occurs during the overlap of E low and IN low. 
2. Transition is measured ±500 mV from steady-state voltage with load in Figure lB. 
3. Parameter is sampled and not 100% tested. 

A IADDRESSI 

E ICHIP ENABLEI 

Vi !WRITE ENABLEI 

D IDATA INI 

D IDATA OUT) --------( 

AC TEST LOADS 

+5V 

480 

0-.------. o 

255 =:= 30 pF 
/INCLUDING 
SCDPE AND JIG} 

Figure 1A 

255 

tAVAV 

-------_I+---l~ IWHAX 

IWLWH 

--1+*1-- IWHDX 

+5V 

480 

== 5 pF 

Figure 18 

/INCLUDING 
SCOPE AND JIG) 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MCM6168 

WRITE CYCLE 2 (E Controlled' See Note 1) 

Symbol MCM6168-45 MCM6168·55 MCM6168·70 
Parameter Unit Notes 

Standard Alternate' Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 40 - 50 - 60 - ns 

Address Setup Time tAVEL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 35 - 45 - 55 - ns 

Write Pulse Width tELEH tcw 35 - 45 - 55 - ns 2,3 

Data Valid to End of Write tOVEH tow 15 - 20 - 25 - ns 

Data Hold Time tEHOX tOH 3 - 3 - 3 - ns 

Write Recovery Time tEHAX twR 5 - 5 - 5 - ns 

NOTES: 
1. A write occurs during the overlap of E low and IN low. 
2. If E goes low coincident with or after IN goes low, the output will remain in a high impedance condition. 
3. If E goes high coincident with or before IN goes high, the output will remain in a high impedance condition. 

tAVAV 

A (ADDRESS) 

14--------- tAVEH ----------t 
E (CHIP ENABLEI --------t-----------'"' 

.. -----tAVEL-----~=== 
tELEH ----i* __ ---1*" tEHAX 

IV (WRITE ENABLE) ----------~ 

tDVEH --i* ..... *- tEHDX 

D (DATA INI DATA VALID 

HIGH·Z 
Q (DATA OUT) -----------------------------------

Motorola Memory Prefix 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6168 X XX 

T T T T Speed (45=45 ns, 55=55 ns, I 70=70 nsl 
Part Number ----------------' 1.-__________ Package (P = Plastic DIP) 

Full Part Numbers-MCM6168P45 
MCM6168P55 
MCM6168P70 

MOTOROLA MEMORY DATA 

4·28 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 

.. 

32K X 8 Bit Fast Static Random 
Access Memory 

The MCM6206 is a 262,144 bit static random access memory organized as 32,768 words 
of 8 bits, fabricated using Motorola's third-generation high-performance silicon-gate 
CMOS (HCMOS IV) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides for greater 
reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. In less than a cycle time after E goes high, the 
part automatically reduces its power requirements and remains in this low-power standby 
mode as long as E remains high. This feature provides significant system-level power 
savings. Another control feature, output enable (G) allows access to the memory contents 
as fast as 20 ns (MCM6206-45). 

The MCM6206 is packaged in a 600 mil, 28 pin plastic dual-in-line package or a 28 lead 
400 mil plastic SOJ package with the J EDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• Fully Static- No Clock or Timing Strobes Necessary 
• Fast Access Time-45, 55, or 70 ns (Maximum) 
• Low Power Dissipation 
• Two Chip Controls; E for Automatic Power Down 

G for Fast Access to Data 
• Three State Outputs 
• Fully TIL Compatible 

BLOCK DIAGRAM 

A2 

A3 

A4 

A5 

A6 

AS 

A9 

All 

A13 

ROW 

~==~ OECODER 

OQO---1_~ 

OQ7-..-t--H 

• 

MEMORY ARRAY 
1512 ROWS 

512 COLUMNS I 

AO Al A7 A10 A12 A14 

W 

G----cL....../ 

· • • 

MCM6206 

«CKAGE 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

A14 Vce 
A12 W 

A7 A13 

A6 AB 

A5 A9 

A4 All 

A3 G 
A2 A10 

Al E 
AD 007 

DOD 006 

DUl 005 

D02 004 

Vss 003 

PIN NAMES 

AD-A 14. • . • • • . • . . Address 
iN. . . . . . . . . . Write Enable 
E . . . . . . . . . . . Chip Enable 
13 . . . . . . . . . Output Enable 
DOD-Om .. Data Input/Output 
VCC .... +5 V Power Supply 
VSS ........... Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 
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MCM6206 

TRUTH TABLE 

E G Vii Mode 
Supply 

1/0 Pin 
Current 

H X X Not Selected ISB High Z 

L H H Output Disabled ICC High Z 

L L H Read ICC Dout 

L X L Write ICC Din 

X-Don't Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to V S S for Any Vin, Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (T A =25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °C 

Operating Temperature TA Oto +70 °c 

Storage Temperature- Plastrc Tstg -55to +125 °c 

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

RECOMMENDED OPERATING CONDITIONS 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - VCC + 0.3 V 

Input Low Voltage VIL -0.3* - 0.8 V 

*VIL (min)= -0.3 V dc; VIL (min) = -3.0 V ac (pulse width s 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to VCC) Ilka(l) - ±1.0 p.A 

Output Leakage Current (E = VIH, or G = VIH, Vout = 0 to 5.5 V) Ilkg(O) - ±1.0 p.A 

Power Supply Current (tAVAV=45 nsl ICC - 120 rnA 
(E=VIL, Vin=VIH or VIL, 10ut=0) (tAVAV=55 ns) ICC - 110 rnA 

(tAVAV = 70 ns) ICC - 100 rnA 

Standby Current (E=VIH) (TTL Levels) ISBI - TBD rnA 

Standby Current (E ;>: VCC-0.2 V) (CMOS Levelsl ISB2 - TBD rnA 

Output Low Voltage (lOL = 8.0 rnA) VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 10 MHz TA=25°C periodically sempled and not 100% tested) 

Characteristic Symbol Max Unit 

Input Capacitance Cin 6 pF 

110 Capacitance CliO 8 pF 

MOTOROLA MEMORY DATA 
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MCM6206 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5 V ± 10%, TA =0 to 70D e, Unless Otherwise Noted) 

Input Pulse levels ....................... 0 to 3.0 V Output Timing Measurement Reference levels. . . . . . . . . 1.5 V 
Input Rise/Fall Time ......................... 5 ns Output load ......................... See Figure 1 
Input Timing Measurement Reference Levels. . . . . . . . . . 1.5 V 

READ CYCLE 1 & 2 (See Note 1) 

Alt MCM6206-'16 MCM6206-66 MCM6206-70 
Parameter Symbol 

Symbol 
Unit Notes 

Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 45 - 55 - 70 - ns -
Address Access Time tAVOV tAA - 45 - 55 - 70 ns -

E Access Time tElOV tAC - 45 - 55 - 70 ns -
G Access Time tGlOV tOE - 20 - 25 - 30 ns -
Enable low to Enable High tELEH tcw 45 - 55 - 70 - ns -
Output Hold from Address Change tAXOX tOH 5 - 5 - 5 - ns 2 

Chip Enable to Output low-Z tElOX tCLZ 10 - 10 - 10 - ns 2,3 

Output Enable to Output low-Z tGlOX tOLZ 0 - 0 - 0 - ns 2,3 

Chip Enable to Output High-Z tEHOZ tCHZ 0 20 0 20 0 20 ns 2,3 

Output Enable to Output H igh-Z tGHOZ tOHZ 0 20 0 20 0 20 ns 2,3 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 

t; tAVAV 

A (ADDRESS) 

----- ' .... ~. 
o (DATA OUT) XX~ 

READ CYCLE 2 

A (ADDRESS) 

tAVOV .. 
tElEH 

E (CHIP ENABLE) I\. 

tHOV 

G (OUTPUT ENABLE ) 

• tGLOV-

o (DATA OUT) 
HIGH-Z XX'/,( 

I+--tGLOX_ 
I-tHQX _ 

MOTOROLA MEMORY DATA 
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MCM6206 

WRITE CYCLE 1 & 2 (See Note 11 

Alt MCM6206-45 MCM6206-55 
Parameter Symbol 

Symbol Min Max Min 

Write Cycle Time tAVAV twc 45 - 55 

Address Setup to Write Low tAVWL tAS 0 - 0 
Address Setup to Enable Low tAVEL 

Address Valid to Write High tAVWH tAW 35 - 45 
Address Valid to Enable High tAVEH 

Data Valid to Write High tOVWH tow 20 - 25 
Data Valid to Enable High tOVEH 

Data Hold From Write High tWHOX tOH 0 - 0 
Data Hold From Enable High tEHOX 

Write Recovery Time twHAX twR 0 - 0 
Enable Recovery TIme tEHAX 

Chip Enable to End of Write tELWH tcw 35 - 45 
Enable Low to Enable High tELEH 

Write Pulse Width twLWH twp 25 - 30 

Write Low to Output High-Z tWLOZ twHZ 0 20 0 

Write High to Output Low-Z twHQX twLZ 5 - 5 

NOTES: 
1. A write cycle starts at the latest transition of a low E or low Vii. A write cycle ends at 

the earliest transition of a high E or high Vii. 
2. Vii must be high during all address transitions. 
3. During this time the output pins may be in the output state. Signals of opposite phase 

to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when 

the output has made a 500 mv transition from the previous steady state voltage. 

WRITE CYCLE 1 (Vii Controlled) 

A (ADDRESSI 

Max 

-

-

-

-

-

-

-

-

20 

-

I/O 

MCM6206-70 
Unit Notes 

Min Max 

70 - ns -
0 - ns 2 

55 - ns -

30 - ns -

0 - ns 3 

0 - ns 2 

55 - ns 1 

35 - ns -
0 20 ns 4 

5 - ns 4 

1.73 V -1165 

30 pF 
(INCLUDING I SCOPE AND JIGI 

Figure 1. Test Load 

--------I*'f--i�+--tWHAx 

E (CHIP ENABLE I 

W (WRITE ENABLE I 

~~~~~~------------~~~~~~ 
tOVWH ---il+_+--

D (DATA (NI DATA VALID 

Q (DATA OUTJ ---=.:.;..--{ HIGH·Z 

MOTOROLA MEMORY DATA 
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A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

a (DATA DUT) 

D (DATA IN) 

MCM6206 

WRITE CYCLE 2 (E Controlled) 

tAVAV 

J\ 
-tAVEl tElEH 

tAVEH 

tWlWH 

\\\\\\\\\\-'r-.. 
HIGH IMPEDANCE HIGH IMPEDANCE 

!+--tDVEH 

'II 
J 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6206 X XX 

DATA VALID 

1\ 
tEHAX-

}:/ / / / / /, 

:)( tEHDX 

Motorola Memory Prefix ______ T-J T IL_T _______ Speed (45 = 45 ns, 55 = 55 ns, 70 = 70 ns) 

Part Number Package (P = Plastic DIP, J = Plastic SOJ) 

Full Part Numbers-MCM6206P45 
MCM6206J45 

MCM6206P55 
MCM6206J55 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Product Preview 
256K X 1 Bit Static Random 
Access Memory 

The MCM6207 is a 262,144 bit static random access memory organized as 
262,144 words of 1 bit, fabricated using Motorola's third-generation high-perfor­
mance silicon-gate CMOS (HCMOS IV) technology. Static design eliminates the 
need for external clocks or timing strobes, while CMOS circuitry reduces power 
consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes 
high, the part enters a low-power standby mode, remaining in that state until E 
goes low again. This device also incorporates internal power down circuitry that 
will reduce active current for less than 100% duty cycle applications. These fea­
tures provide reduced system power requirements without degrading access time 
performance. 

The MCM6207 is available in a 300 mil, 24 lead ceramic side braze or plastic DIP, 
and will also be available in a 300 mil, surface-mount SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 25/35 ns 
• Equal Address and Chip Enable Access Time 
• Separate Data Input and Three State Output 
• Fully TIL Compatible 
• Low Power Operation: 120/110 mA Maximum, Active AC 
• High Board Density SOJ Package to be Available 

ILSB) 

W-..-,_./ 

ROW 
OEeOOER 

BLOCK DIAGRAM 

MEMORY MATRIX 
256 ROWS x 

1024 COLUMNS 

_Vee 

-VSS 

n 

MCM6207 

1--, 
1 300 MIL CERAMIC 

CASE 716 

WILL BE AVAILABLE IN 
24-LEAD, 300-MIL, 

SURFACE MOUNT SOJ PACKAGE 

PIN ASSIGNMENT 

AO [ 1. 24 Vee 

AI [ 2 23 A17 

A2 [ 3 22 A16 

A3 [ 4 21 A15 

A4[ 5 20 A14 

A5 [ 6 19 A13 

A6 [ 7 18 A12 

A7 [ 8 17 All 

A8 [ 9 16 Al0 

n[ 10 15 A9 

W[ 11 14 D 

VSS[ 12 13 E 

PIN NAMES 

AO-A 17. . . . . . . . . . . ..... Address Input 
Vii. . . . . . . . . . . . . . . . . . . Write Enable 
E . . . . . . . . . . . . . . ...... Chip Enable 
o . . . . . . . . . . . . . . ....... Data Input 
Q . . . . . . . . . . . . . . . . . . . . Data Output 
VCC ............. +5 V Power Supply 
VSS .................... Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MOTOROLA MEMORY DATA 

4-34 



MCM6207 

TRUTH TABLE 

E W Mode VCC Current Output Cycle 

H X Not Selected ISB1,ISB2 High-Z -

L H Read ICCA Dout Read Cycle 
L L Write ICCA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Vin, Vout - 0.5 to VCC + 0.5 V 
Pin Except V CC 

Output Current lout +20 mA 

Power Dissipation PD 1.0 W 

Temperature Under Bias (T A = 25°C) Tbias -10to+85 °c 

Operating Temperature TA o to + 70 °c 

Storage Temperature- Plastic Tstg -55 to +125 °c 
Ceramic -65 to +150 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA =0 to 70oe, ·Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (min) = -0.5 V dc; VIL (min) = -3.0 V ac (pulse width ,,;20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to VCC) Ilkglll - ± 1.0 pA 

Output Leakage Current (E=VIH, Vout=O to VCC) Ilka(O) - ±1.0 pA 

AC Supply Current lIout = 0 mAl MCM6207-25: tAVAV=25 ns ICCA - 120 mA 

MCM6207-35: tAVAV=35 ns - 110 

TTL Standby Current (E = VIH, No Restrictions on Other Inputs) ISB1 - TBD mA 

CMOS Standby Current (E2:VCC-0.2 V, Na Restrictions on Other Inputs) ISB2 - TBD mA 

Output Low Voltage IIOL =8.0 mAl VOL - 0.4 V 

Output High Valtage IIOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f=1 0 MHz dV=30 V TA=250C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E Cin 4 6 pF 
E 5 7 

Output Capacitance Caut 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM6207 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, T A = 0 to + 70oe, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . . . . . . . . . . . .0 to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load. . . . . . . . . . . . . . . . . . . . . . . . See Figure· 1 A 

Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6207-25 MCM6207-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 35 ns 

Enable Access Time tELQV tACS - 25 - 35 ns 3 

Output Hold from Address Change tAXQX tOH 5 - 5 - ns 

Enable Low to Output Active tELQX tLl 5 - 5 - ns 4,5,6 

Enable High to Output High-Z tEHQZ tHZ 0 15 0 15 ns 4,5,6 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tPD - 25 - 30 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHQZ max, is less than tELQX min, both for a given device and from device to device. 
5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E= VIL). 

READ CYCLE 1 (See Note 7 Above) 

tAVAV 

A (ADDRESS) \1/ )II 
II\. I 
I--- tAxaX 

a (DATA OUT) PREVIOUS DATA VALID \(XXXXX)I\. DATA VALID 

tAvaV 

READ CYCLE 2 (See Note 3 Above) - tAVAV .. 
A (ADDRESS) ,V--

I IL-.. tELQV 

E (CHIP ENABLE) 

Q (DATA OUT) 

- tELQX 1 IEH 

;x!JXIv DATA VALID t--

az 

IAVQV 

VCC ICC 

ISB 

IElICCH_ I+- IEHICCl --------f 
MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (Vii Controlled See Note 11 

Symbol MCM6207-25 MCM6207-36 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 25 - ns 

Write Pulse Width twLWH twP 20 - 20 - ns 

Data Valid to End of Write tDVWH tow 15 - 15 - ns 

Data Hold Time twHDX tDH 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 15 0 15 ns 3,4 

Write High to Output Active twHOX tow 5 - 5 - ns 3,4 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 

IAVAV 

A (ADDRESSI 

IAVWH -------..,----t- IWHAX 

E (CHIP ENABLEI 

IWLWH ----0-1 

IV (WRITE ENABLEI 

IDVWH - .... 1-*+1- IWHDX 

o (DATA INI DATA VALID 

HIGH·Z 

o (DATA DUn -------0( 

AC TEST LOADS 

TIMING LIMITS 

+5V +5V 

4BO 480 

0-.... ----...... 0-.... ----...... 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

255 =;::: 30 pF 
IINCLUOING 
SCOPE AND JIGI 

Figure 1A 

255 =;:: 5 pF 

Figure 18 

(INCLUDING 
SCOPE AND JIGI 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled See Note 1) 

Symbol MCM6207-25 MCM6207-35 
Parameter 

Standard Alternate Min Max Min 

Write Cycle Time tAVAV twc 25 - 35 

Address Setup Time tAVEL tAS a - a 
Address Valid to End of Write tAVEH tAW 20 - 25 

Enable to End of Write tELEH tcw 20 - 25 

Enable to End of Write tELWH tcw 20 - 25 

Write Pulse Width twLEH twp 20 - 20 

Data Valid to End of Write tOVEH tow 15 - 15 

Data H old Time tEHOX tOH a - a 
Write Recovery Time tEHAX twR a - a 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after Vii goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before Vii goes high, the output will remain in a high impedance condition. 

A (ADDRESS) 

E (CHIP ENABLE) 

.. 
IV (WRITE ENABLE) 

D (DATA IN) 

o (DATA OUT) 

IAVAV 

IAVEH 

IAVEL 

... IWLEH 

HIGH·Z 

ORDERING INFORMATION 
(Order by Full Part Number! 

MCM 6207 X XX 

IELEH 
IELWH 

• 
IDVEH 

DATA VALID 

Max 

-

-
-

-

-

-
-
-
-

IEHDX 

Unit Notes 

ns 2 

ns 

ns 

ns 3,4 

ns 

ns 

ns 

ns 

ns 

IEHAX 

Motorola Mem __ o_ry_pr_e_fi_X _______ T ____ T-l IL_T _________ SPeed (25=25 ns, 35=35 nsl 

Part Number - - Package (P=Plastic DIP, L=Ceramic 

Full Part Numbers-MCM6207P25 
MCM6207L25 
MCM6207J25 

MCM6207P35 
MCM6207135 
MCM6207J35 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
64K X 4 Bit Static Random 
Access Memory 

The MCM6208 is a 262,144 bit static random access memory organized as 
65,536 words of 4 bits, fabricated using Motorola's third-generation high-perfor­
mance silicon-gate CMOS (HCMOS IV) technology. Static design eliminates the 
need for external clocks or timing strobes, while CMOS circuitry reduces power 
consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes 
high, the part enters a low-power standby mode, remaining in that state until E 
goes low again. This device also incorporates internal power down circuitry that 
will reduce active current for less than 100% duty cycle applications. These fea­
tures reduce system power requirements without degrading access time 
performance. 

The MCM6208 is available in a 300 mil, 24 lead ceramic sidebraze or plastic DIP, 
and will also be available in a 300 mil, 24 lead plastic surface-mount SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 25/35 ns 
• Equal Address and Chip Enable Access Time 
• Three State Outputs 
• Fully TTL Compatible 
• Low Power Operation: 120/110 mA Maximum, Active AC 
• High Board Density SOJ Package to be Available 

(LSBI A15 

A5 

A4 

A3 

A2 

A1 

AO 

(MSBI All 

000 

001 

002 

003 

W 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATRIX 
256 ROWS x 

1024 COLUMNS 

_Vcc 
_VSS 

MCM6208 

~ 
I1ffi(~ ~ ~!~~:G: , 

300 MIL CERAMIC 
CASE 716 

WILL BE AVAILABLE IN 
24-LEAO, 3OO-MIL, 

SURFACE MOUNT SOJ PACKAGE 

PIN ASSIGNMENT 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

E 

Vss 

1. 24 P 
2 23 P 
3 22 ~ 
4 21 P 
5 20 P 
6 19 P 
7 18 P 
8 17p 
9 16 

10 15 

11 14 

12 13 

PIN NAMES 

Vcc 
A15 

A14 

A13 

A12 

All 

A10 

000 

001 

002 

003 

W 

AO-A 15. . . . .......... Address Input 
Vi. . . . . . . . . . . . . . . . . Write Enable 
E .................. Chip Enable 
OOD-OQ3 ......... Data Input/Output 
VCC ........... +5 V Power Supply 
VSS .................. Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6208 

TRUTH TABLE 

E W Mode VCC Current Output Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ICCA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VSS for Any Yin, Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current (per 1/0) lout +20 mA 

Power Dissipation (T A =25°C) Po 1.0 W 

Temperature Under Bias Tbias -lOto +85 °c 

Operating Temperature TA o to + 70 °c 

Storage Temperature- Plastic Tstg -55 to +125 DC 

Ceramic -65 to +150 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage 10perating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC + 0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL Iminl= -0.5 V de; VIL Imin) = -3.0 V ac Ipulse width". 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current IAII Inputs, Yin = 0 to VCC) 111sgj1) - ±1.0 p.A 

Output Leakage Current IE=VIH, Vout=O to VCC) IlkalO) - ±1.0 p.A 

AC Supply Current lIout = 0 mAl MCM62OB-25: tAVAV=25 ns ICCA - 120 mA 

MCM6208-35: tAVAV=35 ns - 110 

TIL Standby Current IE=VIH' No Restrictions on Other Inputs) ISBI - TBD mA 

CMOS Standby Current IE~VCC-O.2 V, No Restrictions on Other Inputs) ISB2 - TBD mA 

Output Low Voltage (lOL = 8.0 mAl VOL - 0.4 V 

Output High Voltage IIOH= -4.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 10 MHz dV=3 0 V TA=25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E and OQ Cin 4 6 pF 
E 5 7 

1/0 Capacitance DQ CliO 5 7 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70o e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels . . . . . . . . . . . . ........ 0 to 3.0 V Output Load ........................ See Figure lA 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM62OB-25 MCM62IJB..35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time IAVAV tRC 25 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 35 ns 

Enable Access Time tELQV tACS - 25 - 35 ns 3 

Output Hold from Address Change tAXQ)( tOH 5 - 5 - ns 

Enable Low to Output Active tELQ)( tLZ 5 - 10 - ns 4,5,6 

Enable High to Output High-Z tEHQZ tHZ 0 10 0 15 ns 4,5,6 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 25 - 30 ns 

NOTES: 
1. Vii is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHQZ max, is less than tELQ)( min, both for a given device and from device to device. 
5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E=VIL). 

READ CYCLE 1 (See Note 7 Above) 

tAVAV 

A (ADDRESS) \ \1{ 
JI\. 

tAxax 

a (DATA OUT) PREVIOUS DATA VALID \/XXXXX)~ DATA VALID 

tAvaV 

READ CYCLE 2 (See Note 3 Above) 

.. 
A (ADDRESS) 

.. tHav ---..... 1 

E (CHIP ENABLE) 

a (DATA aUT) ----+----+----( DATA VALID 

tAvav 

VCC ICC 
SUPPLY 

CURRENT ISB 

tELICCH -r;: ---------r 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (Vii Controlled See Note 1) 

Symbol MCM6208-25 MCM6208-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twe 25 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 30 - ns 

Write Pulse Width twLWH twP 20 - 30 - ns 

Data Valid to End of Write tDVWH tow 10 - 15 - ns 

Data Hold Time twHDX tDH 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 10 0 15 ns 3,4,5 

Write High to Outut Active twHQX tow 5 - 10 - ns 3,4,5 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500 mV from steady-state voltage with load in Figure 1B. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than tWHQX min both for a given device and from device to device. 

tAVAV ---------~'1 

A (ADDRESS) 

tAVWH IWHAX 

E (CHIP ENABLEI 

IWLWH 

W (WRITE ENABLEI 

IDVWH --+~~t- IWHDX 

D (DATA IN) DATA VALID 

a (DATA OUTI--------( 
HIGH·Z 

AC TEST LOADS 
TIMING LIMITS 

+5V +5V 

480 480 

Q--+-----~ Q --+------. 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

255 ='= 3D pF 
(INCLUDING 
SCOPE AND JIGI 

Figure lA 

255 == 5 pF 
(INCLUDING 
SCOPE AND JIG) 

Figure 18 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled See Note 11 

Svmbol MCM62OB-25 MCM62OB-36 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 20 - 30 - ns 

Enable to End of Write tELEH tcw 20 - 30 - ns 3-4 

Enable to End of Write tELWH tcw 20 - 30 - ns 

Write Pulse Width twLEH twP 20 - 30 - ns 

Data Valid to End of Write tOVEH tow 10 - 15 - ns 

Data Hold Time tEHOX tOH 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after Vii goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before Vii goes high, the output will remain in a high impedance condition. 

tAVAV 

A (ADDRESSI 

tAVEH 
E (CHIP ENABlEI-------+----------""'"' 

tAVEl 
tElEH 

tEHAX 
tElWH Vi !WRITE ENABlEI-----------""\. 

OIl! tWlEH ~ 

tDVEH tEHDX 

o (DATA INI DATA VALID 

HIGH·Z 
U (DATA DUTI----------------.;.;;.;..;.;;..------------------

ORDERING INFORMATION 
IOrder by Full Part Numberl 

MCM 620B X XX 

Motorola Me_m_o_ry_p_re_f_ix _______ T ___ T-I IL_T _________ speed (25=25 ns, 35=35 ns) 

Part Number - - Package (P = Plastic DIP, L=Ceramic 

Full Part Numbers-MCM6208P25 
MCM6208L25 
MCM6208J25 

MCM6208P35 
MCM6208L35 
MCM6208J35 

MOTOROLA MEMORY DATA 
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- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Product Preview 
8K X 8 Bit Fast Static RAM 

The MCM6264 is a 65,536 bit static random access memory organized as 8192 words of 
8 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption which provides greater 
reliability. 

The chip enable pins (ET and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6264 is available in a 300 mil, 28 pin plastic dual-in-line package and a 400 mil, 
28 pin plastic SOJ package. Both packages feature the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• 8K x 8 Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Fast Access Time-35, 45 ns (Maximum) 
• Low Power Operation-110/100 mA (Maximum, Active) 
• Three State Outputs 
• All Inputs and Outputs are TTL Compatible 
• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 

BLOCK DIAGRAM 

ILSBI A5 

All -VCC 

A9 ROW MEMORY ARRAY 
-VSS 

A8 DECODER . 1128 ROWS 
512 COLUMNSI 

AI2 

A7 

IMSBI AS 

O~O 

0(17 

A2 AI AD AID A4 A3 
ILSBI IMSBI 

MCM6264 

~ 
300 MIL PLASTIC 

~CKAGE 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

NC I. 28 VCC 

AI2 27 Vi 
A7 26 E2 

AS 25 A8 

A5 24 A9 

A4 23 All 

A3 22 G 
A2 21 AID 

AI 20 IT 
AD 10 19 007 

000 II 18 DOS 

DOl 12 17 poa5 

002 13 16 poa4 

VSS 14 15 poa3 

PIN NAMES 

AO-A 12 ............ Address 
Vii ............ Write Enable 
Ef, E2. . . . ....... Chip Enable 
G . . . . . . . . . . . Output Enable 
OQO-DQ7 ..... Data Input/Output 
VCC ....... +5 V Power Supply 
VSS' ............. Ground 
NC ........... No Connection 

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

MOTOROLA MEMORY DATA 
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TRUTH TABLE 

E1 E2 G W Mode Supply Current I/O Pin 

H X X X Not Selected ISB High Z 

X L X X Not Selected ISB High Z 

L H H H Output Disabled ICC High Z 

L H L H Read ICC Dout 

L H X L Write ICC Din 

X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

)loltage Relative to VSS for Any Yin, Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current (per 1/01 lout ±20 rnA 

Power Dissipation ITA = 25°CI PD 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA Oto+70 °c 

Storage Temperature Tsta -55to +125 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ±10%, TA=O to lOoe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - VCC+0.3 V 

Input Low Voltage VIL -0.3* - 0.8 V 

*VIL (minl= -0.3 V de; VIL (minl= -3.0 V ac (pulse width s20 nsl 

DC CHARACTERISTICS 

Parameter -Symbol Min Max Unit 

Input Leakage Current (All Inputs, Yin =0 to VCCI Ilka(/) - ±1.0 p.A 

Output Leakage Current (E1 =VIH, E2=VIL, or G=VIH, Vout=O to VCCI IlkalOI - ± 1.0 p.A 

Power Supply Current (tAVAV=35 nsl ICC - 110 rnA 

(El = VIL, E2 = VIH, Yin = VIH or VIL, lout = 01 (tAVAV=45 nsl - 100 

Standby Current (E1 = VIH or E2 = VIL' ISB1 - 20 rnA 

Standby Current (E1 :.VCC-0.2 V or E2s0.2 V, Vin=VIH or Vin=VILI ISB2 - 15 rnA 

Output Low Voltage (lOL =8.0 mAl VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f=1 0 MHz dV=3 0 V TA=25°C Periodically Sampled Rather Than 100% Testedl 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except 00 Cin 6 pF 

I/O Capacitance DO CliO 8 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, TA =0 to 70o e, Unless Otherwise Noted) 

Input Pulse Levels ........ , .............. 0 to 3.0 V 
Input Rise/Fall Time ......................... 5 ns 
Input Timing Measurement Reference Levels. . . . . . . . . . 1.5 V 
Output Timing Measurement Reference Levels. . . . .0.8 and 2.0 V 
Output Load ......................... See Figure 1 

READ CYCLE (See Note 1) 

Parameter Symbol 

Read Cycle Time tAVAV 
Address Cycle Time tAVQV 

El Access Time tE1LQV 

E2 Access Time tE2HQV 
G Access Time tGLQV 

Output Hold from Address Change tAXQX 

Chip Enable to Output Low-Z tE1LQX, tE2HQX 

Output Enable to Output Low-Z tGLQX 
Chip Enable to Output High-Z tEl HQZ, tE2LQZ 

Output Enable to Output High-Z tGHQZ 

NOTES: 
1. Vii is high at all times for read cycles. 

Alt 
Symbol 

tRC 

tAA 

tACl 

tAC2 

tOE 

tOH 

tCLZ 

tOLZ 

tCHZ 

tOHZ 

+5V 

1/0-_..-----.... 

255 
30 pf 
(INCLUDING 
SCOPE AND JIGI 

Figure 1. Test Load 

MCM6264-35 MCM6264-45 
Unit 

Min Max Min Max 

35 - 45 - ns 

- 35 - 45 ns 
~ 35 - 45 ns 

- 35 - 45 ns 

- 15 - 20 ns 

5 - 5 - ns 

5 - 5 - ns 

0 - 0 - ns 

0 .15 0 20 ns 

0 15 0 20 ns 

Notes 

-

-

-
-
-
-

2,3 

2,3 

2,3 

2,3 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 

1 ..... I-----------tAVAV ------------J.~I 

----~~I~--------------------------~~I~--------
A (ADDRESS) A 7'f\ 

I. tAVOV .1 I.-tAxoX--1 

IT, E2 (CHIP ENABLE) ---------,~ i X: 
I tE1HOZ i 

I-tmov, tE2HOV-~ ~ tE2l0Z --I 
--------I~I ~~ II f 1 

G (OUTPUT ENABLE), I 

I I II I 

o (DATA DUn 
HIGH·Z 

I l-tGLOV.' I--tGHQ2 -I 

i i . ~><>C>t~1 __________ D_AT_A_~_lI_D ________ ~ 
I 1-- tGLOX --I 
1- tmox--J 

tE2HOX 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 1 (Vii CONTROLLED) (See Note 1) 

Alt MCM6264-35 MCMIi264-<46 
Parameter Symbol 

Symbol 
Unit Notes 

Min Max Min Max. 

Write Cycle Time tAVAV twc 35 - 45 - ns -
Address Setup Time tAVWL tAS 0 - 0 - ns -
Address Valid to End of Write tAVWH tAW 30 - 35 - ns -
Write Pulse Width twLWH twP 30 - 35 - ns 2 

Data Valid to End of Write tDVWH tow 15 - 20 - ns -
Data Hold Time twHDX tDH 0 - 0 - ns 3 

Write Low to Ou1put in High-Z twLOZ twHZ 0 15 0 20 ns 4,5 

Write High to Output Low-Z twHOX twLZ 5 - 5 - ns 4,5 

Write Recovery Time twHAX twR 0 - 0 - ns -
NOTES: 

1. A write cycle starts at the latest transition of a low IT. low W. or high E2. A write cycle ends at the earliest transition of a high IT, high 
W, or low E2. 

2. If W goes low coincident with or prior to IT low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 
5. These parameters are periodically sampled and not 100% tested. 

1"'�'11--------- tAVAV---------~~1 

~------------------------~~Ir--~---
A (ADDRESS) ---"' ___________________ ...JA 

.. 1 .. ---------tAvwH-------I •• I ..... _-;~~1 IWHAX 

I I ~-----
: \~------------~i---...J/ I ""I .. t----- IWlWH-----II~~1 

E (CHIP ENABLE) 

i ~ ",.--------
:---IAVWl --I ~ IDVWH ~: .. ~ 1 IWHDX 

iii (WRITE ENABLE) 

D (OATA IN) <xxxxXXX>$<XM DATA VALID i ~1f:''"'7I""~r''7I:~~r 
tWlOZ I.. --I :...--.r- IWHUX. 

U (DATA OUT) ---;.;;HI;;;GH.;.;.Z~-~(Xxx) HIGH·Z ~ XXX>-

TIMING PARAMETER ABBREVIATIONS 

t X X X X 
signal name from which interval is defined--' I I I 

transition direction for first signal 
signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (ENABLE CONTROLLED) (See Note 1) 

Alt MCM6264-35 MCM6264-45 
Parameter Symbol 

Symbol 
Unit Notes 

Min Max Min Max 

Write Cycle Time tAVAV twc 35 - 45 - ns -
Address Setup Time tAVE1L tAS 0 - 0 - ns 5 

Address Valid to End of Write tAVE1H tAW 30 - 35 - ns 5 

Chip Enable to End of Write tE1LE1H tcw 30 - 35 - ns 2,5 

Data Valid to End of Write tDVE1H tow 15 - 20 - ns 5 

Data Hold Time tE1HDX tDH 0 - 0 - ns 3,5 

Write Recovery Time tE1HAX twR 0 - 0 - ns 4, 5 

NOTES: 
1. A write cycle starts at the latest transition of a low Ei, low IN, or high E2. A write cycle ends at the earliest transition of a high Ei, high 

IN, or low E2. 
2. If IN goes low coincident with or prior to Ei low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 
4. IN must be high during all address transitions. 
5. Ei and E2 timings are identical when E2 signals are inverted. 

I'" tAVAV -I 
------~~I VII~----

A (ADDRESSI r,\, A 
I.. tAVE1H _I 1 

1:1 
~II 111 I:' E (CHIP ENABLE) 1\. 

I'" tAVElL ... 1.. tElLE1H .... 1.. -I- tE1HAX 

D (DATA IN) DATA VALID i )j(XXXXXX 
j4-- tDVE1H "'1" -I tE1HDX 

o (DATA DUn ___________________ ..;H;,;;IG;;;H;.,;.Z;... _________________ _ 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Mem_o_ry_p_ref_iX _______ T_C_M __ j-l 1 ... _T _________ SPeed (35=35 ns, 45=45 ns) 

Part Number - - Package (P=Plastic DIP, 

Full Part Numbers-MCM6264P35 
MCM6264J35 

MCM6264P45 
MCM6264J45 

MOTOROLA MEMORY DATA 
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- SEMICONDUCTOR 

TECHNICAL DATA 

4K X 4 Bit Static Random Access 
Memory 

The MCM6268 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. Fast access time makes this device suitable for cache and other sub-50 ns 
applications. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
This device also incorporates internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features provide reduced system power 
requirements without degrading access time performance. 

The MCM6268 is available in a 20 lead plastic dual-in-line package and features the 
standard J EDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 B it Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three State Output 
• Fully TTL Compatible 
• Fast Access Time (Maximum): 

MCM6268P25 
MCM6268P35 

Address 
25 ns 
35 ns 

Chip Enable 
25 ns 
35 ns 

• Low Power Operation: 120/110 mA Maximum, Active AC 

ILSBI AS 

AD 

A1 

A2 

A3 

A4 

IMSBI A5 

DOD 

001 

002 

003 

BLOCK DIAGRAM 

ROW MEMORY MATRIX 
128 ROWS x 
128 COLUMNS 

MOTOROLA MEMORY DATA 

MCM6268 

PIN ASSIGNMENT 

A4 1. 20 Vee 

A5 19 A3 

A6 18 A2 

A7 4 17 Al 

A8 5 16 AD 

A9 15 DOD 

Al0 14 001 

All 13 002 

E 12 003 

VSS 10 11 pw 

PIN NAMES 

AO-A 11 ............ Address Input 
iN. . . . . . . . . . . . . . . Write Enable 
E ..............•. ehip Enable 
DQO-DQ3 . . . . • . . Data Input/Output 
Vee ........... 5 V Power Supply 
VSS ..........•..... Ground 
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TRUTH TABLE 

E W Mode VCC Current 1/0 Pin Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ICCA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Valua Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to V SS for Any Vin, Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation ITA = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -10to+85 °c 

Operating Temperature TA Oto+70 °c 

Storage Temperature Tstg -55 to +125 °c 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (mln)= -0.5 V dc; VIL (min) = -3.0 Vac (pulse Width ,,;20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to VCC) Ilkg(l) - ± 1.0 ,.A 

Output Leakage Current (E=VIH, Vout=O to VCC) )lka(Q) - ±1.0 ,.A 

AC Supply Current (lout = 0 rnA) MCM6268-25: tAVAV=25 ns ICCA - 120 mA 

MCM6268-35: tAVAV=35 ns - 110 

TIL Standby Current (E = VIH, No Restrictions on Other Inputs) ISBl - 20 rnA 

CMOS Standby Current (E;';VCC-0.2 V, No Restrictions on ISB2 - 15 rnA 
Other Inputs) 

Output Low Voltage (lOL = 8.0 mAl VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 rnA) VOH 2.4 - V 

CAPACITANCE (f=l 0 MHz dV=3.0 V TA=25°C Periodically Sampled Rather Than 100% Tested) 

Charactaristic Symbol Min Typ Max Unit 

Input Capacitance All Inputs Except E Cin - 4 6 pF 
E - 5 7 

I/O Capacitance CI/O - 5 7 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70o e, Unless Otherwise Noted) 

Input Reference Level . . . . . . . . . . . . . . . . . . . . . . . 1.5 V Output Reference Level . . . . . . . . . . . . . . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V Output Load ............ Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6268P25 MCM6268P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 35 ns 

Enable Access Time tELQV tACS - 25 - 35 ns 

Output Hold from Address Change tAXQX tOH 5 - 5 - ns 

Enable Low to Output Active tELQX tLZ 5 - ·10 - ns 3,4,5 

Enable High to Output High-Z tEHQZ tHZ 0 10 0 15 ns 3,4,5 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 20 - 30 ns 

NOTES: 
1. IN is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max, is less than tELQX min, both for a given device and from device to device. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (E=VIL). 
7. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 6 Above) 

tAVAV 

A (ADDRESS) 
, 1/ 
~ 1\ 

tAXOX 

a (DATA OUT) PREVIOUS DATA VALID 'XXXXX It DATA VALID 1\ 

tAVOV 

READ CYCLE 2 (See Note 7 Above) .. tAVAV .. 
A (ADDRESS) ,V--

j~ ir'---.. tElOV 

E (CHIP ENABLE) , 
J 

--tElOX-' tEH az 

a (DATA OUT) OCXXXX DATA VALID -
tAvaV 

VCC ICC 
tElICCH _ ...- tEHICCl ---------

SUPPLY 
CURRENT ISB 
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MCM6268 

WRITE CYCLE 1 (IN Controlled See Note 1) 

Symbol MCM6268P26 MCM6268P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Write Cycle TIme tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 30 - ns 

Write Pulse Width twLWH twP 20 - 30 - ns 

Date Valid to End of Write tOVWH tow 10 - 15 - ns 

Data Hold Time twHOX tOH 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 10 0 15 ns 3,4,5 

Write High to Output Active twHQX tow 5 - 10 - ns 3,4,5 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and IN low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from stesdy-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQZ max, is less than twHO>< min, both for a given device and from device to device. 

255 

A IADDRESS) 

E (CHIP ENABLE) 

Vi IWRITE ENABLE) 

o IDATA IN) 

Q (DATA OUT) --------{ 

Figure 1A 

AC TEST LOADS 

+5V 

480 

3D pF 
(INCLUDING 
SCOPE AND JIG) 

Q 

255 

'AVAV 

'AVWH 

'WLWH 

'DVWH 

DATA VALID 

HIGH·Z 

+5V 

4BD 

:;:: 5 pF 

Figure 1B 

(INCLUDING 
SCOPE AND JIG) 

'WHAX 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6268 

WRITE CYCLE 2 IE Controlled' See Note 1) 

Svmbol MCM6268P25 MCM6268P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 20 - 30 - ns 

Enable to End of Write tELEH tcw 20 - 30 - ns 3,4 

Enable to End of Write tELWH tcw 20 - 30 - ns 

Write Pulse Width twLEH twp 20 - 30 - ns 

Data Valid to End of Write tDVEH tow 10 - 15 - ns 

Data Hold Time tEHDX tDH 0 - 0 - ns 

Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after Vii goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before Vii goes high, the output will remain in a high impedance condition. 

\+---------- tAVAV ----------.-.j 

A (ADDRESS) 

\+-------- tAVEH ----------+1 
j' (CHIP ENABLE) -------+-----------'" 

Vi IWRITE ENABLE) -----------....,. 

1+-----tAVEl-----I~ "----t'""E-LE-H---J 

~--- tElWH ---.j.------*-, tEHAX 

..,., ... ------- tWLEH ------i~~-,.. 

tDVEH --l............ tEHDX 

o IDATA IN) DATA VALID 

HIGH·Z 
Q(DATADUT) ----------------------------___________ _ 

ORDERING INFORMATION 
(Order by Full Part Numberl 

Motorola Memory prefiX _____ T.....I
CM T f .... _T _________ speed (25=25 ns, 35=35 ns) 

Part Number - - Package (P = Plastic DIP) 

Full Part Numbers-MCM6268P25 MCM6268P35 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Advance Information 
4K X 4 Bit Static Random Access 
Memory 

The MCM6269 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. Fast access time makes this device suitable for cache and other sub-50 ns 
applications. 

Similar in design to the Motorola MCM6268, the MCM6269 features an enhanced chip 
select circuit allowing access to data in as little as 12 ns. . 

The MCM6269 is available in either a 20 lead plastic dual-in-line package or a ceramic 
leadless chip carrier; both feature the standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three State Output 
• Fully TIL Compatible 
• Fast Access TIme (Maximum): 

Address Chip Select 
MCM6269P25 25 ns 12 ns 
MCM6269P35 35 ns 15 ns 

• Low Power Operation: 120/110 mA Maximum, Active AC 

ILSBI AS 

AD 

Al 

A2 

A3 

A4 

IMSBI A5 

DOD 

DOl 

002 

D03 

BLOCK DIAGRAM 

MEMORY MATRIX 
128 ROWS x 
128 COLUMNS 

-Vee 
-VSS 

MCM6269 

CASE 738 

PIN ASSIGNMENT 

A4 

A5 

AS 

A7 

A8 

A9 

Al0 

All 

S 
VSS 

[ 1 • 20 

2 19 

3 18 

4 17 

5 16 P 
6 15 P 
7 14 P 
8 13 P 
9 12 P 
10 llP 

PIN NAMES 

Vee 
A3 

A2 

Al 

AO 

DOD 

DOl 

002 

003 

iii 

AD-All ............ Address Input 
IN. . . . . . . . . . . . . . . Write Enable 
S . . . . ............ Chip Select 
DQO-DQ3 ....... Data Input/Output 
VCC ......... +5 V Power Supply 
VSS ................ Ground 

This document contains information on a new product. SpeCifications and information herein are subject to change without notice. 
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MCM6269 

TRUTH TABLE 

s W Mode VCC Current 1/0 Pin Cycle 

H X Not Selected ICCA High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ICCA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Svmbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Yin, Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/01 lout ±20 rnA 

Power Dissipation (TA=25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to+85 °c 

Operating Temperature TA o to +70 °c 

Storage Temperature Tstg -55 to +125 °c 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (mlnl= -0.5 V dc; VIL (mlnl= -3.0 V ac (pulse WIdth s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin=O to VCC) Ilkg(l) - ±1.0 p.A 

Output Leakage Current (S=VIH, Vout=O to VCC) Ilkg(O) - ±1.0 p.A 

AC Supply Current (lout = 0 rnA) MCM6269-25: tAVAV=25 ns ICCA - 120 rnA 

MCM6269-35: tAVAV=35 ns - 110 

CMOS Standby Current (S;"VCC-0.2 V, VinSO.2 V, or ;"VCC-0.2 V) ISB - 15 rnA 

Output Low Voltage (lOL =8.0 rnA) VOL - 0.4 V 

Output High Voltage (lOH= -4.0 rnA) VOH 2.4 - V 

CAPACITANCE (f=I.0 MHz, dV=3.0 V, TA=25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol TVp Max Unit 

Input Capacitance All Inputs Except S Cin 4 6 pF 
5 5 7 

1/ 0 Capacitance CliO 5 7 pF 

MOTOROLA MEMORY DATA 
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MCM6269 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee ~ 5V ±10%, TA~Oto +70oe, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... a to 3.0 V Output Load ............ Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6269P25 MCM6269P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 35 - ns 2 

Address Access Time tAVOV tAA - 25 - 35 ns 

Select Access Time tSLOV tACS - 12 - 15 ns 

Output Hold from Address Change tAXOX tOH 5 - 5 - ns 

Select Low to Output Active tSLOX tLl 5 - 5 - ns 3,4,5 

Select High to Output High-Z tSHOZ tHZ a 10 a 15 ns 3,4,5 

NOTES: 
1. IN is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tSHOZ max, is less than tSLOX min, both for a given device and from device to device. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (5 ~ VIL). 
7. Addresses valid prior to or coincident with 5 going low. 

READ CYCLE 1 (See Note 6 Above) 

IAVAV 

A (ADDRESS) 
, I 
.J 

tAxnx 

n (DATA OUTI PREVIOUS DATA VALID )~XXXXX ~ DATA VALID 

IAVnV 

READ CYCLE 2 (See Note 7 Above) .. IAVAV ~ 

A (ADDRESS) 
) )r-
I If\...-.. tSLOV 

S (CHIP SELECT) 
~ 

-tSLOX .. tSH nz 

n (DATA DUn O<XXXX~ DATA VALID ~ 

tAvnV 
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MCM6269 

WRITE CYCLE 1 (Vii Controlled See Note 1) 

Symbol MCM6269P25 MCM6269P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 30 - ns 

Write Pulse Width twLWH twP 20 - 30 - ns 

Data Valid to End of Write tDVWH tow 10 - 15 - ns 

Data H old Time twHDX tDH 0 - 0 - ns 

Write Low to Output High-Z twLQZ twz 0 10 0 15 ns 3.4,5 

Write High to Output Active twHQX tow 5 - 10 - ns 3.4,5 

Write Recovery Time twHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of S low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, 1WLOZ max, is less than twHQX min, both for a given device and from device to device. 

A (ADDRESS) 

S ICHIP SELECTI 

W (WRITE ENABLE) 

D (DATA IN) 

a IDATA OUT) --...... .;;.;;.;.-.---< 

AC TEST LOADS 

+5V 

480 

a-.... ----~ a 

255 == 30 pF 
(INCLUDING 
SCOPE ANO JIG) 

Figure 1A 

255 

tAVAV 

tAVWH -------~)4-_l ...... tWHAX 

Figure 18 

twLWH 

--t--I- twHDX 

+5V 

480 

5 pF 
(INCLUDING 
SCOPE AND JIG) 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified. from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6269 

WRITE CYCLE 2 (S Controlled; See Note 1) 

Symbol MCM6269P25 MCM6269P35 
Parameter 

Standard Alternate Min Max Min 

Write Cycle Time tAVAV twc 25 - 35 

Address Setup Time tAVSL tAS 0 - 0 

Address Valid to End of Write tAVSH tAW 20 - 30 

Select to End of Write tSLSH tcw 20 - 30 

Select to End of Write tSLWH tcw 20 - 30 

Write Pulse Width twLSH twp 20 - 30 

Data Valid to End of Write tDVSH tDW 10 - 15 

Data H old Time tSHDX tDH 0 - 0 

Write Recovery Time tSHAX twR 0 - 0 

NOTES: 
1. A write occurs during the overlap of S low and 'iN low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If S goes low coincident with or after 'iN goes low, the output will remain in a high impedance condition. 
4. If S goes high coinci.dent with or before 'iN goes high, the output will remain in a high impedance condition. 

A (ADDRESSI 

S (CHIP SELECTI 

Vi (WRITE ENABLEI 

D (DATA INI 

o (DATA DUn 

tAVAV 

IAVSH 

tAVSL 

of twLSH 

HIGH·Z 

ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6269 P XX 

ISLSH 
ISLWH 

• 
IDVSH 

DATA VALID 

Max 

-
-
-

-
-

-

-
-
-

ISHDX 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ISHAX 

Motorola Me_m_o_ry_p_re_f_ix _______ T ____ T...J lL._T ________ speed (25=25 ns, 35=35 ns) 

Part Number - - Package (P= Plastic DIP) 

Full Part Numbers-MCM6269P25 MCM6269P35 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

64K X 1 Bit Static Random Access 
Memory 

The MCM6287 is a 65,536 bit static random access memory organized as 65,536 words 
of 1 bit, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
This device also incorporates internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features provide reduced system power 
requirements without degrading access time performance. 

The MCM6287 is available in a 300 mil, 22 lead plastic DIP or a ceramic lead less chip 
carrier measuring 290 x 490 mils, and will be available in a 24 lead, 300 mil, surface-mount 
SOJ package. All feature JEDEC standard pinout. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 25/35 ns 
• Equal Address and Chip Enable Access Time 
• Low Power Operation: 120/110 mA Maximum, Active AC 
• High Board Density SOJ and Ceramic Leadless Chip Carrier (LCC) Available 
• Three State Data Output 
• Fully TTL Compatible 

DUAL-IN-LINE 

AD 22 Vee 
Al 21 A15 

A2 2D A14 

A3 19 A13 

A4 18 A12 

A5 17 All 

A6 16 AID 

A7 15 A9 

Q 14 A8 

W lD 13 0 

VSS 11 12 E 

PIN ASSIGNMENT 

SMALL OUTLINE 

AD 

Al 

A2 

A3 

A4 

A5 

Ne 
A6 

A7 

Q 

W 

Vss 

I 1. 

I 2 

I 3 

I 4 

I 5 

I 6 

I 7 

I 8 

I 9 

lD 

11 

12 

24 

23 

22 

21 

2D 

19 

18 

17 

16 

15 ~ 

14 ~ 
13 ~ 

Vee 
A15 

A14 

A13 

A12 

Ne 
All 

AID 

A9 

A8 

o 
E 
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MCM6287 

~":"r" 
I I 

1\, PPACKAGE 
PLASTIC 

CASE736A 

~PACKAGE 
300 MIL SO 
CASE S10A 

" I~~'" ~~b~~~ Z PACKAGE 
..,\'b~~' CERAMIC LCC 

PIN NAMES 

AD-A15 ............ Address Input 
W. . . . . . . . . . . . . . . Write Enable 
E ................ Chip Enable 
D ................. Data Input 
Q . . . . . . . . . . . . . . . . Data Output 
VCC ............ Power (+5 V) 
VSS ................ Ground 
NC ............. No Connection 

CHIP CARRIER 

Al AD Vee A15 



MCM6287 

BLOCK DIAGRAM 

(LSB) AI' -Vee 

All 
-VSS 

A12 
MEMORY MATRIX 

ROW 
A13 OECOOER 

128 ROWS x 
512 COLUMNS 

A14 

A15 

(MSB) AD 

TRUTH TABLE 

E W Mode Vee Current Output Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ICCA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0,5 to + 7.0 V 

Voltage Relative to VSS for Any Yin, Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (T A = 25°CI Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA o to +70 °C 

Storage Temperature- Plastic Tstg -55 to +125 °C 
Ceramic -65 to + 150 

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

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

MOTOROLA MEMORY DATA 
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MCM6287 

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage IOperating Voltage Range) VCC 4.5 5.0 

Input High Voltage VIH 2.0 -

Input Low Voltage VIL -0.5* -
*VIL (min) = -0.5 V dc; VIL (min) = -3.0 V ac (pulse width", 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min 

Input Leakage Current IAlllnputs, Vin=O to Vcc) Ilkg(l) -
Output Leakage Current (E=VIH, Vout=O to VCC) Ilkg(O) -
AC Supply Current (lout = 0 rnA) MCM6287-25: tAVAV=25 ns ICCA -

MCM6287-35: tAVAV=35 ns ICCA -
TTL Standby Current (E=VIH, No Restrictions on Other Inputs) IS81 -
CMOS Standby Current IEl!:VCC-0.2 V, No Restrictions on Other Inputs) IS82 -
Output Low Voltage (lOL =8.0 rnA) VOL -
Output High Voltage IIOH = -4.0 mAl VOH 2.4 

CAPACITANCE (f=1.0 MHz dV=3 0 V TA=25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ 

Input Capacitance All Inputs Except E Cin 4 
E 5 

Output Capacitance Cout 5 

MOTOROLA MEMORY DATA 
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Max Unit 

5.5 V 

VCC + 0.3 V 

0.8 V 

Max Unit 

±1.0 !LA 
±1.0 !LA III 
120 mA 

110 

20 mA 

15 mA 

0.4 V 

- V 

Max Unit 

6 pF 
7 

7 pF 
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MCM6287 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70oe, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . .. 1.5 V Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels ..... , ................. 0 to 3.0 V Output Load ............ Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6287-25 MCM6287-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 35 ns 

Enable Access Time tELQV tACS - 25 - 35 ns 3 

Output Hold from Address Change tAXQ)( tOH 5 - 5 - ns 

Enable Low to Output Active tELQ)( tLl 5 - 5 - ns 4,5,6 

Enable High to Output High-Z tEHOZ tHZ 0 15 0 15 ns 4,5,6 

Powsr Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 25 - 30 ns 

NOTES: 
1. Vii is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHOZ max, is less than tELQ)( min, both for a given device and from device to device. 
5. Transition is measured ±500 mV from steady-state voltage with load of Figure lB. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E=VIL). 

READ CYCLE 1 (See Note 7 Above) 

tAVAV 

A (ADDRESS) If / 
~ 

tAXnx 

n (DATA OUT) PREVIOUS DATA VALID 'XXXXXJ DATA VALID 

tAvnV 

READ CYCLE 2 (See Note 3 Above) .. tAVAV • 
A (ADDRESS) W ,V--

j~ I\--.. tELQV • 
E (CHIP ENABLE) If 

n (DATA OUT) 

- tELnx~ tEH 

'I--;x;:xIYv DATA VALID 

nz 

tAvnV 

VCC ICC 
SUI'PLY 

CURRENT ISB 

tELICCH- 1-4- tEHICCL --------f 
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MCM6287 

WRITE CYCLE 1 (W Controlled See Note 1) 

Symbol MCM6287-25 MCM6287-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 25 - ns 

Write Pulse Width tWLWH twp 20 - 20 - ns 

Data Valid to End of Write tDVWH tow 15 - 15 - ns 

Data Hold Time twHDX tDH 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 15 0 15 ns 3,4 

Write High to Output Active tWHOX tow 5 - 5 - ns 3,4 

Write Recovery Time tWHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 

tAVAV 

A (ADDRESS) 

tAVWH IWHAX 

E (CHIP ENABLE) 

IWlWH 

W IWRITE ENABLE) 

IDVWH ----~~- IWHDX 

D IDATA IN) 

o IDATA DUT) --------( 

AC TEST LOADS 

+5V 

4BO 

o - ....... -------. o 

255 =r- 30 pF 255 
(INCLUDING 
SCOPE AND JIG) 

Figure 1A 

DATA VALID 

HIGH·Z 

+5V 

4BD 

=~ 5 pF 

Figure 18 

(INCLUDING 
SCOPE AND JIG) 
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TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6287 

WRITE CYCLE 2 (E Controlled, See Note 11 

Symbol MCM6287-25 MCM6287-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 35 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - 'ns 

Address Valid to End of Write tAVEH tAW 20 - 25 - ns 

Enable to End of Write tELEH tcw 20 - 25 - ns 3,4 

Enable to End of Write tELWH tcw 20 - 25 - ns 

Write Pulse Width twLEH twP 20 - 20 - ns 

Data Valid to End of Write tDVEH tow 15 - 15 - ns 

Data Hold Time tEHDX tDH 0 - 0 - ns .. Write Recovery Time tEHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and IN low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after IN goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before IN goes high, the output will remain in a high impedance condition. 

'AVAV 

A (ADDRESSI 

'AVEH 

E (CHIP ENABLEI 

.. 'AVEl 'ElEH 
'EHAX 'ElWH 

iii (WRITE ENABLEI 'WLEH • 
'DVEH 'EHDX 

o (DATA IN) DATA VALID 

HIGH·Z 
o (DATA OUT) 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (Continued) 
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MCM6287 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory PrefiX _______ T .... CM j IL_T ______ speed (25=25 ns, 35=35 ns) 

Part Number Package (P = Plastic DIP, J = Plastic SOJ) 

Full Part Numbers-MCM6287P25 
MCM6287J25 

MCM6287P35 
MCM6287J35 

MOTOROLA MEMORY DATA 
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MOTOROLA 

- SEMICONDUCTOR -------------­TeCHNICAL DATA 

a 

16K x 4 Bit Static Random Access 
Memory 

The MCM6288 is a 66,536 bit static random access memory organized as 16,384 words 
of 4 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for extemal clocks or 
timing strobes, while CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. This 
device also incorporates intemal power down circuitry that will reduce active current for 
less than 100% duty cycle applications. These features reduce system power requirements 
without degrading access time performance. 

The MCM6288 is available in a 300 mil, 22 lead plastic DIP, with JEDEC standard pinout. 
Also available is a 24-lead version, MCM6290, with fast output enable access times of 12 ns 
and 15 ns. 
• Single 5 V ± 10% Power Supply 
• fast Access lime: 25/:!J)/~ ns 
• Equal Address and Chip Enable Access lime 
• Low Power Operation: 120/110 rnA Maximum, Active AC 
• Fully TTL Compatible 
• Three-State Data Output 

ILSB) Al 

A9 

AID 

All 

A12 

A13 

(MSBI AD 

ODD 

001 

002 

003 

iii 

BLOCK DIAGRAM 

ROW MEMORY MATRIX 
12B ROWS x 

512 COLUMNS 

COLUMN I/O 
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,,~ 
1 

P PACKAGE 
PLASTIC 

CASE736A 

PIN ASSIGNIIiIENT 

AO 1. 22 PVCC 

All 2 21 PA13 

A21 3 20 A12 

A3 4 19 All 

A4 18 AID 

A5 17 A9 

A6 16 000 

A7 15 001 

A8 14 DD2 
10 13 003 

Vss 11 12 iii 

PIN NAMES 

A().A 13 ....•••••• Address Input 
W .............. Write Enable 
E . . . . . . . . . . . . . . Chip Enable 
DQO.DQ3. . . . . . Data Input/Output 
VCC ........ +5 V Power Supply 
VSS .•.•..••.••..... Ground 



MCM6288 

TRUTH TABLE 

E W Mode VCC Current Output Cycle 

H X Not Selected ISB1.ISB2 High-Z -
L H Read ICCA Dout Read Cycle 
L L Write ICCA High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Yin. Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current (per 1/0) lout ±2O rnA 

Power Dissipation (TA =25DC) PD 1.0 W 

Temperature Under Bias Tbias -10to +85 DC 

Operating Temperature TA Oto+70 DC 

Storage Temperature Tsta -55 to +125 DC 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%. TA = 0 to 70oe. Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC + 0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (m,n)= -0.5 V de; VIL (min) = -3.0 V ac (pulse width :s 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs. Vin = 0 to V CC) Ilka(l) - ±1.0 ,.A. 

Output Laakage Current (E=VIH. Vout=O to VCC) IlklIlO) - ±1.0 ,.A. 

AC Supply Current (lout = 0 rnA) MCM62ll8-25: tAVAV = 25 ns ICCA - 120 rnA 

MCM6288-30: tAVAV=30 ns - 120 

MCM62ll8-35: tAVAV = 35 ns - 110 

TIL Standby Current (E = VIH. No Restrictions on Other Inputs) ISB1 - 20 rnA 

CMOS Standby Current (E .. VCC -0.2 v. No Restrictions on Other Inputs) ISB2 - 15 rnA 

Output Low Voltage (lOL =8.0 rnA) VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 rnA) VOH 2.4 - V 

CAPACITANCE (f=l 0 MHz dV=30 V TA=25°C Periodicallv Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E Cin 4 6 pF 
E 5 7 

1/0 Capacitance CliO 5 7 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA =0 to + 70o e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level .......... 1.5 V Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V Output Load ............ Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM62S8P25 MCM62S8P30 MCM6288P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 30 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 30 - 35 ns 

Enable Access Time tELQV tACS - 25 - 30 - 35 ns 3 

Output Hold from Address Change tAXQ)( tOH 5 - 5 - 5 - ns 

Enable Low to Output Active tELQ)( tLZ 5 - 7 - 10 - ns 4,5,6 

Enable High to Output High-Z tEHOZ tHZ 0 10 0 12 0 15 ns 4,5,6 

Power Up Time tELICCH tpu 0 - 0 - 0 - ns 

Power Down Time tEHICCL tpD - 25 - 30 - 30 ns 

NOTES: 
1. IN is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHQZ max, is less. than tELQ)( min, both for a given device and from device to device. 
5. Transition is measured ±500 mV from steady-state voltage wilh load of Figure lB. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E=VIL). 

READ CYCLE 1 (See Note 7 Above) 

tAVAV 

A (ADDRESSI 'II 'It I\. 
~tAxax 

a (DATA OUT) PREVIOUS DATA VALID 'XXXXXJI\. DATA VALID 

tAvaV 

READ CYCLE 2 (See Note 3 Above) 

... tAVAV .. 
A (AOORESS ) 

,,---
I '--.. tHav ~ 

E (CHIP ENABLEI If 

~ tHax "", tEHa 

'I--;xtYXIv DATA VALID 
J 

a (DATA OUTI 

tAvaV 

IELICCH- _ tEHICCL n--n--f VCC ICC 
SUPPLY 

CURRENT ISB 
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WRITE CYCLE 1 (Vii Controlled, See Note 1) 

Symbol MCM6288P25 MCM6288P30 MCM6288P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 30 - 35 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 25 - 30 - ns 

Write Pulse Width twLWH twP 20 - 25 - 30 - ns 

Data Valid to End of Write tOVWH tow 10 - 12 - 15 - ns 

Data Hold Time twHOX tOH 0 - 0 - 0 - ns 

Write Low to Output High-Z twLOZ twz 0 10 0 12 0 15 ns 3,4,5 

Write High to Outut Active twHOX tow 5 - 7 - 10 - ns 3,4,5 

Write Recovery Time twHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLOZ max is less than twHOX min both for a given device and from device to device. 

A {ADDRESS} 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

o (DATA IN) 

o (DATA OUT) --------{ 

AC TEST LOADS 

+5V 

480 

o - ...... --------. o 

255 =;:: 30 pF 
!INCLUDING 
SCOPE AND JIG} 

Figure 1A 

255 

IAVAV 

IAVWH IWHAX 

IWLWH 

- .... ~ .... - IWHDX 

+5V 

480 

=:= 5 pF 

Figure 1B 

(INCLUDING 
SCOPE AND JIG) 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (e Controlled, See Note 1) 

Symbol MCM6288P25 MCM6288P30 MCM6288P35 
Parameter Units Notes 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 30 - 35 - ns 2 

Address Setup Time tAVEl tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 20 - 25 - 30 - ns 

Enable to End of Write tElEH tcw 20 - 25 - 30 - ns 3,4 

Enable to End of Write tElWH tcw 20 - 25 - 30 - ns 

Write Pulse Width twlEH twp 20 - 25 - 30 - ns 

Data Valid to End of Write tDVEH tow 10 - 12 - 15 - ns 

Date Hold Time tEHDX tDH 0 - 0 - 0 - ns 

• Write Recovery Time tEHAX twR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and IN low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after IN goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before IN goes high, the output will remain in a high impedance condition. 

'AVAV 

A (ADDRESSI 

tAVEH 
E (CHIP ENABLEI 

Vi (WRITE ENABLE) 
tEHAX 

tEHDX 

D (DATA IN) 

HI6H·Z 
Q (DATA OUT) 
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TYPICAL CHARACTERISTICS 

IAVAV. CYCLE TIME Ins) 

Figure 2. Relative Power versus Cycle Time 
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TYPICAL CHARACTERISTICS (Continued) 
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MCM6288 

ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory Prefix _____ T.-.CM T rrLX-----__ speed (25=25 ns, 30= 30 ns, 35=35 ns) 

Part Number --------------'- L_ ---------Package (P= Plastic DIP) 

Full Part Numbers-MCM6288P25 MCM6288P3O MCM6288P35 

MOTOROLA MEMORY DATA 

4-75 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

Advance Information 
16K X 4 Bit Static 
Random Access Memory 

The MCM6290 is a 65,536 bit static random access memory organized as 16,384 
words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power consump­
tion for greater reliability. 

The MCM6290 is equipped with both chip enable (E) and output enable (G) in­
puts, allowing for greater system flexibility. Either input, when high, will force the 
outputs to high impedance. 

• Single 5 V Supply, ± 10% 
• Fully Static-No Clock or Timing Strobes Necessary 
• Three-State Outputs 
• Fully TTL Compatible 
• Fast Access Time (Maximum): 

MCM6290-25 
MCM6290-3O 
MCM6290-35 

Address 
25 ns 
30 ns 
35 ns 

Chip Enable 
25 ns 
30 ns 
35 ns 

• Low Power Operation: 120/110 rnA Maximum, Active AC 

Output Enable 
12 ns 
15 ns 
15 ns 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 
Contention Problems 

ILSBI Al 

A9 

Al0 

All 

A12 

A13 

IMSBI AO 

000 

001 

002 

003 

BLOCK DIAGRAM 

ROW 

IMSBI 

MEMORY MATRIX 
12B ROWS x 

512 COLUMNS 

COLUMN I/O 

-VCC 

_VSS 

ILS8) 

MCM6290 

300 MIL PLASTIC 
CASE 724 

J PACKAGE 
300 MILSOJ 
CASE 810A 

PIN ASSIGNMENT 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

E 
G 

VSS 

1. 24 ~ 
2 23 ~ 
3 22 ~ 
4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

[ 10 15 

[ 11 14 

[ 12 13 

PIN NAMES 

VCC 

A13 

A12 

All 

Al0 

A9 

NC 

000 

OUl 

002 

003 

W 

AO-A 13 ...............• Address Input 
000-003 ........... Data Input/Output 
IN. . . . . . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . . . . . Output Enable 
E . . . . . . . . . . . . . . . . . . . . Chip Enable 
NC ................... No Connect 
Vee ............. +5 V Power Supply 
VSS .................... Ground 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6290 

TRUTH TABLE 

E G W Mode VCC Current I/O Pin Cycle 

H X X Not Selected ISB High-Z -
L H H Read ICCA High-Z -
L L H Read ICCA Dout Read Cycle 
L X L Write ICCA Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage (VCC) VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Yin. Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 110) lout ±20 mA 

Power Dissipation (+ 25°C) Po 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA o to +70 °c 

Storage Temperature Tsta -55 to +125 °c 

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

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

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

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage V,H 2.0 - VCC+0.3 V 

Input Low Voltage V,L -0.5* - 0.8 V 

*V'L (min)= -0.5 V de; VIL (min)= -3.0 V ac (pulse width ,,;20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs. Vin=O to VCC) Ilkg(l) - ± 1.0 pA 

Output Leakage Current (E=V,H or G=V,H or W=VIL. Vout=O to VCC) l'ka(O) - ± 1.0 pA 

AC Supply Current (lout = 0 rnA) MCM6290-25: tAVAV=25 ns ICCA - 120 mA 

MCM6290-30: tAVAV=30 ns - 120 

MCM6290-35: tAVAV=35 ns - 110 

TIL Standby Current (E=V,H. No Restrictions on Other Inputs) ISBl - 20 rnA 

CMOS Standby Current (Ea:VCC-0.2 V. No Restrictions on Other Inputs) ISB2 - 15 rnA 

Output Low Voltage (lOL = 8.0 rnA) VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 10 MHz dV=3 0 V TA=25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E Cin 4 6 pF 
E 5 7 

110 Capacitance DQ CliO 5 7 pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5 V ± 10%, TA =0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level . . . . . . . .. 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V Output Load ............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol MCM6290-25 MCM6290-30 MCM6290-35 
Parameter Unit Notes 

Standard Alternate Min Max Min Max Min Max 

Read Cycle Time tAVAV tRC 25 - 30 - 35 - ns 2 

Address Access Time tAVQV tAA - 25 - 30 - 35 ns 

Chip Enable Access Time tELQV tACS - 25 - 30 - 35 ns 

Output Enable Access Time tGLQV tOE - 12 - 15 - 15 ns 

Output Hold from Address Change tAXQ)( tOH 5 - 5 - 5 - ns 

Chip Enable Low to Output Active tELQ)( tLZ 5 - 7 - 10 - ns 3,4,5 

Chip Enable High to Output High-Z tEHOZ tHZ 0 10 0 12 0 15 ns 3,4,5 

Output Enable Low to Output Active tGLQ)( tLZ 5 - 8 - 10 - ns 3,4,5 

Output Enable High to Output High-Z tGHOZ tHZ 0 10 0 12 0 15 ns 3,4,5 

Power Up Time tELICCH tpu 0 - ,0 - 0 - ns 

Power Down Time tEHICCL tpD - 25 - 30 - 30 ns 

NOTES: 1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHOZ max is less than tELQ)( min, and tGHOZ max is less than tGLOX min, both for a given 

device and from device to device. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected fE= VIL, G = VIL). 
7. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 6 Above) 

A (ADDRESS) ___ X\... __ _ ~
------------ tAVAV :1, 

-tAXQJ( ----:-------J 

PREVIOUS DATA VALID Q IDATA OUT) 

-----.I.----------J 

A (ADDRESS) 

E (CHIP ENA8LE) 

ii (DUTPUT ENABLE) 

a (DATA OUT) 

READ CYCLE 2 (See Note 7 Above) 

tAVAV 

tELav 

~----+-- tAvaV 

DATA VALID 

DATA VALID 

Vcc ICC 
SUPPLY CURRENT 

_____ t~~c~ ___ F _________________ _ 
ISB--------J-
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 

Symbol MCM6290-25 MCM6290-30 MCM6290-35 
Parameter Unit 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twc 25 - 30 - 35 - ns 

Address Setup Time tAVWL tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 20 - 25 - 30 - ns 

Write Pu lse Width twLWH twP 20 - 25 - 30 - ns 

Data Valid to End of Write tDVWH tow 10 - 12 - 15 - ns 

Data Hold Time twHDX tDH 0 - 0 - 0 - ns 

Write Low to Output High-Z tWLOZ twz 0 10 0 12 0 15 ns 

Write High to Output Active twHOX tow 5 - 8 - 10 - ns 

Write Recovery Time twHAX tWR 0 - 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. Transition is measured ± 500 mV from steady-state voltage with load in Figure 1 B. 
5. Parameter is sampled and not 100% tested. 
6. At any given voltage and temperature, twLQZ max, is less than twHQX min, both for a given device and from device to device. 

IAVAV 

A (ADDRESS) 

tAVWH ---------1*' ....... ..,- tWHAX 

E (CHIP ENABLE) 

tWLWH 

W (WRITE ENABLE) 

tDVWH -...,~ ... - tWHDX 

D (DATA IN) DATA VALID 

o (DATA OUT) --------< 

AC TEST LOADS 

+5V 

480 

0-..... ----...... 

255 

Figure 1A 

=:= 30 pF 
(INCLUDING 
SCOPE AND JIG) 

+5V 

480 

0-..... ----...... 

255 _= 5 pF 

Figure 18 

(INCLUDING 
SCOPE AND JIG) 
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WRITE CYCLE 2 IE Controlled' See Notes 1 and 2) 

Symbol MCM6290-25 MCM6290-30 MCM6290-35 
Parameter 

Standard Alternate Min Max Min Max Min Max 

Write Cycle Time tAVAV twe 25 - 30 - 35 -

Address Setup Time tAVEL tAS 0 - 0 - 0 -

Address Valid to End of Write tAVEH tAW 20 - 25 - 30 -

Chip Enable to End of Write tELEH tcw 20 - 25 - 30 -
Chip Enable to End of Write tELWH tcw 20 _. 25 - 30 -

Write Pu lsa Width twLEH twP 20 - 25 - 30 -

Data Valid to End of Write tOVEH tow 10 - 12 - 15 -

Data Hold Time tEHOX tOH 0 - 0 - 0 -
Write Recovery Time tEHAX twR 0 - 0 - 0 -

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. If IT goes low coincident with or after Vii goes low, the output will remain in a high impedance state. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If E goes high coincident with or before Vii goes high, the output will remain in a high impedance condition. 

A (ADDRESS) 

E (CHIP ENABLE) 

IV (WRITE ENABLE) 

D (DATA IN) 

tAVAV ----------~ 

1-+-------- tAVEH --------......,~ 

t-----tAVEL----"*i ----::t ~--"""I 
1-+--- ELEH --_*,t---... t­

'ELWH 

-1<--""""------- 'WLEH -----......,.~,~ 

'DVEH -~i4"~f- 'EHDX 

DATA VALID 

HIGH·Z 

Unit Notes 

ns 3 

ns 

ns 

ns 4,5 

ns 4,5 

ns 

ns 

ns 

ns 

'EHAX 

Q (DATA DUTI -------------------------------------

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

""., oom. from wh'oh "",," " ... ~d I III 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z=transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (Continued) 
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ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Memory prefix ______ T-'CM T6290 T T'-x _______ SPeed (25=25 ns, 30=30 ns, 

I 35=35 ns) 
Part Number-----------~ '----------Package (P = Plastic DIP, 

Full Part Numbers-MCM6290P25 
MCM6290J25 

MCM6290P30 
MCM6290J30 
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MCM6290P35 
MCM6290J35 
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Special Application MOS Static RAMs 

MCM68HC34 
MCM4180 
MCM6292 
MCM6293 
MCM6294 

MCM6295 

MCM62350 
MCM62351 

Dual-Port RAM ........................................... 5-3 
4K x 4, 22/25/30 ns, Cache Tag . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-11 
16K x 4, 25/30/35 ns, Synchronous, Transparent Outputs ...... 5-12 
16K x 4, 25/30/35 ns, Synchronous, Output Registers ......... 5-20 
16K x 4, 25/30/35 ns, Synchronous, Output Registers and Output 

Enable ................................................. 5-28 
16K x 4, 25/30/35 ns, Synchronous, Transparent Outputs and 

Output Enable .......................................... 5-36 
4K x 4, 25/30/35 ns, Cache Tag ............................ 5-44 
4K x 4, 25/30/35 ns, Cache Tag ........................... .. 5-45 
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• 
Cache Tag RAMs 
( + 5 V, 0 to 700 e unless otherwise noted) 

Organization Part Numbar 

4Kx4 MCM62350P22 
MCM62350P25 
MCM62350P30 
MCM6235OJ22 
MCM6235OJ25 
MCM6235OJ30 

MCM62351P22 
MCM62351P25 
MCM62351 P30 
MCM62351J22 
MCM62351J25 
MCM62351J30 

MCM4180P22 
MCM4180P25 
MCM4180P30 

MOS Dual Port RAM 
(+5 V, 0 to 700 e) 

Organization Part Number 

256x8 MCM68HC34L 
MCM68HC34P 

Address to 
Match Tima 

Ins maxI 

22 
25 
30 

22 
25 
30 

22 
25 
30 
22 
25 
30 

22 
25 
30 

Access Time 
Ins maxI 

240 
240 

Synchronous Static RAMs 
(+ 5 V, 0 to 700 e unless otherwise noted) 

Pins 
Organization Part Numbar 

Access Tima 
Ins maxI 

16Kx4 MCM6292C25 25 
24 MCM6292C30 30 
24 MCM6292C35 35 
24 MCM6292J25 25 
24 MCM6292J30 30 
24 MCM6292J35 35 
24 MCM6293P25 25 
24 MCM6293P30 30 
24 MCM6293P35 35 
24 MCM6293J25 25 
24 MCM6293J30 30 
24 MCM6293J35 35 
24 MCM6294P25 25 
22 MCM6294P30 30 
22 MCM6294P35 35 
22 MCM6294J25 25 

MCM6294J30 30 
MCM6294J35 35 

MCM6295C25 25 
MCM6295C30 30 

Pins MCM6295C35 35 

MCM6295J25 25 
40 MCM6295J30 30 
40 MCM6295J35 35 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

DUAL-PORT RAM MEMORY UNIT 

The MCM68HC34 is a dual-port RAM memory IDPM} unit which 
enables two processors, arbitrarily referred to as "A" and "B", 
operating on two separate buses to exchange data without interfering 
with devices on the other bus. It contains 256 bytes of dual-port RAM 
which is the medium actually used for the interchange of data. 

The dual-port memory unit contains six semaphore registers that pro­
vide a means for controlling access to the dual-port RAM or any other 
shared resources. It also contains interrupt registers which provide a 
means for the processors to interrupt each other. 

• High-Speed CMOS IHCMOS} Structure 

• Six Read/Write Semaphore Registers 

• 256 Bytes of Dual-Port RAM 

• Eight Address Lines 

ORDERING INFORMATION ITA -0° to 70°C) -
Package Type Order Number 

Ceramic MCM68HC34L 
L Suffix 

Plastic MCM68HC34P 
P Suffix 

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

MOTOROLA MEMORY DATA 
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HCMOS 
IHIGH DENSITY CMOS SILICON-GATE) 

DUAL-PORT RAM 
MEMORY UNIT 

CASE 715 

~""'~ . . PLASTIC PACKAGE 
... CASE 711 

PIN ASSIGNMENT 

VCC CSlb 

RESET 2 Eb 

CSla 3 RSb 

Ea 4 R/Wb 

RSa 5 ASb 

R/Wa 6 AO 

ASa 7 Al 

MODE 8 A2 

ADO 9 A3 

ADl 10 A4 

AD2 11 A5 

AD3 12 A6 

AD4 13 A7 

AD5 14 D7 

AD6 15 D6 

AD7 16 D5 

IROa 17 D4 

VSS 18 D3 

IROb 19 D2 

DO 20 01 



FIGURE 1 - BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 
Input Voltage, All Inputs Vin 
Operating Temperature TA 
Storage Temperature Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance 
Ceramic 9JA 
Plastic 

MCM68HC34 

Value Unit 

-0.3 to 7.0 V 

VSS - 0.3 to Vee + 0.5 V 

o to 70 'e 

-55 to 150 'e 

Value Unit 

50 'e/w 

100 

FIGURE 2 - BUS TIMING LOAD 

2.2 k 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however I it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. Unused inputs must be 
tied to an appropriate logic level leither Vee 
or VSS) to reduce leakage currents and 
increase reliablity. 

5 V 

Test Point o----..... -----.... ---~t_-, MMD6150 
or Equiv. 

90 pF 24 k 
MMD7000 
or Equiv. 

DC ELECTRICAL CHARACTERISTCS IVee - 50 Vdc ± 5% VSS = 0 Vdc T A = o'e to 70'e unless otherwise noted) -

Characteristics Symbol Min Max 

Input High Voltage Isee Note 11 VIH 2.0 Vee+ O.3 

Input Low Voltage Isee Note 21 VIL VSS-0.3 0.8 

Input Current 

IVin=O to Veel lin - 1.0 

Output Leakage Current IOZ - 10.0 

Output High Voltage 
IILoad= -100 pAl VOH 2.4 -
IILoad= < 10.0 pAl Vee- 0.1 -

Output Low Voltage 
IILoad = 1.6 mAl VOL - 0.4 
II Load = < 10.0 pAl - 0.1 

Current Drain - Outputs Unloaded 
Operating - Ea, Eb= 1 MHz, Both Sides Active IDD - 30 

Input Capacitance ein - 10 

Output Capacitance 
IADO-AD7 and DO-D71 eout - 12 

NOTES: 
1. Input high voltage as stated is for all inputs except MODE. In the case of MODE, input high voltage is tied to Vee. 

Unit 
V 

V 

pA 

pA 

V 

V 

mA 

pF 

pF 

2. Input low voltage as stated is for all inputs except MODE. In the case of MODE, input low voltage is tied to VSS or is floating. If floating, 
the voltage will be internally pulled to VSS. 
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BUS TIMING (See Notes 1 and 2 and Figure 21 

ldent 
Number Characteristics Symbol Min Max Unit 

1 Cycle Time tcyc 800 - ns 

2 Pulse Width, E Low PWEL 300 - ns 

3 Pulse Width, E High PWEH 325 - os 

4 Input Rise and Fall Time tr,tf - 30 ns 

8 Read/Write Hold Time tRWH 10 - ns 

9 Non-Multiplexed Address, RS Hold Time tAH 10 - ns 

12 Non-Multiplexed Address, RS Valid Time to Eb tAV 20 - ns 

13 R/iIi, Chip Select Setup Time tRWS 20 - ns 

15 Chip Select Hold Time tCH 0 - ns 

18 Read Data H old Time tDHR 20 75 ns 

21 Write Data Hold Time tDHW 10 - ns 

24 Address Setup Time for Latch tASL 20 - ns 

25 Address Hold Time for Latch tAHL 20 - ns 

26 Delay Time E to AS Rise tASD 60 - ns 

27 Pulse Width, AS High PWASH 110 - ns 

• 26 Address Strobe to E Delay tASED 20 - ns 

30 Read Data Delay Time tDDR - 240 ns 

31 Write Data Setup Time tDSW 100 - ns 

NOTES: 
1. Timing numbers relative to one side only. No numbers are intended to be cross-referenced from one side to the other. 
2. Measurement points shown for ae timing are 0.8 V and 2.0 V. unless otherwise specified. 
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SIGNAL DESCRIPTION 

The following paragraphs contain a brief description of 
the input and output signals. 

VCC AND VSS 
These pins supply power to the DPM. Vee is + 5 volts ± 5% 
and VSS is 0 volts or ground. 

E CLOCK INPUTS (Ea AND Eb) 

These are the input clocks from the respective processors 
and are positive during the latter portion of the bus cycle. 

REGISTER SELECT INPUTS (RSa AND RSb) 

These inputs function as register select inputs. A high on 
the RSa for side A or RSb for side B input allows selection of 
the semaphore and interrupt registers respectively for side A 
and side B by the lower three address bits. A Iowan RSa or 
R Sb selects 256 bytes of RAM from side A or side B respec­
tively . 

CHIP SELECT INPUTS (CS1a AND CS1b) 

These inputs function as chip select inputs for their 
respective sides. es 1 a must be low to select side A and 
eS1b must be low to select side B. If eS1a is high, side A is 
deselected. If CS1b is high, side B is deselected. 

MODE SELECT (MODE) 

1n normal operation, this pin should always be connected 
to Vee (MODE= 1). Each side has three states controlled by 
RSa and CS1a for side A and RSb and eSJb for side B. 

If CS1a is high, side A cannot be accessed. If CS1a is low, 
side A accesses either 256 bytes of RAM or the six 
semaphore registers and the two interrupt registers depen­
ding on the level of RSa. If RSa is low, 256 bytes of RAM are 
accessed and if RSa is high, the six semaphores and two in­
terrupt registers are accessed. 

The six semaphore and two interrupt registers are redun­
.dantly mapped in the 256 byte mode. That is, only the low 
order three bits select one of eight registers and the upper 
five bits of address are not decoded. Refer to Table 1. 

TABLE 1 - SIDE A CONTROL SIGNAL OPERATION 
Mode CSla RSa Operation 

1 0 0 Access 256 Byte RAM Side A 
1 0 1 Access Semaphore! ii1Li Side A 

on Lower Three Bits of Address 
1 1 X Side A Not Selected 

The three states for side B in the 256 byte mode are con­
trolled in the manner as side A using R Sb and CS 1 b except 
that side B uses separated address and data inputs. Refer to 
Table 2. 

TABLE 2 - SIDE B CONTROL SIGNAL OPERATION 
Mode CSlb RSb Operation 

1 0 0 Access 256 Byte RAM Side B 
1 0 1 Access Semaphore!IRQ Side B 

on Lower Three Bits of Address 
1 1 X Side B Not Selected 

INTERRUPT REOUEST OUTPUTS (lRCa AND IROb) 

These pins are active low open-drain outputs. A write to 
address F9 from one side asserts an interrupt, if not masked 
on the other side. A write to address F9 sets this pin low. 

B SIDE ADDRESS BUS INPUTS (AO-A7) AND 
B SIDE BIDIRECTIONAL DATA BUS (DO-D7) 

When the B side is run from a multiplexed bus processor, 
the B side address pins are connected to the B side data 
pins, respectively (AO to DO, A1 to 01, etc.l. 

SYSTEM RESET INPUT (RESET) 

A low level on this input causes the semaphore registers to 
be set to the states shown in Table 5 under SEMAPHORE 
REGISTERS and clears both bits of both IRQ registers to 
zeros. The RAM data is unaffected by RESET. 

ADDRESS STROBE INPUTS (ASa AND ASb) 

The ASa input demultiplexes the eight low order address 
lines from the data lines on the A side. The falling edge of 
ASa latches the A side address within the DPM. The ASb in­
put is used in the same manner when the B side is connected 
to a multiplexed bus. It must be connected to a high level 
when the B side is connected to a non-multiplexed bus. 

A SIDE MULTIPLEXED ADDRESS/ 
BIDIRECTIONAL DATA BUS (ADO-AD7) 

The A side can only be used with a multiplexed ad­
dress/ data bus. The A side addresses are on these lines dur­
ing the time ASa is high. The lines are used as bidirectional 
data lines during the time Ea is high. 

DUAL-PORT RAM 

The dual-port memory unit contains 256 bytes of dual-port 
RAM that is accessed from either processor. It is selected in 
either case by eight address lines, register select, and chip 
select inputs. The direction of data transfer is controlled by 
the respective read/write (R/Wa or R/Wb) line. The dual­
port RAM enables the processors to exchange data without 
interfering with devices on the other bus. 

Simultaneous accesses by both sides of different locations 
of dual-port RAM will cause no ambiguities. Simultaneous 
reads by both sides of the same dual-port RAM location 
gives the proper data to both sides. On a simultaneous write 
and read of the same location, the data written is put into 
RAM but the data read is undefined. Simultaneous writes to 
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the same RAM location result in undefined data being 
stored. Thus, simultaneous writes and simultaneous write 
and read to the same location should be avoided. The 
semaphore registers provide a tool for determining when the 
shared RAM is available. 

SEMAPHORE REGISTERS 

The dual-port memory unit contains six read/write 
semaphore registers. Only two bits of each register are used. 
Bit 7 is the semaphore (SEMI bit and bit 6 is the ownership 
(OWNI bit. The remaining six bits will read all zeros. 

Each semaphore register is able to arbitrate simultaneous 
accesses to it. The semaphore register bits provide a 
mechanism for controlling accesses to the shared RAM but 
there are no hardware controls of the dual-port RAM by the 
semaphore registers. 

Table 3 is the truth table for when a semaphore register is 
accessed by one of the processors. When a semaphore 
register is written, the actual data written is disregarded but 
the SEM bit is set to zero. When the register is read, the 
resulting SEM bit is one (for the next readl. The data obtain­
ed from the read is interpreted as: SEM bit equals 
zero - resource available, SEM bit equals one - resource 
not available. 

TABLE 3 - ONE PROCESSOR SEMAPHORE BIT TRUTH TABLE 

Original Data Resulting 
SEM Bit R/W Read SEM Bit 

0 R O· 1 
1 R l' 1 
0 W - 0 
1 W - 0 

*0= Resource Available 
1 = Resource Not Available 

Table 4 shows the truth table if both processors read or 
read and write the same semaphore register at the same 
time. The A processor always reads the actual SEM bit. The 
B processor reads the S EM bit except during the 
simultaneous read of a clear SEM bit. This insures that 
during a simultaneous read, only the A processor reads a 
clear SEM bit and therefore has priority to the shared RAM. 

TABLE 4 - SIMULTANEOUS ACCESS OF OF SEMAPHORE 
REGISTER TRUTH TABLE 

Original A Processor B Processor Resulting 
SEM Bit R/W Data Read R/W Data Read SEM Bit 

0 R O· R l' 1 
1 R l' W - 0 
1 W - R l' 0 
1 R l' R l' 1 

'0= Resource Available 
1 = Resource Not Available 

The ownership bit is a read-only bit that indicates which 
processor last set the SEM bit. The OWN bit is set to a one 
whenever the SEM bit is set from zero to one. The OWN bit 
as read by one processor is the complement of the bit read 
by the other processor. 

The reset state of the semaphore registers is defined in 
Table 5. The A processor owns all of the semaphore registers 

except the second semaphore register which is owned by the 
B processor. 

TABLE 5 - RESET STATE OF SEMAPHORE REGISTERS 

Semaphore 
Register A Processor B Processor 
Number SEM Bit OWN Bit SEM Bit OWN Bit 

1 1 1 1 0 
2 1 0 1 1 
3 1 1 1 0 
4 1 1 1 0 
5 1 1 1 0 
6 1 1 1 0 

A state diagram for a semaphore register is shown in 
Figure 3. 

FIGURE 3 - STATE DIAGRAM FOR SEMAPHORE REGISTER 

Available 

NOTES: 

A Reads 0, 1 

B Writes 
I 
I 
I 
I 
I 
I 
I 
I 

In Use 

1. Writes to a semaphore register are valid only if SEM = 1 
and OWN=l. 

2. When A and B simultaneously read a semaphore register, 
the hardware handles it as a read by A followed by a read 
by B. 

INTERRUPT REGISTERS 

The dual-port memory unit contains two addressable 
locations at F8 and F9 on both sides that control the interrupt 
IIRQI operation between the processors. Although there is 
only one hardware register for each side, for purposes of 
explanation the register accessed at location F8 is referred to 
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as the IROX status register and the register accessed at 
location F9 is referred to as the IROX control register (refer to 
Table 6), The registers each consisting of two bits have 
identical bit arrangements. Bit 6 is the enable bit and bit 7 is 
the flag bit. The other six bits are not used and always read 
as zero. When RESET is asserted, both bits are cleared to 
zero. 

Table 7 summarizes the bits involved when reading or 
writing to the status or control registers at FB or F9. The 
enable bits on either side (A or B) track the data that is 
written into the status register from that side. Writes to the 
control register do not alter data. The actual data written is 
disregarded but the action sets the flag bit in the other side's 
register and asserts an interrupt signal if enabled. 

The following describes how the B side interrupt is 
asserted from the A side. The A side interrupt is controlled in 
a similar manner. 

When the enable bit in the IROb status register is set (bit 
6= 1), a write to IROa control register sets the flag bit in the 
IROb status register (bit 7= 1) and causes an interrupt on the 
B side by setting the IROb pin low. Reading the IROb status 

register reads the state of the B side enable and flag bits. 
Reading the IROb control register also reads the enable and 
flag bits but in addition, clears the B side flag bit (bit 7=0) 
and clears the B side interrupt by removing the low condition 
on the IROb pin. 

The enable bit in the IROb status register (bit 6) is changed 
by writing the proper data to bit 6 of the IROb status register. 
If the B side enable bit is zero, interrupts are prevented on 
the B side. However, a write to the IROa control register still 
sets the B side flag bit. 

INTERNAL REGISTER ADDRESSES 

Table 8 shows the address of the RAM, iF!l:l, and 
semaphore registers. The addresses to these registers are the 
same whether accessed from the A or B side. The address 
and data buses are multiplexed on the A side. The B side has 
separate address and data buses. The B side can be used on 
a multiplexed bus by connecting the corresponding address 
and data bit pins together lAO to DO, A 1 to D1, etc.! and 
using the B side address strobe input pin . 

TABLE 6 - IRQ REGISTERS 

RS 

0 
1 
1 
1 
1 

1 

1 
1 
1 
1 

Location Register Name Bit 7 Bit 6 BitsStoD 

A Side F8 IROa Status . Flag Enable Not Used 
A Side F9 IROa Control Flag Enable Not Used 
B Side F8 IROb Status Flag Enable Not Used 
8 Side F9 IROb Control Flag Enable Not Used 

TABLE 7 - INTERRUPT OPERATION 

Operation 

A Reads IROa Status at F8 
A Writes IROa Status at F8 
A Reads IROa Control at F9 
A Writes IROa Control at F9 

BReads IROb Status at F8 
B Writes IROb Status at F8 
B Reads I Rb Control at F9 
B Writes IROb Control at F9 

F8 and F9 are Address Locations 
EA and FA are A Side Enable and Flag Bits 
E8 and FB are B Side Enable and Flag Bits 

Action Taken 

Read EA and FA 
Writes to EA 
Read EA and FA; Clear FA 
Set FB; Assert IROB if Enabled 

Read EB and FB 
Writes to EB 
Read EB and FB; Clear FB 
Set FA; Assert IROA if Enabled 

TABLE 8 - REGISTER LOCATIONS 

Address 

oo-FF 
00-07 
08-0F 
10-17 
18-1F · · · EO-E7 
E8-EF 
FO-F7 
F8-FF 

Register Name 

Dual Ported RAM 
IRO and Semaphore 
IRO and Semaphore 
IRO and Semaphore 
IRO and Semaphore 

IRO and Semaphore 

IRO and Semaphore 
IRO and Semaphore 
IRO and Semaphore 
IRO and Semaphore 

Where: 
X is 0 through F of the upper four bits 
of the address (note that only the lower 
three bits of the address are decoded!: 

XO and X8 IROa or IROb Status 
Xl and X9 IROe or IROb Control 
X2 and XA Semaphore 1 
X3 and XB Semaphore 2 
X4 and XC Semaphore 3 
X5 and XD Semaphore 4 
X6 and XE Semaphore 5 
X7 and XF Semaphore 6 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
4K X 4 Bit Cache Address Tag 
Comparator 

The MCM4100 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 
bits, fabricated using Motorola's second generation high-performance silicon-gate CMOS 
(HCMOS III) technology. The device integrates a 4Kx4 SRAM core with an on-board com­
parator for efficient implementation of a cache memory. 

The device has a R pin for flash clear of the RAM, useful for system initialization. 
The MCM4100 compares RAM contents with current input data. The result is either an 

active high match level for a cache hit, or an active low level for a cache miss. 
The MCM4100 will be available in a 22 lead plastic DIP. 

• Single 5 V ± 10% Power Supply 
• Fast Address to Match Time: 22/25/30 ns max 
• Fast Data to Match Time: 10112/15 ns max 
• Fast Read of Tag RAM Contents: 25130/35 ns max 
• Flash Clear of the Tag RAM (R Pin) 
• Pin and Function Compatible with the MK41HOO 

BLOCK DIAGRAM 

000-003 ---~'----"'" 

ii 

MEMORY 
MATRIX 

128 ROWS 
x 128 COLUMNS 

COLUMN 
DECODER 

MCM4180 

~ 
PLASTIC 

CASE736A 

PIN ASSIGNMENT 

A4 

A5 

A6 

A7 

A8 

A9 

Al0 

All 

ii 
W 

VSS 

1. 22 ~ 
2 21 ~ 
3 20 ~ 

I 4 19 

I 5 18 

I 6 17 

I 7 16 

I 8 15 

I 9 14 

I 10 13 

111 12 

PIN NAMES 

VCC 

A3 

A2 

Al 

AO 

ii 
003 

002 

oD1 
000 

MATCH 

AD-A 11 ........... Address Inputs 
iN. . . . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . . . Output Enable 
R . . . . . . . . . . . . . Flash Clear Input 
MATCH .•...... Match (Hit) Output 
OOD-OQ3 ....... Data Input/Output 
VCC ......... +5 V Power Supply 
VSS ................ Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TECHNICAL DATA 

• 

Product Preview 
16Kx 4 Bit Synchronous Static RAM 
with Transparent Outputs 

The MCM6292 is a 66,536 bit synchronous static ra(ldom access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store 
applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A13), data (00-03), write (W), and chip select (5) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers . 

The MC6292 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. i 

The MCM6292 will be available in a 300-mil, 28-pin ceramic DIP as well as a 
4OO-mil, 28-pin plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access and Cycle Times: 25/30/35 ns Max 
• Address, Data Input, S, and Vii Registers On-Chip 
• Transparent Output Latch for Access Within the Same Cycle 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 

BLOCK DIAGRAM 

COLUMN 
DECODERS 

Vcc 

VSS 

Vsso 

00 

01 

02 

03 

MCM6292 

~ ~~U~~~~.~_ll_l~ " 
C PACKAGE 
CERAMIC 
CASE 733B 

~KAGE 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

A51 1. 28 VCC 

A61 2 27 A4 

A71 3 26 A3 

A81 4 25 A2 

A91 5 24 ~Al 
AlOl 6 23 ~AO 
Alii 7 22 ~D3 
A121 8 21 ~D2 
A13 9 20 ~03 

DO 10 19 ~02 
01 11 18 ~01 
S 12 17 ~OO 
K 13 18 ~W 

VSS 14 15 ~Vsso* 
*For minimum cycle/low noise 

applications, VSSQ should be 
isolated from VSS' 

PIN NAMES 

AO-A 13 ......... Address Inputs 
iN. . . . . . . . . . . . . Write Enable 
S . . . . . . . . . . . . . . Chip Select 
DO-D3 ........... Data Inputs 
QO-Q3 . . • • • • • • • • Data Outputs 
K . . . . . . . . . . . . . . Clock Input 
VCC ....... +5 V Power Supply 
VSS .............. Ground 
VSSQ ..... Output Buffer Ground 

This document contains information on a product under development. Motorola reserves tf:te right to change or discontinue this product without notice. 
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TRUTH TABLE 

S W Operation 00-03 

L L Write High Z 

L H Read Dout 

H X Not Selected High Z 

NOTE: The values of Sand Ware valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to VSS - VSSO = 0 V) -

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VSSIVSSO for Any Yin, Vout -0.5 to VCC +0.5 V 
Pin Except VCC 

Output Current (per 1/0) lout ±20 rnA 

Power Dissipation (T A = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -10to+85 DC 

Operating Temperature TA 010+70 DC 

Storage Temperature Plastic Tstg -55 to + 125 °c 
Ceramic -85 to +150 

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

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

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

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to VSS=VSSO=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (min) = - 0.5 V de; VIL (min) = - 3.0 V ac (pulse width ,;;20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to VCC) Ilklllll - ±1.0 p.A 

Output Leakage Current (S=VIH, Vout=O to VCC) Ilka(O) - ± 1.0 p.A 

DC Supply Current (S = VIL, Vin = VIL or VIH, lout = 0) ICC - 20 rnA 

AC Supply Current (S=VIL, 10ut=0 rnA) ICGA - 120 rnA 

Output Low Voltage (lOL = 12.0 rnA) VOL - 0.4 V 

Output High Voltage (I0H = - 10.0 rnA) VOH 2.4 - V 

CAPACITANCE (f=1.0 MHz, dV=3.0 V, TA=25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5.0 V ± 10%, TA =0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V Output Load .......... See Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

MCM6292-25 MCM6292-30 MCM6292-35 
Parameter Svmbol Unit 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - 35 - ns 

Clock Access Time tKHQV - 25 - 30 - 35 ns 

Data Valid from Clock Low tKLQV - 10 - 13 - 15 ns 

Output Hold from Clock Low tKLOX 0 - 0 - 0 - ns 

Clock Low to Q High Z (S =VIH) tKLQZ - 10 - 13 - 15 ns 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - ns 

Setup Times for: S tSVKH 5 - 5 - 5 - ns 
A tAVKH 
W twHKH 

Hold Times for: S tKHSX 3 - 3 - 3 - ns 
A tKHAX 
W tKHWX 

NOTES: 
1. A read is defined by W high and S low for the setup and hold times. 
2. All read cycle timing is referenced from K. 
3. Transition is measured ±500 mV from steadY'state voltage with load of Figure lB. This parameter is sampled not 100% tested. 
4. For Read Cycle 1 timing, clock high pulse width <itKHQV-tKLQVI. 
5. For Read Cycle 2 timing, clock high pulse width 2: ItKHQV - tKLQVI. 
6. K must be at , low level for outputs to transition. 

AC TEST LOADS 

+5V 

305 

o-..... ----~ 

130 

Figure 1A 

=~ 130 pF 
(INCLUDING 
SCOPE AND JIG) 

+5 V 

305 

0-...... ----.... 

130 == 5 pF 
IINCLUDING 
SCOPE AND JIG) 

Figure 18 
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READ CYCLE 1 (See Note 1) 

tKHKl---.tI+--- tKlKH 

A (ADDRESS) 

w 

00-03 -----PREVIOUS HIGH Z 

READ CYCLE 2 (See Note 2) 

A (ADDRESS) 

w 

_________ .:-~_-_-~.~~~:-t-Kl-W---------tK-l~-----~-~---~~'1~ 
00-03 ------- PREVIOUS HIGH Z ~. On )--

NOTES: 
1. For Read Cycle 1 timing, clock high pulse width «tKHQV-tKLQV)' 
2. For Read Cycle 2 timing, clock high pulse width ~(tKHQV-tKLQV). 
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WRITE CYCLE (W Controlled See Note 1) 

MCM6292-25 MCM6292-30 MCM6292-35 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Write Cycle Time tKHKH 25 - 30 - 35 - ns 2 

Clock Low to Output High Z tKLOZ - 10 - 13 - 15 ns 3 

Setup Times for: S tSVKH 5 - 5 - 5 - ns 
A tAVKH 

W twLKH 
D tDVKH 

Hold Times for: S tKHSX 3 - 3 - 3 - ns 
A tKHAX 

W tKHWX 
0 tKHDX 

NOTES: 
1. A write is performed when Wand 5 are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. K must be at a low level for outputs to transition . 

• tKHKl---I+oI~-tKlKH 

~------tKHKH------l~ 

tSVKH -1~--l"'I-+t-tKHSX I 
tSVKH --foII--~I4_ ...... +--tKHSX 

W 

tKlOZ 

~ 00-03 0.-1 HIGH Z 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro­
nizing the SRAM to a system clock. 

The MCM6292 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

/14 

V14 /V14 

AO-A13 AO-AI3 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

~K 

*-5 
MCM6292 

*-w 

r- 00-03 

~ 
aO-a3 

./11. 

16 4 

*From read/write controller. 

_K 

*-5 
MCM6292 

*-w 

r- 00-03 

/~ 
aO-03 

~ 

be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 2 shows a typical system configuration using four 
MCM6292 chips. The system addresses are tied to the 
MCM6292s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 1/0 con­
figuration of the MCM6292. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

)"14 /~4 

AO-A13 AO-A13 

~K _K 

*-5 *_8 
MCM6292 MCM6292 

*_w *_w 

r- 00-03 - 00-03 

/~ aO-a3 / 4 aO-Q3 

-: 4 
V4 

Figure 2. Typical Configuration for a 16-Bit Bus 
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SIGIALS 0 20 40 60 80 100 120 160 200 24,.0 ___ ., 

SYSTEM CLOCK~ I I L 

1. The system supplies address, data, and control infonnation and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 3. Nonpipeline System Timing 
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ORDERING INFORMATION 
(Order by Full Part Number) 

Motorola Mem __ orv_p_re_fi_x ______ T_C_M_J6292 ixL._T_x _______ speed (25=25 ns, 30=30 ns, 
35=35 nsl 

Part Number 
Package (C=Ceramic DIP, 

J = Plastic SOJ I 

Full Part Numbers-MCM6292C25 
MCM6292C30 
MCM6292C35 

MCM6292J25 
MCM6292J30 
MCM6292J35 

MOTOROLA MEMORY DATA 

5-19 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Product Preview 
16K X 4 Bit Synchronous Static RAM 
with Output Registers 

The MCM6293 is a 66,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store 
applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A13), data (00-03), write (iN), and chip select (5) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers . 

The MC6293 provides output register operation. At the rising edge of K, the RAM data 
from the previous K high cycle is presented. This function is well suited to fully pipelined 
applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6293 will be available in a 300-mil, 28-pin plastic DIP as well as a 
4OO-mil, 28-pin plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 25/30/35 ns Max 
• Fast Clock (K) Access Times: 10/13/15 ns Max 
• Address, Data Input, S, and iN Registers On-Chip 
• Output Registers for Fully Pipelined Applications 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data I nput and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 

00 

01 

02 

03 

MCM6293 

P PACKAGE 
300 MIL PLASTIC 

CASE TBO 

~KAGE 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

A5 1. 

A6 

A7 

A8 4 

A9 

Al0 

All 

A12 

A13 

DO 10 

01 11 

5[ 12 

K [ 13 

Vss[ 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

Vee 

A4 

A3 

A2 

Al 

AD 

03 

02 

03 

02 

01 

00 

Vi 
VSSO* 

*For mln'":,~m-u-m-C-yc-:-le~/~low noise 
applications, VSSO should be 
isolated from VSS. 

PIN NAMES 

AD-A 13 ......... Address Inputs 
w. . . . . . . . . . . . . Write Enable 
S .............. Chip Select 
00-03 . . . . . . . . . . . Data Inputs 
00-03 . . . . . . . . . . Data Outputs 
K . . . . . . ........ Clock Input 
VCC ....... +5 V Power Supply 
VSS .............. Ground 
VSSO ..... Output Buffer Ground 

This document contains information on 8 product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

S W Operation 00-03 

L L Write High Z 

L H Read Dout 

H X Not Selected High Z 

NOTE: The values of Sand Ware valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to VSS=VSSO=O V) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VSSIVSSO for Any Vin. Vout -0.5 to VCC +0.5 V 
Pin Except V CC 

Output Current (per 1/01 lout ±20 mA 

Power Dissipation (T A = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -10to +85 °c 

Operating Temperature TA o to +70 °c 

Storage Temperature Plastic Tstg -55 to +125 °c 
Ceramic -65to +150 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(lfee=5.0 V ± 10%. TA =0 to 70oe. Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to vss =Vsso=O V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (min) = -0.5 V dc; VIL (min) = -3.0 V ac (pulse width s20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs. Vin =0 to VCC) l'k9(l) - ±1.0 pA 

Output Leakage Current (S=VIH. Vout=Oto VCC) Ilka(O) - ±1.0 I'A 

AC Supply Current (S=VIL. 10ut=0 mAo Cycle Time=tKHKH min) ICCA - 120 mA 

Output Low Voltage (tOL = 12.0 mAl VOL - 0.4 V 

Output High Voltage (tOH = -10.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 1.0 MHz. dV=3.0 V. TA=25°C. Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

I nput Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5.0 V ± 10%, TA=O to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V Output Timing Measurement Reference Level ....... , . 1.5 V 
Input Pulse Levels ....................... a to 3.0 V Output Load ....... , , .See Figure lA Unless Otherwise Noted 
Input Rise/Fall Time ................. , , .... , . 5 ns 

READ CYCLE (See Note 1) 

MCM6293·25 MCM6293-30 MCM6293-35 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - 35 - ns 2 

Clock Access Time tKHQV - 10 - 13 - 15 ns 3 

Output Active from Clock High tKHOX a - a - a - ns 4 

Clock High to Q High Z (S=VIH) tKHOZ - 10 - 13 - 15 ns 4 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - ns 

Setup Times for: S tSVKH 5 - 5 - 5 - ns 
A tAVKH 
IN twHKH 

Hold Times for: S tKHSX 3 - 3 - 3 - ns 
A tKHAX 
IN tKHWX 

NOTES: 
1. A read is defined by IN high and S low for the setup and hold times. 
2. All read cycle timing is referenced from K. 
3, Valid data from K high will be the data stored at the address of the last valid read cycle. 
4. Transition is measured ±500 mV from steady-state voltage with load of Figure lB, This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHOZ max is less than tKHOX min for a given device, 

AC TEST LOADS 

+5V 

305 

0-..... ----.. 

130 

Figure 1A 

='= 130pF 
(INCLUDING 
SCOPE AND JIG) 

130 

MOTOROLA MEMORY DATA 
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MCM6293 

READ CYCLE 1 (See Note 1) 

K (CLOCK) 

S (CHIP SELECT) 

A (ADDRESS) 

iii (WRITE ENABLE) 

a (DATA OUT) n,,-3 

_
_____ gtKH~ ___ __ ~-----------------tK-H~-__l tKH~ _ 

n,,-2 f-HIGHZ On 

READ CYCLE 2 (See Note 1) 

K (CLOCK) 

tKHSX 

S (CHIP SELECT) 

tKHAX 

A (ADDRESS) An-1 

tKHWX 

iii (WRITE ENABLE) 

a (DATA OUT) n,,-3 On-2 n,,-1 

NOTE: 
1. The outputs Qn _ 3 and On _ 2 are derived from two previous read cvcles where Vii = VIH and S = Vil for those cycles. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE (Vii Controlled See Note 1) 

MCM6293-25 MCM6293-30 MCM6293-36 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Write Cycle Time tKHKH 25 - 30 - 36 - ns 2 

Clock High to Output High Z (W = VIL) tKHOZ - 10 - 13 - 15 ns 3 

Setup Times for: S tSVKH 5 - 5 - 5 - ns 
A tAVKH 
iN twLKH 
0 tOVKH 

Hold Times for: S tKHSX 3 - 3 - 3 - ns 
A tKHAX 
iN tKHWX 
0 tKHOX 

NOTES: 
1. A write is performed when iN and S are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. Transition is measured ±500 mV from steady-state voltage with load of Figure lB. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHOZ max is less than tKHOX min for a given device . 

WRITE CYCLE 

t+-----tKHKH-----+i 

K (CLOCK) 

--t"_-..r_+l-tKHSX 

S (CHIP SELECT! 

A (ADDRESS) An+2 

iii (WRITE ENABLEI 

o (DATA IN) 

o (DATA DUn 1In-2 

_______________________ ~~_t_KH_~ ____ __ 

lin-I J HIGH Z ------

MOTOROLA MEMORY DATA 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn­
chronizing the SRAM to a system clock. 

The MCM6293 offers registered output operation. On the 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

/14 , 

-K 

*_5 

/V14 V 14 

AO-A13 AO-A13 

4K 

*-8 

rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge.· 

Figure 2 shows a typical system configuration using four 
MCM6293 chips. The system addresses are tied to the 
MCM6293s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 1/0 con­
figuration of the MCM6293. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

14 
,/ 

/ 14 

AD-A13 AD-A13 

_K ~K 

*-5 *_5 
MCM6293 MCM6293 MCM6293 MCM6293 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

, 

*-w 

r--- 00-03 

~ 
00-03 

/16 

16 4 

*From read/write controller. 

*-w *_w 

-00-03 -00-03 

/ 
/ 4 

00-03 /4 00-03 

4 Ji 4 

Figure 2. Typical Configuration for a 16-Bit Bus 
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SYSTEM·GENERATED 

SIGNALS 20 40 60 80 100 120 160 200 240 

SYSTEM CLOCK~ I I I I I I ·r------.L 
ADDRESS 

CONTROL 

WRITE DATA 

MCM6293 CONTROL 
AND OUTPUT SIGNALS 

K (CLOCK) 

-----+-- WRITE CYCLE + READ CYCLE -4--- -4--+----W--~+----

VI (WRITE ENABLE) 

S {CHIP SElECTI 

00-03 {DATA OUTl------------------{ )---

120 160 200 

NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on theOrising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 3. Pipeline System Timing 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6293 X XX 

Motorola Mem __ ory_p_re_fi_x ______ T __ ---'J IL_T ________ speed (25=25 ns, 30=30 ns, 35=35 ns) 
Part Number 

Package (P = Plastic DIP, 
J = Plastic SOJ) 

Full Part Numbers-MCM6293P25 
MCM6293P3O 
MCM6293P35 

MCM6293J25 
MCM6293J3O 
MCM6293J35 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

.. 

Product Preview 
16K X 4 Bit Synchronous Static RAM 
with Output Registers and Output Enable 

The MCM6294 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon"gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli­
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func­
tions for greater reliability. 

Tlie address (AO-A13), data (00-03), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MC6294 provides output register operation. At the rising edge of K, the RAM data 
from the previous K high cycle is presented. This function is well suited to fully pipelined 
applications. 

The output enable (<3) provides asynchronous bus control for common 1/0 or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6294 will be available in a 3OO-mil, 28-pin plastic DIP as well as a 
400-mil, 28-pin plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Cycle Times: 25/30/35 ns Max 
• Fast Clock (K) Access Times: 10113/15 ns Max 
• Address, Data Input, and W Registers On-Chip 
• Output Enable for Asynchronous Bus Control 
• Output Registers for Fully Pipelined Applications 
• High Output Drive Capability 
• Internally Self-Timed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 
BLOCK DIAGRAM 

00 

01 

02 

03 

MCM6294 

~ .. , 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

A5 1. 28 ~Vcc 
A6 2 27 A4 

A7 3 26 A3 

A8 4 25 A2 

A91 5 24 Al 

Al01 6 23 AD 

All I 7 22 03 

A12! 8 21 02 

A13 I 9 20 03 

DO! 10 19 02 

01 I 11 18 01 

iii 12 17 POD 

KI 13 16 pw 
VSS! 14 15 PVSSO* 

*For minimum cycle/low noise 
applications, VSSO should be 
isolated from VSS. 

PIN NAMES 

AO-A13 ......... Address Inputs 
iN. . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . Output Enable 
DO-03 ........... Data Inputs 
00-03 .......... Data Outputs 
K .............. Clock Input 
VCC ....... +5 V Power Supply 
VSS .............. Ground 
VSSO ..... Output Buffer Ground 

This document contains infonnation on a product under development. Moto~a reserves the right to change or discontinue this product without notice. 
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MCM6294 

TRUTH TABLE 

W Operation 00-03 

L Write High Z 

H Read Dout 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=Vssa=O VI 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VssIVssa for Any Vin' Vout -0.5 to VCC +0.5 V 
Pin Except V CC 

Output Current Iper 1/01 lout ±20 mA 

Power Dissipation (T A =25DCI Po 1.0 W 

Temperature Under Bias Tbias -10to+85 DC 

Operating Temperature TA o to +70 DC 

Storage Temperature Plastic Tstg -55 to + 125 DC 

Ceramic -65 to + 150 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee =5.0 V ± 10%, TA=O to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to vss = vssa =0 V) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage (Operating Voltage Rangel VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL (minl= -0.5 V de; VIL (minl= -3.0 V ac (pulse width ,,20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to VCCI Ilkg(() - ± 1.0 "A 
Output Leakage Current (S=VIH, Vout=O to VCCI Ilka(OI - ± 1.0 ~A 

AC Supply Current (G=VIL, 10ut=0 rnA, Cycle Time=tKHKH min) ICCA - 120 mA 

Output Law Voltage (lOL = 12.0 mAl VOL - 0.4 V 

Output High Voltage (lOH = -10.0 mAl VOH 2.4 - V 

CAPACITANCE (f= 1.0 MHz, dV=3.0 V, TA = 25°C, Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5.0 V ± 10%, T A = 0 to + 70oC, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ....••................. 0 to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load .......... See Figure lA Unless Otherwise Noted 

Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

MCM62!14-25 MCM6294-30 MCM6294-3& 
Parameter Symbol Unit 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - 35 - ns 

Clock Access Time tKHQV - 10 - 13 - 15 ns 

Output Active from Clock High tKHQX 0 - 0 - 0 - ns 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - ns 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 
iN twHKH 

Hold Times for: A tKHAX 3 - 3 - 3 - ns 
iN tKHWX 

G High to Q High Z tGHQZ - 10 - 13 - 15 ns 

G Low to Q Active tGLQX 0 - 0 - 0 - ns 

G Low to Q Valid tGLQV - 10 - 13 - 15 ns 

NOTES: 
1. A read is defined by iN high for the setup and hold times. 
2. All read cycle timing is referenced from K or from G. 
3. Valid data from K high will be the date stored at the address of the last valid read cycle. 
4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled not 100% tested. 
5. At any given voltage and temperature, tGHQZ max is less than tGLQX min for a given device. 

AC TEST LOADS 

+5V +5V 

305 305 

0-..------. 0-...... ---....... 

130 == 130pF 
(INCLUDING 
SCOPE AND JIG) 

130 =~ 5 pF 

Figure 1A Figure 18 

MOTOROLA MEMORY DATA 

5-30 

(INCLUDING 
SCOPE AND JIGI 

Notes 

2 

3 

4 

4,5 

4,5 



MCM6294 

READ CYCLE 1 (See Note 1) 

K (CLOCKI 

IKHKH 

G(OUTPUT ENABLEI 

A (ADDRESSI 

W (WRITE ENABLEI 

.. ] II Q (DATA OUT) 0,,-3 0,,-2 
I 

READ CYCLE 2 (See Note 1) 

--+1+-- IKlKH 

K (CLOCK) 

~-----tKHKH-----"f 

G(OUTPUT ENABLE) 

A (ADDRESSI 

W IWRITE ENABLE) 

o (DATA OUT) 0,,-3 

'KHOVl 
0,,-2 

tKHOV1 _____ O" __ -1----

NOTE: 
1. The outputs On-3 and On-2 are derived from two previous read cycles, where W=VIH for those cycles. 

MOTOROLA MEMORY DATA 
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WRITE CYCLE (W Controlled See Note 1) 

MCM6294-25 MCM6294-30 MCM6294-35 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Write Cycle Time tKHKH 25 - 30 - 35 - ns 2 

Clock High to Output High Z (W=VIL) tKHOZ - 10 - 13 - 15 ns 3 

G High to Q High Z tGHOZ - 10 - 13 - 15 ns 4 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 
W twLKH 
D tDVKH 

Hold Times for: A tKHAX 3 - 3 - 3 - ns 
W tKHWX 
D tKHDX 

NOTES: 
1. A write is performed when W is low for the specified setup and hold times. 
2. All write cycle timing is referenced from K or from G. 
3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. At any given voltage and temperature, tKHOZ max is 

less than tKHOX min for a given device. 
4. G becomes a don't care signal for successive writes after the first write cycle . 

WRITE CYCLE 1 

(SEPARATE I/O MODE) (COMMON I/O MODE) 

K (CLOCK) 

ii (OUTPUT ENABLE) 

A (ADDRESS) 

W (WRITE ENABLE) 

D (DATA IN) 

o (DATA OUT) 

~rtGHOZ 

~"------H(GH'Z------

MOTOROLA MEMORY DATA 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn­
chronizing the SRAM to a system clock. 

The MCM6294 offers registered output operation. On the 

SYSTEM 
ADDRESSES 

SYSTEM 
CLOCK 

" 
/14 

/V14 V14 

AD-A13 AD-A13 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

, 

....... K 

* ....... 6 
MCM6294 

*-w 

r- 00-03 

V 
4 

00-03 

/16 

16 ~ 4 

*From read/write controller. 

4- K 

*- 6 
MCM6294 

*-w 

r* 00-03 

/~ 
00-03 

~~ 

rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 2 shows a typical system configuration using four 
MCM6294 chips. The system addresses are tied to the 
MCM6294s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate 110 con­
figuration of the MCM6294. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

)"14 
/ 
14 

AD-A13 AD-A13 

~K L., K 

*-6 *-6 
MCM6294 MCM6294 

*-w *_w 

r- 00-03 r- 00-03 

"'~ OO-OJ '" 4 OO-OJ 

.,,1"'4 ~V4 

Figure 2. Typical Configuration for a 16-Bit Bus 
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II 
SYSTEM-GENERATED 

SIGNALS 0 20 40 60 80 100 120 160 200 240,;:.... __ ... 

SYSTEM CLOCK~ I I I I L 
ADDRESS 

CONTROL 

:!:- WRITE DATA 

0 
-I 
0 MCM6294 CONTROL 
::D AND OUTPUT SIGNALS 
0 

K(CLOCKll r I I r I r 3: r-» (") 

~, :!: 

I 
3: 

m 

I WRITE CYCLE-1-READ CYCLE I I I en 
:!: R W R i 0 
::D 
-< o· W (WRITE ENABLEI 

~ 
):i 

G (OUTPUT ENABLEI 

00-03 (DATA OUTI 

120 '160 200 

NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this examplel to allow input information to propagate to'the memory chips. 

Figure 3. Pipeline System Timing 
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ORDERING INFORMATION 
IOrder by Full Part Number) 

Motorola Mem_o_rv_p_re_fi_x ______ T __ C_M---'6294J ixL._T_x _______ Speed _125=25 ns, 30",,30 ns, 
35=35 ns) 

·Part Number 

Package (P = Plastic 0 I P, 
J=Plastic SOJ) 

Full Part Numbers-MCM6294P25 
MCM6294P30 
MCM6294P35 

MCM6294J25 
MCM6294J3O 
MCM6294J35 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

Product Preview 
16K X 4 Bit Synchronous Static RAM 
with Transparent Outputs and Output Enable 

The MCM6295 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
"ilicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
$peed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli­
cations. SynChronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func­
tions for greater reliability. 

The address (AO-A13), data (00-03), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MC6295 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

The output enable ((3) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6295 will be available in a 300-mil, 28-pin ceramic DIP as well as a 
4OO-mil, 28-pin plastic SOJ package. 

• Single 5 V ± 10% Power Supply 
• Fast Access and Cycle Times: 25/30/35 ns Max 
• Address, Data Input, and Vii Registers On-Chip 
• Transparent Output Latch for Access Within the Same Cycle 
• Output Enable for Asynchronous Bus Control 
• High Output Drive Capability 
• Internally Self-TImed Write Pulse Generation 
• Separate Data Input and Data Output Pins 
• High Board Density SOJ Package Available 
• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 

BLOCK DIAGRAM 

MCM6295 

~, 
PLASTIC 
CASE 810 

PIN ASSIGNMENT 

A5 

A6 

A7 

AB 

A9 

AID 

All 

A12 

A13 

DO 

01 

ii 

Vss 

I 

I 
I 

[ 

[ 

Ie 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

28 ~ 
27 ~ 
26 ~ 
25 ~ 

24 ~ 
23 

22 

21 ~ 
20 

19 

lB 

17 

16 

15 

Vee 
A4 

A3 

A2 

AI 

AD 

03 

02 

03 

02 

01 

00 

Vi 
Vsso* 

.. *For mInImum cycle/low noise 
applications, VSSQ should be 

VCC isolated from VSS· 

COLUMN 
DECODERS 

VSS VSSO 

00 

Q1 

02 

03 

PIN NAMES 

Ao-A13 ......... Address Inputs 
W. . . . . . . . . . . . . Write Enable 
G . . . . . . . . . . . . Output Enable 
00-03 ........... Data Inputs 
QO-Q3 .......... Data Outputs 
K . . . . . . . . . . . . . . Clock Input 
Vce ....... +5 V Power Supply 
VSS .............. Ground 
VSSQ ..... Output Buffer Ground 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

W Operation 00-03 

L Write High Z 

H Read Dout 

NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS IVoltages referenced to VSS=VSSO=O VI 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VSSIVSSO for Any Vin, Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current lper 1/01 lout ±2O mA 

Power Dissipation ITA = 25°CI PD 1.0 W 

Temperature Under Bias Tbias -IOta +65 °c 

Operating Temperature TA o to +70 °c 

Storage Temperature Plastic Tstg -55 to +125 °c 
Ceramic -65 to + 150 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC=5.0 V ±10%, TA=O to 70oe, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS IVoltages referenced to VSS=VSSO=O VI 

Parameter Symbol Min Typ Max Unit 

Supply Voltage 10perating Voltage Rangel VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.0 - VCC+0.3 V 

Input Low Voltage VIL -0.5* - 0.8 V 

*VIL Imin) = -0.5 V dc; VIL Iminl= -3.0 V ac Ipulse width ,;20 nsl 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current IAII Inputs, Yin = 0 to VCCI Ilkg(l) - ± 1.0 p.A 

Output Leakage Current IG=VIH, Vout=O to VCCI IlkalO) - ±1.0 p.A 

DC Supply Current IG = VIL, Yin = VIL or VIH, lout = 0) ICC - 20 mA 

AC Supply Current IG = VIL, lout = 0 mAl ICCA - 120 mA 

Output Low Voltage (lOL = 12.0 mAl VOL - 0.4 V 

Output High Voltage (lOH = - 10.0 mAl VOH 2.4 - V 

CAPACITANCE If=I.0 MHz, dV=3.0 V TA = 25°C Periodically Sampled Rather Than 100% Tested) 

Characteristic Symbol Typ Max Unit 

I nput Capacitance Cin 4 6 pF 

Output Capacitance Cout 7 10 pF 

MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee=5.0 V ± 10%, TA=O to + 70D e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V 

Output Timing Measurement Reference Level . . . . . . . . . 1.5 V 
Output Load. . . . . . . . . . See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time ..........•.............. 5 ns 

READ CYCLE (See Note 1) 

MCM6295-25 MCM6295-30 MCM6295-35 
Parameter Symbol Unit 

Min Max Min Max Min Max 

Read Cycle Time tKHKH 25 - 30 - 35 - ns 

Clock Access Time tKHQV - 25 - 30 - 35 ns 

Data Valid from Clock Low tKLQV - 10 - 13 - 15 ns 

Output Hold from Clock Low tKLQX 0 - 0 - 0 - ns 

Clock Low Pulse Width tKLKH 5 - 5 - 5 - ns 

Clock High Pulse Width tKHKL 5 - 5 - 5 - ns 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 
W twHKH 

Hold Times for: A tKHAX 3 - 3 - 3 - ns 
W tKHWX 

G High to Q High Z tGHOZ - 10 - 13 - 15 ns 

G Low to Q Active tGLQX 0 - 0 - 0 - ns 

G Low to Q Valid tGLQV - 10 - 13 - 15 ns 

NOTES: 
1. A read is defined by W high for the setup and hold times. 
2. All read cycle timing is referenced from K or from G. 
3. Transition is measured ±500 mV from steady-state voltage with load of Figure lB. This parameter is sampled not 100% tested. 
4. For Read Cycle 1 timing, clock high pulse width < (tKHQV - tKLQVl. 
5. For Read Cycle 2 timing, clock high pulse width ",(tKHQV-tKLQV). 
6. K must be at a low level for outputs to transition. 
7. At any given voltage and temperature, tGHat max is less than tGLOX min, both for a given device and from device to device. 

AC TEST LOADS 

+5V 

305 

Q--.-----~ 

130 

Figura 1A 

=~ 130 pF 
(INCLUDING 
SCOPE AND JIG) 

+5V 

305 

Q--+----~ 

130 =~ 5pF 

Figura 18 

(INCLUDING 
SCOPE AND JIG) 
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MCM6295 

READ CYCLE 1 (See Note 1) 

-_"f4--tKLKH 

1+----tKHKH -------l~ 

A fADDRESS) 

QD-Q3 ---PREVIOUS HIGH Z----i. 

READ CYCLE 2 (See Note 2) 

K 

A fADDRESS) 

QO-Q3 ----

NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <ltKHQV-tKLQV). 
2. For Read Cycle 2 timing, clock high pulse width «ltKHQV-tKLQV). 
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WRITE CYCLE (Vii Controlled See Note 1) 

MCM6295-25 MCM6295-30 MCM6295-35 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Write Cycle Time tKHKH 25 - 30 - 35 - ns 2 

Clock Low to Output High Z (W=VIL) tKLOZ - 10 - 13 - 15 ns 3 

G High to Q High Z tGHOZ - 10 - 13 - 15 ns 4 

Setup Times for: A tAVKH 5 - 5 - 5 - ns 
W twLKH 
0 tOVKH 

Hold Times for: A tKHAX 3 - 3 - 3 - ns 
W tKHWX 
0 tKHOX 

NOTES: 
1. A write is performed when W is low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. K must be at a low level for outputs to transition. 
4. G becomes a don't care signal for successive writes after the first write cycle . 

.. 
tKHKl--~i+--tKlKH 

j.-------tKHKH-------I~ 

A (ADDRESSI 

00-03 

i+---ij*-tKlOZ 

------P-R-EV-IO-U-S -DA-T-A------~.-------- HIGH Z --------00-03 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli­
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro­
nizing the SRAM to a system clock. 

The MCM6295 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 

SYSTEM 
AOORESSES 

SYSTEM 
CLOCK 

/ 
/14 

/ 14 "14 

AO-A13 AO-A13 

SYSTEM 
DATA 

IN 

OUTPUT 
DATA 

BUS 

-K 

*_6 
MCM6295 

*-w 

,........ 00-03 

~ 
00·-113 

/16· 

L16 
4 

/ 

*From read/write controller. 

_K 

*-6 
MCM6295 

*-w 

- 00-03 

" 4 00-03 

~ 

be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 2 shows a typical system configuration using four 
MCM6295 chips. The system addresses are tied to the 
MCM6295s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con­
figuration of the MCM6295. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 

)'14 .1~4 

AO-A13 AO-A13 

-K L--. K 

*-G" *-6 
MCM6295 MCM6295 

*_w *_w 

- 00-03 ~ 00-03 

/4 00-03 / 4 00-03 

.;,1.14 t4 

Figure 2. Typical Configuration for a 16-Bit Bus 
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i. 
r-
l:-

UI ~I ~ s: 
0 

~. 
0 

~I 

I 
SYSTEM-GEIERATED 

SISIALS 0 20 40 60 80 100 120 160 200 24,.0 __ --, 

SYSTEM CLOCK~ ·1 L 
ADDRESS 

CONTROL 

WRITE DATA 

MCMI21S CONTROL 
AID OUTPUT SISNALS 

K (CLOCK) 

WRITE CYCLE --t-READ CYCLE R W 

VI !WRITE ENABLE) 

G (OUTPUT ENABLE) 

00-03 (DATA OUT) 0,.+5 

V'I {Y'I {Y'I 
80 120 160 240 

NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 3. Nonpipeline System Timing 

s: 
(') 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6296 X XX 

Motorola Mem_o_rv_p_re_fi_x ______ T ___ T----' 1"-_T ________ Speed (25=25 ns, 30 =30 ns, 35=35 ns) 
Part Number 

Package (C = Ceramic DI P, 
J = Plastic SOJ) 

Full Part Numbers-MCM6295C25 
MCM6295C30 
MCM6295C35 

MCM6295J25 
MCM6295J30 
MCM6295J35 
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MOTOROLA 
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TECHNICAL DATA 

• 

Product Preview 
4K X 4 Bit Cache Address Tag 
Comparator 
with System Status Bit Functions 

The MCM62350 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's second generation high-performance silicon-gate 
CMOS (HCMOS III) technology. The device integrates a 4Kx4 SRAM core, an on-board 
comparator, and special pin functions for tag valid and system status bit applications. 
These functions allow easy interface to the MC68020 and MC68030 microprocessors, or 
any other environment where efficient implementation of external cache memory is 
required. 

The device has a reset (R) pin for flash clear of the RAM within two minimum cycles. 
This function is useful for system initialization. Individual bits within a tag can be set or 
cleared via the BSET and BCLR control input pins for valid bit updates . 

The MCM62350 has two configurable comparator modes. The comparator can be con­
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND­
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status applications). In addition, the match output can be programmed as true high or 
true low for potential logic delay savings. The configuration of these modes is accom­
plished by performing a write cycle with the R pin held low. 
• Single 5 V ± 10% Power Supply 
• Fast Address to Match Time; 22/25/30 ns max 
• Fast Data to Match Time; 10/12/15 ns max 
• Fast Read of Tag RAM Contents; 25/30/35 ns max 
• Flash Clear of the Tag RAM; 50/60/70 ns max 
• Programmable Active Output Level of Match 
• Bit Manipulation of Tags via BSET and BCLR Writes 
• Configurable Comparator Modes: XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison 

.-=--,BLOCK DIAGRAM 

AO-A6 ----''r-.... 

ii--.-~ 

MEMORY 
MATRIX 

128 ROWS 
I---------~x 128 COLUMNS 

DnO-Dn3---+--~'----+~ 

MATCH 

MCM62350 

1 1.\1 I 

I 

PPACKAGE 
300 MIL PLASTIC 

CASE 724 

J PACKAGE 
300 MILSOJ 

CASE 810A 

PIN ASSIGNMENT 

A4! 1. 24 ~VCC 
A5[ 2 23 ~A3 
A6! 3 22 ~A2 
A7[ 4 21 PAl 

A81 5 20 PAO 

A9 6 19 ~ii 
Al0 7 18 ~VSS 
All 8 17 ~Dn3 

S 9 16 002 

W 10 15 om 

aClR 11 14 Dno 

aSEl 12 13 MATCH 

PIN NAMES 

AD-A 11. .......... Address Inputs 
W. . . . . . . . . . . . . . . Write Enable 
S . . . . . . . . . . . . . . . . Chip Select 
BCLR ........ Bit Clear Control Input 
BSET ......... Bit Set Control Input 
R ........ Reset (Flash Clear) Input 
MATCH ........ Match (Hit) Output 
DQO-DOO ....... Data Input/Output 
VCC ......... +5 V Power Supply 
VSS ................ Ground 

This document contains information on a product under deVelopment. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 
- SEMICONDUCTOR 

TeCHNICAL DATA 

Product Preview 
4K X 4 Bit Cache Address Tag 
Comparator 
with System Status Bit Functions 

The MCM62351 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's second generation high-performance silicon-gate 
CMOS (HCMOS III) technology. The device integrates a 4K x 4 SRAM core, an on-board 
comparator, and special pin functions for tag valid and system status bit applications. 
These functions allow easy interface to the MC68020 and MC68030 microprocessors, or 
any other environment where efficient implementation of external cache memory is 
required. 

l'he device has a reset (R) pin for flash clear of the RAM within two minimum cycles. 
This function is useful for system initialization. Individual bits within a tag can be set or 
cleared via the BSET and BCLR control input pins for valid bit updates. 

The MCM62351 has two configurable comparator modes. The comparator can be con­
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND­
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status applications). The configuration of the comparator is accomplished by performing 
a write cycle with the R pin held low. The match output is open drain, allowing efficient 
combination of multiple match outputs using a wired-OR connection. 

• Single 5 V ± 10% Power Supply 
• Fast Address to Match Time; 
• Fast Data to Match Time; 

22/25/30 ns max 
10/12/15 ns max 

• Fast Read of Tag RAM Contents; 25/30/35 ns max 
• Flash Clear of the Tag RAM; 50/60/70 ns max 
• Open Drain Match Output 
• Bit Manipulation of Tags via BSET and BCLR Writes 
• Configurable Comparator Modes: XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison 

BLOCK DIAGRAM 
r--=--. 

AD-A6---''I-+I 

ii--....... ~ 

MEMORY 
MATRIX 

128 ROWS 
r----------+i x 128 COLUMNS 

oQO-oQ3--+---'1'---.... ~ 

MATCH 

MCM62351 

P PACKAGE 
300 MIL PLASTIC 

CASE 724 

J PACKAGE 
300 MILSOJ 

CASE810A 

PIN ASSIGNMENT 

A4 

A5 

A6 

A7 

A8 

A9 

AID 

All 

S 
Vi 

8CLR 

8SET 

,. 24 ~ 
2 23~ 
3 22P 
4 21 P 
5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

PIN NAMES 

VCC 

A3 

A2 

Al 

AO 

ii 

VSS 

003 

002 

DOl 

000 

MATCH 

AO-A 11 ........... Address Inputs 
IN. . . . . . . . . . . . . . . Write Enable 
S . . . . . . . . . . . . . . . . Chip Select 
BClR ........ Bit Clear Control Input 
BSET ......... Bit Set Control Input 
R ........ Reset (Flash Clear) Input 
MATCH ........ Match (Hit) Output 
DOO-DQ3 ..... , . Data Input/Output 
VCC ......... +5 V Power Supply 
VSS ......•......... Ground 

This document contains information on a product under development. Motorola rt;serves the right to change or discontinue this product without notice. 
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MCM2801 
MCM2802 
MCM2814 

MOS EEPROMs _ 

16x 16 ................... 6-3 
32x32 ................... 6-8 
256x8 ................... 6-13 

MOTOROLA MEMORY DATA 
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II 
MOS EEPROMs 
(+5 V, 0 to 70°C) 

Organization Part Number 

16x16 MCM2801P 
32x32 MCM2802P 
256x8 MCM2814P 

Access Time 
(pS) 

1 
1,3 
3.5 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance InforIDation 

16 x 16·BIT SERIAL ELECTRICALLY ERASABLE PROM 

The MCM2BOl is a 256-bit serial Electrically Erasable PROM designed for hand­
ling small amounts of data in applications requiring both non-volatile memory 
and in-system information updates. 

The MCM2BOl offers in-system erase and reprogram capability. It has external 
control oftiming functions and serial format for data and address. The MCM2BOl 
is fabricated in floating gate technology for high reliability and producibility. 

• Single + 5 V power supply 
• Organized as 16 words of 16bits 
• MPU Bus compatible 
• Single + 25 V power supply for erase and program 
• In-System program/erase capability 

• Both word and whole array erasable 
• 100,000 write/erase cycles 

BLOCK DIAGRAM 

Block Erase 

FIGURE 1 • TYPICAL Vpp CONTROL 

Memorv 
Arrav 

16x 16 

(See AC CONDITIONS AND CHARACTERISTICS - NOTE 2) 
Vpp --__ ____ 

Vpp 

10 kll VCC 

Vss 

This is advance information and specifications are subject to change without notice. 
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MOS 
IN-CHANNEL, SILICON GATEI 

16x 16 BIT 
ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 
ONLY MEMORY 

.". 
14rmn~ U 

PLASTIC PACKAGE 
CASE 646 

PIN ASSIGNMENT 

Vpp [ii\..I"i4 PV C C 

°T2 13 CTRI 

N/C 12 PCTR2 

BE 11 OCTR3 

0T1 10 PVC 

5 9 C 

VSS 8 ADO 

·For normal operation, these Inputs should 
be hardwired to VSS. 

ADO .. 

C ... 
PVC .... 
CTR1, 2, 3 ..... 
BE .... 
S .. 
n, T2 ... 

PIN NAMES 
....... Multlplexed Addressl 

Data-ln/Data-Out 
... Clock 

. .. Program Voltage Control 
..Control 

. ......... Block Erase 
. . . .. . .. Chip Select 

......................... Test Pins 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad­
vised that normal precautions be taken \0 
avoid application of any voltage higher than 
maximum rated voltages to this high­
impedance circuit. 
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MODE SELECTION 
Pin Number 

Mode 1 6 7 11 12 13 14 

vPP 5 Vss CTR3 CTR2 CTRl VCC 
Standby VSS or VCC VIH VSS VIH VIH VIH Vee 
Word Erase Vpp VIL VSS VIH VIL VIL VCC 
Write Vpp VIL VSS VIL VIH VIL VCC 
Serial Data Out VSS or VCC VIL VSS VIH VIH VIL VCC 
Serial Address In VSS or VCC VIL VSS VIL VIL VIH Vee 
Senal Data In VSS or Vce VIL VSS VIH VIL VIH Vec 
Read VSS or VCC VIL VSS VIL VIH VIH VCC 
Standby VSS orVCC VIH VSS VIL VIL VIL Vce 

-~-. 

ABSOLUTE MAXIMUM RATINGS (11 
Rating Value Unit 

Temperature Under Bias --40 to +85 ·C 

Operating T emperarure Range o to + 70 ·C 

Storage Temperature 55 to + 150 ·C 

All Input or Output Voltages with Respect to VSS IExcept pvel +8 to -0.5 V ._--
Vpp Supply Voltage with Respect to VSS + 28 to ·-0.5 V 

PVC Voltage with Respect to VSS +28to-05 V 

NOTE 1: Permanent deVIce damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should 
be restncted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher than ",commended voltages for ex­
tended penods of time could affect deVIce reliability . 

RECOMMENDED DC OPERATING CONDITIONSIFul1 operat'ng voltage and temperature range unless otherWise noted \ 

Parameter 

Supply Voltage 

Input High Voltage 
-

Input Low Voltage 

OPERATING DC CHARACTERISTICS 

Characteristic 

Input Sink Current 

V CC Supply Current 
_ Vpp Supply Current 

Output Low Voltage 

Output High Voltage 

PVC Current IWrite or Word Erasel 

PVC Leakage 

CAPACITANCE If = 1.0 MHz. T A = 25·C. VCC = + 5 V. 
periodically sampled rather than 100% tested I 

Characteristic 

Input Capacitance IVin - 0 VI 
Output Capacitance IV ~ Q VI 

Capacitance measured with a Boonton Meter or effective capacItance 
calculated Irom the equation: C= 14t/4V. 

Symbol Min Nom Max 

Vec 4.5 5.0 5.5 
Vpp 24.0 25 26.0 

VIH 2.4 - Vec+ 1.0 

VIL -0.1 - 0.8 

Condition Symbol Min Typ Max 

O<Vin<VCC lin - - 10 
VCC~5 5 V ICC - - 30 

Vpp~ 26.0 V Ipp _ .. - 4.0 

IOL-l.0 mA VOL -- -- 0.5 

IOH= -0.1 mA VOH 2.4 - -
PVCL-l V PVCON 200 - -

PVCH-26 V PVCOFF - -- 5 

FIGURE 2 - OUTPUT LOAD 

Output o----..~--..... -i< 

100 pF 
ilncluding 
Scope and 

Jig) 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

Input Pulse Levels 
Input Rise and Fall Times. 
Input Timing Levels. 

Erase Time 

Wnte Time 

Clock High Level Hold limp. 

Clock Low Level Holo Time 

Clock Rise rime 

Clock Fall TI1118 

Chip Select Setup 

Chip Select Hold 

Data Out Delay 

Address In Setup 

Data In Setul-l 

Control Setup Time 

Control Hold Time 

........... 0.65 Volts and 2.6 Volts 
................ 20ns 

.1.0 Volt and 3.8 Volts 

Characteristic 

O~ta-Off Time (from the Clock) 

Chip Select l.ow to Output Active Time 

Oa',a·Off Time {from Chip Sp,lect! 

Output Timing Levels ... 
Output Load. 

Symbol 

tERASE 

tWRITE 

tCHCL 

tCLCH 

tCr 

tCt 

tSLCH 

tCLSH 

'CHOV 

tAVCL 

tDVCL 

tCtrVCH 

ICtr)( 

tCHaL 

tSLQX 

tSHOZ 

.. ...... 1.0 Volt and 2 Volts 
. .. See Figure 2 

Min Ma. Unit 

100 - ms 

10 ms 

4 10 /loS 

4 /los 

5 1000 ns 

5 1000 ns 

1 /loS 

1 /loS 

1 /loS 

1 _. /loS 

1 /los 

1 - /loS 

50 -- ns 

- 30 /loS 

- 20 /loS 

20 /los 

NOTE 2: During application ofVpp, a 1 j..LF ceramic capacitor is recommended between Vpp and Ground to suppress any voltage transients which might 
damage the device. 

TIMING DIAGRAMS 
Clock Cycle Detail 

S Chip Select 

~-----------tCHCL----

C Clock 

tSl.OX-'----:It:r-r7-rrr"T"'ll. --F------------;---------:i­
a IADOI - High Z- Data Out Valid 

_ rtDVCL 

D IADOI TT"U/;rrTmT77M"'TT:/1J;rrT///;"TT7!Jj--"-;/I/""""";JJ;TTTIj/;"""""W !)f-ta In -S-table---

All times defined at 10% or 90% points 

Serial Address In 

C 

CTRI. CTR2. 
CTR3 

A IADOl 

tAVCL 

_______ J 

Serial Address In 
14 Clocksl 

Address Bit 1 
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READ AND SERIAL DATA OUT 
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I~ ~I tCtrVCH I.. ~ 1 1 tCtrVCH 
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CTR2, READ SERIAL DA'TA OUT (16 Clocks) 

CTR3 I ft f t \, I 
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SERIAL DATA IN 

C 

CTR1, CTR2, 
CTR3 

tCtrX 

D (ADO) 

!.-tCHOV 
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ERASE-WRITE SEQUENCE 

14------IERASE -----t-+olI------1WRITE ------+1 

r--- ~--

C 
I , 

I , 
I , 

I \ 

"". "". 1 r"""" woe" "'" 
CTR3 ~ ____ --+-...::;1"-t----

WRITE 

ICtrX 

NOTE: One clock pulse is suffiCient to load a new control code. 

FUNCTIONAL DESCRIPTION 
The memory stores sixteen words, each of sixteen bits. All 

functions are selected by a 3 bit parallel control code. The 
clock line is used to strobe these codes and to serially shift 
data and addresses. 

Read-Out 

1. The 4-blt serial address is shifted on the ADO line 
""hile the SERIAL ADDRESS-IN code is applied on the 
three control pins. 

2. The READ instruction is strobed With one clock pulse. 
This reads the word from the new address in the 
memory array and parallel loads It Into the data 
register. 

3. While the SERIAL DATA-OUT code is being applied, 
data is shifted out on the ADO pin with 16 clock 
pulses. In this mode, the ADO pin output buffer is ac­
tive. 

Writing 
1. The address is changed, if necessary, in the same 

manner as in the readout. 
2. While the SERIAL DATA-IN code is being applied, 

data is shifted in on the ADO Pin with 16 clock pulses. 
If the data to be written has already been shifted into 
the data register, it is not necessary to re-enter the 16 
bits, so this step may be omitted. 

3. The WORD ERASE code is strobed in with one clock 
pulse. After the specified ERASE time, the addressed 
word is erased. 

4. The WRITE code IS strobed in with one clock pulse. 
After the specified WRITE time, a STANDBY code 
can be strobed in to stop writing. Data will bf) pro­
grammed at the specified address. 

It IS also possible to change the sequence by erasing a 
memory location before starting a write sequence. 

Standby 

Either of the two STANDBY codes, when strobed in With 
a clock pulse, puts the memory in a quiescent state. The out­
put is then In the high· Impedance state and the absence or 
presence of the clock will not affect the device. 

ICtrX 

tClrVCH 

Pin Description 

The active high clock signal (C) is used for shifting ad­
dresses and data into or out of the chip. It is also used for 
strobing control codes. 

The lio pin (ADO) is used for entering addresses and 
data in. It is in the output state only for shifting output data. 

The active low Chip Select pin (SI is only used to block 
the clock and put the ADO buffer into the high-impedance 
mode. It has no influence on the operating status of the 
device and does not force a standby condition. 

The programming voltage control pin (PVC) is an open­
drain output that is active when a WORD ERASE or WRITE 
control code is strobed in. As shown in Figure 1, it can be 
used to control the Vpp supply applied to the circuit. The 
BLOCK ERASE (BE) pin can be used to clear the whole ar­
ray. As the PVC output is not active in this state, the pro­
gramming voltage should be directly applied to the Vpp pin 
for the specified erase time. 

The Test inputs (TEST1) and TEST21 are provided for 
testing purpose only and should be connected to VSS in any 
application. 

Data Protection 
When Vpp IS turned off, data stored in the array IS pro­

tected. The programming voltage should not be applied to 
the Vpp pin If VCC IS not present. Therefore, use of the PVC 
control output, which is controlled by the VCC supply is 
recommended. Using this feature, Vpp and VCC can be 
turned on or off in any sequence without disturbing data in 
the array. However, to avoid spurious control codes being 
strobed into the device, all inputs should be stable when Vpp 
is on. 

General Comments 
The erased state corresponds to a logical zero at the ADO 

output. 
WRITE Ifor any addressl must be preceded by an ERASE 

at the same address. 
Vpp is necessary for WRITE, WORD ERASE or BLOCK 

ERASE. In all other cases, it can be switched to hi.gh im­
pedance, VCC or VSS· 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

32x32 BIT SERIAL ELECTRICALLY ERASABLE PROM 

The MCM2802 is a lK-bit serial Electrically Erasable PROM designed for 

applications requiring both non-volatile memory and in-system infor­

mation updates. In digital tuning systems. it provides storage for up to 

32 channels. It has external control of timing functions and serial format 

for data and address. 

• Single 5V supply in Read mode 

• Organised as 32 Words of 32 Bits 

• 5V and 25V supply for Erase and Program 

• In-System Program/Erase Capability 

• 0-100 kHz clock rate 

• Floating gate process 

• Expandable to 16K-bit systems 

• Word and Array erasable 

• 100.000 Write/Erase Cycles 

I~ ,,­cu 

'DQ~-----i 

FIGURE 1 - BLOCK DIAGRAM 

READ OUT 

LOCK ERA E 
IH __ _ 

TESTTt 
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MOS 

(N-CHANNEL. SILICON GATE) 

32 X 32 BIT 
ELECTRICALLY ERASABLE PROM 

... 
PSUFFIX 

PLASTIC PACKAGE 

CASE 646 

PIN ASSIGNMENT 

--. ,--
VPC~1 - 14PVDD 

ADQ [ 2 13 ~ T2* 

*T1 [ l 12 PRE 
Vpp [ " 11 P AD/DA 

C4 [ 5 10 P C1 

CL [ 6 9P C2 

Yss [ 7 '0 C3 

"For normal operation, hardWired to VSS 

PIN NAMES 

VPC ... .... ...... Program Voltage Control 
ADO. Address Input + Data Input/Output 
T1. T2 . . ..... .... . . Margin Testing 

C1. C2. C3. C4 ........ Chip Address 1 to 4 
CL. .... ......... ... . .... . ....... Clock 
RE. .... . . . . . . . . ... . .. Reset 

AD/DA ........ .... Shift Register Select 

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



MCM2802 

ABSOLUTE MAXIMUM RATINGS (Voltages referred to Vss) 

Rating Symbol Min. Max. Unit 

DC Supply Voltage VDD - 0.5 8 Vdc 

Programming Voltage Vpp - 0.5 28 Vdc 

Input Voltage VIN 
1 

- 0.5 R Vdc 

VP Control Output VPC - 0.5 28 Vdc 

Operating Temperature Range TA 0 70 °C 

Storage Temperature Range TSTG - 55 150 °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_ 

SWITCHING CHARACTERISTICS (T A = 0 ... 70o e, VOO = 5V ± 10%, Vpp = 25V ± W) 

Pin Symbol Parameter Fig. No. Min. Max. Unit 

tER Erase time 100 ms 

tWR Write time 10 ms 

CL FCL Clock Frequency FCL = 1/TCL 2 100 kHz 

CL tCLH Clock High Level Hold Time 2 4 ~s 

CL tCLL Clock Low Level Hold Time 2 4 ~s 

CL tCLRF Clock Fall Time and Rise Time 2 1 ~s 

AD/DA tAD/DA Register Control to Clock 

Delay Time except for tREAD 2 1 ~s 

tREAD After READ opcode only 3 2 100 ~s 

ADO tDSUP Address/Data In Set-Up 2. 3 2 ~s 

tDH Address/Data In Hold 2,3 2.0 ~s 

ADO tDDUTS Data Out Serial Delay 3 1 ~s. 

tDOUTP Data Out Parallel Delay 3 3 ~s 

Cout Output Capacitance (Vout = a V) 12 pF 

Cm Input Capacitance (Vin = a V) 12 pF 

MOTOROLA MEMORY DATA 
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DC CHARACTERISTICS (TA = 0 loDe VDD = 5V ± 10% Vpp = 25V ± IV) '" 

Pin Characteristic Condition Symbol Min. Max. Unit 

Vpp Supply Current Ipp 3 rnA 

VOO Supply Current 100 20 rnA 

ADO Tristate Input/Output VOH = 2.4V IOH - 0.1 rnA 

VOL = 0.5V IOL 1.6 rnA 

Tristate liN 10 ~A 

Allinpuis 
Input Leakage liN 10 ~A 

Excepl ADO 
----

VPC VP Control VON = lV ION 0.7 rnA 

Pull down device OFF slale VMAX Vpp V 

VOFF = VP IOFF 10 ~A 

Allinpuis Inpul Low Vollage VIL 0.1 O.S· V 

Inpul High Vollage VIH 2.4 5.5 V 

FIGURE 2 - GENERAL TIMINGS 

• CLOCK 

ADO (IN) 

ADJ DA 

tADOA tADOA tosup tOH 

FIGURE 3 - READOUT TIMINGS 

tREAD 

CLOCK 

ADQ 

ADOR+ READ CODE (000) IN 

AD/Oi. 

toOUTP tOOUTS 
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FIGURE 4 - READOUT SEQUENCE 

12 31 1 2 10 11 12 

~~~;-n-n-n------C:r:iJ DO 01I02J ~P~---~'I..-----

CLOCK 

AOQ 

---------~:~------'l:\ I I rl--------~n~I----------~!, ______ _ 
( i! -( 

AD/DA 

OP CODE' h 
STBY I 'X,\ READ OUT 'II STBY t STBY 

DECODING l ---:"':"'-__ -,.'f------J1/~rH-"-=="---If------)"'\--~"'-=--I.i~-----...::.:=----
(FORCED) (FORCED) (DECODED) 

PIS r-'q Ii II 
H----~r---~l/ ~---~",I----~\------~~----------

READ OUT /1 " I 

FIGURE 5 - WRITE SEQUENCE 

2 12 J2 12 

-IUl....j 
CLOCK 

~'t:::r.:::t::7 
ERASE CODE IN 

AD/DA 
l 

OPCOOE ~ 
--~S~TB~Y~-"lj·----,~~,f-~~~--1f----t-~~--~}~--~--{hw~R~<T~E~~~ST~B~Y~~ STBV 

(FORCED) (FORCED) (DECODED) 

DECODING 

Cl 
ADQ 

AD/DA 

vpcl 

1 

N 
0 
<Xl 
N 

:;; 
u 
:;; 

FIGURE 6 - Vpp CONTROL AND MUlTICHIP SETUP 

VPP--~---" /r----.~Vpp 
-r- _ VDD 

10k 
__ VSS 

L------~_N.NI-__ I-j VPC 
47k 

R2 

vpp vpcl VPP vPc] vpp vp1-i' 

N N N 
0 0 0 
<Xl <Xl <Xl 
N N N 

:;; :;; :;; 
u u u 
:;; :;; :;; 

1 2 3 

1 1 1 
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FUNCTIONAL DESCRIPTION 

The circuit accepts 12 bits of Address/Op code in the address 
register and 32 bits of data in.the data register (see figure 1 : 
Block diagram). 

ADDRESS/OP CODE FORMAt (figure 1) 

The four shifted bits C1 to C4 are used as chip select word in 
multichip systems. The chip address is de.fined by 
hardwiring the C1 to C4 pins. These bits are adjacent to the 
address field, so that no software modification is required in 
a program designed for a multi-1 K memory application. 

The five following A1 to A5 bits select one of the word 
addresses. The last 3 bits 01 to 03 control the operating 
modes. 

Function 01 02 03 

Read 0 0 0 

Word Erase 0 1 0 

Block Erase 1 1 0 

Write 1 0 0 

Standby X X 1 

READ OPERATION (figure 4) 

1) The ADDRESS/OP CODE is loaded. The address 
selecting the word to be read and the op code bits being the 
READ code. 

2) The AD/DA is switched to the data mode, thus initiat­
ing the parallel transfer from the core to the shift register. 
First bit of data is present at the output. 

3) As soon as the first of the 31 data out clock pulses is 
applied, the parallel transfer is stopped and data is shifted at 
the output. Data is recirculated in the data register. 

4) The output buffer is turned on only when READ is 
internally decoded, AD/DA is low and chip is selected by C1 
and C4. Otherwise it is in the high impedance state. 
Addresses and data are clocked in and out with the falling 
edge of clock. 
An erased bit corresponds to a low level output. 

WRITING (figure 5) 

1) ADDRESS/OP CODE is shifted in, the op code being 
either BLOCK ERASE or WORD ERASE. 

2) Switching the AD/DA line low for t = tERASE initiates 
the erase process. During this periodoftime, a data word can 
be shifted into the data register. 

3) Then the WRITE code and the same address is loaded 
to the address register. 

4) The AD/DA line is switched low again for a t = 

tWRITE, during which the selected word is programmed. 

5) Atthe end of the WRITE operation it is recommended 
to load op code STANDBY and to return input AD/DA to the 
low state. 

ERASE 

Both BLOCK ERASE and WORD ERASE are provided and are 
controlled by the op code. VPP has to be applied for BLOCK 
ERASE, WORD ERASE and for WRITE. For all other condi­
tions it can be switched off to high impedance or VDD or 

VSS· 

STANDBY 

When AD/DA is high, the instruction decoder is disabled 
and hence STANDBY is forced. By shifting the STANDBY op 
code into the address register STANDBY will be recognized 
independently of the state of AD/DA. 

CLOCK 

The active high clock is only used for shifting data and 
addresses. This shift occurs on the clock falling edge. 

CHIP SELECTION 

The ADDRESS/DATA line can be used as a chip select in a 
system having other serial I/O devices. DATA and CLOCK 
lines being shared the non-volatile memory is only activated 
when the AD/DA line is low. Shifting information to the data 
register has no effect to the core while the chip is de­
selected. 
In a multi-memory arrangement, all the lines including 
ADDRESS/DATA. CLOCK and DATA, are shared, with the 
exception of C1 to C4 which are hardwired to VDD or VSS, 
thus defining the circuit address. All Vp control outputs of 
the memory circuits can be combined in a wired OR con­
figuration. 

DATA PROTECTION 

When Vpp is turned off, data stored in the array is always 
protected. A Vpp control output is provided for switching 
the Vpp supply. It consists of a pull down device to VSS. This 
device is turned on only when: VDD is present, a WRITE or 
ERASE code has been loaded in the address register and 
AD/DA is low. 
Schematics for this external Vpp control are proposed in 
figure 6. 

RESET 

Vpp and VDD may be turned on or off in any sequence 
without disturbing data in the NVM array. During power up, 
the op code is preset to the standby mode. The RESET input 
can be connected to the system RESET. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

256x8 BIT SERIAL EEPROM 

The MCM2B14 is a 2048-bit serial electrically erasable PROM. 
Designed for handling data in applications requiring both non-volatile 
memory and in-system information updates. 

The MCM2B14 is fabricated in an B-pin DIL package using floating­
gate HCMOS EEPROM technology. 

Features: 
• B-pin DIP, in HCMOS for low consumption. 
• 204B bits organised as 256 bytes. 
• Byte programmable. 
• 3 - 6 V supply during read operations. 
• On-chip Programming Voltage Generator. 
• Two programming modes: two-wire serial access, M-bus/four-wire 

serial access SPI. . 
• Data protection of Yo, '/z, or % array with EEPROM bits. 
• Simultaneous programming of 1 to 4 bytes. 
• Automatic byte address increment in Read mode. 
• Chip selection with separate pin. 
• Single 4.5 V to 6 V supply during programming. 
• Digital filtering on Clock·and Data inputs. 
• Bit program operation: no byte erase necessary. 
• Data protection after Reset. 
• Write/Erase endurance: 10000 cycles. 
• Data retention: 10years. 

FETMOS 
(Floating-Gate Electron Tunnelling MOS) 

Field 
Oxide 

Poly Oxide 
\ 

Thin Oxide 

/ 
/ 

/ 

P - Substrate 

Field 
Oxide 

ThiS document contains Information on a new product Specifications and InformatIOn herein are 

subject to change without notice 
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HCMOS 
(FLOATING-GATE TECHNOLOGY) 

256 X 8 BIT 
ELECTRICALLY ERASABLE 
PROGRAMMABLE READ 

ONLY MEMORY 

•• 1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-04 

PIN ASSIGNMENT 

PIN DESCRIPTION 

VDD: Power Supply 

VSS: Ground (Ref) 
Externall 
Test Connected to on-chip 

Voltage Multiplier output 

Mode = a M·bus 
CSO Chip Select (Hardwired) 
CS1 Chip Select (Hardwired) 
SDA Serial Date 1/0 
SCL Serial Clock Input 

Mode = 1 SPI 
SPISS Slave Select Input 
SPISO Serial Data Output 
SPISI Serial Data Input 
SPICK Serial Clock Input 



• 

MCM2814 

SECTION 1. PIN DESCRIPTION 

CSO/SPISS' 1 

CSI/SPISO' 2 7 EXTIiRNALITEST 

6 SCL/SPICK' 

5 SDA/SPISI* 

'M·bus/SPI 

Figure 1 Pinout 

1.1 VSS/Voo(Pins 4/8) 

VDD and VSS are used to power the circuit In read mode 
this supply voltage must be comprised in the VOOR range. 
(See 5.2 Electrical Characteristics). In program modla this 
supply range is limited to VDDP. 

1.2 ExternallTest (Pin 7) 

This pin is used for testing the on-chip voltage multiplier 
that generates the programming voltage required for a 
program operation, and should be left open for 5 Voltonly 
operation. 
An external capacitor (low leakage) on this pin might have 
a positive impact on the programming endurance, as the 
Vpp rise time will be increased. 
Recommendations will be issued after the 
characterisation. As this on-chip generator has a high 
impedance, an external supply can be connected to this 
pin. This also allows to block any inadvertant 
programming by maintaining this pin at VDD. 

1.3 Mode (Pin 3) 

This pin is used to select one of two modes of operation: 
M-bus mode at the low logic level or SPI mode at high 
level. 
This pin is usually hardwired to VSS orVDD.lt should only 
be changed if the circuit is internally in a standby state. 
This pin is high impedance when VDO is atVss level. 

1.4 CS1/ SPISO (Pin 2) 

In M-bus mode, this pin is used for selecting multiple 
identical chips on the same serial bus. The chip address is 
formed by 5 bits predefined for this chip, followed by 2 
additional chip select bits. These last two bits must 

correspond to the CS 1 / CSO code for proper chip 
selection. Up to four MCM 2814 can be connected en the 
same SCl and SOA lines. (See Figure 4). 

In SPI mode this p'in is a push-pull slave data output 
(SPISO). It will shift-out byte addresses and data as 
described in Section 4. 
This pin is usually connected to the data input pin of a SPI 
master (MISO). 
This pin can not be pulled higher than 0.5 V above VOD, 
even if VDD is at VSS level. 

1.5 CSO 1 SPISS (Pin 1) 

In M-bus mode this pin is used in conjunction with CS1 for 
chip selection. (See above). 

In SPI mode this pin is a Slave Select input. In this mode 
the serial access is deselected when the SPISS input is 
high, and the SPISO data output pin is forced high 
impedance. Multiple chips using the same SPICK, SPISI 
and SPISO lines, Cdn be selected via this pin as described 
in Figure 10 . 
After powering up the device, a falling edge of the SPISS 
line is required to start the SPI serial access, 

This pin is high impedance when VOO is at VSS level. 

1.6 SCl 1 SPICK (Pin 6) 

The serial clock is supplied on pin SCl / SPICK. This pin is 
an input only, therefore the chip can only operate as a 
slave under the control of a serial bus master. 
The clock input rising edge is used to shift in data present 
on the SDA/SPISI pin, and the falling edge is used to shift 
out data on the SOA or SPISO pin. 

This pin is ~igh impedance when VOD is at VSS level. 

1.7 SOA 1 SPISI (Pin 5) 

In M-bus mode, SOA pin is used to transmit data serially in 
the memory (Receiver) or from the memory (Transmitter). 
Oata transmitted via this pin includes chip addresses, byte 
addresses, byte data, Read/Write and acknowledge bits. 
When SDA is in output, it operates as a pull-down only 
device (Open-drain). The protocol ofthis,transmission is 
described in Figures 5 and 6. 

In SPI mode, this pin is a Slave data Input (SPISI) only and 
is used to receive opcodes, byte addresses and byte data. 
It is usually conhected to the data output pin of a SPI 
master. (MOSt). 

This pin is high impedance when VOD is at VSS level. 
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SECTION 2. EEPROM 

Source N+ 

N+ N+ 
CG D S 

I READ OV VDD OV 
Source Drain LPROG 1 OV VPP OPEN 

I PROGO VPP OV OV 

Figure 2 EEPROM Transistor 

256 Bytes of EEPROM memory are implemented in a 
floating gate double poly-silicon process. A Byte Address 
register is used to select one ofthe bytes. Three basic state 
of operation can be distinguished: 

• Standby state. 
• Read state 
• Program state 

2.1 EEPROM Operation 

2.1.1 Standby State 

In this state, neither a programming, nor a serial. 
transmission occurs, and the power consumption is 
minimum. (See 3.4.1 and 4.5). 

2.1.2 Read State 

In read state the data of the selected byte is transferred 
from the memory array to the data shift register used for 
the serial transmission. This state is active during a serial 
transmission. 

2.1.3 Program State 

In this state, a programming voltage higher than VDD is 
necessary. This voltage is generated by the on-chip 
voltage multiplier or can be supplied externally. During 
programming VDD must be within the VDDP range. (See 
5.2). 

In M-bus mode, the programming starts at the end of a 
write command, when a STOP or a new START condition 
occurs. The programming is enabled at this time, as well 

as the on-chip voltage multiplier. If there is a capacitive 
load on the Vpp pin, the Vpp rise time should be added to 
the minimum program time tPROG. 

In SPI mode, programming could start when a write serial 
transmission is ended with an SPISS rising edge. Actual 
programming will only happen if enabled by a Vpp enable 
serial command. This command can be transmitted 
before or after the write sequence. 

2.2 EEPROM Data Protection 

Some circuitry has been included to prevent unwanted 
modification of EEPROM data, and is described below. 
However, a noisy serial link is very often the cause of bad 
data or data written to the wrong address. Besides 
measures to reduce this noise on the board, the serial 
clock and data inputs (SCL/SDA) have Schmitt triggers 
and digital filters to reject some ofthe noise. 

2.2.1 Power Up Reset 

Immediately after power is applied, programming is 
inhibited to prevent EEPROM data loss during the system 
power up. 

In both modes this condition is removed when a READ is 
performed. 
In M-bus mode, the read bit with a valid chip address gives 
the control to the MCM2814. Therefore another8 bits read 
without master acknowledge is necessary to stop the read 
sequence. 
In SPI mode, it is sufficient to send the READ opcode 
before a new Vpp enable command and the write 
sequence. 
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At Reset the following circuitry is initialised: 

• The circuit is in standby state. 
• In M-bus mode, it is waiting for a start condition. 
• In SPI mode, it is waiting for a high to low SPISS 

transition. 
• The data outputs are high impedance (SOA, SPISO). 
• The programming is disabled. 
• The on-chip Vpp generator is off. 
• The byte address register is cleared ($00). 

2.2.2 Programming Voltage Enable 

In SPI mode only, an internal programming voltage enable 
flip-flop can be set or cleared with two separate opcodes, 
thus reducing the risk of unwanted EEPROM 
programming. 

2.2.3 Array Write Protect 

In both modes, byte address 255 ($FF) contains EEPROM 
bits with a special function. When one or two bits of this 
address are programmed at once, the programming of 
EEPROM sections is inhibited according to the following 
table: 

Data at Protected No. of Bytes 
ADDR$FF Addresses Protected 

XXXX OOXX No Write Prot. 

XXXX 01XX $CO-$FB 60 

XXXX 10XX $8O-$FB 124 

XXXX 11XX $40-$FB 188 

x = Don't care 

Table 1 EEPROM Write Protect 

This protection is reversible as address 255 ($FF) can be 
modified at any time. 

2.3 EEPROM Properties 

NO ERASE: Unlike most EEPROM's it is not necessary to 
erase a byte before writing new data to it. 
The program operation takes tpROG and must be 
externally timed. 

CUMULATIVE: As the programming operation is under 
external control, it can be done at once or at various time 
frames as long as the total programming time exceeds the 
specified minimum tPROG value. 
tpROG is defined with Vpp at its programming level. 

SELF LIMITING: Excess pogramming has no positive 
effect, as programmed EEPROM thresholds will 
asymptotically reach their nominal values. Programming 
durations above the recommended maximum tpROG 
have negative impacts on the EEPROM programming 
endurance. 

2.4 EEPROM Reliability 

Reliability figures are statistical in natur~. Therefore no 
minimum or maximum specifications can be applied. The 
result of reliability tests will be published instead. These 
tests are conducted on a regular basis during the 
production life of a circuit and reports are available upon 
request. 

2.4.1 Data Retention 

Typical data retention should exceed 10 years for the 
specified operating temperature range. Data retention is 
usually tested with the device under bias, but without 
accessing the EEPROM array. 

2.4.2 Read Stress 

Unlike some non-volatile memories, there should be no 
disturbance ofthe stored data under continuous read of 
EEPROM bytes. The life limit under continuous read 
condition should therefore be similar to the normal 
operating life of the device. 

2.4.3 Program Endurance 

As for all EEPROM's, there is a wearout mechanism 
associated with the programming mechanism of the non 
volatile memory. More than 10,000 programming cycles 
should be possible per memory bit, for the specified 
operating temperature range. A programming cycle is 
defined as a 0 to 1 to 0 programming. Unlike most 
EEPROM's where the whole byte is erased before being 
re-programmed, if just one bit is modified in a byte; only 
this bit will see the programming stress. 
Some endurance experiments have shown thatthe 
number of programming cycles can be increased if the 
Vpp rise time is increased. This can be achieved with an 
external capacitor on Vppwhen the on-chip Vppgenerator 
is used. In SPI mode, the Vpp should be enabled after the 
write command has been transmitted. 
If an external Vpp is provided, it should be ramped up only 
after the write command is transmitted. In this case, a Vpp 
above the maximum value has also a neagtive impact on 
the endurance. 

2.5 Vpp Voltage Multiplier 

In M-bus mode, the on-chip Vpp generator is turned on or 
off automatically during a program sequence. 

In SPI mode, it is switched on only after a serial Vppenable 
command has been issued, independently of write or read 
commands. 
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SECTION 3. M-BUS OPERATING MODE 

The MODE pin can be hardwired to VDD or VSS to select 
two different modes of operation. Differences are at the 
serial transmission level and in the EEPROM operation. 
They are called M-bus mode and SPI mode. 

3.1 M-bus Mode 

Only two wires are needed to control the device operation. 
The serial transmission of this mode issimilartothe IIC (*) 
serial communication standard. It features: 

EHL.. __ O_: _M_-B_U_S_-, 

Chip 

• Up to 4 identical chips on the same 2 wire bus. 
• CS 1 / csa pins for chip selection. . 
• SCL ciock line, input only. 
• SDA line used as Input and Output. 
• Data acknowledge bit generated. 
• Auto programming after reception of new data. 
• Programming time under external control. 
• Write inhibit after reset. 

*IIC is a trademark of Philips 

Memory 
Array 

256 Bytes 

Bit Drive 
and Sense 

Data Reg. 

Figure 3 M-bus Block Diagram 

3.2 Lexicon 

This lexicon will describe some terms used in this serial 
interface description. 

MASTER: The device that initiates the serial transmission 
is designated as master. In general, it is the device 
generating the ciock. This memory can never fu nction as a 
master. 

SLAVE: This memory always operates as a slave. 

TRANSMITTER: The device with its SDA pin in output is a 
data transmitter. In the case of multiple devices in output, 
the device sending a low level will win due to the Open­
Drain connection. 

RECEIVER: A device that has been properly selected by a 
chip address followed by a write bit is a receiver, and will 
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shift data present on the SDA pin in internal registers. 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

START CONDITION: The start condition is defined as a 1 
to 0 transition of SDA when SCL is high. The first byte of 
data following a start condition includes the chip address 
followed by the RIW bit. All devices connected on the 
same bus receive this.data to check ifthey are addressed. 

STOP CONDITION: The stop condition is defined as a 0 to 
1 transition of SDA when SCL is high. In this circuit, the 
stop condition is never mandatory. An EEPROM 
programming can be initiated by the STOP or also by any 
following START condition. 
A STOP after a serial read sequence will put the device in 
standby state. 

CHIP ADDRESS: The first byte transmitted after a START 
contains the chip address followed by the Read/Write bit. 
The 7 bit chip address is formed of5fixed bits followed by 
2 chip select bits. 
Fixed bits are 1010X for this device (X is a don't care bit). 

3.3 Chip Selection 

The 2 chip select bits must correspond to the 2 chip select 
inputs for proper chip selection. By this means, up to 4 
identical chips can be connected on the same SDA / SCL 
lines, in order to form a memory bank of up to 8 KBits. 

READ/WRITE BIT: The 8th bit transmitted by the master 
after the 7 bit chip address will indicate the direction of 
transfer for the next bytes. (Until a new start or stop). If 
low, the following bytes are transmitted by the master. If 
high, the following bytes are transmitted by the MCM 
2814. 

BYTE ADDRESS: The fi.rst byte of data received by the 
memory after the chip address, will be latched in the byte 
address register and is used to select one of the 256 
EEPROM bytes. 

ACKNOWLEDGE BIT: This bit is sent by the selected 
receiver on the data line after a byte reception. Due to the 
open drain structure, a valid acknowledge bit corresponds 
to a low level. While operating as a transmitter, sending a 
sequence of data bits, this device will check the 
acknowledge bit generated by the master. The absence of 
this bit will stop the transmission of data. 

The 2 chipselect bits transmitted in the chip address must match the status of CS1 and CSO inputs. 

Master 
MCU 

VDD --0 

VSS ~ 

3.4 Protocol 

+--+--~SDA 2814 

Althe protocol level, the transmission of data is defined in 
the form of sequences of Start (STA), Stop (STO) 
conditions, and bytes followed by acknowledge bits. 

3.4.1 Standby State 

When no serial transmission and no programming are 

Pin Status Chip Address 

Mode CS1 CSO 
Transmitted 

0 1 1 1010 X11 

0 1 0 1010 X10 

0 0 1 1010 X01 

0 0 0 1010 XOO 

x = Don't care 

Figure 4 M-bus Chip Selection 

made, the circuit is in standby. A STOP condition following 
a read sequence or a writE: byte address sequence (without 
data write), will put the circuit in standby. A new START 
condition will wake up the device, to get the chip address. 
If the chip address is not valid, the device will return in 
standby. 
The power consumption is minimum in standby. 
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Write One Byte 

STA CHIPADDR o A 
S 

PROGRAM 

Write up to 4 Bytes 

BYTEADDR 

BYTEADDR 

A 
S 

DATA IN 

STOPPROG. 

A 
S DATA IN 

I 
STARTPROG. 

A 
S 

DATA IN A 
S 

(CONT.) I : : ~A~AI~: : I~I~~~I PROGRAM I,--ST_A+-I ,-->,--:HIP,-->,--~D,--~ .l.-: ,--1~'--lI~1 
START PROG. STOP PROG. 

STA: Start Condition 
STO: Stop Condition 

R/W BIT: 1 ~ Read/O ~ Write AS: Slave Acknowledge (2814) 

INC: Increment Byte Address AM: Master Acknowledge 

Figure 5 M-bus Write Protocol 

3.4.2 Write Sequence 

The serial write to the memory includes a serial 
transmission of the byte address and the data to be 
written. When this is completed by a stop or a new start 
condition, the programming sequence is initiated: 

Programming is under control ofthe master. It is initiated 
by the write sequence just described, and stopped by any 
new valid selection of the chip. 
Therefore, the tpROG time is defined as the time between 
these two operations, and is defined by the master. 

Bad chip addresses or chip addresses for other chips on 
the same bus do not suspend the programming. 

The on-chip Vpp generator is automatically turned on or 
off when needed. If an external Vpp is applied, the 
programming voltage is only allowed into the array during 
the above defined tPROG time. 

It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 

3.4.3 Read Sequence 

Reading data from the memory is made in two steps. First 
the byte address must be loaded in the byte address 
register. Then data can be read out of the memory. The 
first step is only required to define the byte address. If this 
address was predefined from a previous read this step can 
be skipped .. 
The byte address is automatically incremented after each 
data byte transmitted. 
This is also valid after the last byte of a transmission. 
Therefore, the next read sequence wii:hout any byte 
address specified, will transmit data ofthe next byte. A 
read sequence will transmit data bytes of successive 
addresses until the absence of the acknowledge bit from 
the master. In this case the SDA output driver will switch 
off and the circuit will go to standby. 
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Read One Byte. (Inc. Write Byte Addressl 

BYTEADDR CHIPADDR DATA OUT 

Read One More Byte. (Byte Address Definedl 

ISTAI : ~H++D~: 1 1 I~I : :D~T~Oy< : 1 1 l~i~1 
I ........... 

INC OPTIONAL 

Read Many Bytes 

BYTEADDR 

OPTIONAL 

/ 
(CONT.I I : : D~T~O~< : I~I : :D~T~O~< : I~I : : D~T~O~T: : I, I~i~ 1 

I I I 

• INC INC INC 

STA: Start Condition R/W BIT: , = Read/O = Write AS: Slave Acknowledge (2814) 
STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge 

Figure 6 M-bus Read Protocol 

NO MASTER 
READ ACK. 

ST~T CHIP ADDRESS BIT 2814ACK DATA OUT I ST£.p 

-{-\I c:J.-L.:J 1/ r-y-y-v-y-"T"""'-'\ :rt-
1 f - ~_.L.._J\._.A_..A._.A_J LlJj 
I 1 

Ii\JiL _.JiV8'Lf9\Ji\J2 -~ 
1- 1_ 

SDA CONTROL: ---MASTER - - - MCM 2814 

Figure 7 M-bus Read Detail 

MOTOROLA MEMORY DATA 

6-20 



3.4.4 Signal Levels 

tHSTA tSSDA 
tFI 

SDA 
INPUT 

tFI 

SCL 
INPUT 

START 
tell 

SDA 

MCM2814 

tHSDA tSSTO 

I 
I 

'- --
STOP 

tauF 

I L __ 

START 

OUTPUT l-
tRO 

Figure 8 M-bus Timings 

Electrical and switching characteristics are described in 
Section 5. 
Ouring a transmission, SOA line transitions must occur 
when SCL is low. A negative transition of SOA with SCl 
high is recognised as a START condition, the positive 
transition as a STOP condition. 

The acknowledge bit is provided by the device receiving 
data. Therefore, during this time the data transmitter must 
leave the SOA line at high impedance. 
As this memory has an open drain SOAoutput, an external 
pull-up resistor to VOO should be included on SOA line. 

SECTION 4. SPI OPERATING MODE 

The serial transmission ofthis mode requires 4 wires to 
control the device operation. It features: 

• Multiple chips on same 3 wire bus with separate chip 
select lines. 

• SPISS chip selection. 
• SPICK clock line, Input only. 
• SPISlline used as Input only. 
• SPISO line used as Output only. 
• No acknowledge bit. 

• Programming under control ofthe master via serial 
opcodes. 

• Programming time under external control. 
• Write inhibit after reset. 
• Write enable/disable via serial opcodes. 
• Byte address output for transparency. 

This SPI mode can be used with the SPI of Motorola 
Microprocessor MC6805S2/S3, MC6805K2Il3/L8, 
MC68HC05C4and MC68HC11. 
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• 4.1 SPI Serial Interface 

MCM2814 

~ 1:SPI 

SPI 
Interface 

Array 
256 Bytes 

and Sense 

~·~ ______ ~4-----l-~~---i~D~a~ta~R~e~g~.j 

Figure 9 SPI Block Diagram 

Data DUT (MOS!) 

Data IN (MISO) ~ SPISI MODE ---<> 

Master SPICK ~ f-- SPISO 2814 

MCU SPICK SPISS 

SS3 SS2 SS1 SSO 
I 

~ SPISI MODE I--> 
~ -- SPISO 2814 

SPICK SPISS 

I 

..... SPISI MODE I--> 
~ -- SPISO 2814 

SPICK SPISS 

I 

VDD ---0 
..... SPISI MODE ;--<' 

VSSy 
~ -- SPISO 2814 

SPICK SPISS 

I 

Figure 10 SPI Chip Selection 
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The serial interface via pins SPICl, SPISI and SPISO is 
compatible with the SPI standard when the MODE pin is 
high. 

4.2 lexicon 

This lexicon will describe some terms used in this serial 
interface description. 

MASTER: The device that generates the serial clock on 
SPICK is designated as master. This memory can never 
function as a master. 

SLAVE: This memory always operate as a slave as the 
SPICK pin is always an input. 

TRANSMITTER / RECEIVER: This device has·separate 
pins for data transmission (SPISO) and reception (SPISI). 
Simultaneous data input and output can therefore occur 
when the chip is selected with SPISS and is clocked 
(SPICK). 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

CHIP SELECT: The chip is selected when pin SPISS is low. 
When the chip is not selected, no data will be input from 
pin SPISI, and output pin SPISO is high impedance. 

SPI Negative Clock 

SPISS "1 
SPICK 

~; SPISI 

SPISO ~= 

4.3 Serial Op-Code 

The first byte transmitted after the chip is selected with 
SPISS going low, contains the opcode that defines the 
operation to be performed. 

Data 
Transmitted Operation 
1010 0111 Read byte address followed by data. 
1010 0110 Program enable. Vpp generator ON. 
1010 0100 Program disable. Vpp generator OFF. 
1010 0010 Write (Program) data. 

Table 2 SPIOpcodes 

All other codes are invalid. After an invalid code is 
received, no data is shifted in the MCM 2814 and the 
SPISO data output is high impedance until a new SPISS 
falling edge re-initialises the serial communication. 

4.4 Protocol 

The MCM2814 SPI interface accepts both a negative or 
positive clock. 
The SPI protocol for this device defines the bytes 
transmitted on the SPISI and SPISO data lines for proper 
chip operation. 

SPI Positive Clock 

,- "\ ,-

~; 
~= 

Positive Clock Edge: Shift IN 
Negative Clock Edge: Data OUT 

Figure 11 SPI Clock Phase and Polarity 

4.5 Standby State 

The circuit is in standby when no serial transmission takes 
place, when no write is waiting for the Vpp enable 
command and when the Vpp generator is off. 
When SPISS is high, standby state will follow: 
• A power up reset. 

• A Vpp disable command. 
• A Read, providing no Vpp enable command has been 

issued previously. 

The power consumption is minimum in standby . 
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4.6 Read Sequence' 

Read One or More Bytes 

SPISS ..... ,-\~. ____________________________ ~I 

SPISI IDX READ CODE X BYTEADDR X\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
SPISO )-

Invalid Opcodes 

SPISS , f 
SPISI ~ BAD CODE ~SSSSSSS 
SPISO --{ PREVIOUS 

BYTEADDR 

Figure 12 SPI Read 

Reading the memory via the serial SPllink requires the 
following sequence. The SPISS line is pulled low to select 
the device. The read opcode is transmitted on the SPISI 
line fOllowed by the byte address. When this is done, data 
on the SPISlline has no more influence on the memory, At 
the beginning of an SPI transaction, the SPISO buffer is 
turned on and will shift out the current byte address. This 

4.7 Program Sequence 

Write One to Four Bytes 

can be used for a relative addressing ofthe byte address, 
The new byte address is then transmitted fOllowed by 
corresponding data. If just one byte is read, SPISS can be 
pulled back to the high level. It is possible to continue the 
read sequence, as the byte address.is automatically 
incremented. The byte address is shifted out only once, in 
the beginning of a transmission, 

SPISS ' .... _____________________ 1 
SPISI ~ 
SPISO '---=-'-=='-J'-~~'____....I'__ _ __I\._ = =r 

Vpp Enable/Disable 

SPISS ' ..... ____ ..... / \ ,--

SPISI mx VPPEN, ~\SSSSSS\ S\X VPPDIS, ~SSSSS S S 
SPISO -{ C#,¥J£Wo!j, ) ( C#,¥JPol!,!j, ) 

Figure 13 SPI Program 

To program a byte, two separate conditions must be 
simultaneously present. The program must be enabled via 
the Vpp enable command, and a serial write must be done. 
The Vpp enable will also turn on the on-chip Vpp 
generator. At this time, the chip is obviously not in 
standby, even if SPISS is high. The program disable 
command will stop the on-chip Vppsupply and protectthe 

EEPROM data against unwanted modifications. An 
external Vpp supply will also be internally enabled or 
disabled by this mechanism. 
A write serial sequence includes an SPISS high to low 
transition, fOllowed by the write code on the SPISlline. 
The byte address fOllowed by the corresponding data to 
be written are then shifted through the SPISI pin. At the 
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beginning of an SPI transaction, the SPISO buffer is turned 
on and will shift out the current byte address. This can be 
used for a relative addressing of the byte to be 
prograrnmed. The new byte address is also echoed for 
possible checking by the master. If Vpp is enabled, the 
programming will start after the SPISS line goes back to a 
high level. It is also possible to issue the Vpp enable 
command after the write sequence. 
If the Vpp enable command is issued after the serial write, 
no Read or invalid code should be transmitted in between 
as this would clear the programming latch containing the 

4.8 Signal Levels 

SPISS 
Input 

Negative 
SPICK 
Input 

SPISI 
Input 

tFI -
----, 

tss 

tCLl 
IFI. 

tAl 
--I.-

tsso tDSDA 

tAl 

data to be programmed. 
The programming is suspended when a new chip 
selection with SPISS low occurs. It is then possible to send 
a new write command to program new data. A Vpp enable 
or a Read command will stop the programming. 

It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 

tSSN IAI 
~ 

tCLH ..... -
-

tSSDA 
tHSDA I-

.... I--
tDIS tFI .... l+- I- tSSDA ~ 

SPISO 
Output 

Positive 
SPICK 
Input 

II 
1\ 

tss 

r\ 

-~ 

I 

\" 

tAO· ~ 
tCLH 

.... 1--
tFO 

tCLL 

-

..... I--
tFI 

Figure 14 SPI Timings 

Electrical and switching characteristics are described in Section 5. 
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SECTION 5. CHARACTERISTICS 

VSS =ov 

5.1 Maximum Ratings 

Rating Symbol Value Unit 

Supply Voltage VDD -0.3to +7.0 Vdc 

Input voltage pins 1,3,5,6 Yin -0.3to +7.0 Vdc 

Input voltage pin 2 Yin -0.3 to VOD +0.3 Vdc 

Current on any Input lin 0.1 mA 

Sink current SOA ISDAL 10 mA 

Sink current SPISO ISOL 10 mA 

Source current SPISO ISOH 10 mA 

Operating temperature TA Oto 70* °C 
Storage temperature TS -55to 125** °C 
Junction Temperature Tj 150** °C 

Thermal resistance Thja 200 °C/W 

*Specification over the temperature range, - 40 to +B5°C to be determined. 

Stresses above those listed under 'Maximum Ratings' may cause permanent damageto the device. This is a stress rating only and 
functional operation ofthe device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum operating conditions for extended periods may affect reliability. 

**In particular, continuous high temperature application may cause leakage of stored charge in EEPROM, resulting in data loss. 

5.2 Electrical Characteristics 

Characteristic Symbol Min Typ Max Unit 

Supply voltage STANDBY VDDS - 6.0 Vdc 

Supply current STANDBY* IDOS 1 TBO f,LA 
Supply voltage READ VDDR 3.0 - 6.0 Vdc 

Supply current READ* IDDR 0.3 1.5 mA 

Supply voltage PROG VDDP 4.5** 6.0 Vdc 

Supply current PROG* IDOP - 0.5 3.0 mA 

*Inputs at VSS or VOO· 
**Programmability at 3 V VOOP (min) is still to be determined. 
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5.3 Electrical Characteristics 

Characteristic Symbol Min Typ Max Unit 

SCl, SOA, SPISS, SPISllnputs 

Input low voltage Vil -0.3 - 0.3*VOO Vdc 
Input high voltage VIH 0.7*VOO - VOO +0.3 Vdc 
Input leakage liN - - ±10 f.lA 

SOA/SPISO Pull down Outputs 

Output low IOl <lOILA VOL - - 0.1 Vdc 
Output high leakage IOH - ±10 ILA 
Output low IOl = 3 mA VOL - - 0.4 Vdc 

VOO= 5V 
Output low IOl = 1 mA VOL - - 0.4 Vdc 

VOO= 3V 

SPISO Pull up Output 

Output high IOH = 1.6 mA VOH VOO-0.8 - Vdc 

VOO = 5V 
Output high IOH = 0.4 mA VOH VOO-0.3 - - Vdc 

VOO = 3V 

MOOE, CS 1, CSO Inputs 

Input low voltage VllV -0.3 - 0.3*VOO Vdc 
Input high voltage VIH 0.7*VOO - VOO + 0.3 Vdc 
Input leakage liN - - ±10 f.lA 
Input capacitance GIN - 10 pF 

5.4 SWITCHING PARAMETERS 

5.4.1 General 

Characteristic Symbol Min Typ Max Unit 

Programming time 1 byte tpROG 10 - tso mS 

Programming time 4 bytes tpROG 20 - tso mS 
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5.4.2 Serial Bus Input 

Characteristic Symbol 

SDA/SPISI, SCLISPICK, SPISS Ineuts 

Clock frequency FSCl 
Clock High time tClH 
Clock low time tCll 
Stop to Start delay tBUF 
Start hold time tHSTA 
Data hold time tHSDA 
Data set-uptime tSSDA 
Input Rise time tRI 
Input Fall time tFI 
Stop set-up time tSSTO 
SPISS lead time tss 
SPISS lag time tSSN 

All values refer to VIH and VIL levels. 

5.4.3 Serial Bus Output 

VDD = 5 Vdc ±10%. TA = Oto 70°C. Cl = 200 pF. 

Characteristic Symbol 

SDA/SPISO Outputs 

Data delay tDSDA 
Rise time SDA tRO 
Rise time SPISO tRO 
Fall time tFO 
SPI select time tsso 
Disable time tDIS 

VDD = 3.3 Vdc ± 10%. TA = Oto 70°C. Cl = 200 pF. 

Characteristic 

SDA/SPISO Outputs 

Data delay 
Rise time SDA 
Rise time SPISO 
Fall time 
SPI select time 
Disable time 

All values referred to VIH and VIL levels. 
'Depends on external pull-up resistor value. 

Symbol 

tDSDA 
tRO 
tRO 
tFO 

tsso 
tDIS 

Min 

0.0 
4.0 
4.0 
4.0 
4.0 
0.0 
250 
-
-

4.0 

4.0 
4.0 

Min 

-
-
-
-
-
-

Min 

-
-
-

Typ 

-

-
-
-
-
-

0 

-
-

Typ 

1.5 
-
-
-
-

1.5 

Typ 

2.0 
-
-
-
-

2.0 
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Max Unit 

125 kHz 

... S 
- ... S 
- ... S 
- ... S 
- ... S 
- nS 

1.0 ... S 
300 nS 
- ... S 
- ... S 
- ... S 

Max Unit 

3.5 ... 5 
* nS 

100 nS 
100 nS 
1.2 ... S 
3.5 ... S 

Max Unit 

3.5 ... S 

* nS 
200 nS 
200 nS 
1:5 ... S 
3.5 ... S 



MC10H145 
MCM10143 
MCM10144 
MCM10145 
MCM10146 
MCM10147 
MCM10148 
MCM10152 
MCM10415 

MECLRAMS. 

16x4 Register File, 6ns ............... 7-3 
8 x 2 Multiport Register File, 15.3 ns ..... 7-6 
256 x 1,26 ns ......................... 7-10 
16x4 Register File, 15 ns .............. 7-14 
1024 x 1,29 ns ........................ 7-18 
128x 1, 15 ns ......................... 7-22 
64x 1, 15 ns .......................... 7-26 
256 x 1, 15 ns ......................... 7-28 
1024 x 1, 15/20 ns ..................... 7-32 
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MECL RAMs 
(0 to 75°C) 

Organization Part Number 

8x2 MCM10143 
16x4 MCM10145 
16x4 MC10H145 
64x1 MCM10148 
128x 1 MCM10147 
256 x 1 MCM10144 
256 x 1 MCM10152 
1024 x 1 MCM10146 
1024 x 1 MCM10415-15 
1024 x 1 MCM10415·20 

Access Time 
Ins maxI 

15.3 
15 
6 
15 
15 
26 
15 
29 
15 
20 
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24 
16 
16 
16 
16 
16 
16 
16 
16 
16 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

MECL10KH HIGH-SPEED EMITTER-COUPLED LOGIC 

The MC10H145 is a 16 x 4 bit register file. The active-low chip 
select allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is "low" the device is in the write mode, the 
outputs are "low" and the data present at Dn input is stored at 
the selected address, when WE is "high," the device is in the read 
mode - the data state at the selected location is present at the 
Qn outputs. 

• Address Access Time, 3.5 ns Typical 

• Power Dissipation, 700 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 

MAXIMUM RATINGS 

Characteristic Symbol Rating 

Power Supply (V CC 0 a) VEE -8.0 to a 

Input Voltage·(Vcc 0 0) VI o to VEE 

Output Current - Continuous lout 50 
- Surge 100 

Operating Temperature Range TA o to +75 

Storage Temperature Range - Plastic T stg -55 to +150 
- Ceramic -55 to +165 

ELECTRICAL CHARACTERISTICS (VEE 0 -5.2 V"t 5%) (See Note) 

0° 25° 75° 

Unit 

Vdc 

Vdc 

rnA 

°c 

°c 

Characteristic Symbol 
Min Max Min Max Min Max 

Unit 

Power Supply Current IE - 165 - 150 - 165 rnA 

Input Current High linH - 375 - 220 - 220 ~A 

Input Current Low 'inL 0.5 - 0.5 - 0.3 - ~A 

High Output Voltage VOH -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

High Input Voltage VIH -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

Low Input Voltage VIL -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

NOTE. 

Each MECL 10KH series clrcuit"has been designed to meet the de speCificatIOns shown In the test 

table, after thermal equilibrium has been established. The circuit IS in a test socket or mounted on a 

printed circuit board and transverse air flow greater than 500 Ifpm IS mamtained Outputs are 

terminated through a 50-ohm resistor to -2.0 volts 

This document contains information on a new product. SpecificatIOns and Information herein are 

subject to change without notice. MECL, MECL 10K and MECL 10KH are trademarks of Motorola Inc. 
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MC10H145 

16 X 4 BIT REGISTER FILE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

01 

00 

CS 

Dl 

DO 

A3 

A2 

VEE 

FN SUFFIX 
PLCC 

CASE 775 

PIN ASSIGNMENT 

VCC 

02 

03 

WE 

D3 

D2 

AO 

Al 

TRUTH TABLE 

MODE INPUT OUTPUT 

CS WE On Qn 

Write "0·' L L L L 

Write"'" L L H L 

Read L H c/> Q 

Disabled H c/> c/> L 

c/> 0 Don't Care 

Q·State of Addressed Cell 

I 

--
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MC10H146 

AC PARAMETERS 

MC10H145 
TA = 0 to +75°C, 

VEE = -5.2 Vdc ±5% 

Characteristics Symbol Min Max Unit Conditions 

Read Mode ns Measured from 50% of input to 50% of 
Chip Select Acc,;ssTime tACS 0 3.0 output. See Note 2. 
Chip Select Recovery Time tRCS 0 3.0 
Address Access Time tAA 0 6.0 

Write Mode ns tWSA = 3.5 ns 
Write Pulse Width tw 6.0 - Measured at 50% of input to 50% of 
Data Setup Time Prior to Write tWSD 0 - output. tw = 4.0 ns. 
Data Hold Time After Write tWHD 1.5 -
Address Setup Time Prior to Write tWSA 3.5 -
Address Hold Time After Write tWHA 1.5 -
Chip Select Setup Time Prior to Write tWSCS 0 -
Chip Select Hold Time After Write tWHCS 1.5 -
Write Disable Time tws 1.0 4.0 
Write Recovery Time tWR 1.0 4.0 

Chip Enable Strobe Mode ns Guaranteed but not tested on 
Data Setup Prior to Chip Select tcso 0 - standard product. See Figure 1. 
Write Enable Setup Prior to Chip Select tcsw 0 -
Address Setup Prior to Chip Select tCSA 0 -
Data Hold Time Alter Chip Select tCHD 1.0 -
Write Enable Hold Time Alter Chip Select tCHW 0 -
Address Hold Time After Chip Select tCHA 2.0 -
Chip Select Minimum Pulse Width tcs 4.0 -

Rise and Fall Time tr,tf ns Measured between 20% and BO% 
Address to Output 0.6 2.5 points. 
CS to Output 0.6 2.5 

Capacitance pF Measured with a pulse technique. 
Input Capacitance Cin - 6.0 
Output Capacitance Caut - B.O 

NOTES: 1. Test circuit characteristiCS: AT'" 50 n, Mel OH145. CL ~ 5.0 pF{including jig and Stray Capacitance). Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 

FIGURE 1 - CHIP ENABLE STROBE MOOE 

~~--------------------~.r---
A ----"1'- - - - - - - - - --'r'----

tCSD 14---+-tCHA 

Din----+'· 

1+-~-tCHW 

tCSA -+---11.,...1- tcs 
cs -------.1 

MOTOROLA MEMORY DATA 
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MC10H146 

1 6 x 4 Bit Register File 

00 01 02 03 

AO 
10 

9 
';:: ~ 

" " Al :::"" 
" 0 

ED al 
",0 

7 ::l", A2 -0, 
~-

6 
A3 

DO 01 02 03 • 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

8 x 2 MUL TIPORT REGISTER FILE 
(RAM) 

The MC10143 is an 8 word by 2 bit multiport register file (RAM) 
capable of reading two locations and writing one location simul­
taneously. Two sets of eight latches are used for data storage in 
this LSI circuit. 

WRITE 
A write occurs on the positive to negative transition of the clock. 

Data is enabled by having the write enable (of each bit to be 
written) low when the clock transition is made. The written infor­
mation is seen at the output on the negative to positive clock 
transition provided the read enable (of each bit) is at a low level. 
To inhibit a bit from being written, the write enable of that bit 
must be at a high level when the clock goes to a low state and 
must remain high until clock goes high. The operation of the clock 
and write enables can be reversed. While the clock is low, a pos­
itive to negative transition of the write enable will write into the 
bit addressed by AerA2. The datil is seen at the output on the 
negative to positive transition of the clock, provided the read 
enable is low. 

READ 
When the clock is high any two words may be read out simul­

taneously, as selected by addresses BerB2 and CerC2, including 
the word written during the preceding half clock cycle. When the 
clock goes low the addressed data is stored in the slaves. Level 
changes on the read address lines have no effect on the output 
until the clock again goes high. Read out is accomplished at any 
time by enabling output gates (BerB1), (CerC1). 

tpd: 
CLock to Data out = 5 ns (typ) 

(Read Selected) 
Address to Data out = 10 ns (typ) 

(Clock High) 
Read Enable to Data out = 2.8 ns (typ) 

(Clock high, Addresses present) 
PD = 610 mW/pkg (typ no load) 

TRUTH TABLE 

"MODE INPUT OUTPUT 

.... Clock WEo WE, DO 0, ~B moc aBo OB, 
Write C-+H L L H H H H L L 

Read H Q '" " " L L H H 

Read W'L ¢ q, q, q, L L H H 
Read L4H--+t. H H <I> q, L L H H 

Write L-->H L L L H H H L L 

Read H q, q, q, q, L L L H 

• "Note: Clock occurs sequentlallv through Truth Table 
°Note: AO-A2. 80-82, and CO-C2 are alf set to same address location 

throughout Table. 
tP = Don't Care 

oco 
L 

H 

H 
H 

L 

L 

OC, 
L 

H 

H 
H 

L 

H 

MCM10143 

MECL 

8 X 2 MUL TIPORT REGISTER 
FILE (RAM) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 623 

F SUFFIX 
CERAMIC PACKAGE 

CASE 652 

PIN ASSIGNMENT 

24 

23 

22 

4 21 

20 

6 19 

18 

8 17 

9 16 

10 15 

11 14 

12 13 

MOTOROLA MEMORY DATA 
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MCM10143 

BLOCK DIAGRAM 

4 
REB 

BO 
6 

OB, 

B, 

B2 

aBo 

WEo 9 

DO 10 

Clock 

AO 
A, 
A2 

WE1 
11 D, 

• OC, 

17 Co 
C, 16 

18 
C2 

REC a 
20 

MOTOROLA MEMORY DATA 
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MCM10143 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee: 0) Vee -s toO Vdc 
Sase Input Voltage (Vee - 0) Vin o to Vee Vdc 
Output Source Current - Continuous 10 <50 mAdc 

- Surge < 100 
Junction Operating Temperature TJ < 165 °e 
Storage Temperature Range Tstg -55 to +150 °e 

Permanent devIce damage may occur If ABSOLUTe MAXIMUM RATINGS are exceeded. 

ELECTRICAL CHARACTERISTICS 

De TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature VIHmax VILmin VIHAmin VILAmax Vee 

oOe -0.840 -1.870 -1.145 -1.490 -5.2 

+250 e -0.810 -1.850 -1.105 -1.4 75 -5.2 

+750 e -0.720 -1.830 -1.045 -1.450 -5.2 

SwrrCHING CHARACTERISTICS (TA = 0° to + 75°C, VEE = - 5.2 Vdc ± 5%) 

DOC +25Q C 

Characteristics Symbol Min Max Min Typ Max 

Power Supply Drain Current IE - 150 - 118 150 

Input Current linH 
Pinsl0,11,19 - 245 - - 245 
All other pins - 200 - - 200 

• 
Switching Times Q) 

Read Mode 

Address Input ts ±. as ± 4.0 15.3 4.5 10 14.5 

Read Enable tRE-OS+ 1.1 5.3 1.2 3.5 5.0 
Data tCloek+OS- 1.7 7.3 2.0 5.0 7.0 

Setup 
Address tsetup(S -Clock-) - - 8.5 5.5 -

Hold 
Address thold(Clock-B+) - - -1.5 -4.5 -

Write Mode 

Setup 
Write Enable tsetup(WE-Clock+) - - 7.0 4.0 -
Write Disable tsetup(WE +Cloek-) - - 1.0 -2.0 -
Address tsetup(A-Cloek +) - - S.O 5.0 -
Data tsetuplD Clock+) - - 5.0 2.0 -

Hold 

Write Enable thold(Cloek -WE +) - - 5.5 2.5 -
Write Disable thold(Cloek +WE-) - - 1.0 -2.0 -
Address thold(Cloek + A +) - - 1.0 -3.0 -
Data thold(Clock + 0+) - - 1.0 -2.0 -

Write Pulse Width PWWE - - 8.0 5.0 -
Rise Time, Fall Time t r • tf 1.1 4.2 1.1 2.5 4.0 

(20% to 80%) 
. . 

(j)AC timing figures do not show all the necessary presetting condItIons . 

MOTOROLA MEMORY DATA 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table. after thermal equi­
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

+75OC 

Min Max Unit 

- 150 mAde 

/lAdc 

- 245 

- 200 

ns 

4.5 15.5 

1.2 5.5 
2.0 7.6 

- -

- -

- -
- -
- -
- -

- -
- -
- -
- -
- -
1.1 4.5 



MCM10143 

READ TIMING DIAGRAMS 

Acce .. (Clock Highl FIGURE 1 

Enable 

RE---~t 11 
I~------· 

- ! 
tRE-QB+~. ~ I ~ ....If ~4. tFfE+Q8-

o 

FIGURE 2 

I 

Data 
(Address Selected) 

o __________________ --'t------- ------- FIGURE 3 

Clock 
. ______ ~F ~ tClock+08-

Setup and Hold 
8 _________ ~----- -------- 7 _______ _ FIGURE 4 

Clock --------j~-____c____c-~_ 
*- tsetUP~_t_hO_'_d""'_+· ____ _ 

Enable Setup 

Wi' 

CIO(..k 

Enable Hold 

WE 

CroCk 

D,.ble 

Clock 

Pulse Width 

Address 
A ___ -" 

WRITE TIMING DIAGRAM 

Clock __________ ~ 

MOTOROLA MEMORY DATA 
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FIGURE 5 

FIGURE 6 

FIGURE 7 

FIGURE 8 

FIGURE9 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

256 x1·BIT RANDOM ACCESS MEMORY 

The MCM10144 is a 256 word x l·bit ReadIWrite Random 
Access Memory. Data is accessed or stored by means of an a·bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 17 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 

• Typical Address Access Time = 17 ns 

• Typical Chip Select Access Time = 4.0 ns 

• Operating Temperature Range = 00 to + 750C 

• Open Emitter Output Permits Wired-OR for Easy Memory 
Expansion 

• 50 kO Input Pulldown Resistors on Chip Select 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

• Pin·for-Pin Replacement for Fl0410 

BLOCK DIAGRAM 

AO -:: 
~ 

2 ~ ~ :;; AI .. WE CD" ,,:e 14 
ill! c. 

A2 3 «CD 
';;0 !IE 

4 "N ;: . 
A3 «1:1 in. Din 

,,~ 0 13 
9 Ii 

A4 ~ 

Vce ~ Pin 16 

VEE = Pin 8 

A5 AS A7 

MCMIOl44 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

3 

4 

6 

8 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 

AO Vee 

PIN NOTATION 

16 

15 

14 

13 

12 

11 

10 

9 

es 
AO thru A7 

Din 

Chip Select Input 

Address Inputs 
Data Input 

Dout Data Output 

WE Write Enable Input 

TRUTH TABLE 

MODE INPUT 

CS· WE Din 

Write "0" L L L 

Write "'" L L H 

Reed L H ~ 

Disabled H ~ ~ 

-cs· CS1 + CS2 + CS3 4J ... Don't C.re. 

MOTOROLA MEMORY DATA 
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OUTPUT 

Dout 

L 

L 

Q 

L 



MCM10144 

FUNCTIONAL DESCRIPTION: 
The MCM10144 is a 256 word x I-bit RAM. Bitselec­

tion is achieved by means of an 8-bit address AO thru A7. 
The active-low chip select allows memory expansion up 

to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 

The operating mode of the RAM (CS inputs low) is 
controlled by the WE input_ With WE low the chip is 
in the write mode-the output is low and the data present 
at Din is stored at the selected address_ With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at Dout. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee = 0) VEE -8 toO Vdc 

Base Input Voltage (Vee = 0) Vin o to VEE Vde 

Output Source Current - Continuous 10 < 50 mAde 
- Surge < 100 

Junction Operating Temperature TJ < 165 °e 

Storage Temperature Range Tstg -55 to +150 °e 

Permanent dev,ee damage may occur ,f ABSOL.UTE MAXIMUM RATINGS are exceeded. 

DC TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature V,Hmax VILmin VIHAmin VILAmax VEE 

oOe -0.840 -1.870 -1.145 -1.490 -5.2 

+250 e -0.810 -1.850 -1.105 -1.475 -5.2 

+750 e -0.720 -1.830 -1.045 -1.450 -5.2 

MCM10144 Test Limits 

oOe +250C +7SoC 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE - 130 - 125 - 120 

Input Current High lin H - 220 - 220 - 220 

Input Current Low lin L 0.5 - 0.5 - 0.3 -

Logic "'" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "0" VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic "'" VOHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

L.ogie "0·· VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 

MOTOROLA MEMORY DATA 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table, after thermal equi­
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

Unit Conditions 

mAde Typ lEE @250 e = 90 rnA 
All outputs and inputs open. 
Measure pin 8. 

"Ade Test one input at a time, all 
other illputs are open. 

Vin 0 VIH. 

"Ade Test one input at a time, all 
other inputs are open. 

Vin = VIL· 

Vde Load 50 n to -2.0 V 

Vde 

Vde Threshold testing is performed 
and guaranteed on one input at 

Vdc a,time. Vin == VIHA or VILA. 
Load 50 n to -2.0 V. 

• 
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MCM10144 

SWITCHING CHARACTERISTICS (TA = 00 to +750 C VEE = -5 2 Vdc + 5%· Output Load see Figure ,. see Note 1 & 3 I -

Test Limits 

Characteristic Symbol Min Typ Max Unit Conditions 

Read Mode See Figures 2 and 3. 
Chip Select Access Time tACS 2.0 4.0 10 ns Measured from 50% of input to 50% of 
Chip Select Recovery Time tRCS 2.0 4.0 10 ns output. See Note 2. 
Address Access Time tAA 7.0 17 2S ns 

Write Mode 
Write Pulse Width tw 25 S.O - ns tWSA = 8.0 ns 
Data Setup Time Prior to Write tWSD 2.0 -3.0 - ns Measured at 50% of input to 50% of 
Data Hold Time After Write tWHD 2.0 -3.0 - ns output. 
Address Setup Time Prior to Write tWSA 8.0 0 - ns tw = 25 ns. See Figure 4. 
Address Hold Time After Write tWHA 0.0 -4.0 - ns 
Chip Select Setup Time Prior to Write twscs 2.0 -3.0 - ns 
Chip Select Hold Time After Write tWHCS 2.0 -3.0 - ns 
Write Disable Time tws 2.5 5.0 10 ns 
Write Recovery Time tWR 2.5 5.0 10 ns 

Rise and Fall Time Measured between 20% and 80% points. 
Output Rise and Fall Time t f • tt 1.5 3.0 7.0 ns When driven from Addres.s inputs. 

Output Rise and Fall Time tr,tf 1.5 3.0 5.0 ns When driven from CS or WE inputs. 

Capacitance 
I nput Capacitance Cin - 4.0 5.0 pF 
Output Capacitance Cout - 7.0 8.0 pF 

Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

~ 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vcc ~ Gnd 

r---------l~----l 
I 
I 

, 
I 1 

2 
I 3 , 4 

.!. 9 
10 
11 
12 

I , , , 
I 13 , 
I 

51 sl 7 

A&SI CS2 CS3 

AI 
A2 
A3 

A4 
A5 
AS Dout 

A7 

Din WE 

j14 

15 

Cl l tT , 
I ,-2.0V 

I , 
I , 

INPUT lEVELS 

tr ~ tf ~ 2.0 ns typo 

All timing measurements referenced to 50% of input levels. 

RT~50n 

Cl '" 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

MOTOROLA MEMORY DATA 
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Dout 

Address 

D out 

Address 

Dout 

MCM10144 

FIGURE 2 - CHIP SELECT ACCESS TIME 

Chip Select 

CS 

FIGURE 3 - ADDRESS ACCESS TIME 

FIGURE 4 - WRITE MODE 

- ..... ++--+ tWHO 

I-~~~~=-----' I-ot-----i*" tWHCS 

tWHA ----.f 

14---- tWSA -----<004 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

AO 

A1 

A2 

A3 

64-BIT REGISTER FILE 
(RAM) 

The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCM 1 0145 particu­
larly useful in register file or small scratch pad applications. Fully 
decoded inputs, together with a chip enable, provide expansion 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs. The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-DRing 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 

• Typical Address Access Time ~ 10 ns 

• Typical Chip Select Access Time ~ 4.5 ns 

• Operating Temperature Range ~ 00 to + 750C 

• 50 kn Pulldown Resistors on All Inputs 

• Fully Compatible with MECL 10,000 

• Pin-for·Pin Compatible with the F10145 

BLOCK DIAGRAM 

00 01 02 03 

';0 " .... 
:;"8 
!II • ;0 
"'" ,,~ ,,' «~ 

6 

Vee - Pin 16 
Vee"" Pin 8 

L-r-__ ...-__ ...-_--.,......Jt---o WE 

DO 01 02 03 

MOTOROLA MEMORY DATA 
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MCM10145 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

3 

4 

6 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

PIN NOTATION 

es Chip Select Input 
Address Inputs 
Data Inputs 

AO thru A3 
DO thru 03 
00 thru OJ 
WE 

Data Outputs 
Write Enable 1 nput 

TRUTH TABLE 

MODE INPUT OUTPUT 

es WE On an 

Write "0" L L L L 

Write "1" L L H L 

Read L H q, a 

Disabled H q, q, L 

'" == Don't Care. 



MCM10145 

FUNCTIONAL DESCRIPTION: 
The MCM10145 is a 16 word x 4-bit RAM. Bit selec­

tion is achieved by means of a 4-bit address AO thru A3. 
The active-low chip select allows memory expansion up 

to 32 words. The fast chip select access time allows 
memory expansion without affecting system performance. 

The operating mode of the RAM (CS input low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at Dn is stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at an. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage IVCC = 0) VEE -8 to 0 Vdc 

Base Input Voltage IVCC = 0) Vin o to VEE Vdc 

Output Source Current - Continuous 10 < 50 mAde 

- Surge < 100 

Junction Operating Temperature TJ < 165 °c 
Storage Temperature Range Tstg -55 to +150 °c 

Permanent deVice damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. 

DC TEST VOL TAGE VALUES 
IVolts) 

Test 
Temperature V,Hmax V'Lmin VIHAmin VILAmax VEE 

OOC -0.840 -1.870 -1.145 -1.490 -5.2 

+250 C -0.810 -1.850 -1.105 -1.475 -5.2 

+750 C -0.720 -1.830 -1.045 -1.450 -5.2 

MCM 10145 Test limits 

oOe +250 e +750 e 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE 130 - 125 - 120 

Input Current High lin H -- 220 - 220 - 220 

Input Current Low IlnL 0.5 - 0.5 - 0.3 -

Logic "'" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "0" VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic "1" VOHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 

MOTOROLA MEMORY DATA 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table, after thermal equi, 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

Unit Conditions 

mAde Typ lEE @250 C - 90 mA 
All outputs and inputs open. 
Measure pin 8. 

JJ.Ade Test one input at a time. all 

other inputs are open. 

Vin -= VIH. 

~Adc Test one input at a time, all 
other inputs are open_ 

Vin -- VIL· 

Vdc Load 50 n to -2.0 V 

Vdc 

Vdc Threshold testing is performed 

and guaranteed on one input at 

Vdc a time. Vin = VIHA or VILA· 
Load 50 n to -2.0 V. 

• 
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MCM10146 

SWITCHING CHARACTERISTICS (T A = 0° to + 75°C, VEE = - 5.2 Vdc ± 5°; Output Load see Figure 1; see Note 2.) 
est Lomots 

Characteristic Symbol Min Typ Max Unit Conditions 

Read Mode See Figures 2 and 3. 
Chip Select Access Time tACS 2.0 4.5 8.0 ns Measured from 50% of input to 50% of 
Chip Select Recovery Time tRCS 2.0 5.0 8.0 ns output. See Note 1 . 
Addr .. s Access Time tAA 4.0 10 15 ns 

Write Mode 
Write Pulse Width tw 8.0 - - ns tWSA: 5 ns 
Data Setup Time Prior to Write tWSD 0 -6.0 - ns Measured at 50% of input to 50% of 
Data Hold Time After Write tWHD 3.0 0 - ns output. 
Address Setup Time Prior to Write tWSA 5.0 1.0 - ns tw ~ 8 ns. See Figure 4. 
Address Hold Time After Write tWHA 1.0 -3.0 - ns 
Chip Select Setup Time Prior to Write tWSCS 0 -5.0 - ns 
Chip Select Hold Time After Write tWHCS 0 -6.0 - ns 
Write Disable Time tws 2.0 5.0 8.0 ns 
Write Recovery Time tWR 2.0 5.0 8.0 ns 

Chip Enable Strobe Mode 
Data Setup Prior to Chip Select tCSD 0 -6.0 - ns Guaranteed but not tested on standard 
Write Enable Setup Prior to Chip tcsw 0 -3.0 - ns product. See Figure 5. 

Select 
Address Setup Prior to Chip Select tCSA 0 -3.0 - ns 
Data Hold Time After Chip Select tCHD 2.0 -1.0 - ns 
Write Enable Hold Time After Chip tCHW 0 -6.0 - ns 

Select 
Address Hold Time After Chip Select tCHA 4.0 -1.0 - ns 
Chip Select Minimum Pulse Width tcs 18 12 - ns 

Rise and Fall Time Measured between 20% and 80% points. 
Address to Output t r • tf 1.5 3.0 7.0 ns 
CS to Output tr.tf 1.5 3.0 5.0 ns 

Capacitance 
Input Capacitance Cin - 4.0 6.0 pF 
Output Capacitance Cout - 5.0 8.0 pF 

Notes. 
1. The maximum Address Access Time is guaranteed to be the worst~case bit in the memory. 
2. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

Vee 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

1----, 

Input Pulse 
tr = tf = 2.0 ± 0.2 ns 

(20 to 80%) 

VIH = -0.9 V 

VIL=-1.7V 

I 
I 
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I 
I 

AD 

A1 

A2 

A3 

00 

01 

02 

03 

I I eE 00 

I 
01 I 

I 
02 

I 

_03 I 
WE 

I I L ____ J 

fl'" " Le: Unused outputs connected to a 50-ohm resistor to ground. 
A II tim ing measurements referenced to 50% of input levels. 
RT = 50 .n 
CL " 5.0 pF (Including Jig and Stray Capacitance) 
Celav should be derated 30 ps/pF for capacitive load. up to 50 pF. 
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MCM10145 

FIGURE 2 - CHIP SELECT ACCESS TIME FIGURE 3 - ADDRESS ACCESS TIME 

Address 

°aut 

FIGURE 4 - WRITE MODE 

Address 

II 
Daut 1+--- 'WSA -----<~ 

FIGURE 5 - CHIP ENABLE STROBE MODE 

A ____ I~ __ - _____ _ JI'-__ _ 

.... f--___ *"- 'c HA 

D;n -----l-' 

Vi 

CS -------..... 1 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

1024 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10146 is a 1024-bit Read/Write Random Access Mem­
ory organized 1024 words by 1 bit. Data is selected or stored by 
means of a 1O-bit address (AO through A9) decoded on the chip. 
The chip is designed with a separate data in line, a non-inverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, control, 
cache and buffer storage applications: 

• Fully Compatible with MECL 10,000 

• Temperature Range of 00 to 750 C (see note 1) 

• Emitter·Follower Output Permits Full Wire-DRing (see note 3) 

• Power Dissipation Decreases with Increasing Temperature 

• Typical Address Access of 24 ns 

• Typical Chip Select Access of 4.0 ns 

PIN DESIGNATION 

CS 

AO to A9 

Din 
Dout 
WE 

Chip Select Input 

Address Inputs 

Data Inputs 

Data Output 

Write Enable Input 

MCM10146 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

ORDERING INFORMATION 

Suffix Denotes 

MCM10146 - L Ceramic Dual-In-Line Package 
- F Ceramic Flat Package 

BLOCK DIAGRAM PIN ASSIGNMENT 

2 
AO 

jI 

3 ~ ~ 
AI "" " 0 

4 <I ~ 
A2 ,,0 

0";:: 
5 ~~ 

A3 '" ' 
6 

!:!m 
A4 

Vee = Pin 8 
VCC ~ Pin 16 

D out CS 

; 
WE ,,::: c, 13 

<1m 
Il':: 
';: co 
;::;; Din 

0 15 

MODE 

Write "0" 

Write "1" 

Road 
AS A6 A7 Aa A9 

Disabled 
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H 

TRUTH TABLE 

INPUT 

WE 

L 

L 

H 

<P 

t/> .. Don't Care. 

t6 

15 

14 

13 

12 

11 

10 

9 

Din 

L 

H 

<P 

<P 

OUTPUT 

Dout 

L 

L 

0 

L 



MCM10146 

FUNCTIONAL DESCRIPTION: 
This device is a 1024 x l-bit RAM. Bit selection is achieved by 

means of a 10-bit address, AO to A9. 
The active-low chip select is provided for memory expansion up 

to 2048 words. 
The operating mode of the RAM (CS input low) is controlled by 

the WE input. With WE low, the chip is in the write mode, the out­
put, Dout, is low and the data state present at Din is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non· 
inverted at Dout . (See Truth Table) 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage IVee = 01 VEE -8 to 0 Vde 

Base Input Voltage (Vee - 01 Vin o to VEE Vde 

Output Source Current - Continuous 10 < 50 mAde 
- Surge < 100 

Junctio~Operatjng Temperature TJ < 165 °e 

Storage Temperature Range T5t9 -55 to +150 °e 

De TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature V,Hmax V'lmin VIHAmin VILAmax VEE 

oOe -0.840 -1.870 -1.145 -1.490 -5.2 

+250 e -0.810 -1.850 -1.105 -1.475 -5.2 

+750 e -0.720 -1.830 -1.045 -1.450 -5.2 

MCM10146 Test Limits 

OOC +250 C +750 C 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE - 150 - 145 - 125 

Input Current High lin H - 220 - 220 - 220 

Input Current Low Ijn L 0.5 - 0.5 - 0.3 -

Logic "'" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "0" VOJ,.. -1.920 -1.665 -1.900 -1.650 -1.880 -1.625 
Output Voltage 

Logic "1" VOHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 

MOTOROLA MEMORY DATA 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table, after thermal equi­
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

Unit Conditions 

mAde Typ lEE @250 e- 100 mA 
All outputs and inputs open. 

Measure pin 8. 

,/JAde Test one input at a time, all 
other inputs are open. 

Vin = VIH. 

"Ade Test one input at a time, all 
other inputs are open. 

Vin = VIL· 

Vde Load 50 n to -2.0 V 

Vde 

Vde Threshold testing is performed 
and guaranteed on one input at 

Vde a time. Vin = VIHA or VILA. 
Load 50 n to -2.0 V. 

• 



• 

MCM10146 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

TESTING CONDITIONS 

AO CS 
At 

A2 

A3 

A4 

A5 MCMtOt46 Dout 

A6 

A7 

AS 

A9 VEE 

O.OtIolF l 
-2.0 V 

INPUT LEVELS 

INPUT LEVELS 

t r "" tf "" 2.6 ns Typ. 

All Timing Measurements Referenced to 50% of Input Levels 

CL "5.0 pF including Jig and Stray Capacitance 

RT = 50 n 
For Capacitance Loading';;;: 50 pF. Delay Should be 

Derated by 30 ps/p F 

Guaranteed with VEE = -5 2 Vdc + 50% TA = OoC to 750 C hee Note 1) Output Load see Figure 1. -
MCM10146 Test Limits 

Characteristic Symbol Min Typ Max Unit Conditions 

Aead Mode See Figures 2 and 3. 

Chip Select Access Time tACS 2.0 4.0 7.0 ns Measured at 50% of input to 50% of output. 

Chip Select R,ecovery Time tACS 2.0 4.0 7.0 ns See Note 2. 

Address Access Time tAA 8.0 24 29 ns 

Write Mode See Figure 4. 

Write Pulse Width tw 25 20 - ns tWSA = 8.0 ns. 
(To guarantee writing) Measured at 50% of input to 50% of output. 

Data Setup Time Prior to Write twso 5.0 0 - ns 

Data Hold Time After Write tWHO 5.0 0 - ns 

Address Setup Time Prior to Write tWSA 8.0 0 - ns tw = 25 ns 

Address Hold Time After Write tWHA 2.0 0 - ns 

Chip Select Setup Time Prior to Write tWSCS 5.0 0 - ns 

Chip Select Hold Time After Write. tWHCS 5.0 0 - ns 

Write Disable Time tws 2.8 5.0 7.0 ns 

Write Recovery Time tWA 2.8 5.0 7.0 ns 

Rise and Fall Time Measured between 20% and 80% points. 

Output Rise and Fall Time tr,tf 1.5 2.5 4.0 ns When driven from CS or WE inputs. 

Output Rise and Fall Time tr.tf 1.5 4.0 8.0 ns When driven from Address inputs. 

Capacitance Measured with a pulse technique. 

Input Lead Capacitance Cin - 4.0 5.0 pF 

Output Lead Capacitance Cout - 7.0 8.0 pF 

Notes: 

(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2~ The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 

14) Typical limits are at VEE: -5.2 Vdc. TA = 25°C and standard loading. 
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Chip Select cs 

°out 
Data Output 

Address Input A 

Dout 

Data Output 

Address lnpu1 A 

Data Input Din 

Dout 
Data Output 

tACS 

MCM10146 

FIGURE 2 - CHIP SELECT ACCESS TIME 

~ ~ 
FIGURE 3 - ADDRESS ACCESS TIME 

FIGURE 4 - WRITE STROBE MODE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

128 x '·BIT RANDOM ACCESS MEMORY 

The MCM10147 is a 128-word x l-bit Read/Write Random Access 
Memory _ Data is accessed or stored by means of a 7 -bit address 
decoded on chip_ It has a non-inverting data out, a separate data in 
line and 2 active-low chip select lines. It has a typical access time 
of 10 ns and is designed for high-speed scratch pads, control, cache, 
and buffer storage applications. 

• Typical Address Access Time = 10 ns 

• Typical Chip Select Access Time = 5.0 ns 

• Operating Temperature Range = 00 to +750 C 

• Open Emitter Output Permits Wired-O R for Easy Memory 

Expansion 

• 50 kU Input Pull down Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

• Similar to Fl0405. 

BLOCK DIAGRAM 

AO 

A' 

A2 
4 

A3 

A4 A5 A6 

~ We ,,:: '2 c , 
<tID 
J~ 
.~ . 
~; Din 

C " 

V eel = Pin 1 

V CC2 = Pin16 

Vee = Pin B 

MCM10147 

MECL 

128-BIT RANDOM ACCESS 
MEMORY 

4 

6 

CS 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 

PIN NOTATION 

AO thru A6 

D jn 

Chip Select Input 

Address Inputs 

Data Input 

°out Data Output 

WE Write Enable Input 

TRUTH TABLE 

MODE INPUT OUTPUT 

CS' WE Din Dout 

Writ. "0" L L L L 

Write "1" L L H L 

Road L H <P Q 

Disabled H <P <P L 

'CS - CS1 + CS2 4>" Don't Care. 
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MCM10147 

FUNCTIONAL DESCRIPTION: 
The MCM 10147 is a 128 word x l-bit RAM. Bit selec­

tion is achieved by means of a 7-bit address AO thru A6. 
The active-low chip select allows memory expansion up 

to 512 words. The fast chip select access time allows 
memory expansion without affecting system performance. 

The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at Din is stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at Dout. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee = 01 VEE -8 toO Vdc 

Base Input Voltage (Vce = 0) Vi" o to VEE Vde 

Output Source Current - Continuous 10 < 50 mAde 

- Surge < 100 

Junction Operating Temperature TJ < 165 °c 

Storage Temperature Range Tstg -55 to +150 °c 

Permanent device damage may occur ,f ABSOLUTE MAXIMUM RATINGS are exceeded. 

DC TEST VOLTAGE VALUES 
(Volts) 

TlSt 
Temperature VIHma. VILmin VIHAmin VILAma. VEE 

oOe -0.840 -1.870 -1.145 -1.490 -5.2 

+250 C -0.810 -1.850 -1.105 -1.475 -5.2 

+750 C -0.720 -1.830 -1.045 .-1.450 -5.2 

MCM10144 TlSt Limits 

OOC +250 C +750 C 

DC Characteristics Symbol Min Ma. Min Ma. Min Ma. 
Power Supply Drain Current lEE 105 100 95 

Input Current High lin H - 220 - 220 - 220 

Input Current Low linl. 0.5 - 0.5 - 0.3 -

Logic ··1" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic ·'0·· VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic ·'1'· VOHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic ··0·' VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 

MOTOROLA MEMORY DATA 
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ELECTRICAL CHARACTERISTICS 
Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table, after thermal equi­
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated throL:lgh a 50-ohm resistor 
to -2.0 volts. 

Unit Conditions 

mAde Typ lEE @ 250 e = 80 mA 
All outputs and inputs open. 
Measure pin 8. 

~Adc Test one input at a time, all 
other inputs are open. 

Vin = VIH. 

~Ade Test one input at a time, all 
other inputs are open. 

Vin = VIL· 

Vde Load 50 n to -2.0 V 

Vde 

Vde Threshold testing is performed 
and guaranteed on one input at 

Vde a time. Vin = VIHA or VILA· 
Load 50 n to -2.0 V. 

• 



• 

MCM10147 

SWITCHING CHARACTERISTICS (TA = 00 to +7SoC VEE = -S.2 Vdc ± S%· Output Load see Figure 1; see Note 1 & 3,) 

Test Limits 

Characteristic Svmbol Min TVp Max Unit Conditions 

Read Mode See Figures 2·and 3. 
Chip Select Access Time tACS 2.0 5.0 8.0 ns Measured from SO% of input to 50% of 
Chip Select Recovery Time tRCS 2.0 5.0 8.0 n. output. See Note 2. 
Address Access Time tAA 5.0 10 15 ns 

Write Mode 
Write Pulse Width tw 8.0 6.0 - ns tWSA = 4.0 ns 
Data Setup Time Prior to Write tWSD 1.0 -5.0 - n. 
Data Hold Time After Write tWHD 3.0 -2.0 - n. 
Address Setup Time Prior to Write tWSA 4.0 0 - ns tw = 8.0 ns. See Figure 4. 
Address Hold Time After Write tWHA 3.0 0 - ns 
Chip Select Setup Time Prior to Write tWSCS 1.0 -5.0 - ns 
Chip Select Hold Time After Write tWHCS 1.0 -5.0 - n. 
Write Disable Time tws 2.0 5.0 8.0 n. Measured at 50% of input to 50% 
Write Recovery Time tWR 2.0 5.0 8.0 ns of output. 

Rise and Fall Time Measured between 20% and 80% points. 
Output Rise and Fall Time t r• tj 1.5 3.0 5.0 n. 

Capacitance 
Input Capacitance Cin - 4.0 S.O pF 
Output Capacitance Cout - 7.0 B.O pF 

Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3l For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

VCC1 = VCC2 = Gnd 

r---------J~----, 
I 
I 
I 

141 131 1 
1 2 AfjS1CS2 

3 
4 

A1 

1 5 
A2 

I 6 
A3 

~ 
7 

AS 
10 15 

As Dout 
1 
I IRT 
I I 
1 1 

Cli 
~ I I 

I 11 
,-2.0 V 

Din I 
I WE I 
1 J 12 I 

1 

'--------'rr~:, 

l-s;vdc 

VEE 

INPUT lEVELS 

tr = tf = 2.0 ns typo 

All timing measurements referenced to SO% of input levels. 

RT=SOfi 

Cl "" 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capaci1ive load up to SO pF 
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FIGURE 2 - CHIP SELECT ACCESS TIME 

Chip Select 

cs 

Dout 

FIGURE 3 - ADDRESS ACCESS TIME 

Address 

D out 

FIGURE 4 - WRITE MODE 

• Address 

Daut ~-----tWSA----~~ 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

128 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10148 is a fast 64-word X 1-bit RAM. 8it selection 
is achieved by means of a 6-bit address, AO through A5. 

The active-low chip selects and fast chip select access time 
allow easy memory expansion up to 256 words without affect­
ing system performance. The operating mode (CS inputs low) 
is controlled by the WE input. With WE low the chip is in the 
write mode-the output is low and the data present at Din is 
stored at the selected address. With WE high the chip is in the 
read mode-the data state at the selected memory location is 
presented non-inverted at Dout. 

• Typical Address Access Time of 10 ns 
• Typical Chip Select Access Time of 4.0 ns 
• 50 kO Input Pulldown Resistors on All Inputs 
• Power Dissipation (420 mW typ @ 25°C) Decreases with 

Increasing Temperature 
• 50 kO Input Pulldown Resistors (420 mW typ) on All Inputs 

BLOCK DIAGRAM 

AO 

A1 

A2 

A4 AS A6 
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MCM10148 

MECL 

64X 1-BIT 
RANDOM ACCESS MEMORY 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

6 11 

10 

9 

PIN NOTATION 

CS 
AO thru AS 

Chip Salect Input 
Addr ... Inputs 

Data Input 
Data Output 
Write Enable Input 

TRUTH TABLE 

MODE INPUT OUTPUT 

"f!' WE Din Dout 

Write "0" L L L L 

Write .. , .. L L H L 

Rood L H • Q 

DI .. bled H • • L 



MCM10148 

ELECTRICAL CHARACTERISTICS 

OOC +26°C +76°C 

Char.cteristlcs Symbol Min 1M." Min 1M." Min I Ma" Unit 

Power Supply Drain Current lEE - 1105 - 1100 -I 95 mAde 

Input Current High 'inH - 1220 - 1220 - 1220 !lAde 

SWITCHING CHARACTERISTICS (Note 1) 

MCM10148 

TA = 0 to +76°C. 
Characteristic. Symbol VEE = -6.2 Vdc +5'10 Unit 

Min M." 
Read Mode ns 

Chip Select Access Time tACS - 7.5 
Chip Select Recovery Time tRCS - 7.5 
Address Access time tAA - 15 

Write Mode ns 
Write Pulsa Width tw 8.0 -
Data Setup Time Prior to Write twSD 3.0 -
Data Hold Time After Write tWHD 2.0 -
Address Setup Time Prior to Write tWSA 5.0 -
Address Hold Time After Write twHA 3.0 -
Chip Select Setup Time Prior to Write tWSCS 3.0 -
Chip Select Hold Time After Write tWHCS 0 -
Write Disable Time tws 2.0 7.5 
Write Recovery Time twR 2.0 7.5 

Risa and Fall Time tr.tf 1.5 5.0 ns 

Capacitance pF 
Input Capacitance Cin - 5.0 
Output Capacitance Cout - 8.0 

NOTES: 1. Test circuit characteristics: RT = 500. MCM10148. 

CL" 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the Worst-Casa Bit in the Memory. 

3. For propar use of MECL Memories in a system environment. consult MECL System Design Handbook. 

°To be determined; contect your Motorola representative for up-to-date information. 
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Conditions 

Measured from 50% of 
input to 50% of output. 
See Note 2. 

twSA=5.0ns 
Measurad at 50% of input 
to 50% of output. 
tw=S.Ons. 

Measured between 20% 
and 80% points. 

Measured with a pulsa 
technique. 

• 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

256 x 1-BIT RANDOM ACCESS MEMORY 

The MCM 1 0152 is a 256 word xl-bit ReadlWrite Random 
Access Memory_Data is accessed or stored by means of an 8-bit 
address decoded on chip_ It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines_ It has a typical aGcess 
time of 11 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications_ 

• Typical Address Access Time = 11 ns 

• Typical Chip Select Access Time = 4_0 ns 

• Operating Temperature Range = 00 to +750 C 

• Open Emitter Output Permits Wired-OR for Easy Memory 
Expansion 

• 50 kQ Input Pulldown Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

BLOCK DIAGRAM 

AO : 
2 ~ " . A1 ~ . WE 111-0 -0::: 14 ~ 0 o ~ 
3 ~ u <Ill A2 ~o $= 
4 

-0", .~ III 

A3 <!:! :;:'0 Din "2- 0 13 
9 0 

A4 :;: 

Vee"" Pin 16 

VEE = Pin 8 

A5 A6 A7 

MCMI0152 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

3 

4 

6 

8 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 

VEE A4 

PIN NOTATION 

16 

15 

14 

13 

12 

11 

10 

9 

CS 
AD thru A7 

Djn 

Chip Select Input 

Address I "puts 

Data Input 

°out Data Output 

WE Write Enable Input 

TRUTH TABLE 

MODE INPUT 

CS· WE Din 

Writ. "0" L L L 

Write "'" L L H 

Read L H 1/1 
Disabled H 1/1 1/1 

·cs = CS1 + CS2 + CS3 1/1 = Don', Cera_ 
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MCM10152 

FUNCTIONAL DESCRIPTION: 
The MCM10152 'is a 256 word x l-bit RAM. Bit selec­

tion is achieved by means of an 8-bit address AO thru A7. 
The active-low chip select allows memory expansion up 

to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 

The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at Din is stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at Dout. 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage (Vee = 0) VEE -8 toO Vde 

Base Input Voltage (Vee = 0) Vin o to VEE Vde 

Output Source Current - Continuous 10 < 50 mAde 
- Surge < 100 

Junction Operating Temperature TJ < 165 °e 

Storage Temperature Range Tstg -55 to +150 °e 

Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. 

De TEST VOLTAGE VALUES 
(Volts) 

Test 
Temperature VIHmax VILmin VIHAmin VILAmax VEE 

oOe -0.840 -1.870 -1.145 -1.490 -5.2 

+250 e -0.810 -1.850 -1.105 -1.4 75 -5.2 

+750 e -0.720 -1.830 -1.045 -1.450 -5.2 

MeMl01S2 Test Limits 

oOe +2SoC +7Soe 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE 135 130 125 

Input Current High lin H - 220 - 220 - 220 

Input Current Low lin L 0.5 - 0.5 - 0.3 -

Logic "1" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 
Output Voltage 

Logic "0" VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 
Output Voltage 

Logic "1" VOHA -1.020 - -0_980 - -0.920 -
Threshold Voltage 

Logie "0" VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 
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ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de­
signed to meet the de and ae specifications 
shown in the test table. after thermal equi· 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 

Unit Conditions 

mAde Typ lEE @250 e = 110 mA 
All outputs and inputs open. 

Measure pin 8. 

).lAde Test one input at a time, all 

other inputs are open. 

Vin = VIH. 

).lAde Test one input at a time, all 
other inputs are open. 

Vin 0 VIL. 

Vde Load 50 n to -2.0 V 

Vde 

Vde Threshold testing is performed 

and guaranteed on one input at 

Vde a·time. Vin = VIHA or VILA· 
Load 50 n to -2.0 V. 

• 
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SWITCHING CHARACTERISTICS (TA = 0° to +750 C VEE = -52 Vdc ± 5%· Output Load see Figure ,. see Note I & 3.1 

Test Limits 

Characteristic Svmbol Min TVp Max Unit Conditions 

Read Mode See Figures 2 and 3. 
Chip Sele'ct Access Time tACS 2.0 4.0 7.5 ns Measured from 50% of input to 50% of 
Chip Select Recovery Time tRCS 2.0 4.0 7.5 ns output. See Note 2. 
Address Access Time tAA 7.0 II 15 ns 

Write Mode 
Write Pulse Width tw 10 6.0 - ns tWSA = 5.0 ns 
Data Setup Time Prior to Write tWSD 2.0 -3.0 - ns Measured at 50% of input to 50% of 
Data Hold Time Aftftr Write tWHO 2.0 -2.0 - ns output. 
Address Setup Time Prior to Write tWSA 5.0 3.0 - ns tw =10 ns. See Figure 4. 
Address Hold Time After Write tWHA 3.0 0 - ns 
Chip Select Setup Time Prior to Write tWSCS 2.0 -3.0 - ns 
Chip Select Hold Time After Write tWHCS 2.0 -3.0 - ns 
Write Disable Time tws 2.5 5.0 7.5 ns 
Write Recovery Time tWR 2.5 5.0 7.5 ns 

Rise and Fall Time Measured between 20% and 80% points. 
Output Rise and Fall Time tr,tf 1.5 3.0 5.0 ns 

Capacitance 
I nput Capacitance ein - 4.0 5.0 pF 

Output Capacitance Cout - 7.0 8.0 pF 

Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

~ 

~ 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook," 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vee ~ Gnd 

r---------l~----, 
I 

! 

61 I 51 7 
I I AffS I CS2 eS3 
i 2 

I 3 
AI 

I 4 
A2 

I 9 
A3 

10 
A.t 

11 
A5 

15 
12 

AS Dout 

I 
A7 Cll I 

,RT , , 
I I 
I 13 

1-2.0 V 

Din WE I , , 
I j14 I , 
'---------.f1~~~ 

1-5~vdc 

INPUT lEVELS 

tr ~ tf ~ 2.0 ns typo 

All timing measurements referenced to 50% of input levels. 

RT ~ 50 n 
Cl .. 5.0 pF (including jig and stray capacitancel 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
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FIGURE 2 - CHIP SELECT ACCESS TIME 

Chip Select 

cs 

Dout 

FIGURE 3 - ADDRESS ACCESS TIME 

Address 

Dout 

FIGURE 4 - WRITE MODE 

Address II 

Dout 1---- 'W5A -------I 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

1024 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10415 is a 1024-bit ReadlWrite Random Access Mem­
ory organized 1024 words by 1 bit. Data is selected or stored by 
means of a 10-bit address (AO through A9) decoded on the chip. 
The chip is designed with a separate data in line, a noninverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con­
trol, cache and buffer storage applications. 

• Address Access Time: MCM10415-20 
MCM10415-15 

• Fully Compatible with MECL 10Kl10KH 

• Temperature Range of 0° to 75°C 

20 ns (Max) 
15 ns (Max) 

• Emitter-Follower Output Permits Full Wire-DRing 

• Power Dissipation Decreases with Increasing Temperature 

• ....-------

AO 

Al 

A2 

A3 

A4 

2 

3 

4 

5 

6 

VEE = Pin S 
Vee = Pin 16 

BLOCK DIAGRAM 

Dout 

A5 A6 A7 AS A9 

"C~ 
13 

WE 
c " <Ill 
" c .t::-
~ '" ~1V Din c 15 

MCMI0415·15 
MCMI0415·20 

MECL 
1024-BIT RANDOM 
ACCESS MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

ORDERING INFORMATION 
Suffix Denotes 

MCM10415L15 - Ceramic Dual-in·Line Package 
MCM10415F15- Ceramic Flat Package 
MCM10415L20 - Ceramic Dual-in-Line Package 
MCM10415F20 - Ceramic Flat Package 

cs 
AO to A9 

Din 
Dout 
WE 

PIN ASSIGNMENT 

PIN DESIGNATION 

16 

15 
14 

13 

12 

11 

10 

9 

Chip Select Input 

Address Inputs 

Data Inputs 

Data Output 

Write Enable Input 
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MCM10415 

FUNCTIONAL DESCRIPTION: 
This device is a 1024 x l-bit RAM. Bit selection is 

achieved by means of a 10-bit address, AO to AS. 
The active-low chip select is provided for memory 

expansion up to 2048 words. 
The operating mode of the RAM (CS input low) is 

controlled by the WE input. With WE low, the chip is in 
the write mode, the output, Dout, is low and the data 
state present at Din is stored at the selected address. 
With WE high, the chip is in the read mode and the data 
stored at the selected memory location will be pre­
sented noninverted at Dout. (See Truth Table) 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Power Supply Voltage (VCC = 0) VEE 

Base Input Voltage (VCC = 0) Vin 

Output Source Current - Continuous 10 
- Surge 

Junction Operating Temperature TJ 

Storage Temperature Range Tst!! 

Value 

-8 to 0 

o to VEE 

<50 
<100 

<165 

-55to +150 

DC TEST VOLTAGE VALUES 
IVolts) 

Test 
Temperature V,Hmax V'Lmin VIHAmin V,LAmax 

O"C -0.840 -1.870 -1.145 -1.490 

+ 25"C -0.810 -1.850 -1.105 -1.475 

+ 75"C -0.720 -1.830 -1.045 -1.450 

ELECTRICAL CHARACTERISTICS 

TRUTH TABLE 

MODE INPUT OUTPUT 

CS WE Din Dout 

Write "0" L L L L 

Write "1" L L H L 

Read L H q, Q 

Disabled H q, q, L 

q, = Don't Care. 

Unit 

Vde 

Vde 

mAde 

"C 

"C 

VEE 

-5.2 

-5.2 

-5.2 

Each MECL Memory circuit has been designed to meet the dc and ac specifications shown in the test table, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 Ifpm is maintained. Outputs are terminated through a 50-ohm resistor to - 2,0 volts. 

MCM10415 Test Limits 

D"C +Z5"C + 75"C 

DC Characteristics Symbol Min Max Min Max Min Max Unit Conditions 

Power Supply Drain lEE - 150 - 145 - 125 mAde Typ lEE @ 25°C = 100 mA 
Current All outputs and inputs open, 

Measure Pin 8. 

Input Current High linH - 220 - 220 - 220 !lAde Test one input at a time, all 
other inputs are open. 
Vin = V,H· 

Input Current Low linL 0.5 - O.S - 0.3 - !lAde Test one input at a time, all 
les only) other inputs are open. 

Input Curent Low -SO -50 -50 Vin = V'L, 
IAII Others) 

Logic "1" VOH -1.000 -0.840 -0.960 -0.810 -0.900 -0.720 Vde Load 50 n to -2.0 V 
Output Voltage 

Logic "0" VOL -1.870 -1.665 -1.850 -1.650 -1.830 -1.625 Vde 
Output Voltage 

Logic "1" VOHA -1.020 - -0.980 - -0.920 - Vde Threshold testing is 
Threshold Voltage performed and guaranteed 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 Vde on one input at a time. 

Threshold Voltage Vin = V,HA or V,LA· 
Load 50 n to - 2.0 V. 

MOTOROLA MEMORY DATA 
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MCM10415 

Guaranteed with VEE = -5.2 Vdc +5.0%, TA = O'C to 75'C (see Note 1). Output Load see Figure 1. -
MCM10415-20 MCM10415-15 

Characteristic Symbol Min Max Min Max Unit Conditions 

Read Mode See Figures 2 and 3. 

Chip Select Access Time tACS - B.O - 7.0 ns Measured at 50% of input to 50% of 
output. 

Chip Select Recovery Time tRCS - B.a. - 7.0 ns See Note 2. 
Address Access Time tAA - 20 - 15 ns 

Write Mode See Figure 4. 

Write Pulse Width tw 14 - 12 - ns twSA = 3.0 ns - MCM10415-20 
(To guarantee writing) twSA = 2.0 ns - MCM10415-15 

Measured at 50% of input to 50% of 
output. 

Data Setup Time Prior to Write twSD 3.0 - 2.0 - ns 
Data Hold Time After Write twHD 3.0 - 1.0 - ns 
Address Setup Time Prior to Write twSA 3.0 - .2.0 - ns tw = 14 ns - MCM10415-20 

tw = 12 ns- MCM10415-15 
Address Hold Time After Write tWHA 3.0 - 1.0 - ns 
Chip Select Setup Time Prior to Write tWSCS 3.0 - 2.0 - ns 
Chip Select Hold Time After Write twHCS 3.0 - 1.0 - ns 
Write Disable Time tws - B.O - 7.0 ns 
Write Recovery Time twR - B.O - 7.0 ns 

Rise and Fall Time Measured between 20% and BO% 
points. 

Output Rise and Fall Time tr, tf 1.5 4.0 1.5 4.0 ns When driven from CS or WE inputs. 
Output Rise and Fall Time tr, tf 1.5 B.O 1.5 B.O ns When driven from Address inputs. 

Capacitance Measured with a pulse technique. 
See Note 4. 

Input Lead Capacitance Cin - 5.0 - 5.0 pF 
Output Lead Capacitance Cout - B.O - B.O pF 

Notes: 
(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 
(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
(3) For proper use of MECL Memories in a System environment, consult: "MECL System Design Handbook." 
(4) Typical ratings are 3.0 pF for Cin and 5.0 pF for Couto 

AO 

Al 

A2 

A3 
A4 
A5 

A6 

A7 

AS 
A9 

O.Ol,.F J 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

TESTING CONDmONS INPUT LEVELS 

MCM10415 

Dout 

VEE 

-2.0V 

INPUT LEVELS 

tr = tf = 2.6 ns Typ. 

All Timing Measurements Referenced to 50% of Input Levels 
CL .. 5.0 pF including Jig and Stray Capacitance 
RT=500 

For Capacitance Loading .. 50 pF, Delay Should be 
Derated by 30 psJpF 
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MECL PROMs 

MCM10139 32 x 8, 20 ns . . . . . . . . . . . . . . .. 8-3 
MCM10149*10 256x4, 10 ns ............... 8-8 
MCM10149*25 256x4, 25 ns ............... 8-12 
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MECL PROMs 
(0 to 75°C) 

Organization Part Number 

32xB MCM10139 
256x4 MCM10149-10 
256x4 MCM10149-25 

Access Time 
Ins max) 

20 
10 
25 

MOTOROLA MEMORY DATA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

AO 10 

A111 

A212 

A3 13 

A414 

256-BIT PROGRAMMABLE READ ONLY MEMORY 
(PROM) 

The MCM10139 is a 256-bit programmable read only memory 

(PROM). The circuit is organized as 32 words of 8 bits. Prior to 
programming, all stored bits are at logic 0 (low) levels. The logic 

state of each bit can then be changed by on-chip programming 
circuitry. The MCM10139 has a single negative logic chip enable. 

When the chip is disabled (CS = high), all outputs are forced to 
a logic 0 (low). 

The MCM10139 is fully compatible with the MECL 10,000 
logic family. It is designed for use in microprogramming, code 
conversion, logic simulation, and look-up table storage. 

Input 

Vee = Gnd 

PD = 520 mW tvp/pkg (No Load) 

tAccess = 15 ns typ (Address Inputs) 

LOGIC DIAGRAM 

32 x 8 

Array and 

ASSOCiated Drivers 

VEE = -5.:,2 Vdc 

0 
OS os DO 03 02 01 DO 
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MECL 

32 X 8 BIT PROGRAMMABLE 
READ-ONLY MEMORY 

lSUFFIX 
CERAMIC PACKAGE 

CASE 620 

2 

3 

4 

6 

8 

FSUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 
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MCM10139 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage (VCC = 0) VEE -8toO Vdc 

Base Input Voltage (VCC - 0) Vin o to VEE Vdc 

Output Source Current Continuous 10 <50 mAde 
- Surge <100 

Junction Operating Temperature TJ <165 °c 

Storage Temperature Range Tstg -55 to +150 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 

ELECTRICAL CHARACTERISTICS 

DC Test Voltage Values 
(Volts) 

Test Temperature VIHmax VILmin VIHAmin VllAmax VEE 
OOC -0.840 -1.870 -1.145 -1.490 -5.2 

+250 C -0.810 -1.B50 -1.105 -1.475 -5.2 

+ 750 C -0.720 -1.830 -1.045 -1.450 -5.2 

MCM10139 Test limits 

OoC +250 C +750 C 

DC Characteristics Symbol Min Max Min Max Min Max 

Power Supply Drain Current lEE - 150 - 145 - 140 

Input Current High lin H - 265 - 265 - 265 

Input Cu rrent low lin L 0.5 - 0.5 - 0.3 -

Logic "I" VOH -1.000 -0.840 -0.960 -0.Bl0 -0.900 -0.720 
Output Voltage 

Logic "0" VOL -2.010 -1.665 -1.990 -1.650 -1.970 -1.625 
Output Voltage 

Logic It," VOHA -1.020 - -0.980 - -0.920 -
Threshold Voltage 

Logic "0" VOLA - -1.645 - -1.630 - -1.605 
Threshold Voltage 

Each MECL Memory circuit has been 
designed to meet the de and ae specifications 
shown in the test table, after thermal equili~ 
brium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are ter­
minated through a 50-ohm resistor to -2.0 volts. 

Unit Conditions 

mAde Tvp lEE @ 250 C = 100 mAo All out-
puts and inputs open. Measure pin 8. 

/lAde Test one input at a time, all other 
inputs are open. Vin = VIH. 

"Ade Test one input at a time, all other 
inputs are open. Vin = VIL. 

Vdc Load 50!1 to -2.0 V. 

Vdc 

Vdc Threshold testing is performed and 
guaranteed on one input at a time. 

Vdc Vin VILHorVILA· 
Load 50!1 to -2.0 V. 

SWITCHING CHARACTERISTICS (TA = 0° to + 75°C. VEE = -5.2 Vdc ±5%; Output Load-See Figure 1 and Note 1) 

Test Limits 
Characteristic Symbol Min Typ Max Unit Conditions 

Chip Select Access Time tACS - 10 15 ns See Figures 2 and 3. 
Chip Select Recovery Time tRCS - 10 15 n, Measured from 50% of input to 50% 
Address Access Time tAA - 15 20 n, of output. See Note 2. 

OutRut Rise and Fall Time t r• tf - 3.0 - ns Measured between 20% and 80% points. 
Input Capacitance Cin - 4.0 5.0 pF 
Output Capacitance Cout - 7.0 8.0 pF 

Notes: 1. Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

2. The maximum Address Access Time is guaranteed to be the Worst~Case Bit in the memory. 
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MCM10139 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vee = Gnd 

r-----L~----
I 

es 00 ~ 

01 J 2 

AO 02 3 

I A1 03 4 
tr = tf = 2.0 ns typ 

A2 04 

A3 05 

5 

6 
All timing measurements referenced to 50% of input levels. 

All outputs loaded 50 ohms to - 2.0 Vdc. 

A4 06 

07 

7 

9 50 

c----'f1-"~~, 

L5;VdC 
-2.0 Vdc 

VEE 

FIGURE 2 - CHIP SELECT ACCESS TIME 

tACS -+-----0-1 tRes 

Dout 

FIGURE 3 - ADDRESS ACCESS TIME 

Address 

°out 
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MCM10139 

RECOMMENDED PROGRAMMING PROCEDURE-

The MCM10139 is shipped with all bits at logical "0" (low). To write logical "ls", proceed as follows. 

MANUAL (See Figure 4) 

Step 1 Connect VEE (Pin 8) to -5.2 V and VCC (Pin 16) to 
0.0 V. Address the word to be programmed by applying 

-1.2 to -0.6 volts for a logic "1" and -5.2 to -4.2 volts for a logic 
"0" to the appropriate address inputs. 

Step 2 Raise VCC (Pin 16) to +6.8 volts. 

Step 3 After VCC has stabilized at +6.8 volts (including any 
ringing which may be present on the Vee line), apply 

a current pulse of 2.5 rnA to the output pin corresponding to the 
bit to be programmed to a logic ",". 

Stop 4 Return VCC to 0.0 Volts. 

CAUTION 
To prevent excessive chip temperature fise, Vee should not 
be allowed to remain at +6.8 volts for more than 1 second. 

Step 5 Verify that the selected bit has programmed by con-
necting a 460 n resistor to -5.2 volts and measuring 

the voltage at the output pin. If a logic "1" is not detected at the 
output, the procedure should be repeated once. During verification 
VIH should be -1.0 to -0.6 volts. 

Step 6 If verification is positive, proceed to the next bit to 
be programmed. 

AUTOMATIC (See Figure 5) 

Step 1 Connect VEE (Pin 8) to -5.2 volts and Vce (Pin 16) 
to 0.0 volts. Apply the proper address data and raise Vee 

(Pin 16) to +6.8 volts. 

Step 2 After a minimum delay of , 00 }J.S and a maximum delay 
of '.0 ms, apply a 2.5 mA current pulse to the first bit to 

be programmed (0.1 .. PW .. 1 msl. 

Step 3 Repeat Step 2 for each bit of the selected word specified 
as a logic "'''. (Program only one bit at a time. The delay 

between output programming pulses should be equal to or less than 
1.0ms.) 

Step 4 After all the desired bits of the selected word have been 
programmed, change address data and repeat 

Steps 2 and 3. 

NOTE: If all the maximum times listed above are maintained, the 
entire memory will program in less than 1 second. Therefore, it 
would be permissible for Vee to remain at +6.8 volts during the 
entire programming time. 

Step 5 After stepping through all address words, return Vee to 
0.0 volts and verify that each bit has programmed. If one 

or more bits have not programmed, repeat the entire procedure 
once. During verification VIH should be -1.0 to -0.6 volts. 

*NOTE: For devices that program incorrectly-return serialized units with individual truth tables. Noncompliance voids warranty. 

PROGRAMMING SPECIFICATIONS 

Limits 

Characteristic Symbol Min Typ Max Units Conditions 

Power Supply Voltage VEE -5.46 -5.2 -4.94 Vdc 
To Program VCCP +6.04 +6.8 +7.56 Vdc 
To Verify VCCV 0 0 0 Vdc 

Programming Supply Current ICCp - 200 600 mA VCC = +6.8 Vdc 

Address Voltage VIH Program -1.2 - -0.6 Vdc 
Logical "1" VIH Verify -1.0 - -0.6 Vdc 
Logical "0" VIL -5.2 - -4.2 Vdc 

Maximum Time at VCC - Vccp - .- 1.0 sec 

Output Programming Current lOp 2.0 2.5 3.0 mAde 

Output Program Pulse Width tp 0.5 - 1.0 ms 

Output Pulse Rise Time - - - 10 ,,. 
Programming Pulse Delay (1) 

Following V ce change td 0.1 - 1.0 ms 
Between Output Pulses td1 0.Q1 - 1.0 ms 

NOTE 1. Maximum is specified to minimize the amount of time Vee is at +6.8 volts. 

MOTOROLA MEMORY DATA 
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FIGURE 4 - MANUAL PROGRAMMING CIRCUIT 

+6.8 V 0.0 V +15 V 

Program 1 3 k 

-0.8 V 

"I" 
Address 

"0" ~--o" 

VEE 
-5.2 V 

Open 
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VCC .-J 
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CE 

2 

VEE 
-5.2 V 

Outputs 

~ 
VEE 

-5.2 V 

460 n. 

VEE 
-5.2 V 

7.5 k 
(All Outputs) 

FIGURE 5 - AUTOMATIC PROGRAMMING CIRCUIT 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 

This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS ~ high). all outputs 
are forced to a logic 0 (low). 

• Typical Address Access Time of 7.0 ns 

• Typical Chip Select AccessTime of 2.5 ns 

• 50 kO Input Pulldown Resistors on All Inputs 

• Power Dissipation (740 mW typ @ 25°C) 
Decreases with Increasing Temperature 

11 

03 

12 

02 

,. 
01 

15 

DO 

MCM10149*lO 

MECL 

1024-BIT PROGRAMMABLE 
REAO-ONL Y MEMORY 

.-!I L SUFFIX 
CFRAMIC PACKAGE 

CASE 620 

F SUFFIX 

CERAMIC PAC~AGE _ 
CASE 650 

~../.. 
.~ 

PIN ASSIGNMENT 
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MCM10149*10 

ELECTRICAL CHARACTERISTlCS® 

oOC +2SoC +7SoC 

Characteristic Symbol Min Max Min Max Min Max Unit 

Power Supply Drain Current lEE .- 175 - 170 - 165 mAde 

Input Current HIgh 'InH 265 265 265 J.l.Adc 

Forcing 
OOC 25'C@ 75'C@ Function Parameter 

V,Hmax 
I 

VOHmax " -0.840 -0.810 -0.720 

VOHmin -1.000 -0.960 -0.900 

VOHAmin -1.020 -0.980 -0.920 

VIHAmin -1.130 -1.105 -1.045 

VILAmax -1.490 -1.475 -1.450 

VOLAmax -1.645 -1.630 -1.605 

VOLmax -1.665 -1.650 -1.625 

V,Lmin VOlmin 1.870 1.850 1.830 

V,Lmin 'NLmin 0.5 0.5 0.3 

NOTES: ill The MCM10149*10 is designed to meet the de specifications in the electrical 
characteristics tables after thermal equilibrium has been established. The circuit 
is in a test socket or mounted on a printed circuit board and transverse air flow 
greater than 500 linear FPM is maintained. Outputs are terminated through a 
50 n resistor to - 2.0 V. 

® 0-75°C temperature range, 50 n to - 2.0 v. 

SWITCHING CHARACTERISTICS (Note 1) 

TA = 0 to 7S'C. 
VEE = -5.2 Vdc ±S% 

Characteristics Symbol Min Typ Max Unit Conditions 

Read Mode ns Measured from 50% of input 
Chip Select Access Time tACS 1.0 3.0 5.0 to 50% of output. See Note 1. 
Chip Select Recovery Time tRCS 1.0 3.0 5.0 
Address Access Time tAA 3.0 7.0 10 

Rise and Fall Time tr.tf 1.0 2.0 5.0 ns Measured between 20% and 
80% points. 

Capacitance pF Measured with a pulse 
Input Capacitance Cin - - 5.0 technique. 
Output Capacitance Cout - - 8.0 

NOTES: 1, Test circuit characteristics: RT = 50 n 
CL :'5; 5.0 pF (including jig and stray capacitance) 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Wor5t~Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
4. VCP = Vee = Gnd for normal operation. 

PROGRAMMING THE MCM10149*10 

During programming of the MCM10149*10, input 
Pins 7. 9. and 10 are addressed with standard MECL 
10K logic levels. However. during programming input 
Pins 2. 3, 4. 5. and 6 are addressed with 0 V "" V,H "" 
+ 0.25 V and VEE"" VIL "" - 3.0 V. It should be stressed 
that this deviation from standard input levels is 
required only during the programming mode. During 
normal operation. standard MECL 10.000 input levels 
must be used. 

With these requirements met. and with VCP = VCC 
= 0 V and VEE = -5.2 V ±5%. the address is set up. 
After a minimum of 100 ns delay. VCP (pin 1) is ramped 
up to + 10 V ± 0.5 V (total voltage VCP to VEE is now 

15.2 V. + 10 V - [ - 5.2 V]). The rise time of this VCP 
voltage pulse should be in the 1 - 10 /loS range. while 
its pulse width (twl) should be greater than 100 /loS but 
less than 1 ms. The VCP supply current at + 10 V will 
be approximately 525 mA while current drain from VCC 
will be approximately 175 mA. A current limit should 
therefore be set on both of these supplies. The current 
limit on the VCP supply should be set at 700 mA while 
the VCC supply should be limited to 250 mAo It should 
be noted that the VEE supply must be capable of sinking 
the combined current of the VCC and VCP supplies while 
maintaining a voltage of - 5.2 V ± 5%. 

MOTOROLA MEMORY DATA 
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MCM10149*10 

Coincident with, or at some delay after the VCP pulse 
has reached its 100% level, the desired bit to be fused 
can be selected. This is done by taking the correspond­
ing output pin to a voltage of + 2.85 V ± 5%. It is to be 
noted that only one bit is to be fused at a time. The 
other three unselected outputs should remain termi­
nated through their 50 ohm load resistor to - 2.0 V. 
Current into the selected output is 5 mA maximum. 

After the bit select pulse has been applied to the 
appropriate output, the fusing current is sourced out 

. _, of the chip select pin 13. The 0% to 100% rise time of 
\,-

/ 

PROGRAMMING SPECIFICATIONS 
The following timing diagrams and fusing informa­

tion represent programming specifications for the 
MCM10149*10. 

Vcc = Pin 16 = 0 V 
VEE = PinS = -5.2V ± 5% +10V 

~-±O.5V 

vCP = Pin 1 J~ I I L 0 V 
I-----Iwl ~ 

Irl f--

Selected OUlpul Open -
Pin (II, 12, 14 or 15) 

101-

r----,,-+---- +2.S5 V 

(~ 1\,-- ±S% 

Iw2~ I 
t-!I---- 102 

SOmA 

I l ±5 rnA 
Chip Select Pin 13 0 mA ---f-J Ir3 ~--'-

~IW3~ 
f-- --l I--104 

The timing diagram is shoV>in for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the VCP pulse, i.e., VCP = a V. 
Likewise, strobing of the outputs to determine 
success in programming should Occur no sooner 

than 100 ns after VCP returns to a V. 
Note that the fusing current is defined as 

a positive current out of the chip select, pin 13. 
A programming duty cycle of .;; 15% is to be 
observed. 

this current pulse should be 250 ns max. It pulse width 
should be greater than 100 /Ls. Pulse magnitude is 
50 mA ±5.0 mA. The voltage clamp on this current 
source is to be - 6.0 V. 

After the fusing currentsource has returned to 0 mA, 
the bit select pulse is returned to its initial level, i.e., the 
output is returned through its load to - 2.0 V. Thereafter, 
VCP is returned to 0 V. Strobing of the outputs to deter­
mine success in programming should occur no sooner 
than 100 ns after VCP has returned to 0 V. The remaining 
bits are programmed in a similar fashion . 

t NOTE: For devices that program incorrectly, return serialized 
units with individual. truth tables. Non compliance voids 
warranty. 

Definitions and values of timing symbols are as 
follows. 

Symbol Defi.nition Value 

trl Rise Time, ;, 1 f.l.s 
Programming Voltage 

twl Pulse Width, ;, 100 f.l.s < 1 ms 
Programming Voltage 

tD1 Delay Time, ;'0 
Programming Voltage 
Pulse to Bit 
Select Pu Ise 

tw2 Pulse Width, Bit Select ;, 100 f.l.s 

tD2 Delay Time. Bit Select ;'0 
Pulse to Programming 

Voltage Pulse 

tD3 Delay Time, Bit Select ;, 1 f.l.S 
Pulse to Programming 
Current Pulse 

tr3 Rise Time, ·Programming 250 ns max 
Current Pulse 

tw3 Pulse Width, ;, 100 f.l.s 
Programming 

Current Pulse 

tD4 Delay Time, ;, 1 f.l.s 
Programming Current 

Pulse to Bit 
Select Pulse 

MOTOROLA MEMORY DATA 
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Pulse Gen 
in Single 
Pulse Mode 

MCM10149*10 

MANUAL PROGRAMMING CIRCUIT 

+5 V 

+5 V 

+5 V 

a 
Co 

Program L---,F-----' 
Enable -+5 V 

~ 

+5 V 

a 

112 
SN74LS123 

a 
Cp 

Enable 
Current 

Pulse 

~ 
>100p.s 

lN914 

(-6 V Clamp) 

-5.2 V 

510 

10.5 V 

+5Vo-~~~~--1~--~---~ 

100 

1/4 
SN74LS38 

MOTOROLA MEMORY DATA 
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510 
lN914 
or EQuiv. 

~5.2 V 

,------1---0 +5 V 
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240 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 
At 2 

A2 3 

A5 6 

A7 7 

A39 

256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 

This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, ali 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic 0 (low). 

• Typical Address Access Time of 20 ns 

• Typical Chip Select Access Time of 8.0 ns 

• 50 kO Input Pulidown Resistors on Ali Inputs 

• Power Dissipation (540 mW typ @ 25°C) 
Decreases with Increasing Temperature 

Input 

L.-b-----i Decoder 

.'<-----1 Output 
L.-b~--- D~ooer ~-----+--~ 

32)( 32 

Array and 

ASSOCiated Dnvers 

CSt3----·----------~r+--~rt--~·T----

11 

03 

12 

02 

,. 
01 

15 

DO 

MCMI0149*25 

MECL 

1024-BIT PROGRAMMABLE 
READ-ONLY MEMORY 

IIIIIIIIIIII9ll "u,,'x ~lf ~ERAMIC PACKAGE 

CASE 620 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

PIN ASSIGNMENT 

MOTOROLA MEMORY DATA 
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MCM10149*25 

ELECTRICAL CHARACTERISTICS 

DOC +250 C +750 C 

Characteristic Symbol Min Max Min Max Min 

Power Supply Drain Current lEE - 155 - 150 

Input Current High linH 265 _. 265 

forcing 
OOC 25°cG) 75°C<D Function Parameter 

VIHmax 
I 

VOHmax = -0.840 -0.810 -0.720 

VOHmin -1.000 -0.960 -0.900 

VOHAmin -1.020 -0.980 -0.920 

VIHAmin -1.130 -1.105 -1.045 

VllAmax -1.490 -1.475 -1.450 

VOlAmax -1.645 -1.630 -1.605 

VOlmax -1.665 -1.650 -1.625 

Vilmin = VOLmin 1.870 1.850 -1.830 

Vilmin INLmin 0.5 0.5 0.3 

NOTES: (i) 0-75°C temperature range, 50n to -2.0V. 

SWITCHING CHARACTERISTICS (Note 1) 

Charac1eristics Symbol 

Read Mode 
Chip Select Access Time tACS 
Chip Select Recovery Time tRCS 
Address Access Time tAA 

Rise and Fall Time t r, tf 

Capacitance 
Input Capacitance Cin 
Output Capacitance Cout 

NOTES. 1. Test CIrcuit characterIStICS. RT 50 n, MCM10149, 
CL ~ 5.0 pf (including jig and stray capacitance) 

-

Max Unit 

145 mAde 

265 /lAdc 

MCM10149*25 

TA = Oto +75"C, 
VEE = -S.2Vdc :l:S% 

Min Max Unit Conditions 

ns Measured from 50% of input 
2.0 10 to 50% of output. See Note 1. 
2.0 10 
7.0 25 

1.5 7.0 ns Measured between 20% and 
BO% points. 

pF Measured with a pulse 
- 5.0 technique. 
- B.O 

Delay should be derated 30 ps/pf for capacitive load up to 50 pF 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

4. VCP = Vee = Gnd for normal operation. 
*To be determined; contact your Motorola representative for up-to-date information. 

PROGRAMMING THE MCM10149 t 
During programming of the MCM 10149, input pins 7, 

9, and 10 are addressed with standard MECL 10K logic 
levels. However, during programming input pins 2, 3, 4, 
5, and 6 are addressed with 0 V.;;; V I H';;; + 0.25 V and 
VEE';;; V IL .;;; -3,0 V. It should be stressed that this 
deviation from standard input levels is required only during 
the programming mode. During normal operation, standard 
MECL 10,000 input levels must be used, 

With these requirements met, and with V CP = VCC = 

° V and VEE = - 5,2 V ± 5%, the address is set up. After 
a minimum of 100 ns delay, V CP (pin 1) is ramped up to 

+ 12 V ± 0.5 V (total voltage VCP to VEE is now 17.2 V, 
+ 12 V - [ - 5.2 vj ). The rise time of this V CP voltage 
pulse should be in the 1 - 10 J.lS range, while its pulse 
width (tWl) should be greater than 100 J.lS but less than 
1 ms. The VCP supply current at + 12 V will be approx· 
imately 525 mA while current drain from V CC will be ap­
proximately 175 mAo A current limit should therefore be 

MOTOROLA MEMORY DATA 
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MCM10149*25 

set on both of these supplies. The current limit on the 
V CP supply should be set at 70'0' mA while the V CC sup­
ply should be limited to 250' mAo It should be noted 
that the VEE supply must be capable of sinking the 
combined current of the V CC and V CP supplies while 
maintaining a voltage of - 5.2 V ± 5%. 

Coincident with, or at some delay after the V CP pulse 
has reached its 10'0'% level, the desired bit to be fused can 
be selected. This is done by taking the corresponding out­
put pin to a voltage of + 2.85 V ± 5%. It is to be noted that 
only one bit is to be fused at a time. The other three un­
selected outputs should remain terminated through their 
50' ohm load resistor to - 2.0' into the selected 

PROGRAMMING SPECIFICATIONS 
The following timing diagrams and fusing 

information represent programming specifications 
for the MCM1D149. 

Vee'" Pin 16 "' 0 V 

v::: :':,~ 1 = -52 V ±~5%1 ;r5VV 

twl 

t r , ..... 

+2.85 V 
±5% 

Selected Output Open 
Pin (11, 12,140r 15) 

t02 

,.-_-,_+-__ 50 rnA 
±5rnA 

Chip Select Pin 13 0 mA---+-' 

The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 1 DO' ns prior to the 
beginning of the VCP pulse, i.e., VCP = 0' V. 
Likewise, strobing of the outputs to determine 
success in programming should occur no sooner 

than 1 DO' ns after V CP returns to 0' V. 
Note that the fusing current is defined as 

a positive current out of the chip select, pin 13. 
. A programming duty cycle of ".;; 15% is to be 
observed. 

After the bit select pulse has been applied to the ap­
propriate output, the fusing current is sourced out of the 
chip select piri 13. The 0% to 10'0'% rise time of this cur­
rent pulse should be 250' ns max. It pulse width should be 
greater than 1 DO' fJS. Pulse magnitude is 50' mA ± 5.0' mA. 
The voltage clamp on this current source is to be - 6.0' V. 

After the fusing current source has returned 0' mA, the 
bit select pulse is returned to it initial level, i.e., the output 
is returned through its load to - 2.0' V. Thereafter, V CP is 
returned to 0' V. Strobing of the outputs to determine suc­
cess in programming should occur no sooner than 1 DO' ns 
after VCP has returned to 0' V. The remaining bits are pro­
grammed in a similar fashion. 
t NOTE: For devices that program incorrectly, return serialized 

units with individual truth tables. Non compliance voids 
warranty. 

Definitions and values of timing symbols are 

as follows. 

Symbol Definition Value 

tr1 Rise Time, ;;, 1 MS 
Programming Voltage 

twl Pulse Width, ;;, 1 DO' MS < 1 ms 
Programming Voltage 

tDl Delay Time, ;;'0' 
Programming Voltage 
Pulse to Bit 
Select Pulse 

tw2 Pulse Width, Bit Select ;;, 10'0' MS 

tD2 Delay Time, Bit Select ;;'0' 
Pulse to Programming 
Voltage Pulse 

tD3 Delay Time, Bit Select ;;, 1 MS 
Pulse to Programming 
Current Pulse 

t r3 Rise Time, Programming 250' ns max 
Current Pulse 

tw3 Pulse Width, ;;, 10'0' MS 
Programming 

Current Pulse 

t04 Delay Time, ;;, 1 MS 
Programming Current 
Pulse to Bit 
Select Pulse 
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Pulse Gen 
in Single 
Pulse Mode 

+5 V 

"'" C 

C 

C 

1.0 k 
-5.2 V 

1.0 k 

-5.2 V 

1.0 k 
-5.2 V 

1.0 k 
-5.2 V 

1.0 k 
-5.2 V 

1.0 k 

-5.2 V 

1.Ok 
-5.2 V 

1.0 k 

-5.2 V 

MCM10149*25 

MANUAL PROGRAMMING CIRCUIT 

+5 V +5 V 

12k 

+5 V ~ ... --..., 

5 

6 

10 

9 

3 

2 

4 

+5 V 

12.5 V 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

a 
Co 

Program '----'r-----' 

Enable +5 V 

~ 

13 

CS 

11 

03 

12 

02 

MCMlOl49*lO 

14 
01 

15 
DO 

16 

Delay a 

1/2 
SN74LS123 

a 
Cp 

Enable 
Current 

Pulse 

lN914 

(-6 V Clamp) 

510 

510 

100 
-5.2 V 

114 

SN74LS38 240 

180 

680 
-5.2 V C 

Rotary SW 

680 
-5.2 V 

680 
-5.2 V 

MOTOROLA MEMORY DATA 
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-5.2 V 

lN914 
or Equiv. 

+5 V 

150 
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Military 6164 
Military 6168 
Military 6268 
Military 6287 
Military 6288 

Military Products __ 

8K x 8 SRAM, 55170 ns ............ 9-3 
4K x 4 SRAM, 55170 ns ............ 9-8 
4Kx4 SRAM, 35/45 ns ............ 9-13 
64K x 1 SRAM, 35/45 ns ........... 9-18 
16Kx4 SRAM, 35/45 ns ........... 9-23 

MOTOROLA MEMORY DATA 
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Military CMOS Static RAMs 
(+5 V, -55 to 125°C) 

Organization Part Numbar 
AccaasTima 

(ns max) 

4Kx4 6168-55/BRAJC 55 
6168-55/ BYAJC 56 
6168-55/BUAJC 56 
6168-70/BRAJC 70 
6168-70/BYAJC 70 
6168-70/BUAJC 70 

6268-35/BRAJC 35 
6268-35/BYAJC 35 
6268-35/BUAJC 35 
6268-45/BRAJC 45 
6268-45/BYAJC 45 
6268-451 BUAJC 45 

BKxB 6164-56/BXAJC 56 
6164-55/BUAJC 56 
6164-70/BXAJC 70 
6164-70/BUAJC 70 

16Kx4 628B-35/BXAJC 35 
6288-35/ BUAJC 35 

6268-45/BXAJC 45 
6288-45/ BUAJC 45 

64Kx1 62B7-35/BXAJC 35 
62B7-35/BUAJC 35 
62B7-45/BXAJC 45 
62B7-45/BUAJC 45 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

8K X 8-Bit Fast Static 
Random Access Memory 

The 6164 is a 65,536-bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's second-generation high-performance silicon­
gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. 

The chip enable pins (E'I and E2) are not clocks. Either pin, when asserted false, 
causes the part to enter a low power standby mode. The part will remain in 
standby mode until both pins are asserted true again. The availability of active 
high and active low chip enable pins provides more system design flexibility than 
single chip enable devices. 

The 6164 is available in a 600 mil, 28-pin ceramic dual-in-line package, and a 
32-terminal ceramic LCCC with JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 
• 8K x 8 Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Fast Access Time - 55, 70 ns (Maximum) 
• Low Power Dissipation - 660, 495 mW (Maximum, Active) 
• Fully TTL Compatible 
• Three-State Data Outputs 

BLOCK DIAGRAM 

A5 

A6 

A7 _VCC 

A8 MEMORY ARRAY - Vss 
(256 ROWS 

A9 256 COLUMNS I 
A10 

All 

A12 

000 
I/O CIRCUITS 

007 
COLUMN SELECT 

IT 
E2 

Vi 

il 
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I Military 6164\ 

A6 

AS 

A4 

A3 
A2 

Al 

AO 

NC 
DOO 

IIJIIiJJI 
MPO 

1111111 

PIN ASSIGNMENT 

NC ,. 28 VCC 

A12 2 27 Vi 
Al 3 26 E2 

AS 25 A8 

A6 24 A9 

A4 6 23 A11 

A3 I 22 G 
A3 8 21 Al0 

Al 9 20 fj 

MJ 10 19 DOl 

000 11 18 D06 

DOl 12 17 005 

002 13 16 D04 

Vss 14 15 DOl 

CASE 733-04 
CERAMIC 

CHIP CARRIER 

4" LJ U I I LJ LJ u 30 
J5 J 2 l..j 323129:: 
]6 1 28:::' 
]1 21C 

J8 26C 

J9 2S[ 

Jl0 24 [: 

Jll 23[. 

::::12 22 C 

::13 15 1617181921 C 
14r"1 f1 n n n n n20 

CASE 766A-Ol 
CERAMIC 

PIN NAMES 

AS 

A9 

A11 

NC 

DE 
Al0 

eEl 

DOl 

D06 

AO-A 12 •.•..•.•.•.• Address 
Vii ............ Write Enable 
e" E2. . . . . . . . . . . Chip Enable 
G .. .. .. .. .. . Output Enable 
Ooo-OQ1 ..... Data Input/Output 
VCC ....... + 5 V Power Supply 
VSS .............. Ground 
NC ........... No Connection 

• 
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MILITARY 6164 

TRUTH TABLE 

E1 E2 G W Mode 

H X X X Not Selected 

X L X X Not Selected 

L H H H Output Disabled 

L H L H Read 

L H X L Write 

X=don t care 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7.0 V 

Voltage Relative to VSS for Any Vin. Vout - 0.5 to VCC + 0.5 V 
Pin Except VCC 

Output Current (per 1/0) lout ±20 rnA 

Power Dissipation (T A ~ 25°C) PD 1.0 W 

Temperature Under Bias Tbias -55 to + 125 °c 

Operating Temperature TA -55 to + 125 °c 

Storage Temperature Tstg -65to +150 °c 

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

Supply Current 1/0 Pin 

ISB High Z 

ISB High Z 

ICC High.Z 

ICC Dout 

ICC Din 

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC ~ 5 V ± 10%. TA ~ -55 to + 125"C. Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit 

'Supply Voltage (Operating Voltage Range) VCC 4.5 5.5 V 

Input High Voltage VIH 2.2 Vce + 0.3 V 

Input Low Voltage VIL -0.3" 0.8 V 

'VIL (min) ~ -0.5 Vdc; VIL (min) ~ -3 Vae (pulse width" 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs. Vin ~ 0 to Vec) Ilkg(l) - 2 pA 

Output Leakage Current (El ~ VIH. E2 ~ VIL. or G ~ VIH. Vout ~ 0 to Vcd Ilkg(O) - 2 pA 

Power Supply Current +25. + 125"e ICC - 90 rnA 
. (ET ~ VIL. E2 ~ VIH. Vin ~ VIH or VIL. lout ~ 0) -55°e - 120 

Standby Current (El ~ VIH or E2 ~ VIL! ISBl - 3 rnA 

Standby Current (El '" Vee - 0.2 V or E2 "" 0.2 V) ISB2 - 0.9 rnA 

Output Low Voltage (lOL = 8 rnA) VOL - 0.4 V 

Output High Voltage (lOH ~ -4 rnA) VOH 2.4 - V 

CAPACITANCE (f ~ 1 MHz. TA = 25°C. sampled at initial device qualification and major redesigns rather than 100% tested) 

Characteristic Symbol Max Unit 

Input Capacitance All Inputs Except DO Cin 10 pF 

Input/Output Capacitance DO ClIO 12 pF 

MOTOROLA MEMORY DATA 
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MILITARY 6164 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%. TA = 55 to + 125°e. Unless Otherwise Noted) 

Input Timing Measurement Reference Level ........ 1.5 V 
Input Pulse Levels. . . . . . . . . . . . . . . . . . . . . . . a to 3 V 
Input Rise/Fall Time. . . . . . . . . . . . . . . . . . . . . . .. 5 ns 

Output Timing Measurement Reference Level .. 0.8 V and 2 V 
Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . Figure 1 

READ CYCLE (See Note 1) 

Alt 6164-55 6164-70 
Characteristic Symbol 

Symbol 
Unit Notes 

Min Max Min Max 

Read Cycle Time tAVAV tRC 55 - 70 - ns 

Address Access Time tAVOV tAA - 55 - 70 ns 

E 1 Access Ti me tE1LOV tACl - 55 - 70 ns 

E2 Access Time tE2HOV tAC2 - 55 - 70 ns 

G Access Time tGLOV tOE - 50 - 50 ns 

Chip Enable to Output Low-Z tE1LQX. tE2HQX tCLZ 10 - 10 - ns 2 

Output Enable to Output Low-Z tGLQX tOLZ 5 - 5 - ns 2 

Chip Enable to Output High-Z tEl HQZ. tE2LQZ tCHZ - 35 - 35 ns 2 

Output Enable to Output High-Z tGHQZ tOHZ - 35 - 35 ns 2 

NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 

A IADDRESSI _____ ~:~~~~~~~~~~~~~~~~~~-tA-V-AV----------_-_-_-_-_-_-__ -____ -:_~_~-------
.... tAVOV ~ 

\. 

-tE1LQV. tE2HQV-_ ~'''"~ tE2LOZ-

IT, E2 ICHIP ENABLEI 

" 
LtGHQZ-_tGLQV 

IT IDUTPUT ENABLE I 

HIGH·Z XXX) ~ DATA VALID Q IDATA oun 

-..tGLQX __ 
_ tEllQX __ 

tE2HQX 

AC TEST LOADS TIMING LIMITS 

1/0 

VLOAD = vCC 

30 pF 
(INCLUDING 

SCOPE &JIG) 

(Used for all propagation delay tests 
except for high to high Z 

transitions., 

1/0 

VLOAD = GND 

30 pF 
(INCLUDING 

SCOPl: & JIGI 

(Used only for propagation tests 
involving high to high Z transitions 

or vice versa.' 

The table of timing values shows 
either a minimum or a maximum limit 
for each parameter, (nput requirements 
are specified from the external system 
point of view. Thus. address setup time 
is shown as a minimum since the sys­
tem must supply at least that much time 
(even though most devices do not 
require it). On the other hand. responses 
from the memory are specified from the 
device point of view. Thus. the access 
time is shown as a maximum since the 
device never provides data later than 
that time. 

MOTOROLA MEMORY DATA 
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MILITARY 6164 

WRITE CYCLE 1 (IN CONTROLLED) (See Note 1) . 

6164-55 6164-70 Ait 
Characteristic Symbol 

Symbol 
Unit Notes 

Min Max Min Max 

Write Cycle Time tAVAV twc 55 - 70 - ns 

Address Setup Time tAVWL tAS 15 - 15 - ns 

Address Valid to End of Write tAVWH tAW 50 - 70 - ns 

Write Pulse Width tWLWH twp 45 - 60 - ns 2 

Data Valid to End of Write tDVWH tow 30 - 40 - ns 

Data Hold Time tWHDX tDH 10 - 10 - ns 3 

Write High to Output Low-Z twHQX tWLZ 5 - 5 - ns 4 

NOTES: 
1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high 8, high iN or low 

E2. 
2. If W goes low coincident with or prior to Ellow or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output state. Signals of opposite .phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 

previous steady state voltage. 

(4--------- tAVAV---------~ 

A (ADDRESS) 

~---------tAVWH-------to~ 

E (CHIP ENABLE) 

_---- tWlWH-----to~·( 

Vi (WRITE ENABLE) 

tDVWH---I~~-+-

D (DATA )NI 

<xxV HIGH·Z a (DATA OUT) --....;.;;.;;.;..--~ 

TYPICAL 
CHARACTERISTICS 

~ 
:::l 

'" ~ 
"" ;;;. 

E5 
~ 
~ 
l!i ,. 
"" > 
;:!' 

DATA VALID 

3.4 
3.2 
3.0 
2.8 
2.6 
2.4 
2.2 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 

/ .,. 
0.6 o 0.4 0.8 1.2 1.6 

I I 
I ! 

I I 
VCC= 5.0 V_ 

~ 

TA=25°C 

2.0 2.4 2.8 
ADDRESS INPUT LEVELS (V) 

r-

3.2 

Figure 2. Access Time versus Address Input Levels 
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MILITARY 6164 

WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 

Alt 6164-55 6164-70 
Characteristic Symbol 

Symbol 
Unit Notes 

Min Max Min Max 

Write Cycle Time tAVAV !Wc 55 - 70 - ns 

Address Setup Time tAVE1L tAS 0 - 0 - ns 

NOTES: 
1. A write cycle starts at the latest transition of a low El, low IN or high E2. A write cycle ends at the earliest transition of a high fi, high W or low 

E2. 
2. E1 and E2 timings are identical when E2 signals are inverted. 

j-4._----------------------- tAvAv--------------------------···1 

A (AODRESSI 

E (CHIP ENABLEI 

D (DATA INI DATA VAllO 

HIGH·Z 
Q (OATA OUTl----------------------------------------

LOW VCC DATA RETENTION CHARACTERISTICS (TA = ~ 55 to + 125°C) 

Characteristic Symbol Min Max 

VCC for Data Retention VDR 2.2 7 
(ET '" 2.2 V, Vin '" 2.2 V) 

Data Retention Current +25, ~55°C ICCDR - 40 
(VCC = 2 V, ET '" 2.2 V, Vin '" 2.2 V) + 125°C - 200 

Chip Disable to Data Retention Time (see waveform below) tCDR 0 -
Operation Recovery Time (see waveform below) tree tAVAV' -

*tAVAV = Read Cycle Time 

~--- DATA RETENTION MODE -----t~ 

VCC = 5V 4.5V ~ J'- 4.5V 
1~'-_________ V~D~R_~_2_.2_V ________ __J 

.ttCDR - _trec~ 
E1 CONTROL 7// /f.2 v\ .... ______ E_' "'--'VD"'R_+_O_.2_V _____ __J/mt\\\ \ \ 

ORDERING INFORMATION 
(Order by Full Part Number) 

6164-55 I BXAJC 

T T TL-__ Package Type 

- Speed 

Part Number 

Available Speeds 

55 ns 
70 ns 

Available Packages 

XC-DIP 28 pin 
U LCCC 32 terminal 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

4K X 4-Bit Fast Static 
Random Access Memory 

The 6168 is a 16,384·bit static random access memory organized as 4096 words 
of 4 bits, fabricated using Motorola's second·generation high·performance silicon· 
gate CMOS (HCMOS 111) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. Fast access time makes this device suitable for cache 
and other high speed applications. 

The chip enable flO) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low·power standby mode, remaining in that state until E goes low 
again. This feature provides reduced system power requirements without degrad· 
ing access time performance. 

The 6168 is available in a 300 mil, 20 lead ceramic dual·in·line, 20 terminal, 
rectangular ceramic LCC, and 20·pin ceramic flat packages with the standard 
JEDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Three State Output 
• Fast Access Time (Maximum): 

Address Chip Enable 
6168·55 55 ns 40 ns 
6168·70 70 ns 60 ns 

• Low Power Operation @ 25°C: 120 mA Max (Active) 
20 mA Max (Standby - TTL Levels) 
0.9 mA Max (Standby - CMOS Levels) 

• Fully TTL Compatible 

ILSBI A5 

AD 

Al 

A2 

A3 

A6 

IMSBJ A7 

DOD 

001 

D02 

DD3 

BLOCK DIAGRAM 

MEMORY MATRIX 
128 ROWS x 
128 COLUMNS 

MOTOROLA MEMORY DATA 
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1 Military 61681 

tIJIJJI 
MPO 

1111111 

PIN ASSIGNMENT 

A4[ 1. 20 ~VCC 
A5 [ 2 19 ~A3 
A6 [ 3 18 ~ A2 

A7 [ 4 17 ~Al 
AS [ 5 16 ~ AD 

A9 [ 6 15 ~ ODD 

AlO [ 7 14 ~0D1 
All [ 8 13 ~DD2 

Er9 12 DD3 

VSS [ 10. 11 W 

CASE 732·03 
CERAMIC 

CASE 737·02 
CERAMIC 

CASE 756C·01 
CERAMIC 

PIN NAMES 

AO-All ... . . . . . . Address Input 
W. . . . . . . . . . Write Enable 
E .. ............. Chip Enable 
OOO·OQ3 .. Data Input/Output 
VCC .. + 5 V Power Supply 
VSS ............ Ground 



MILITARY 6168 

TRUTH TABLE 

E W Mode VCC Current 1/0 Pin 

H X Not Selected ISB1,ISB2 High-Z 
l H Read ICC Dout 
l l Write ICC Din 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5to +7.0 V 

Voltage Relative to VSS for Any Yin, Vout - 0.5 to VCC + 0.5 V 
Pin Except VCC 

Output Current Iper 1/0) lout ±20 mA 

Power Dissipation ITA = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -55 to + 125 °c 

Operating Temperature TA -55 to + 125 °c 

Storage Temperature Tstg -65 to + 150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5 V ±10%, TA = -55 to + 125°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit Notes 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.5 V 

Input High Voltage VIH 2 VCC + 0.3 V 1 

Input low Voltage Vil -0.3 0.8 V 1,2 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit Notes 

Input leakage Current (AI! Inputs, Vin =0 to VCC) IlkQ(I) - ±2.0 ~A 

Output leakage Current IE=VIH or W=Vll, Vout=O to VCC) IlkolO) - ±2.0 ~A 3 

Power Supply Current IE=Vll, Vin=Vll or VIH, 10ut=0 mAl ICC - 90 mA 3 

TIL Standby Current (E=VIH) ISBI - 20 mA 

CMOS Standby Current (E2:VCC-0.2 V, VinsO.2 V or 2:VCC-0.2 V) ISB2 - 0.9 mA 

Output low Voltage (lOl = 8.0 mAl VOL - 0.4 V 

Output High Voltage (lOH = - 4.0 mAl VOH 2.4 - V 

CAPACITANCE (f = 1 MHz, TA = 25°C, sampled at initial device qualification and major redesigns rather than 100% tested) 

Characteristic Symbol Typ Max Unit 

Input Capacitance All Inputs Except E Cin 3 5 pF 
E 5 7 

1/ 0 Capacitance CI/O 5 7 pF 

NOTES: 
1. Address rise and fall times while the chip is selected are 50 ns maximum. 
2. Vilimin)= -0.3 V dc; Vilimin)= -3.0 V ac (pulse widths20 ns). 
3. Input levels less than - 0.3 V or greater than VCC + 0.3 V will cause I/O and power supply currents to exceed maximum rating. 

MOTOROLA MEMORY DATA 
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MILITARY 6168 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, T A = - 55 to + 125°e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level . . . . . . . . . . 1.5 V 
Input Pulse Levels ....................... 0 to 3.0 V 

Output Timing Measurement Reference Level ..... 0.8 and 2.0 V 
Output Load. . . . . . . . . . . . Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time ......................... 5 ns 

READ CYCLE (See Note 1) 

Symbol 6168-55 6168·70 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 55 - 70 - ns 

Address Access Time tAVQV tAA - 55 - 70 ns 

E Access Time tELQV tACS - 55 - 70 ns 

E Low to Output Active tELQX tLZ 5 - 5 - ns 2 

E High to Output High-Z tEHQZ tHZ 0 85 0 30 ns 2 

Output Hold from Address Change tAXQX tOH 5 - 5 - ns 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tPD - 55 - 70 ns 

NOTES: 
1. W is high for read cycle. 
2. Transition is measured ± 500 mV from steady~state voltage with load of Figure 1 B. 
3. Oevice is continuously selected (E = VILI. _ 
4. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 3 Above) 

tAVAV 

A (ADDRESSI I I 

tAxax 

a (DATA OUT I PREVIOUS DATA VALID KXXXXX)~ DATA VALID 

!AVaV 

READ CYCLE 2 (See Note 4 Above) 

• tAVAV .. 
A (ADDRESSI 

,,-
'---.. !ElaV 

E (CHIP ENABlEI 
I\. 
.-- tElaX !EH az 

Q (DATA Dun <X.X)Xx) DATA VALID r----
tAvaV 

VCC ICC 
tELICCH - 14-tEHICCl 

---------
SUPPLY 

CURRENT ISB 

MOTOROLA MEMORY DATA 
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MILITARY 6168 

WRITE CYCLE 1 (VIi Controlled' See Note 1) 

Symbol 6168-55 6168-70 
Parameter 

Standard Alternate 

Write Cycle Time tAVAV twc 
Address Setup Time tAVWL tAS 
Address Valid to End of Write tAVWH tAW 
Write Pulse Width tWLWH twp 

Data Valid to End of Write tDVWH tDW 
Data Hold Time tWHDX tDH 
Write Low to Output High-Z tWLQZ twz 
Write High to Output Active tWHQX tow 
Write Recovery Time tWHAX tWR 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. Transition is measured::!: 500 mV from steady~state voltage with load in Figure lB. 

A IAOORESSI 

E ICHIP ENABLEI 

VI IWRITE ENABLEI 

o IOATA INI 

o IOATA oun --------( 

AC TEST LOADS 

1/0 

1.2 kn 

VLOAD ~ VCC 

580 n 

30 pF 
(INCLUDING 

SCOPE & JIGI 

1/0 

IAVAV 

tAVWH 

tWLWH 

VLOAD ~ GND 

30 pF 
(INCLUDING 

SCOPE & JIG I 

Min 

50 

0 

40 

40 

20 

3 

-
0 

0 

(Used for all propagation delay tests 
except for high to high Z 

transitions.) 

(Used only for propagation tests 
involving high to high Z transitions 

or vice versa.) 

Unit Notes 
Max Min Max 

- 60 - ns 

- 0 - ns 

- 60 - ns 

- 60 - ns 

- 30 - ns 

- 3 - ns 

25 - 30 ns 2 

- 0 - ns 2 

- 0 - ns 

tWHAX 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time leven though most 
devices do not require itl. On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MILITARY 6168 

WRITE CYCLE 2 (E Controlled; See Note 1) 
Symbol 6168-55 6168-70 

Parameter Unit Notes 
Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV !Wc 50 - 60 - ns 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 40 - 60 - ns 

Write Pulse Width tELEH tcw 45 - 60 - ns 2,3 

Data Valid to End of Write tDVEH tDW 20 - 30 - ns 

Data Hold Time tEHDX tDH 3 - 3 - ns 

Write Recovery Time tEHAX tWR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. If E goes low coincident with or after Vii goes low, the output will remain in a high impedance condition. 
3. If E goes high coincident with or before Vii goes high, the output will remain in a high impedance condition. 

14------------ 'AVAV -----------~ 

A (AOORESSI 

tAVEH ---------..-j 
E (CHIP ENABLEI --------+-----------"'\ 

14------tAVEL-----I~ ,--------
\<'1--- 'ElEH ----I* __ --II*" tEHAX 

Vi (WRITE ENABLEI -----------...... 

'EHOX 

o (DATA INI DATA VALID 

HIGH·Z 
D (DATA DUTI -------------------------------------

ORDERING INFORMATION 
(Order by Full Part Number) 

6168-55 I BRAJC 1 T TL-__ Package Type 

- Speed 

Part Number 

Available Speeds 

55 ns 
70 ns 

Available Packages 

R C-DIP 20 pin 
Y C-FLAT 20 pin 
U LCCC 20 terminal 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TeCHNICAL DATA 

4K x 4-Bit Fast Static 
Random Access Memory 

The 6268 is a 16,384-bit static random access memory organized as 4096 words 
of 4 bits, fabricated using Motorola's second-generation high-performance silicon­
gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. Fast access time makes this device suitable for cache 
and other sub-50 ns applications. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features provide 
reduced system power requirements without degrading access time performance. 

The 6268 is available in a 20-lead ceramic dual-in-line, 20-terminal ceramic LCCC, 
and a 20-pin ceramic flat package and features the standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 
• 4K x 4 Bit Organization 
• Fully Static - No Clock or Timing Strobes Necessary 
• Three State Output 
• Fully TTL Compatible 
• Fast Access Time (Maximum): 

6268-35 
6268-45 

Address 
35 ns 
45 ns 

Chip Enable 
35 ns 
45 ns 

• Low Power Operation: 120 rnA Maximum, Active AC 

(LSBIA6 

AO 

Al 

A2 

A3 

A4 

IMSB)A5 

DOO 

DOl 

D02 

DOl 

5 rnA Maximum, Standby (TTL Levels) 
2 rnA Maximum, Standby (Full Rail) 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATRIX 
128 ROWS X 

128 COLUMNS 

-VCC 

-vss 

MOTOROLA MEMORY DATA 
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1 Military 62681 

IIiJIJJJJI 
MPO 

1111111 

PIN ASSIGNMENT 

A4 1 • 20 D Vec 

A5 2 19 ~ A3 

A6 3 18 PA2 

A7 4 17 PAl 

A8 5 16 DAD 

A9 6 15 PDOO 

Al0 7 14 POOl 

All 8 13 DDo2 

E 9 12 DDo3 

VSS [ 10 11 PW 

CASE 732-03 
CERAMIC 

CASE 737-02 
CERAMIC 

CASE 756C-01 
CERAMIC 

PIN NAMES 

AO·A 11 ............ Address Input 
W . Write Enable 
E . . . Chip Enable 
DQO·DQ3 . Data Input/Qutput 
V CC . + 5 V Power Supply 
VSS ... Ground 

, 

--
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MILITARY 6268 

TRUTH TABLE 

E W Mode VCC Current 110 Pin Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICC Dout Read Cycle 
L L Write ICC Din Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to + 7 V 

Voltage Relative to VSS for Any Yin' Vout -0.5 to VCC+0.5 V 
Pin Except VCC 

Output Current (per 110) 'out ±20 mA 

Power Dissipation (TA =. 25°C) PD 1 W 

Temperature Under Bias Tbias -55to +125 °c 

Operating Temperature TA -55 to + 125 °c 

Storage Temperature Tstg -65 to +150 °c 

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

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; how­
ever, 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. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5 V ± 10%, TA = -55 to + 125°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.5 V 

Input High Voltage V,H 2 VCC + 0.3 V 

Input Low Voltage V,L -0.5' 0.8 V 

'V,l (min) - - 0.5 Vdc, V,l (min) - - 3 Vac (pulse width", 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input leakage Current (All Inputs, Yin = 0 to VccI I,kg(l) - 2 ,.,A 

Output Leakage Current (E = V'H, Vout = 0 to VccI l'kg(O) - 2 /LA 

AC Supply Current (lout = 0 mAl ICCA - 120 mA 

TTL Standby Current (E = VIH, No Restrictions on Other Inputs) ISBl - 5 mA 

CMOS Standby Current (E ;;. VCC - 0.2 V, No Restrictions on Other Inputs) ISB2 - 2 mA 

Output Low Voltage (lOL = 8 mAl VOL - 0.4 V 

Output High Voltage (lOH = -4 mAl VOH 2.4 - V 

CAPACITANCE (f = 1 MHz, TA = 25°C, sampled at initial device qualification and major redesigns rather than 100% tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance All Inputs Except E Cin - 6 pF 
E - 6 

110 Capacitance CliO - 7 pF 

MOTOROLA MEMORY DATA 

9-14 



MILITARY 6268 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5V ±10%, TA - 55 to + 125°e, Unless Otherwise Noted) 

Input Reference Level 
Input Pulse Levels .. 
Input Rise/Fall Time .. 

1.5 V 
a to 3 V 

5 ns 

Output Reference Level 
Output Load .. 

.. 1.5 V 
Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 1) 

Symbol 6268-35 6268-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 35 - 45 - ns 2 

Address Access Time tAVQV tAA - 35 - 45 ns 

Enable Access Time tELOV tACS - 35 - 45 ns 

Output Hold from Address Change tAX OX tOH 3 - 3 - ns 

Enable Low to Output Active tELOX tLZ 5 - 5 - ns 3,4 

Enable High to Output High-Z tEHOZ tHZ a 15 a 20 ns 3,4 

Power Up Time tELICCH tpu a - a - ns 

Power Down Time tEHICCL tpD - 35 - 45 ns 

NOTES: 
1. Vii is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, tEHQZ max, is less than tELQX min, both for a given device and from device to device. 
4. Transition is measured::!:: 500 mV from steady-state voltage with load of Figure 1 B. 
5. Device is continuously selected (E" = VIL). 
6. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 5 Above) 

'AVAV 

A (ADDRESSI \V \V 
1\ 1\ 

'AXQX 

Q !DATA OUT I PREVIOUS DATA VALID ~XXXXX)f- DATA VALID 

'AVOV 

READ CYCLE 2 (See Note 6 Above) 

.. 'AVAV • 
A (ADDRESS I \ V--

~ .. 
'ELOV -----

I 
I\. 

i' (CH(P ENABLEI 

.... tELQX 'EH QZ 

Q (DATA DUTI ~ DATA VALID -
'AVQV 

'ELICCH - i.-'EHICCL 
---------VCC ICC 

SUPPLY 

CURRENT ISB 

MOTOROLA MEMORY DATA 
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MILITARY 6268 

WRITE CYCLE 1 (Vii Controlled; See Note 1) 

Symbol 6268-35 6268-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 40 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 30 - 35 - ns 

Write Pulse Width twLWH twp 30 - 30 - ns 

Data Valid to End of Write tOVWH tow 15 - 15 - ns 

Data Hold Time tWHOX tOH 3 - 3 - ns 

Write Low to Output High-Z tWLOZ twz - 15 - 20 ns 3,4 

Write High to Output Active twHQX tow 0 - 0 - ns 3,4 

Write Recovery Time twHAX tWR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ::!: 500 mV from steady-state voltage with load in Figure 1 B. 
4. At any given voltage and temperature, tWlOZ max, is less than twHQX min, both for a given device and from device to device. 

14-------- tAVAV 

A IADDRESSI 

tAVWH tWHAX 

E ICHIP ENABLEI 

tWLWH 

iii IWRITE ENABLEI 

IDVWH -~i'+*t- tWHDX 

o IDATA INI DATA VALID 

HIGH·Z 
o IDATA DUn --------( 

AC TEST LOADS 

VLOAD ~ VCC 

5800 

P.U.T. 
30 pF 

IINCLUDING SCOPE I 1.2 kO 
AND JIG) ':" 

':" 

a) Test circuit used for propagation 
delay tests except for VOH to high-Z 

transitions. 

VLOAD ~ GND 

P.U.T ..... ---+ 
30 pF 

5800 

IINCLUDING I 1.2 kO 
SCOPE AND JIG) ':" 

':" 

b) Use only for VOH to high-Z and 
high-Z to VOH transitions. 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 

MOTOROLA MEMORY DATA 
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MILITARY 6268 

WRITE CYCLE 2 (E Controlled; See Note 1) 

Symbol 6268-35 6268-45 
Parameter 

Standard Ahernate Min Max Min 

Write Cycle Time tAVAV twc 30 - 40 

Address Setup Time tAVEL tAS 0 - 0 

Address Valid to End of Write tAVEH tAW 30 - 35 

Enable to End of Write tELEH tcw 30 - 35 

Write Pulse Width twLEH twp 30 - 30 

Data Valid to End of Write tDVEH tDW 15 - 15 

Data Hold Time tEHDX tDH 3 - 3 

Write Recovery Time tEHAX tWR 0 - 0 

NOTES: 
1. A write occurs during the overlap of E low and Vii low. 
2. A1lwrite cycle timing is referenced fro...!!' the last valid address to the first transitioning address. 
3. If ~ goes low coincident with or after W,9ges low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

IAVAV 

A IADDRESSI 

tAVEH 

E ICHIP ENABLEI 

.. tAVEl tElEH 
IELWH 

Vi IWRITE ENABLEI of IWLEH • 
IDVEH 

D !DATA INI DATA VALID 

Q IDATA OUTI 
HIGH·Z 

ORDERING INFORMATION 
(Order by Full Part Number! 

6268-35 I BRAJC 

T T T'--__ Package Type 

- Speed 

Part Number 

Available Speeds 

35 ns 
45 ns 

Available Packages 

R C-DIP 20 pin 
Y C-FLAT 20 pin 
U LCCC 20 terminal 

MOTOROLA MEMORY DATA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

64K X 1-Bit Fast Static 
Random Access Memory 

The 6287 is a 65,536-bit static random access memory organized as 65,536 
words of 1 bit, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power consump­
tion for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features provide 
reduced system power requirements without degrading access time performance. 

The 6287 is available in a 300 mil, 22-pin sidebraze, and a 22-terminal ceramic 
leadless chip carrier measuring 290 x 490 mils. All feature JEDEC standard pinouts. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 35/45 ns 
• Equal Address and Chip Enable Access Time 
• Low Power Operation: 120 mA Maximum, Active AC 

• Fully TTL Compatible 

5 mA Maximum, Standby (TTL Levels) 
2 mA Maximum, Standby (Full Rail) 

• Three-State Data Output 

BLOCK DIAGRAM 

(LS81 Al 

All 

A12 MEMORY MATRIX 
ROW 

128 ROWS x A13 DECODER 
512 COLUMNS 

A14 

A15 

(MSBI AO 

-VCC 
-VSS 

Q 

MOTOROLA MEMORY DATA 
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JiJJJIIJIiI 
MPO 
",,"1 

PIN ASSIGNMENT 

SIDEBRAZE 

AD 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

0 

Vi 

Vss 

1 • 22 

21 

20 

4 19 

18 

6 17 

7 16 

8 15 

9 14 

10 13 

11 12 

CASE 736-05 
CERAMIC 

CHIP CARRIER 

Al AD Vee A15 

A2 :::: 3 

::::4 
J5 
J6 
J7 
J8 15: 

o Js 11 12 14~ 
~~rlr1r,j1 

Vi Vss E 0 

CASE 800-02 
CERAMIC 

PIN NAMES 

Vee 

A15 

A14 

A13 

A12 

All 

AID 

A9 

A8 

0 

AO-A15 ........ , Address Input 
Vii. . . . . . . . . . . . . . Write Enable 
E ............... Chip Enable 
o ................ Data Input 
Q . . . . . . . . . . . . .. Data Output 
VCC ..... " + 5 V Power Supply 
VSS ............... Ground 



MILITARY 6287 

TRUTH TABLE 

E W Mode VCC Current Output Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICC Dout Read Cycle 
L L Write ICC High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5to +7.0 V 

Voltage Relative to V 55 for Any Vin, Vout -0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/01 lout +20 mA 

Power Dissipation (T A = 25°CI Po 1.0 W 

Temperature Under Bias Tbias -55to +125 °c 

Operating Temperature TA -55 to +125 °c 

Storage Temperature-Ceramic Tstg -65to +150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5 V ± 10%, T A = - 55 to + 125°C, Unless Otherwise Noted! 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.5 V 

Input High Voltage VIH 2 VCC + 0.3 V 

Input Low Voltage VIL -0.5' 0.8 V 

*VIL (mm) - -0.5 Vdc, VIL (mm) = -3 Vac (pulse width",;,; 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Yin = 0 to VCe! Ilkg(l) - ±1 /LA 

Output Leakage Current (E = VIH, Vout = 0 to VCC! Ilkg(O) - ±1 /LA 

AC Supply Current (lout = 0 rnA! ICCA - 120 rnA 

TTL Standby Current (E = VIH, No Restrictions on Other Inputs) ISBl - 5 rnA 

CMOS Standby Current (E '" VCC - 0.2 V, No Restrictions on Other Inputs) ISB2 - 2 rnA 

Output Low Voltage (lOL = 8 rnA) VOL - 0.4 V 

Output High Voltage (lOH = -4 mAl VOH 2.4 - V 

CAPACITANCE (f = 1 MHz dV = 3 V TA = 25°C sampled at initial device qualification and major redesigns rather than 100% tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance All Inputs Except ~ Cin - 6 pF 
E - 7 

Output Capacitance Cout - 7 pF 

MOTOROLA MEMORY DATA 
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MILITARY 6287 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA = - 55 to + 125'e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ........ 1.5 V Output Timing Measurement Reference Level ....... 1.5 V 
Input Pulse Levels. . . . . . . . . . . . . . . . . . . . . . . 0 to 3 V 
Input Rise/Fall Time. . . . . . . . . . . . . . . . . . . . . . .. 5 ns 

Output Load ......... Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 1) 

Symbol 6287-35 6287-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 35 - 45 - ns 2 

Address Access Time tAVOV tAA - 35 - 45 ns 

Enable Access Time tELOV tACS - 35 - 45 ns 3 

Output Hold from Address Change tAXOX tOH 3 - 3 - ns 

Enable Low to Output Active tELOX tLZ 5 - 5 - ns 4,5 

Enable High to Output High-Z tEHOZ tHZ 0 15 0 20 ns 4,5 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 35 - 45 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHOZ max, is less than tElQX min. both for a given device and from device to device. 
5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 
6. Device is continuously selected (E' = VILI. 

READ CYCLE 1 (See Note 6 Above) 

tAVAV 

A (ADDRESSI '\V 
r\. 

tAXQX 

Q (DATA OUTI PREVIOUS DATA VALID KXXXXX): DATA VALID 

tAVQV 

READ CYCLE 2 (See Note 3 Above) 

• tAVAV .. 
A (ADDRESSI 'I \r-

J J~ 
• tElOV -----

E (CHIP ENABLE I 
I\. 

V 

~tElOX tEH QZ 

Q (DATA OUTI txXXX)<) DATA VALID \--J 
tAvaV 

VCC ICC 
tElICCH - I+-tEHtCCl 

---------
SUPPLY 

CURRENT ISB 
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MILITARY 6287 

WRITE CYCLE 1 (IN Controlled; See Note 1) 

Symbol 6287-35 6287-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 40 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 30 - 35 - ns 

Write Pulse Width tWLWH twp 30 - 30 - ns 

Data Valid to End of Write tDVWH tDW 15 - 15 - ns 

Data Hold Time tWHDX tDH 3 - 3 - ns 

Write Low to Output High-Z tWLQZ twz 0 15 0 20 ns 3 

Write High to Output Active tWHQX tow 0 - 0 - ns 3 

Write Recovery Time tWHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady~state voltage with load in Figure 1 B. 

lAVAV 

A IADDRESSI 

lAVWH 

E ICHIP ENABLE I 

lWLWH 

ii !WRITE ENABLEI 

D IDATA INI 

o IDATA OUTI --------( 

AC TEST LOADS 

VLOAD = VCC 

5800 

P,U,T. 

30 pF 
(INCLUDING SCOPE I 1,2 k!l 

AND JIG) -= 
-= 

a) Test circuit used for propagation 
delay tests except for VOH to high-Z 

transitions. 

P,U.T, 
30 pF 

VLOAD = GND 

5800 

(INCLUDING I 1,2 k!l 
SCOPE AND JIG) -= 

-= 
b) Use only for VOH to high-Z and 

high-Z to VOH transitions. 

lWHAX 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6287 

WRITE CYCLE 2 (E: Controlled; See Note 1 I 

Symbol 6287-35 6287-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 40 - ns 2 

Address Setup Time tAVEL tAS 0 - 0 - ns 

Address Valid to End of Write tAVEH tAW 30 - 35 - ns 

Enable to End of Write tELEH tcw 30 - 35 - ns 3,4 

Write Pulse Width tWLEH twp 30 - 30 - ns 

Data Valid to End of Write tOVEH tow 15 - 15 - ns 

Data Hold Time tEHOX tOH 3 - 3 - ns 

Write Recovery Time tEHAX tWR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap otE low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If g: goes low coincident with or after W gges low, the output will remain in a hi9,h impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

tAVAV 

A (ADDRESS) 

tAVEH ----------.. 

E ICH)P ENABLE) 

1 ..... ,----- tAVEl ___ -.--,~---- tELEH ----1*'1--...... + 
tELWH tEHAX 

iii (WRITE ENABLE) ""'" .... f------- tWLEH ------.--, •• 

tDVEH -~-~- tEHDX 

o (DATA IN) DATA VALID 

Q(DATAOUT) __________________________________ ~H~IG~H.~Z ____________________________________ __ 

ORDERING INFORMATION 
(Order by Full Part Number) 

6287-351 BXAJC 

T T T'---__ Package Type 

Speed 

Part Number 

Available Speeds Available Packages 

35 ns 
45 ns 

X Sidebraze 
U LCCC 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

16K x 4-Bit Fast Static 
Random Access Memory 

The 6288 is a 65,536-bit static random access memory organized as 16,384 
words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power consump­
tion for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features reduce 
system power requirements without degrading access time performance. 

The 6288 is available in a 300 mil, 22-pin sidebraze, and a 22-terminal ceramic 
leadless chip carrier measuring 290 x 490 mils. All feature JEDEC standard pinouts. 

• Single 5 V ± 10% Power Supply 
• Fast Access Time: 35/45 ns 
• Equal Address and Chip Enable Access Time 
• Low Power Operation: 120 mA Maximum, Active AC 

5 mA Maximum, Standby (TTL Levels) 
2 mA Maximum, Standby (Full Rail) 

• Fully TTL Compatible 
• Three-State Data Output 

IlSBI Al 

A9 

AID 

All 

A12 

A13 

IMSBI AD 

000 

001 

002 

003 

w 

BLOCK DIAGRAM 

ROW 
DECODER 

MEMORY MATRIX 
128 ROWS, 

512 COlUMNS 

-VCC 

-VSS 
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Military 6288 

iJJIJJIIt 
MPO 

1111111 

PIN ASSIGNMENT 

SIDEBRAZE 

AD [ 1 • 22 Vce 
Al [ 2 21 A15 

A2 3 20 A14 

A3 4 19 A13 

A4 5 18 A12 

A5 6 17 All 

A6 [ 7 16 AID 

A71 8 15 A9 

0 9 14 A8 

W 10 13 0 

Vss 11 12 

CASE 736-06 
CERAMIC 

CHIP CARRIER 

A12 

:::; 4 All 

J 5 AID 

J 6 A9 

:::: 7 DOD 

J 8 15 = DQ1 

:::: 9 11 12 14::: 002 
~~ r 1 r, r1j1 

E VSS W 003 

CASE 800-02 
CERAMIC 

PIN NAMES 

AO-A15 . 
W .. 

Address Input 
Write Enable 

....... Chip Enable 
..... Data Input 

. Data Output 
+ 5 V Power Supply 

. Ground 

E 
D. 
Q. 

VCC 
VSS ... 

• 
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MILITARY 6288 

TRUTH TABLE 

E W Mode VCC Current Output Cycle 

H X Not Selected ISB1,ISB2 High-Z -
L H Read ICC Dout Read Cycle 
L L Write ICC High-Z Write Cycle 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 V 

Voltage Relative to VSS for Any Vin, Vout .-0.5 to VCC+0.5 V 
Pin Except V CC 

Output Current (per 1/0) lout ±20 mA 

Power Dissipation (T A = 25°C) PD 1.0 W 

Temperature Under Bias Tbias -55to +125 °C 

Operating Temperature TA -55 to + 125 °C 

Storage Temperature Tsta -65 to + 150 °c 

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

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

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5 V ± 10%, TA = -55 to + 125'C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit 

Supply Voltage (Operating Voltage Range) VCC 4.5 5.5 V 

Input High Voltage VIH 2 VCC + 0.3 V 

Input Low Voltage VIL -0.5' 0.8 V 

'Vll Imln) - - 0.5 Vdc; Vil (mini - - 3 Vac (pulse width", 20 ns) 

DC CHARACTERISTICS 

Parameter Symbol Min Max Unit 

Input Leakage Current (All Inputs, Vin = 0 to Vcd Ilkg(l) - 2 pA 

Output Leakage Current (E = VIH, Vout = 0 to Vcd Ilkg(O) - 2 pA 

AC Supply Current (lout = 0 mAl ICCA - 120 mA 

TTL Standby Current (E = VIH, No Restrictions on Other Inputs) ISB1 - 5 mA 

CMOS Standby Current (E '" VCC - 0.2 V, No Restrictions on Other Inputs) ISB2 - 2 mA 

Output Low Voltage (lOL = 8 mAl VOL - 0.4 V 

Output High Voltage (lOH = -4 mAl VOH 2.4 - V 

CAPACITANCE (f = 1 MHz, dV = 3 V, TA = 25'C, sampled at initial device qualification and major redesigns rather than 100% tested) 

Characteristic Symbol Min Max Unit 

Input Capacitance All Inputs Except ~ Cin - 6 pF 
E - 7 

110 Capacitance CliO - 7 pF 

MOTOROLA MEMORY DATA 
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MILITARY 6288 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vee = 5 V ± 10%, TA = - 55 to + 125"e, Unless Otherwise Noted) 

Input Timing Measurement Reference Level ........ 1.5 V Output Timing Measurement Reference Level . 1.5 V 
Input Pulse Levels. . . . . . . . . . . . . . . . . . . . . . . 0 to 3 V 
Input RiselFall Time. . . . . . . . . . . . . . . . . . . . . . .. 5 ns 

Output Load ......... Figure 1A Unless Otherwise Noted 

READ CYCLE (See Note 11 

Symbol 6288·35 6288·45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Read Cycle Time tAVAV tRC 35 - 45 - ns 2 

Address Access Time tAVOV tAA - 35 - 45 ns 

Enable Access Time tELOV tACS - 35 - 45 ns 3 

Output Hold from Address Change tAXOX tOH 3 - 3 - ns 

Enable Low to Output Active tELOX tLZ 5 - 5 - ns 4,5 

Enable High to Output High·Z tEHOZ tHZ 0 15 0 20 ns 4,5 

Power Up Time tELICCH tpu 0 - 0 - ns 

Power Down Time tEHICCL tpD - 35 - 45 ns 

NOTES: 
1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, tEHQZ max, is less than tElOX min, both for a given device and from device to device. 
5. Transition is measured ±500 mV from steady-state voltage with load of Figure lB. 
6. Device is continuously selected {E" = VILl. 

READ CYCLE 1 (See Note 6 Above) 

IAVAV 

A [ADDRESS I \ V 
J J," 

IAXOX 

a [DATA Dun PREVIOUS DATA VALID KXXXXX)~ DATA VALID 

IAVOV 

READ CYCLE 2 (See Note 3 Above) .. IAVAV .. 
A [ADDRESSI 

J 
~~ 
}'--.. IHaV 

E [CHIP ENABLE} 
!\ 

It 

-+- tELOX IEH az 

a (DATA OUT I <XXXXX) DATA VALID j'r--

IAVOV 

Vcc ICC 
IELICCH - I4-IEHICCL ---------

SUPPLY 
CURRENT ISB 
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MILITARY 6288 

WRITE CYCLE 1 (W Controlled; See Note 1) 

Symbol 6288-35 6288-45 
Parameter Unit Notes 

Standard Alternate Min Max Min Max 

Write Cycle Time tAVAV twc 30 - 40 - ns 2 

Address Setup Time tAVWL tAS 0 - 0 - ns 

Address Valid to End of Write tAVWH tAW 30 - 35 - ns 

Write Pulse Width tWLWH twp 30 - 30 - ns 

Data Valid to End of Write tDVWH tow 15 - 15 - ns 

Data Hold Time tWHDX tDH 3 - 3 - ns 

Write Low to Output High-Z twLQZ twz 0 15 0 20 ns 3,4 

Write High to Output Active tWHQX tow 0 - 0 - ns 3,4 

Write Recovery Time tWHAX twR 0 - 0 - ns 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±500 mV from steady-state voltage with load in Figure 18. 
4. At any given voltage and temperature, tWLQZ max is less than tWHQX min both for a given device and from device to device. 

IAVAV 

A (ADDRESSI 

IAVWH 

E ICHIP ENABlEI 

IWlWH 

if IWRITE ENABlEI 

D IDATA INI 

a IDATA Dun --~..;;;.;.;;;,-.---< 

AC TEST LOADS 

VLOAD ~ Vee 

5800 

P.U.T. 
30 pF 

(INCLUDING SCOPE I 1.2 kO 
AND JIG) = 

al rest circuit used for propagation 
delay tests except for YOH to high-Z 

transitions. 

P.U.T. 
30 pF 

VLOAD ~ GND 

5800 

(INCLUDING I 1.2 kO 
SCOPE AND JIGI = 

bl Use only for YOH to high-Z and 
high-Z to YOH transitions. 

IWHAX 

- ......... -+- IWHDX 

TIMING LIMITS 

The table of timing. values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
.Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6288 

WRITE CYCLE 2 HO: Controlled; See Note 1) 

Symbol 6288-35 6288-45 
Parameter 

Standard Alternate Min Max Min 

Write Cycle Time tAVAV twc 30 - 40 

Address Setup Time tAVEL tAS 0 - 0 

Address Valid to End of Write tAVEH tAW 30 - 35 

Enable to End of Write tELEH tcw 30 - 35 

Write Pulse Width tWLEH twp 30 - 30 

Data Valid to End of Write tDVEH tDW 15 - 15 

Data Hold Time tEHDX tDH 3 - 3 

Write Recovery Time tEHAX tWR 0 - 0 

NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. AI!.write cycle timing is referenced froJ!1 the last valid address to the first transitioning address. 
3. If ~ goes low coincident with or after W.apes tow. the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high. the output will remain in a high impedance condition. 

IAVAV 

A (ADDRESSI 

IAVEH 

i' (CHIP ENABLEI 

• IAVEl IElEH 
IElWH 

Vi (WRITE ENABLEI • IWLEH • 
IDVEH 

D (DATA INI DATA VALID 

Q (DATA OUT I 
HIGH·Z 

ORDERING INFORMATION 
(Order by Full Part Number) 

6T21'BTL.AJ_C ____ Package Type 

- Speed 

Part Number 

Available Speeds Available Packages 

35 ns 
45 ns 

X Sidebraze 
U LCCC 
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22 pin 
22 terminal 

Max 

-
-

-
-

-

-
-

-

Unit Notes 

ns 2 

ns 

ns 

ns 3,4 

ns 

ns 

ns 

ns 

IEHAX 

IEHDX 
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CORPORATE QUALITY STATEMENT 

MOTOROLA CORPORATE QUALITY GOAL 

IMPROVE PRODUCT AND SERVICES QUALITY TEN TIMES BY 1989 
AND AT LEAST ONE HUNDRED FOLD BY 1991. 

ACHIEVE SIX SIGMA CAPABILITY BY 1992. 

With a deep sense of urgency, spread dedication to quality to every facet of the 
corporation and achieve a culture of continual improvement to ASSURE TOTAL 
CUSTOMER SATISFACTION. There is only one ultimate goal: zero defects in every­
thing we do. 

signed: 

BOB GALVIN 
Chairman 

GEORGE FISHER 
Deputy to Chief 
Executive Office 

JIM LINCICOME 
Government Electronics 
Group 

JIM NORLING 
Semiconductor Products 
Sector 

JIM DONNELLY 
Personnel 

GERHARD SCHULMEYER 
Automotive & Industrial 
Electronics Group 

BILL WEISZ 
Vice Chairman 

GARY TOOKER 
Chief to Corporate 
Staff Officer 

CARL LINDHOLM 
International 
Operations 

STEVE LEVY 
Japanese Operations 

RAY FARMER 
Communications Sector 
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JOHN MITCHELL 
President 

JACK GERMAIN 
Motorola Director 
of Quality 

LEVY KATZIR 
New Enterprises 

DON JONES 
Chief Financial 
Officer 

ED STAIANO 
General Systems 
Group 



DIVISION QUALITY STATEMENT 

MOTOROLA MOS MEMORY PRODUCTS DIVISION 

COMMITMENT TO SIX SIGMA 
WORLD CLASS 

The Memory Products Division staff are pleased to announce our commitment to be a 
World Class MOS Memory supplier. This means more bullet proof designs which can tolerate 
handling, processes at the limit and beyond, and outstanding control of the manufacturing 
processes such that a product design which is marginal will still yield consistent quality 
performance. 

Memory Products Division fully endorses the Motorola Corporate goal of improving product 
and service quality ten times by 1989 and one hundred fold by 1991. 

Through our quality improvement process using SIX SIGMA we can and will accomplish 
being the best memory supplier through WORLD CLASS product margins and services in their 
truest sense. 

ENDORSEMENTS: 

SIMGw.-~ #J~ E&e~ f;.,~ Jim George Bud Broeker Bill Bowers 

#7---- ?r'~ ~~ ~~ 
Weldon Knape Roger Kung Bill Lane Jon Rodgers 
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SIX SIGMA 

~ ® MOTORC>t.A 

OUR SIX SIGMA CHALLENGE 

WHAT IS SIX SIGMA7 

Six Sigma is the required capability level to approach the 
Standard. The Standard is Zero Defects. Our goal is to be 
best-in-class in Product, Sales, and Service. 

WHY SIX SIGMA7 

The performance of a product is determined by how much 
margin exists between the design requirements of its char­
acteristics (and those of its parts/steps), and the actual value 
of those characteristics. These characteristics are produced 
by processes in the factory, and at the suppliers. 

Each process attempts to reproduce its characteristics iden­
tically from unit to unit, but within each process some variation 
does occur. For some processes, such as those which use 
real-time feedback to control the outcome, the variation is 
quite small, and for others it may be quite large. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal variation, defined as pro­
cess width, is ±3 Sigma about the mean. 

100 k 
1:~ ~ Cp 1::::::. CENTERED 

~ Cpk 0.5 ~ • ± 1.5 SIGMA SHIFT I 
Cp 1.33 

10 k 

FCp Cpk 

k 

10 0 

F== 

0 

1 

O. 1 

0.01 

0.001 
2 

FCp 

Cpk 0.83 
1 

Cp 1.67 
CpIc 1.17 

CpIc 1.33 

Cp 
CpIc 

Cp CpIc 1.67 

Cp-Cpk 2 

4 

DESIGN SPECIFICATION WIDTH (SIGMAI 

Figure 1. Standard Deviations from Mean 

2 = 
1.5 : 

Approximately 2,700 parts per million parts/steps will fall 
outside the normal variation of ± 3 Sigma, see Figure 1. This, 
by itself, does not appear disconcerting. However, when we 
build a product containing 1,200 parts/steps, we can expect 
3.24 defects per unit (1200xO.0027), on an average. This 
would result in a rolled yield of less than 4%, which means 
fewer than 4 units out of every hundred would go through the 
entire manufacturing process without a defect, see Table 1. 

Thus, we can see that for a product to be built virtually 
defect-free, it must be designed to accept characteristics that 
are significantly more than ±3 Sigma away from the Mean. 

It can be shown that a design that can accept twice the 
normal variation of the process, or ±6 Sigma, can be ex­
pected to have no more than 3.4 parts per million defective 
for each characteristic, even if the process mean were to shift 
by as much as ± 1.5 Sigma, see Figure 1. To quantify this, 
Capability Index (Cp) is used, where: 

Cp design specification width 
process width 

Table 1. Rolled Yield 

TOTAL 
DEFECTS 
PER UIIT 

5.3 
4.6 
3.9 
3.5 
3.2 
3.0 
2.3 
1.9 
1.6 
1.4 
1.2 
1.0 
0.9 
0.8 
0.7 
0.6 
0.51 
0.43 
0.36 
0.29 
0.22 
0.16 
0.10 
0.05 
0.00 

ROLLED 
THROUGHPUT 

YIELD 1%1 

0.5 
1.0 
2.0 
3.0 
4:0 
5.0 
10 
15 
20 
25 
30 
37 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

ROLLED THROUGHPUT YIELD (Iii = 100 e - dIu 
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A design specification width of ± 6 Sigma and a process 
width of ± 3 Sigma yields a Cp of 12/6 = 2. However, as shown 
in Figure 2, the process mean can shift. When the process 
mean is shifted with respect to the design mean, the Capability 
Index is adjusted with a factor k, and becomes Cpk. 
Cpk=Cp(1-k), where: 

Table 2. Overall Yield vs Sigma 
(Distribution Shifted ± 1.5 a) 

k process shift 
design specification width/2 

The k factor for ± 6 Sigma design with a 1.5 Sigma process 
shift = 1.5/(12/2) =0.25, and the Cpk=2(1 -0.25) = 1.5. 

In the same case of a product containing 1,200 parts/steps, 
we would now expect only 0.0041 defects per unit 
(1200 x 0.0000034). This would mean that 996 units out of 
1,000 would go through the entire manufacturing process with­
out a defect (see Table 2). 

It is, therefore, our five year goal to achieve ± 6 Sigma 
capability in Product, Sales, and Service. 

MEAN 

NUMBER OF 
PARTS 'STEPS' 

7 
10 
20 
40 
60 
80 

100 
150 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1200 
3000 

17000 
38000 
70000 

150000 

±30' ±40' _'_'11'_ -'-'''-
93.32 99.379 
61.63 95.733 
50.08 93.96 
25.08 88.29 

6.29 77.94 
1.58 68.81 
0.40 60.75 
0.10 53.64 

39.38 
28.77 
15.43 
8.28 
4.44 
2.38 
1.28 
0.69 
0.37 
0.20 
0.06 

-60' -50' -4 a -30' -20' -1 0' 0 10' 20' 30' 40' 50' 

!.. ±FOUR SIGMA DESIGN SPECIFICATION WIDTH----i ... i 
Figure 2a. Four Sigma Capability 

MEAN 

Figure 2b. Six Sigma Capability 
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QUALITY MONITORING 

Average Outgoing Ouality (AOO) refers to the number of 
devices per million that are outside specification limits at the 
time of shipment. Motorola has continually improved its out­
going quality, and has established a goal of zero PPM (parts 
per million) AOO. This level of quality will lead to vendor 
certification programs with many of our customers. The pro­
gram ensures a certain level of quality, thus allowing a cus­
tomer to either reduce or eliminate the need for incoming 
inspections. 

By paying strict attention to quality at an early stage, the 
possibility of failures occurring further down the line is greatly 
minimized. Motorola's electrical parametric testing eliminates 
devices that do not conform to electrical specification. Ad­
ditional parametric testing on a sample basis provides data for 
continued improv!lment. 

AVERAGE OUTGOING OUALITY (AOO) CALCULATION 

AOO in PPM = (Process Average) 
.(Lot Acceptance Rate).(l06) 

P A Total Projected Reject Devices* 
rocess verage = Total Number of Devices 

Projected Reject Devices Defects in Sample 
Sample Size 

.Lot Size 

Total Number of Devices = Sum of all the units in each 
submitted lot 

Lot Acceptance Rate = 1 
Number of Lots Rejected 
Number of Lots Tested 

106= Conversion to parts per million (PPM) 

MARKING PERMANENCY, HERMETICITY, AND 
SOLDERABILITY MONITORS 

Marking permanency testing is performed per Motorola 
specification. The procedure involves soaking the device in 
various solvents, brushing the markings, and then inspecting 
the markings for legibility. 

Hermeticity monitoring includes tests for both fine and gross 
leaks in the hermetic package seal. 

Solderability testing is used to ensure that device leads can 
be soldered without voids, discoloration, flaking, dewetting, 
or bridging. Typically, the test specifies steam preconditioning 
followed by a 235° to 260°C solder dip and microscope in­
spection of the leads. 

RELIABILITY MONITORING 

Motorola recognizes the need to monitor established MOS 
Memory products to maintain the level of quality and reliability 
demonstrated through the internal and joint qualification pro­
cesses. Motorola maintains a system of monitor programs that 
provide monthly feedback on the extensive matrix of Motorola 
fabrication, assembly, and testing technologies that produce 
our products. As with qualification activity, great care is taken 
to assure the accuracy and quality of the data generated. 

* All rejects: visual, mechanical, and electrical (dc, ac, and highllow 
temperature) . 

RELIABILITY STRESS TESTS 

The following summary gives brief descriptions of the var­
ious reliability tests included in both reliability qualification and 
monitor programs. Not all of the tests listed are performed by 
each program and other tests can be performed when appro­
priate. Refer to Table 3. 

Table 3. Stresses and Typical Stress Conditions 

Stress Typical Stress Condition 

High Temperature Operating Life, 125°C, 6.0 V 
Dynamic or Static 

T emperature Cy~le -65°C to + 150°C 
Air to Air 

Thermal Shock - 65°C to + 150°C 
Liquid to Liquid 

Temperature Humidity Bias 65°C, 65% RH, 5.0 V 

Autoclave 121°C, 100% RH, 15 psig 

Pressure Temperature Humidity 148°C, 90% RH, 
Bias 44 psig, 5.0 V 

Low Temperature Operating Life OOC125°C, 6.0 V 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms that are thermally 
activated through the application of extreme temperatures and 
the use of biased operating conditions. The temperature and 
voltage conditions used in the stress will vary with the product 
being stressed. However, the typical stress ambient is 125°C 
with the bias applied equal to or greater than the data sheet 
nominal value. All devices used in the HTOL test are sampled 
directly after final electrical test with no prior burn-in or other 
prescreening unless called out in the normal production flow. 
Testing can either be performed with dynamic signals applied 
to the device or in a static bias configuration. 

TEMPERATURE CYCLE 

Temperature cycle testing accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the mini­
mum and maximum temperatures being - 65°C and + 150°C. 
During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are 
heated to the hot dwell where they remain for another ten 
minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified 
temperature. The dwell at each extreme, plus the two transition 
times of five minutes each (one up to the hot dwell temper-

\!!Iture, another down to the cold dwell temperature), constitute 
one cycle. Test duration for this test will vary with device and 
packaging system employed. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing-to emphasize differences in 
expansion coefficients for components of the packaging sys­
tem. However, thermal shock provides additional stress in that 

MOTOROLA MEMORY DATA 

10-6 



the device is exposed to a sudden change in temperature due 
to the transfer time of ten seconds maximum as well as the 
increased thermal conductivity of a liquid ambient. This test 
is typically performed per Mll-STD-883 or Mll-STD-750 with 
the minimum and maximum temperatures being - 65°C and 
+ 150°C. Devices are placed in a fluorocarbon bath and cooled 
to minimum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are transferred 
to an adjacent chamber filled with fluorocarbon at the maxi­
mum specified temperature for an equivalent time. Two five­
minute dwells plus two ten-second transitions constitute one 
cycle. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRB) is an environ­
mental test performed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metallization. 

AUTOCLAVE 

Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test in­
clude 121°C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. 

PTHB (PRESSURE-TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. The test 
detects similar failure mechanisms as THB but at a greatly 
accelerated rate. Conditions usually employed during the test 
are a temperature of 148°C, pressure of 44 psig or greater, a 
relative humidity of 90 (PTHB), and a bias level which is the 
-nominal rating of the device. 

lOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate hot carrier 
injection effects in semiconductor devices by exposing them 
to room ambient or colder temperatures with the use of biased 
operating conditions. Threshold shifts or parametric changes 
are typically the basis for failure. The length of this test will 
vary with temperature and bias conditions employed. 

SYSTEM SOFT ERROR 

System soft error is deSigned to detect errors caused by 
impact ionization of silicon by high energy particles. This stress 
is performed on a system level basis. The system is operated 
for millions of device hours to obtain an accurate measure of 
actual system soft error performance. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or Mll­
STD-150 and is used to examine the ability of the device to 
withstand a sudden change in mechanical stress typically due 
to abrupt changes in motion as seen in handling, transpor­
tation, or actual use. The typical test condition would be as 
follows: acceleration = 1500 g, orientation=Y1 plane, t=0.5 
ms, and number of pulses = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per Mll-STD-883 or Mll­
STD-750 and is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. The typ­
ical test condition is: peak acceleration = 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per Mll-STD-883 or Mll­
STD-750 and is used to indicate structural or mechanical weak­
nesses in a device/packaging system by applying a severe 
mechanical stress. A typical test condition used is as follows: 
stress level = 30 kg, orientation = Y1 plane, and t = 1 minute. 

QUALITY SYSTEMS 

A Global Quality System is key to achieving our goal of 
"Best In Class". Quality systems are implemented in wafer 
fabrication, assembly, final test, and distribution world wide. 
Figure 3 depicts Quality Assurance involvement and the tech­
niques applied in the general flow of product and Figure 4 
shows Memory Manufacturing locations world wide. 

QUALITY ASSURANCE TECHNIQUES 

SAMPLING SPC MONITOR AUDIT I INCOMING \--
(WAFERS. CHEMICALS. X X X X 

ETC.I 

l 
1 WAFER FAB I- X X X X 

~. 
1 ASSEMBLY 1-- X X X X 

t 
1 BURN·INiTEST 1-- X X X X 

• I DISTRIBUTION 1-- X X X X 

Figure 3. General Product Flow 

Direct Customer interaction ensures that they are receiving 
product that meets all of their requirements 100% of the time. 
In fact, the MOS Memories Reliability and Quality Assurance 
department has devised a customer advocate list that assigns 
key Reliability and Quality Assurance personnel to specific 
customers in order to facilitate any inquiry a particular cus­
tomer may have with regard to quality, reliability, or any other 
issue they may want to discuss. 

All processes and activities that relate to the manufacturing 
of MOS Memories are fully documented, and regular audits 
are performed to ensure continuous adherence to proper pro­
cedures. We are always striving to produce and reproduce the 
highest quality product available throughout the world. 

MOS Memory Products Division promotes the concept of 
statistical process controls throughout the entire manufactur­
ing process. This is exemplified by our commitment to in-depth 
statistical process control training programs for everyone­
from the line operator to upper management. Favorable results 
have already been realized from the initial phases of imple­
mentation, with much more to follow. 
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Figure 4. Wafer Fab/Assembly/Final Test Locations 

MOS Memory Products Division maintains a Worfd Wide 
Quality Assurance system that is second to none. Daily status 
reports are received from remote locations, and any problems 
that arise are tackled on real-time basis. MOS Memory Prod­
ucts Division is also a leader in accurate and efficient methods 
of quality data collection and reporting. 

Every unit that MOS Memory Products Division produces 
is coded so that complete traceability is maintained, including 
visibility to the wafer and assembly lot level. The Quality Sys­
tem ensures that we can provide any specific processing in­
formation to our customers on request. 

INTERNAL QUALIFICATION DISCIPLINE 

Motorola recognizes the need to establish that all MOS 
Memory devices, both new products as well as existing ones, 
reach and maintain a level of quality and reliability that is 
unsurpassed in the electronics marketplace. To ensure this, 
internal qualification requirements, procedures, and methods 
as wall as vendor qualification specifications have been de­
veloped. These activities are intended to provide a consistent, 
comprehensive, and methodical approach to device qualifi~ 
cation and to improve our customer's understanding of 
Motorola's qualification results and their subsequent appli­
cation implications. 

For qualification results to be valid and acceptable, the col­
lected data must be proved accurate to the highest possible 
confidence level. Therefore, a complete device history and 
data log is kept with any lost or missing data potentially leading 
to test results that are unusable for qualification purposes. 
Testing conditions and pass/fail criteria are established before 
stressing begins. Strict adherence to this and the use of control 
devices insure that the test results are valid and meaningful. 

New MOS Memory devices which are under development 
or in the prototype stage are subject to requirements defined 
for the three levels of the development cycle. These levels are 
the alpha, beta, and introductory phases of. device develop­
manto Each phase contains guidelines and controls concerning 

issues such as device labeling, number of customers, sample 
quantities, priCing and stocking levels, and open-order-entry 
timing. Decisions regarding these items are made jointly by 
marketing, product, and reliability personnel. 

JOINT QUALIFICATION 

As a result of the rigorous discipline used for internal qual­
ification of Motorola MOS Memory products, our customers 
can benefit from joint qualification type activities. Motorola's 
clearly defined qualification procedures improve the custom­
er's ability to comprehend Motorola's qualification results in 
an effective manner which aides in their qualification decision 
making process. Through parallel qualification activities be­
tween Motorola and its customers, this procedure can cut 
qualification costs bYJeducing duplication of effort, improving 
resource utilization, and shortening introduction cycle tima. 
This helps to ensure competitive edge advantages for our 
customers. 

Joint Qualification activities result in a partnership type of 
interaction between Motorola and its customers on an engi­
neering level. This assists our customers in two critical areas. 
First, it allows them to understand more clearly the strengths 
and weaknesses of Motorola's productS. Secondly, our cus­
tomers can make clear decisions concerning which stresses 
they need to concentrate on during their internal qualification 
activities. 

HISTORICAL PERFORMANCE 

Over the course of the last five years, significant achieve-· 
ments have been made on quality and delivery performance. 
The ± SIX SIGMA capability process will assist the MOS Mem­
ory Products Division in pursuit of our standard of zero defects 
and 100% on time delivery. 

Figure 5 indicates the product Average Outgoing Quality 
performance as measured in parts per million. Figure 6 is the 
delivery performance as measured against the internal 
Motorola schedule date. 
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APPLICATION NOTE 

DRAM Refresh Modes 
DRAMs offer the lowest cost per bit of any memory, and 

for that reason are enormously popular in a wide range of 
applications. This low cost per bit is achieved with a very simple 
bit cell design, among other things, but rooted in this simpliCity 
are some inherent drawbacks. One major limitation is the need 
to refresh each memory bit at regular intervals. This note 
discusses what refresh is, the reasons refresh is required for 
DRAM operation, and the various types of refresh available 
on the Motorola 1 M x 1 and 256K x 4. DRAMs. Specific com­
ments refer to the 1M x 186-ns DRAM. Refer to specific device 
data sheets for analogous information on other devices. 

The heart of any memory device is the bit cell. AIM DRAM 
has 1,048,576 of these cells in the memory array. Each cell 
holds a single bit of information in the form of a high or low 
voltage, where high voltage = a binary "I" and low voltage = a 
binary "0". The DRAM bit cell consists of one transistor and 
one capacitor. The transistor acts as a switch, regulating when 
the capacitor will charge and discharge, while the capacitor 
stores a high or low voltage charge. 

All capacitors leak over time, slowly losing the charge stored 
in them, regardless of how carefully they are constructed. 
Junction and dielectric leakage are two capacitor discharge 
paths that are characteristic of the DRAM bit cell, and both 
are affected by temperature. The capacitor in the bit cell can 
hold a small charge, on the order of 35-125 fF (fF = 1 x 10 -15 
farads). As this charge dissipates through leakage paths, the 
small difference between a "I" and a "0" diminishes. If nothing 
is done to restore the charge on the capacitor to its initial 
value, the sensing circuitry on the DRAM will eventually be 
unable to detect a charge difference and will read the cell as 
a "0". 

Thus, all the capacitors in the memory array must be pe­
riodically recharged, or refreshed. Refresh is accomplished by 
accessing each row in the array, one row at a time. When a 
row is accessed, it is tumed on, and voltage is applied to the 
row, recharging each capacitor on the row to its initial value. 
Specified refresh time on the 1 M x 1 DRAM is 8 milliseconds; 
every row must be recharged every 8 milliseconds. This is a 
vast improvement over refresh times required for earlier gen­
erations of DRAMs. The 16K x 1 DRAM required refresh every 
2 milliseconds, the 256K x 1 DRAM requires a refresh every 4 
milliseconds. Longer refresh times mean more time available 
for access to memory, and less time required to refresh the 
device. 

Design and operation of the DRAM allow only one row to 
be refreshed at a time; 512 refresh cycles are required to refresh 
the entire 1M x 1 memory array. The array is actually 1024 
rows by 1024 columns, but it operates electrically like two half 
arrays of 512 rows by 1024 columns. During refresh, every row 
is treated as if it runs through both halves of the array; re­
freshing 2048 column locations (bit cells) per row. This (jesign ' 
results in fewer refresh cycles required to recharge the entire 
array, since only 512 rows need to be accessed, rather than 
1024. 

AN987 

Refresh can be performed in either a single burst of 512 
consecutive refresh cycles (one cycle per row) every 8 milli­
seconds, or distributed over time, one refresh cycle every 15 
microseconds (8 milliseconds per 512 rows = 15.6 microse­
conds per row) on average, or some combination of these two 
extremes. As long as every row is refreshed within 8 millise­
conds, the actual method used is best determined by system 
use of the DRAM. The burst takes 84 microseconds to com­
plete (165 nanoseconds per row x 512 rows for 86 nanoseconds 
per device). During this burst refresh time, no memory op­
erations can be performed on the device. Distributed refresh 
disables memory access for 165 nanoseconds every 15 
microseconds. 

The 1 M x 1 DRAM can be refreshed in three ways: RAS 
only refresh, CAS before RAS refresh, and hidden refresh. In 
addition, any normal read or write refreshes all 2048 bit cells 
on the row accessed. Regardless of the refresh method used, 
the time required to refresh one row is the random read or 
write (RAS) cycle time (tRC). When operating the device in 
page, nibble, or static column mode, only the row being ac­
cessed is refreshed. The device must be in normal random 
mode to utilize any of these specific refresh methods. 

RAS only refresh requires external row counters, to ensure 
all rows are refreshed within the specified time, and externally­
supplied row addresses. CAS before RAS relies on internal 
row counters and internally generates the address of the next 
row' to be refreshed. Hidden refresh is a variation on CAS 
before RAS refresh that holds valid data at the output while 
refresh is occurring. Whenever the device is in a refresh cycle, 
neither a read nor a write operation can be performed. Hidden 
refresh allows the device to be read ahead of refresh, then 
holds the valid data at the output while refresh cycles are in 
progress. It appears that the refresh is hidden among data 
cycles because valid data is maintained at the output. 

RAS only refresh is performed by supplying row addresses 
AO-AS and completing a RAS cycle HRC); switching RAS 
from inactive (high) to active (low), holding RAS low (tRAS), 
then switching back to high, and holding RAS high (tRP). A9 
is ignored during RAS only refresh, since this address normally 
determines which half of the array is to be accessed. CAS 
must be held high through this RAS cycle, hence the name 
RAS only refresh. An external row counter is required for this 
refresh method. See Figure 1. 

CAS before RAS refresh is performed by switching CAS 
from high to low while RAS is high, then SWitching RAS low 
(tCSR). This reversal of the usual clock order activates an 
internal row counter that generates addresses to be refreshed; 
external addresses are ignored in this cycle. CAS must be held 
low (tCHR) after RAS transitions to low. After that time it can 
either be held low or switched to high. See Figure 2. The CAS 
before RAS refresh counter test, specified on all DRAM data 
sheets that offer this type of refresh, is used to check for 
proper operation of the internal row counters and correct ad­
dress generation. 
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DRAM REFRESH MODES (AN987) 

Hidden refresh is a CAS before RAS refresh that has been 
initiated during a read or write operation. At the end of a 
typical read cycle, CAS would be switched to high before RAS, 
turning off the output. In a hidden refresh cycle, RAS is 
switched to high, concluding the RAS cycle (tRC), while CAS 
is held low. RAS is held high (tRP), then switched low, be­
ginning another RAS cycle. As long as CAS is held low, data 
is valid at the output, resulting in a long read cycle. Since data 
can be read while the device is being refreshed, the refresh 
operation(s) appears to be hidden by the read cycle. The same 
refresh can be performed after a write cycle is initiated. This 

method of refresh allows refresh cycles to be mixed within 
read and write cycles. During the refresh cycle, a write op­
eration cannot be performed. See Figure 3. 

Refresh is an integral and necessary part of DRAM opera­
tion. Substantial improvement has been made in increasing 
the time between refresh cycles, but as long as tlie bit cell 
design utilizes a capacitor, periodic recharging will be required. 
Three methods of refresh are available on the 1M x 1 DRAM: 
RAS only, CAS before RAS, and hidden refresh. The Motorola 
1 M x 1 and 256K x 4 will work in virtually all systems as a result 
of flexibility provided by this assortment of refresh methods. 

L __ ~~I4:-'=-_~=-_~=-_~=-_~~~-IR_A-S=-=_I=RC=_ -==_ -~=_ ..,,:y-t=--I-RP4--+ll 
L-

AD-AS : ~OO<_..:;A:::D~:::~W::ESS:::.....J 
Figure 1. RAS Only Refresh Cycle 
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APPLICATION NOTE AN986 

Page, Nibble, and Static Column Modes: High­
Speed, Serial-Access Options on 1 M-Bit + DRAMs 

The 1 M-bit and higher density DRAMs offered by Motorola, 
in addition to operating in a standard mode at advertised access 
times, have special oP\lrating modes that will significantly de­
crease access time. These are page, nibble, and static column 
modes. A" three modes are available in the 1 M x 1 configu­
ration; page and static column modes are also available on the 
256K x 4 configuration. Read, write, and read-write operations 
can be mixed and performed in any order while these devices 
are operating in either random or special mode. 

The comments that follow refer specifically to successive 
read operations for page, nibble, and static column modes on 
the 1 M x 1 device. The read operation is chosen for sake of 
simplicity in illustrating these special operating modes. How­
ever, decreased access times will occur for a" operations, 
performed in any order, when the device is operated in any 
of these modes. General operating comments apply to the 
256Kx4 device as we". 

All of these special operating modes are useful in applica­
tions that require high-speed serial access. Typical examples 
include video bit map graphics monitors or RAM disks. Page 

mode is the standard, available since the days of the 16K x 1 
DRAM. Static column is the latest mode to be made available 
on DRAMs, and nibble mode first appeared somewhere in 
between. Page and static column offer the same column· 10-
cation access, but operate somewhat differently. Nibble is 
unlike either of the other modes, but faster than both in its 
niche. A" modes are initiated after a standard read or write is 
performed. 

Page and static column modes allow access to any of 1024 
column locations on a specific row, while nibble allows access 
to a maximum of four bits. The location of the first bit in nibble 
mode determines the other bits to be accessed. Nibble mode 
allows the fastest access of the three devices (tNCAC), a" 
other parameters held equal, at about 1/4 the standard (tRAC) 
rate. Page and static column access times (tCAC, tAA) are, 
respectively, about 1/3 and 1/2 the standard rate. 

Cycle time is a better indicator of relative· speed improve­
ment, since it measures the minimum time between any two 
successive reads. Cycle time is approximately 1/4 for nibble 
and 1/3 for page and static column modes, with respect to a 

Table 1. Operating Characteristic Comparison 

Parameter Page Nibble 
Static 

Random 
Column 

Access Time (ns)* tCAC 25 - - -

tNCAC - 20 - -
tAA - - 46 -
tRAC - - - 85 

Cycle Time (n$)* tpc 50 - - -
tNC - 40 - -
tsc - - 50 -
tRC - - - 165 

Accessible Bits 1024 4 1024 All 

Order of Accessible Bits Random Fixed Random Random 

Conditions RAS Active Active Active Cycle 
CAS orCS** Cycle Cycle Active Cycle 
Addresses Cycle N/A Cycle Cycle 
Outputs Cycle Cycle Active Cycle 

Time to Read 4 Bits (n8)* 235 205 235 660 

Time to Read 1024 Unique Bits (ns)* 51,235 70,400 51,235 168,960 

*Values for aIM x 1 B5-ns device. **CS on Static Column. 
Page: 4 bit read = tRAC + 3tpC 

1024 bit read = tRAC + 10000pC 

Nibble: 4 bit read =tRAC +3tNC 
1024 bit read =256.(tRAC+ 3tNC+tRP) 

Static Column: 4 bit read = tRAC + 3tSC 
1024 bit read = tRAC + 10000SC 

Random: 4 bit read = 4tRC 
1024 bit read = 1024tRC 
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PAGE, NIBBLE, AND STATIC COLUMN MODES ... (AN986) 

random cycle time of 165 nanoseconds. When operated in 
these high-speed modes, users will typically access most or 
all of the bits available to that mode, once the mode has been 
initiated. Thus the best measure of speed for nibble mode is 
the rate at which four bits are read, while the rate at which 
1024 bits are read is the best measure of page or static column 
mode. When the actual operating conditions are considered, 
as described elsewhere, the difference between tCAC, tNCAC, 
and tAA measurements hold relatively little significance. 

Page mode is slightly more difficult to interface in a system 
than static column mode due to extra CAS pulses that are 
required in page mode. Static column generates less noise 
than page mode, because output buffers and CS are always 
active in this mode. Noise transients, generated every time 
CAS is cycled from inactive to active, are thus eliminated in 
the static column mode. 

PAGE MODE 

Page mode allows faster access to any of the 1024 column 
locations on a given row, typically at one third the standard 
(tRAC) rate for randomly-performed operations. Page mode 
consists of cycling the CAS clock from active (low) to inactive 
(high) and back, and providing a column address, while holding 
the RAS clock active (low). A new column location can be 
accessed with each CAS cycle (tpC). 

Page mode is initiated with a standard read or write oper­
ation. Row address is latched by the RAS clock transition to 
active, followed by column address and CAS clock active. 
Performing a CAS cycle (tpC) and supplying a column address 
while RAS clock remains active constitutes the first page mode 
cycle. Subsequent page mode cycles can be performed as 
long as RAS clock is active. The first access (data valid) occurs 
at the standard rate (tRAC). All of the read operations in page 
mode following the initial operation are measured at the faster 
rate (tCAC), provided all other timing minimums are maintained 
(see Figure la). Page mode cycle time determines how fast 
successive bits are read (see Figure 1 b). 

NIBBLE MODE 

Nibble mode allows serial access to two, three, or four bits 
of data at a much higher rate than random operations (tRAC). 
Nibble mode consists of cycling the CAS clock while holding 
the RAS clock active, like page mode. Internal row and column 

H-
RAS 

L-

H-
CAS 

L-

H-
ADDRESSES 

L-

H-
D (DATA DUn 

L-

address counters increment at each CAS cycle, thus no ex­
ternal column addresses are required (unlike page or static 
column modes). After cycling CAS three times in nibble mode, 
the address sequence repeats and the same four bits are ac­
cessed again, in serial order, upon subsequent cycles of CAS: 

00,01, 10, 11,00,01, 10, 11, ... 

Nibble mode operation is initiated with a standard read or 
write cycle. Row address is latched by RAS clock transition 
to active, followed by column addresses and CAS clock. Per­
forming a CAS cycle (tNC) while RAS clock remains active 
constitutes the first nibble mode cycle. Subsequent nibble 
mode cycles can be performed as long as the RAS clock is 
held active. The first access (data out) occurs at the standard 
rate (tRAC). All of the read operations in nibble mode following 
the initial operation are measured at the faster rate (tNCAC), 
provided all other timing minimums are maintained (see Fig­
ure 2a). Nibble mode cycle time determines how fast succes­
sive bits are read (see Figure 2b). 

STATIC COLUMN MODE 

This mode is useful in applications that require less noise 
than page mode. Output buffers are always on when the device 
is in this mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. It allows faster access to any 
of the 1024 column addresses on a given row, typically at half 
the standard (tRAC) rate for randomly performed operations. 
Static column consists of changing column addresses while 
holding the RAS and CS clocks active. A new column location 
can be accessed with each static column cycle (tSC). 

Static column mode operation is initiated with a standard 
read or write cycle. Row address is latched by RAS clock 
transition to active, followed by column addresses and CS 
clock. Performing an address cycle (tSC) while RAS and CS 
clocks remain active constitutes the first static column cycle. 
Subsequent static column cycles can be performed as long as 
the RAS and CS clocks are held active. The first access (data 
out) occurs at the standard (tRAC) rate. All of the read op­
erations in static column following the initial operation are 
measured at the faster rate (tAA). provided all other timing 
minimums are maintained (see Figure 3a). Static column cycle 
time determines how fast successive bits are read (see Fig­
ure 3b). 

Figure 1a. Page Mode Read Cycle 
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Figure 1b. Page Mode Cycle Minimum Timing 
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Figure 2&. Nibble Mode Read Cycle 
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Figure 38. Static Column Mode Read Cycle 

L----------------------------------------------------------------
H-
L- __________________________________________________________________ __ 

H­
ADDRESSES 

L- ~ 
ISC 

COLUMN ADDRESS 

ISC 

). COLUMN ADDRESS ~ 
lAA I .. lAA 

".,. om:~ ~"'4---V=D~:..:;~~;;....-J~F---V=D~:..:;~~;;....--xzz 
Figure 3b. Static Column Mode Cycle Minimum Timing 

MOTOROLA MEMORY DATA 

11-7 

~ 
, 



MOTOROLA 
- SEMICONDUCTOR------------­

III 

APPLICATION NOTE 

Avoiding Bus Contention 
RAM Designs 

INTRODUCTION 

When designing a bus oriented system, the possibility of 
bus contention must be taken into consideration. Bus con­
tention occurs when two or more devices try to output opposite 
logic levels on the same common bus line. 

This application note points out common causes of bus 
contention when designing with fast static random access 
memories and describes ways to eliminate or reduce 
contention. 

WHAT CAUSES BUS CONTENTION? 

The most common form of bus contention occurs when 
one device has not completely turned off (output in a high­
impedance state) before another device is turned on (output 
active). Basically, contention is a timing overlap problem that 
results in large, transient current spikes. These large current 
spikes not only generate system noise, but can also affect the 
long term reliability of the devices on the bus (see Figure 1). 

BUS CONTENTION AND FAST STATIC RAMs 

Since memory devices are primarily used in bus oriented 
systems, care must be taken to avoid bus contention in mem­
ory designs. Fast static RAMs with common I/O data lines (or 
any high frequency device with common I/O pins) are the 
most likely candidates to encounter bus contention. This is 
due to the tight timing requirements that are needed to achieve 
high-speed operation. If timing control is not well maintained, 
bus contention will occur. The most common form of bus 
contention for memories occurs when switching from a read 
mode to a write mode or vice versa. 

1 OF 4 OATA BUS LINES 

o1/Ul 
Din 

02102' 

lIE 03103 

04104 

if Il) 

AN971 
REV1 

in Fast Access 

IHI 

SWITCHING FROM A READ TO WRITE MODE 

With E low (device selected), on the falling edge of Vii (write 
asserted) the RAM output driver begins to turn off (high­
impedance state). Depending on the 'input and output logic 
levels, if sufficient time is not allowed for the output to fully 
turn off before an input driver turns on, bus contention will 
occur (see Figure 2a). 

Figure 2a shows an example of a RAM trying to drive a bus 
line low while an input driver is trying to drive the line high. 
If the situation were reversed (RAM output high and the input 
driver low), bus contention would still exist. 

Of course the obvious way to avoid this type of bus con­
tention is to make sure that the input buffer is not enabled 
until the write low to output high-impedance (twLOZ) time is 
satisfied (see Figure 2b). This specification is usually given on 
most manufacturers' data sheets. 

Another method to eliminate bus contention would be to 
use E to deselect the RAM before asserting Vii (low). This 
allows the RAM output extra time to go into high-impedance 
state before the input driver is enabled. E and Vii are later 
asserted low to begin a write cycle (see Figure 2c). 

SWITCHING FROM A WRITE TO A READ MODE 

With E set low (device selected), on the rising edge of Vii 
(write terminated) the address or data-in changes before the 
device has had a chance to terminate the write mode. If this 
should occur, and depending on the input and output logic 
levels, a bus contention situation could exist (see Figure 3). 
To avoid address changing type bus contention requires that 
the address not change till the write recovery specification 
(twHAX) is satisfied. To avoid bus contention caused by data 
changing requires that the data-in remains stable for the du­
ration of the data hold specification (twHDX)' Most of 

RAM WITH 
COMMON DATA 

I/O 

TO INTERNAL 
CIRCUITRY 

Figure 1. Common I/O Bus Contention 
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Figure 2a. Input Driver Enabled Prior to Disabling 

RAM Output 
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Figure 2b. Input Driver Disabled Prior to Enabling 
RAM Output 

_ H 
E 

[~ "---L 

_ H 
W 
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OUTPUT L 

INPUT H IZI 
DRIVER L 

BUS H 
LINE L " Figure 2c. Using E to Avoid Bus Contention 

Motorola's fast static RAMs specify write recovery and data 
hold times of 0 ns. However, it is always a good practice to 
allow some margin to take care of possible race conditions. 

Both of these types of contention could also be avoided by 
taking E high prior to taking Vii high. This will give the RAM 
output driver time to go to a high-impedance state before Vii 
goes high. In this case E is used to terminate the write cycle 
instead of Vii (see Figure lc). ' 

ADDRESS 

RAM H --~:::::::a..(~§:J 
OUTPUT L '-__ _ 

INPUT H 
DRIVER 

BUS 

Figure 3a. Data Setup Time Violation 
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Figure lb. Data Hold Time Violation 
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Figure le. Using E to Avoid Bus Contention 

OTHER WAYS TO ELIMINATE BUS CONTENTION 

If the RAM has an output' enable pin fG), synchronizing 
schemes can be incorporated to help eliminate bus contention. 
Taking G high will ensure that even when the RAM is in a read 
mode the output will be in a high-impedance state. This will 
allow the input driver to be enabled longer. 
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r -------- -- ---, 
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GL _____________ ..J 
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Figure 48. Using G to Avoid Bus Contention 

Most advanced microprocessors, such as the MC68000 and 
MC68020, have asynchronous bus control signals that take 
advantage of fast memory devices with output enable pins. 
Figure 4 shows one way to avoid bus contention using a 
Motorola MC68000 interfaced to a Motorola 45-ns MCM6164. 

A more obvious way to eliminate bus contention is to use 
slow memory devices. Slow memories have loose timing re­
quirements that allow devices to fully turn off before another 
device turns on. Of course this defeats the whole purpose of 
fast static memory devices. 

Another obvious way to eliminate bus contention is to use 
memory devices that have separate data 110 pins. In this way 
the R IW signal from the microprocessor can control a buffer 
device to eliminate bus contention (see Figure 5). However, 
the industry is demanding RAM with common 1/0 because 
these devices cost less and save system real estate. 

Common 1/0 devices reduce package size since fewer pins 
are needed. Smaller packages result in less PCB space re' 
quirement. Common 110 devices also eliminate the need for 

RiW----, 

Dl 

02 -+-_---+-1 

D3 -H_--+-I 

04 -+-H ..... -h 

01 Dl 

02 02 
RAM 

L--~03 03r--~ 

'-----I 04 041-----" 

Figure 6. Separate 1/0 Buffer 

Figure 4b. Timing Diagram of the MC68000 

an extra buffer with its associated expense and space require­
ment. In general fast static RAMs configured greater than a 
Xl will have common data 110 pins. 

Another popular way to reduce bus contention is to put a 
current limiting series resistor on each bus line (see Figure 6). 
The series resistor does not eliminate bus contention, but it 
helps reduce the large transient currents associated with bus 
contention. However, series resistors increase access time as 
well as increasing component count. The added access time 
depends on the total bus capacitance (including the capaci­
tance of the devices on the bus) and the total bus resistance. 
The added delay should be added on to the point at which 
bus contention ceases. The following formulas can be used 
to determine the added access delay. 

"" ;-

"" ~ > 

t = R .C .In Vin(initial) - Vin(tinal) 
HL L L VIL(max) - Vin(tinal) 

t = R .C .In Vin(final) - Vin(initial) 
LH L L Vin(final) _ VIH(min) 

.J\AA 
Vy 

.J\ 

.JVV\. 

JVV\, 

110 

RAM 

RAM 

Figure 6. Using Series Terminating Resistors 

MOTOROLA MEMORY DATA 

11-10 



AVOIDING BUS CONTENTION . .. (AN971) 

Generally the value of the resistor should be around 100 
ohms. The larger the resistor the less the transient current 
generated, but the greater the delay. Using a 150-ohm resistor 
will limit the current flow to less than 20 milliamperes while 
adding approximately 3 nanoseconds extra access time. How­
ever, note that even with series resistors bus contention duty 
cycle must be minimized to reduce EMI and bus ringing. 

Although it is very important to reduce bus contention, 
CMOS memories can tolerate more bus noise generated by 
bus contention than can bipolar memories, due to the excellent 
noise immunity advantage of CMOS over bipolar technology. 
However, even when using CMOS memories, large destructive 
transient currents generated by bus contention can still occur. 

CONCLUSION 

Bus contention must be taken into consideration in most 
bus-oriented system design. The occurrence of bus contention 
generates large transient currents that produce system noise 
and could also affect the system's long term reliability. 

Fast random access memories with common data 1/0 pins 
are very susceptible to bus contention due to tight timing 
requirements. Although it is almost impossible to totally elim­
inate bus contention, it must be the goal of the system designer 
to minimize bus contention. 
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Avoiding Data Errors with Fast Static RAMs 

III 

Microprocessors are now capable of 20-25 MHz. This places 
a great demand on SRAMs to supply super-fast access times. 
Today's sub-100-nanosecond SRAMs in production are rapidly 
moving to sub-50 nanoseconds as yesterday's prototypes ramp 
into production, and sub-25 nanoseconds is just on the ho­
rizon. This need for high-speed SRAMs is amplified by the 
fact that setup, hold times, and cycle edge accuracies do not 
usually improve at the same rate as the clock frequency. There 
is help on the way in terms of application specific SRAMs that 
put on chip some of the "glue" features that eliminate gate 
delays caused by decoders, drivers, or clock signals; but for 
now, the main burden will fall upon SRAM designers to make 
up for the "lost time" in the shorter cycles. Some of the tools 
of the SRAM designer are improved processes, tighter design 
rules, and improved circuit techniques such as address tran­
sition detection. When you combine all of these features into 
a high performance SRAM, you no longer have the bistable 
flip-flop of yesterday but a highly tuned circuit that is more 
closely related to a DRAM. This is where the system designer 
can help. Although SRAM designers are doing everything 
possible to make the devices stable and noise immune, there 
is no substitute for a good solid system layout and design. 
The following discussion gives system designers some insight 
into potential trouble areas from a component engineering 
viewpoint. 

CHARACTERISTICS OF HIGH-SPEED BUSES 

When data is transmitted over long distances, the line on 
which the data travels has to be considered a transmission 
line. A long distance is relative to the rate at which data is 
being toggled. Address and data buses associated with high­
throughput microprocessors (e.g., M68000 family) must also 
be thought of as transmission lines, since it is not uncommon 
for these processors to run bus cycles· of 4O-nanosecond pe­
riods or less. 

Other features of high-end microprocessor buses are that 
they tend to operate in harsh, noisy-type environments, and 
most of these buses are ul"lterminated. A high-impedance, 
unterminated bus line acts just like an antenna. It not only 
radiates EMI, it can also receive EM!: This can result in bus 
ringing, crosstalk, and various other noise associated prob­
lems. The more transmission lines a bus has, the more an­
tennas to pick up and radiate noise. Of course, the best way 
to reduce this EMI is to ensure that the bus is properly ter­
minated into a low-impedance load. This low-impedance load 
could be in the form of a pull-up or pull-down resistor tied to 
each bus line. Ideally, the termination resistor should be equal 
to the characteristic impedance of the bus line. A transmission 
line terminated into its own characteristic impedance has the 
best incident wave switching as well as the least amount of 
reflection. 

Since an unterminated bus looks almost entirely like a ca­
pacitive load, the larger the resistor value the slower the rate 
at which data can be presented to the receiving device. This 
is due to the time it takes to charge and discharge this ca­
pacitive line through the termination resistor. If a small value 
resistor is used, the charging/discharging time delay can be 
minimized (t= RG). However, the smaller the resistor the 
greater the power consumption through the resistor. Also, if 
the resistor value is too small, its value will approach that of 
the source resistance of the transmitting device, which could 
lead to a degradation of noise margin to the receiving devices. 
A resistor value between 1 kilohm and 10 kilohms is usually 
adequate. The actual value should be optimized through ex­
perimentation (see Figure 1), 

Vcc 

AO 

MC6B020 
MEMORY 

Al 
RX 

BOARD 

• · · · · • RX 
AN 

Figure 1. Microprocessor Address Bus with Pull-Up 
Resistors 

HIGH SPEED SRAM DESIGN TECHNIQUES 

In order to speed up access times of high-speed RAMs, 
many new design techniques have surfaced. One of the most 
innovative techniques to emerge is known as address transition 
detection (ATD) circuitry. Since row address access times are 
typically slower than column address access times, this cir­
cuitry originally used the row addresses to trigger a clocking 
sequence that restored bit lines, shorted data lines, equalized 
sense amplifiers, and threestated the output as the output 
buffers were equalized. This meant that many of the internal 
transistions could be completed by the time that the signals 
were decoded and propagated through the device seeking the 
proper cell and outputting data. This then made row and col­
umn access times much more equal and eliminated one of the 
speed bottlenecks. This scheme also has the added advantage 
of reducing power consumption because the static bit line 
loads can be reduced in size by utilizing a parallel equalization 
that is also generated at the ATD initiation and used to pull 
up the bit line 0 before selection of the new word line. Since 
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START EQUALIZATION 
OF TOP OF CHIP 

EQUALIZE BIT LINES 

TURNS WORD OFF 

START EQUALIZATION 
OF BOTTOM OF CHIP 

EQUALIZE SENSE AMP 

EQUALIZE OATA LINES 

TURNS OUTPUT OFF 

TURNS SENSE AMP OFF 

Figure 2. Address Transition Detection Timing Chain 

its inception, ATD has been expanded and is now activated 
by all addresses and chip select pins instead of just row ad­
dresses. A typical timing chain, as shown in Figure 2, applies 
to Motorola's MCM6164 8K x 8 SRAM and exemplifies the 
clock sequence dependency. 

ATD has been shown to be very effective as a performance 
enhancer and will remain a valuable tool for designers, but it 
can be seen that we now essentially have a clock-activated 
part. What happens if addresses are floated or oscillate at a 
frequency greater than the ATD response? What happens if 
addresses are skewed, thereby getting successive ATD initi­
ations? There is also the case of signals being gated from 
numerous sources, in which the address may start in one 
direction and then reverse several times before it finally seeks 
a valid high or low level. Circuit designers believe that these 
potential problems have been resolved over the last few years 
as testing techniques and circuit simulations have wrung out 
the infinite number of application variations. However, there 
is a simple, foolproof way that system designers can eliminate 
any potential for this type of a problem. Deselect the device 
during address transitions (see Figure 31. 

Since new design techniques have made chip select access 
times equal to address access times, system designers can 
take advantage of this and improve reliabilty of their system 
by increasing overall immunity to a noisy environment. This 
can cover a host of potential board-induced problems from 
oscillating multiplexer or driver units, to spurious address 
glitches put out by MPUs. 

Another design improvement is related to rise and fall times 
on the output levels, known by circuit designers as dil dt. This 
is the inductance associated with the changing current as loads 
are charging and discharging. This inductance is coupled back 
to the device, and through connections and bus resistance 
can cause the power supply or ground to change drastically. 
This is pushed to the limits as output drivers become more 
powerful, and is especially aggravated by multiple I/O devices 
like byte-wide SRAMs which may have all eight data lines 
switch from all Os to all1s or vice versa. These spurious noise 
spikes on the power lines can affect the data contents of the 
device, as well as any other device sharing the same power 
and ground buses (see Figure 4). Circuit designers have de­
veloped circuitry that has a feedback loop that controls the 
rise and fall time just enough to minimize overshoot, under­
shoot, and ringing. This di/dt is the inherent reason why byte­
wide SRAMs are typically 4-5 nanoseconds slower than single 
output devices. 

CHIP ENABLE 

ADORESS «XXX VALID XX)()() 
Figure 3. Deselection of Device During Address 

Transition 
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Figure 4a. MCM6164C Data Bus 
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Figure 4b. Ground Bounce When Data Switches from 
AII1s to All Os 

PCB POWER FEED CONSIDERATIONS 

Another source of noise can be inadequate power feeds and 
power supply decouplng. Large ground planes should be used 
to reduce both inductances and resistances. The resistances 
of the power supply lines should be less than 0.1 ohm. If the 
inductances or resistances of the power supply lines become 
significant, VCC or ground bounce can occur. Since all inputs 
are referenced to ground, gate input thresholds could be ex­
ceeded, causing data errors to be generated. An excellent PCB 
design is one that incorporates a multilayer board. One layer 
should be entirely devoted to a ground plane. 

The use of good-quality decoupling capacitors can help to 
keep noise off the power lines. A value between 0.01 micro­
farad and 0.1 microfarad (use 0.1 microfarad for x 8 organi­
zations) should be used for each RAM. This capacitor should 
be located as close to the RAM power pins as possible. When 

using IC sockets, it is recommended that sockets with gold­
plated copper contacts and built-in decouplng capacitors be 
used. 

A large value capacitor (;;,: 1 microfarad) should be used on 
eac~ V CC line. The purpose of this capacitor is to provide for 
sudden current demand (current surges) from the power 
supply. 

Figure 5 illustrates a typical memory board design. 

Figure 5. Typical Memory Board 

SUMMARY 

Digital transmission line theory must be taken into account 
when designing high-frequency buses. A high-impedance, un­
terminated bus behaves much like an antenna, receiving as 
well as transmitting EM/, The use of termination resistors on 
these buses can reduce EM/, Many innovative designs have 
evolved to ·speed up access times of fast static RAMs. One 
of the more innovative designs is that of address transition 
detection circuitry. Most high-speed RAMs today use this 
technique to decrease access time. Good PCB power feed 
design, as well as the judicious use of decoupling capacitors, 
is essential for optimum performance from fast static RAMs. 

Much of the time, the problems caused by a marginal device, 
system layout, or pushing for the last nanosecond is an in­
termittent random type of problem that could result in either 
destroyed data or access time push-out. If you are having a 
problem, call Motorola MOS Memories in Austin, Texas, (512) 
928-SRAM (928-7726). We are on your design teaml 
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INTRODUCTION 

As the speed of the MC68020 processor increases it 
becomes more difficult and more expensive to provide large 
amounts of no-wait states memory. The addition of a logical 
cache in a memory management based system then 
becomes a more viable alternative to the problem. For a typi­
cal25 MHz MC68020 system the incorporation of a no-wait 
states cache is one of the most economical ways in which the 
true performance attainable from this particular processor 
can be achieved. 

CACHE DESCRIPTION 

The cache described in this application note is a 32K byte 
(8K long words) direct mapped logical cache. The cache is 
organized such that both supervisor and user, program and 
data accesses are stored. The entries are tagged approp­
riately with the function code lines. To avoid any stale data 
problems that may occur with the data the cache update 
logic includes a 'write through' mechanism that forces any 
data writes to update both the memory and the cache. The 
cache operates with no wait states with a 25M Hz 
MC68020. 

BLOCK DIAGRAM DESCRIPTION 

The cache can be broken down into several functional parts 
as follows: 

tag RAMs 
data RAMs 
control logic 
entry update mechanism 

The cache is organized as 8K long word entries (see Figure 
1 ) which are referenced by a 22 bit TAG field. This TAG is 
made up of the upper address lines (TA 1 5-TA31 ), the func­
tion codes (TFCO-2) and the size pins (TSIZEO-1). By incor­
porating the size pins into the TAG field means that the data 
entry can be validated even if it were referenced as a mis­
aligned data transfer. The function codes allow the entries to 
be referenced separately with respect to user/supervisor 
and program and data entries. 

The cache mechanism will begin operation as soon as an 
address becomes valid on the logical address bus. This 
address accesses the TAG RAM within the cache'and the 
corresponding entry is compared with the relevant section of 
the logical address bus (LA 15-LA31) and the control bus 
(FCO-2, SIZEO-1). . 
Ifthis comparison is valid then this gives an indication to the 

comparator logic that a valid entry may be present within the 
cache data RAMs. 
To determine whether this data entry is indeed valid a 

simultaneous access is made to the VALID bit RAM with the 
lower section of the logical address bus (LA2-LA 14). If the 
entry in this VALID RAM is a logic 0 then this indicates that 
the corresponding data entry at that cache address (LA2-
LA 14) is a valid entry. 
Access to that data item can then be made on the condition 

of several control signals (e.g. R/W*, CACHE-P, etc.) and 
the data buffers to the system data bus will be enabled. This 
is termed as a CACHE HIT. 
Conversely, if the entry in the VALID bit RAM was a logic 1 

then this would indicate that the corresponding data item 
was not a valid cache entry and so the isolation data buffers 
would not be enabled to the system bus. This is termed as a 
CACHE MISS. 
When the cache detects a HIT then the bus cycle is com­

pleted from the data RAMs and the system operates with no 
wait states. 

If on the other hand the cache detects a MISS then the pro­
cessor has to fetch its data from external memory which by 
its nature will be slower and will incur wait states. 
To facilitate the data fetch from external memory the cache 

mechanism forces the processor to do a RETRY of the 
MISSed bus cycle. This retried bus cycle will then go out to 
external memory and fetches the relevant data item which 
will be latched by the processor and also used to update the 
cache. Subsequent accesses to this address will then find 
the data resident in the cache. 
To preserve data integrity a CACHE MISS is also generated 

by a data write cycle. On writing to an address the cache for­
ces a MISS such that the data item will be written to the 
cache in addition to the external memory. Subsequent data 
reads at this location will find that the data item is resident 
and is the most recent version. 
Forced CACH E MISSes are also generated when the logical 
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address is detected as being a peripheral access (e.g. serial 
1/0 device) or when the processor is executing a CPU space 
cycle (e.g. interrupt acknowledge). 

CACHE CONTROL MECHANISM 

The cache hit signal (CHIT') is generated as a result of the 
comparison of the TAG data, the VALID bit and various con­
trol signals. When the logical address from the processor 
becomes valid the cache TAG RAMs are enabled and the TAG 
data is produced for comparison. 
These TAG RAMs are addressed as an 8K long word bank 

and so logical address lines LA2 to LA 14 are used. 
The TAG RAM itself contains information relating tothe bus 

status of the cached item. This bus status consists of a sec­
tion of the logical address bus (LA 1 5-LA31 ) and some con­
trol signals (FCO-2, SIZEO-l). When these TAG RAMs are 
accessed this previous bus status is compared with the 
existing bus to detect if there is a match. 

Comparators U21 5, U21 6 and U21 7 (see Figure 4) are 
used to compare this information and if there is a match the 
outputs Oa=b (pin 19) will be asserted. 
The assertion of these three comparator outputs is then 

conditioned by various other factors to determine whether a 
cache hit signal should be generated. 
While the TAG RAMs are being accessed by logical address 

lines LA2-LA 14 a VALID bit RAM is also accessed. The infor­
mation contained in this VALID bit determines whether or 
not the cache data is valid. When the cache is enabled all the 
entries in the VALID RAM are set to logic 1 to indicate that 
there are no valid entries in the cache. 
Subsequent memory accesses then cause a cache miss 

which results in a cache entry being made. When this cache 
entry is madethestatusofthe bus (LA 15-31, FCO-2,SIZEO-
1) is saved in the TAG RAM at the location pointed to by the 
cache index (LA2-14). The information on the data bus is 
then saved in the data RAMs at address with cache index 
LA2-14 and the corresponding VALID bit entry is also set 
(i.e. the cache entry is marked as being valid). 
Subsequent accesses to that address will then cause the 

TAG address comparators to assert their outputs and the 
VALID bit to be set. The assertion of the cache hit signal 
(CHIT*) is then dependent upon the status of several other 
control signals such as cache enable (CACHE-EO), CPU space 
and peripheral access (IOEN°). Accesses to CPU space are 
not cached because of the problems that might arise when 
servicing interrupts or accessing coprocessors. In addition 
access to peripheral devices (indicated by the signaIIOEN') 
are not cached because of the read write nature of sorne 
peripheral device registers. 
When these signals are taken into account the resultant 

assertion of the cache hit signal (CH ITO) will then cause the 
processor to complete the bus cycle with no wait states. 
Control of the cache is facilitated by three hardware 

primitives: Cache Enable, Cache Disable and Cache Clear. 
These primitives are initiated by accessing a specific address 
within CPU space which is not used for any other CPU 
space functions. 
On requesting a cache enable function the mechanism 

causes the VALID bit RAM to be setto logic 1 's, indicating no 
valid cache entries~ and then assert the CACHE-E' signal to 
the rest of the system. 

The cache disable function simply negates this CACHE­
E' signal. 
The cache clear function is included to allow the support of 

multi-tasking software. On initiation of the cache clear func­
tion all entries in the VALID bit RAM are cleared so emptying 
the cache. This is useful where the software has to perform a 
context switch. 

CACHE CONTROL lOGIC 

The Cache control logic allows the software programmer to 
enable the cache, disable the cache and to clear the cache 
contents. Accesses to the control logic can only be done 
under CPU space. This prevents accidentally writing to the 
control logic during normal operation (the SFC and DFC 
registers are programmed for CPU space with the MOVEC 
instruction, and the MOVES is used in writing to the control 
logic). Hence only the supervisor mode of operation can con­
trol the cache. 
The address lines LA24-LA26 are used to decode the 

cache control functions, these being inputs fed to an 
7 4LS 138 U241 (see Figure 3). In addition to these 
addresses in CPU space, the programmer should also select 
an area of memory that will not cause contention with the 
normal MC68020 CPU functions. 
An example decode could be $1 070000 ($ is used to rep­

resent a hexadecimal number) for clear cache, $2070000 
for disable cache and $4070000 for enable cache. 

Cache Enable 

The cache is enabled by accessing to a CPU address similar 
to the one given above, the data being irrelevant. On enabling 
the cache all entries are made invalid. This ensures that no 
stale data problems are created from accesses when the 
cache was previously enabled. 
The output from U 1180 (see Figure 3) is used to enable a 

sequencer consisting of three 4-bit binary counters: U246, 
U247 and U248. These counters are used to increment the 
address bus to set the valid bits to all l's (entry is invalid). 
The addresses are presented to the valid RAM U259 via the 
latches U249 and U250, the outputs from these being 
enabled at the same time as a write to enable the cache. Also 
during this sequence the logical address bus to this RAM is 
tri-stated from the RAM's address bus by U243 and 
U244. 
Under normal operation the latches U243 and U244 are 

enabled and U249, U250 are disabled allowing the valid 
RAM to be addressed from the logical address bus. The 12-
bit sequence clears 4 K entries in the cache (each entry is a 
long word). 
The sequence is repeated twice to clear the whole 8 K entry 

cache. The two D-type flip flops U251 Band U251A are 
used to write first to the upper 4 K then the lower 4 K 
entries. 
At the end of the cache clear sequence the cache is enabled 

via the S-R flip flop U257D and Ul18C. The CACHE.E" is 
then used in the comparator logic to indicate that the cache is 
enabled. In addition the DSACKO" and DSACK 1" is returned 
to the MC68020. 
As far as the processor is concerned the cache clear 

mechanism can be thought of as a long instruction. The valid 
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RAM latches data with respect to the sequencer clock (40 
MHz for 25 ns SRAM's) and a logic 1 is latched on each fail­
ing edge of this clock. 
A logic 1 is written into the valid RAM when: the sequencer 

is enabled; it is the falling edge of the 40 M Hz clock and the 
WRITEN' signal from the entry update mechanism is high 
(U258C, U263A and U219D). This logic is also used to 
write a logic 0 into the valid RAM during normal 
operation. 
To prevent external bus contention when the cache is being 

written to, a signal ADDBUFDIS' is generated which can be 
used to disable external address buffers. The CMISS signal 
should be used to disable the external address buffers dur­
ing a cache hit. 

Cache Clear 

The cache clear mechanism is used to allow the operating 
system to perform a context switch. A cache clear command 
will produce the same output as the enable cache 
command. 
Using the 40 MHz clock gives a context switch time of 

approximately 0.025 x 1024 x 8 = 205 us. If this is unac­
ceptable the mechanism can be speeded up by using several 
valid bit RAMs of lower density in parallel, or using a RAM 
with a clear feature. 

Cache Disable 

This command produces an input into U240B to set the 
S-R flip flop to cache disable (CACHE.E' set to a logic 1). The 
reset signal is also fed into U240B to ensure that the cache is 
always disabled at reset. 

ENTRY UPDATE MECHANISM 

This section of logic (see Figure 2) is used to control the 
eache mechanism for updating entries in the cache. In addi­
tion, the logic will produce control signals used to latch data 
into the Tag and Data RAMs and control the isolation data 
buffers for the cache (U236 - U239 in Figure 5). 
The mechanism used to update the entries in the cache is 

only enabled on a read cycle (R/W' signal into U261 D) and 
when the cache is enabled (CACHE.E' signal into U261C). 
The control logic is required to perform three distinct 

operations: 

On a write cycle the WRITEN' signal should be asser­
ted to latch data into the RAMs to perform a write 
through operation. When the address is next accessed 
it will reside in the cache. 
On a read cycle that does not generate a cache hit. the 
logic needs to initiate a retry operation to enable the 
cache to latch the data which is being read by the 
MC6B020. 
Thirdly, on a read cycle, which causes a cache hit, the 
bus cycle needs to be terminated to allow zero wait 
state operation at 25M Hz from the cache. 

Write Cycles 

Assuming the cache is enabled then on a write cycle the 

output from U 2 400 produces logic 0 (the output from 
U261 C will be logic 0). This output produces a signal 
INHIBIT' which prevents the cliche returning DSACKO', 
DSACK1*, HALT' and BERR' (U256A. B, C, D), used for 
read cycles (see Figure 2). 
A signal FORCEW' is also generated via U258B and 

U 21 9C to control the output enable of the cache isolation 
buffers to allow data to be routed to the cache data RAMs 
(see Figure 5). 
The WRITEN' signal is finally generated from U258A to 

produce the W' enable for the TAG and DATA RAMs. 
WRITEN' is also used to enable the buffers: U212 - U214, 
to route the current logical address, function codes and size 
lines into the TAG RAMs (see Figure 4). 
Two banks of RAMs are used to obtain an 8 K entry long 

word cache; the lower bank of RAMs are enabled with 
LA 14' from U255C and the upper bank is enabled by LA 14. 
This is needed to allow 25 MHz operation (25 ns SRAM -
MCM6268-25 -are used as shown in Figure 4). 
On the assertion of DSACKO', DSACK l' from the external 

physical memory the two D-type flip-flops U235A and 
U253B (see Figure 2) are used to negate the WRITEN' just 
after the falling edge of the processor clock S4 (just after the 
MC68020 latches data). On the negation of WRITEN', tag 
data is written into the tag field. 
The information on the data bus is latched into the cache 

data RAM and the tag buffers and data isolation buffers iso­
late the cache from the system busses. This section together 
with the whole entry update mechanism must operate 
logically very quickly hence FAST logic is used 
throughout. 

Read Cycle with a Cache Miss 

Timing diagram 1 shows the cache sequence when a cache 
miss occurs. From this diagram it can be seen that the 
addresses on the address bus do not become stable until 5 
ns into Sl worst case. At this point it will take 25 ns to obtain 
information from the TAG data RAMs (the RAMs are per­
manently enabled). 
I n addition to this there is a delay through two levels of com­

parator (U21 5 - U218). This gives an absolute maximum 
propagation delay time of 46 ns after the address bus is sta­
ble before a valid CH IT' signal is generated. With the above 
conditions a valid cache hit signal (CHIT*) should be asserted 
in the middle of S3 for a TAG match. The entry update 
mechanism uses this information to determine if there is 
going to be a cache miss or a cache hit. 
I n the case of a cache miss the following sequence of events 

are executed: DSACKO' and DSACK l' are asserted by the 
assertion of the MC68020 AS' (U255B) by U256A and 
U256B as shown in Figure 2. The INHIBIT is set to a logic 1 
by U261 C, U261D and U262A. U252A is then used to 
bring U252B out of RESET on the falling edge of S2. This 0-
type is then used to sample the CHIT* signal in the middle of 
S3. In the case of a cache miss the 0 input will still remain 
high, forcing the cache miss signal CMISS to go high. This is 
used to enable external data buffers for the MC68020. This 
causes the BERR' and HALT' signal to be asserted 
simultaneously to request a retry cycle (via U261 B, U256C 
and U256D). This takes advantage ofthe MC68020's ability 
to recognize a late retry if spec 27 A is satisfied. (Note that 
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68020 inserts an additional 3 clock cycles after S5 of 
this cycle). 
On the termination of this bus cycle all signals are negated 

as shown in the timing diagram, with the exception of the 
INHIBIT. This is because on the rising edge of LAS" the out­
put from 0" of U269A is fed back to the input to produce a 
low INHIBIT signal for the following retry cycle This low 
INHIBIT signal prevents the DSACKO", DSACK1", BERR" 
and HALT" lines from being asserted by the cache during the 
retry cycle. 
Timing diagram 2 shows the retry cycle. The length of this 

cycle is determined by the actual physical device being read 
so it is shown as an unknown number of wait states. The 
same cycle is repeated as above, however, during this cycle 
INHIBIT has been asserted causing FORCEW" (force a 
write to the RAMs) and WRITEN" to be asserted. This has 
the effect of updating the cache on the read cycle by forcing 
the cache to latch the addresses, function code and size 
signals to the TAG RAM and the DATA bus contents into the 
data RAMs. 
The buffers U236 - U239 are enabled by (CHIT*) ANDed 

with (FORCEW*) and the direction is controlled by CH IT". In 
this case CHIT" isa logic 1 causing data to be written into the 
RAMs. The buffers U212 - U214 are enabled by the 
WRITEN" signal. 
On return of the DSACKO", DSACK1" from the physical 

system, the WRITEN" signal is negated (via U257A, 
U255C, U253A, U253B, U219B and U258A) to latch data 
into the RAMs just after the falling edge of S4. 

In addition to this all the signals are negated at the end of 
the cycle and the IN H I BIT signal returns to a logic 1 level on 
the negation of LAS" (U262A and U240D). 

Read Cycle with a Cache Hit 

When a read cycle occurs at an address which has a corres­
ponding input in the cache, a cache hit will occur. This cycle 

is similar to the one above except the CHIT" signal from the 
comparators U21 5 - U21 8 is asserted by the middle.of S3, 
setting CMISS inactive (output from 0 of U252B is set to a 
logic low) and forcing the external data buffers to be disabled 
preventing data bus contention. The BERR" and HALT* are 
also prevented from being asserted by U261 B so no late 
retry cycle is signalled to the MC68020. 
Finally, the cache data RAM isolation buffers U236 - U239 

are enabled and the direction is selected to be output from 
the RAMs to the data bus. As there is no bus activity which 
stops the recognition of DSACKO" and DSACK 1 *, this read 
cycle by the MC68020 from the cache is performed in zero 
wait states at 25M Hz. 
At the end of the cycle all the signals are negated for the 

next bus cycle. 

CONCLUSION 

The design of a 25 MHz logical data cache to interface bet­
ween the processor and an MMU involves the use of very 
fast logic and static RAMs for zero wait state operation. The 
RAM access speed required in this application is 25 nS to 
allow no wait states operation. 
The control logic has been designed discretely with FAST 

Schottky TTL since the use of PLAs would have a serious 
effect on gate propagation delay times. 
The MC68020 supports a late retry cycle recognition and 

this is used in the design to take corrective action in the case 
of a cache miss. 
As greater performance is required from the MC68020 the 

move towards high frequency zero-wait state operation 
becomes a more important requirement. If an MMU is 
placed between the processor and memory this will have an 
effect on zero-wait operation at the higher frequencies. 
If the logical data cache can be made large enough, so that a 

high hit rate can be achieved, then slower physical memory 
could be tolerated in the system. 
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INTRODUCTION 

The market for semiconductor memory products suitable 
for today's high speed cache applications is changing dra­
matically as the demand for higher performance super mini, 
ASIC, and microprocessor based computers rapidly increases. 
This development has put heavy pressure on MOS memory 
suppliers for faster and faster static RAMs to support shorter 
and shorter processor cycle times. To utilize their full system 
performance, fast SRAMs require precise system control, long 
address hold times, and have tight write pulse requirements. 
They provide short data valid time, cause common 1/0 data 
contention, and offer low drive capability. Todays high per­
formance processors themselves have similar 1/0 require­
ments. Therefore system designers have many concerns when 
designing a fast memory subsystem. They must use additional 
logic (latches, drivers, pulse generators, etc.) to allow the 
memory subsystem to interact efficiently with the processor 
at the fastest system cycle times. 

A solution to get the memory and the processor to work 
well together at fast cycle and access times lies not only in 
faster components, but in minimizing the need for external 
glue logic and its associated delays. The Synchronous Static 
RAM is defined as having on chip latches for all its inputs and 
outputs, added drive capability, and a self timed write cycle 
all under the control of the system clock. This eliminates the 
need for most external logic chips and allows the memory to 
run at higher system speeds than standard SRAMs with com­
parable access times. 

This paper outlines the basic architecture of a Synchronous 
SRAM that Motorola plans to introduce in the first half of 
1988. We will highlight its advantages over standard SRAMs 
in high frequency computer system operation. This is followed 
by an application example for a MC68030 cache subsystem. 

ARCHITECTURE AND OPERATION 

ARCHITECTURE 

A block diagram of the 16Kx4 Synchronous SRAM is 
shown in Figure 1. This diagram shows all inputs, outputs, 
and control signals (Vii,S, and K) to the part; addresses (AO­
A13), data in (DO-03), data out (QO-Q3), clock (K), chip select 
(5), and write enable (Vii). All inputs, outputs, write enable, 
and chip select are latched by the clock. 

The latches are one of two types, either positive edge trig­
gered or transparent. The positive edge triggered latches are 

latched by the rising edge of clock (K). The transparent latches 
are frozen when the clock is in the high state and open when 
it is in the low state. Our parts feature two of the possible 
combinations of input and output latches. The first part, the 
MCM6292, features edge triggered latches on the inputs and 
transparent latches on the outputs. Our second part, the 
MCM6293, has edge triggered latches on both inputs and 
outputs, to aid in pipelining data. 

The output buffers on all of our parts are capable of driving 
130 pF loads. The output buffers were designed to drive this 
load because in some systems the latches that they replace 
would be required to drive a comparable size load. Due to the 
size of load that the output buffers must drive, and the speed 
at which the part operates, we have added an extra ground 
pin (VSSQ). This pin is the ground connection for all of our 
output drivers, and allows us to drive our outputs harder and 
also gives us noise immunity on the ground bus. 

For systems that require a common 1/0 configuration we 
expect to offer the MCM6295 and the MCM6294, which are 
the MCM6292 and the MCM6293 with an asynchronous output 
enable (G) option. These parts, the MCM6294 and the 
MCM6295, replace the chip select (5) buffer with an asyn­
chronous output enable (G) buffer. 

OPERATION 

The operation of these parts is much the same as a standard 
16K x 4 SRAM except for the fact that the inputs and outputs 
are latched and the cycle begins with the low to high transition 
of the clock. The following examples will concentrate on a 
read and write cycle for both the MCM6292 and the MCM6293. 
The MCM6294 and MCM6295 read and write cycles are the 
same as the MCM6292 and the MCM6293 except that the 
outputs can be put into a high impedance state at any time 
by using output enable (G). 

During a read, see Figure 2, all inputs are latched into the 
part at the rising edge of the clock (K) in both the MCM6292 
and the MCM6293. For the MCM6292, when clock goes high, 
the outputs become latched and are held in that state until 
the clock falls low. Since the output latches are transparent, 
during clock low time, there are two possible access times, 
tKHQV and tKLQV. These access times are dependent upon 
the high pulse width of the clock. If the high pulse width is 
less than the access time of the memory array the longer 
tKHQV spec is the clock access time. However if the clock 
high pulse is longer than the memory array access time, the 
clock access time becomes tKLQV. For the MCM6293 the 

Copyright ©Electronic Conventions, Inc. Reprinted with permiSSion, from MIDCON 1987, Professional Program Papers, Session #2214. 
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Figure 1. Synchronous SRAM Block Diagram 

outputs transition only when the clock switches from low to 
high. The output data that is latched during the low to high 
transition of the clock is the data from the previous read cycle. 

For the write cycle, see Figure 3, all inputs are handled in 
the same manner as in the read. Since both write enable and 
the input data are sampled on the rising edge of the clock the 
write becomes self timed. This eliminates the need for complex 
off chip write pulse generating circuitry. The outputs are put 
in a high impedance state tKLOZ after the clock falls low for 
the MCM6292. In the MCM6293 the output buffers will not 
go into a high impedance state until the low to high transition 
of the clock at the beginning of the next cycle. The MCM6294 
and the MCM6295 allow the user to put the output buffers 
into a high impedance state asynchronously by using the out­
put enable input. This allows the user to put the output buffers 
into a high impedance state earlier in the cycle, which eases 
the data contention problem when the part is used in a common 
1/0 system configuration. 

SYSTEM ADVANTAGES (SRAM vs SSRAMI 

SYSTEM DESCRIPTION AND TIMING 

Figure 7 shows two examples of a 16K x 32 bit memory using 
standard parts. The systems shown require eighteen parts 
each, ten latches and eight 16K x 4 SRAMs, to implement the 
same function as eight synchronous SRAMs and no glue logic. 

The functional equivalent of a MCM6292 is the standard 
16K x 4 S RAM with edge triggered latches on the inputs and 
transparent latches on the outputs, as shown at the top of 
Figure 7. The parts used in this example are six 'F374 octal 
D-type flip flops, four 'F373 octal transparent latches, and eight 
6288 16K x 4 SRAMs. The predicted timing diagram for the 
system is shown in Figure 4. This timing diagram compares 
the predicted system access with that of the MCM6292. In the 
timing diagrams an approximate skew of 5 ns was added to 
the address timing to allow for some propagation delay from 
the MPU or CPU. For the purpose of comparison, three timing 
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Figure 3. Write Cycle Comparison 
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parameters were calculated, tCYC (cycle time), tAVQV (ad­
dress valid to data out valid time), and tKQV (address clock 
valid to data out valid time). The equations used to calculate 
each of the timing parameters for the standard SRAMs are as 
follows: 

tcyc=Ta+ Tb- Tc 

tKQv=Ta+ Tb+ Td 

tAVQV= skew + setup + Ta+ Tb+ Td 

The equivalent timing parameters for the MCM6292 can be 
determined as follows: 

tCyc=Tb 

tKQV=Tb 

tAVQV = skew + setup + Tb . 

The equivalent circuit for the MCM6293, as shown at the 
bottom of Figure 7, is a 16Kx4 SRAM with positive edge 
triggered latches on both inputs and outputs. For this example 
the parts used are, eight 6288 16K x 4 SRAMs and ten 'F374 
octal D-type flip flops. The timing diagrams for this example 
are shown in Figure 5. The equations for calculating the timing 
parameters are as follows: 

Standard SRAMs: 
tcyc=Ta+ Tb- Tc 

tKQv=Ta+ Tb+Td+Te 

tAVQV = skew + setup + Ta. + Tb+ Td + Te 

MCM6293: 
tCYC=Tb 

tKQv=Tb+Te 

tAVQV = skew + setup + Tb + Te 

SYSTEM COMPARISONS 

The timing parameters for the 25 ns 16K x 4 synchronous 
SRAMs and the equivalent circuits using 25ns SRAMs are in 
Table 1. Also in Table 1 are timing parameters for other systems 
using progressively faster and more expensive SRAMs. From 
this table it can be determined that if either tAVQV or tKQV 
were the most important timing constraints a much faster 
SRAM would be needed to match the performance of the 
synchronous SRAM. For the performance of the system built 
with standard parts to match the performance of the 25 ns 
MCM6292, it would be necessary to use a 10 ns SRAM. Sim­
ilarly, if the System used 25 ns MCM6293s the equivalent sys­
tem made from standard parts would require 15 ns SRAMs. 

Another important advantage of the synchronous parts over 
standard parts is the board level chip count; 18 parts are nec­
essary when using standard SRAMs while only 8 parts are 
needed for the synchronous SRAM implementation. This is 
critical when board space is an important factor. Also, the fact 
that data and write enable'are sampled on the riSing edge of 
the clock, eliminates the need for complex write pulse gen­
erating circuitry. Finally, in order to get the high speed per­
formance out of standard SRAMs, it requires precise timing 
and phase control of two clock signals (K1 and K2), while in 
the synchronous part only one clock (K) is needed. 

APPLICATION: MC68030 CACHE SUBSYSTEM 

The Synchronous SRAM combined with the Motorola 
MC68030 microprocessor illustrates the potential of this ad­
vanced memory architecture. The high frequency performance 
of microprocessors like the MC68030 can be impaired by having 
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PROCESSOR 
ADDRESS BUS 

NIBBLE 
ADDRESS 

MCM6295 

SYSTEM ClK ------'--------' 

Figure 6. MC68030 Burst Read Addressing 

to wait for slow memory to respond. For this example we will 
use a 16K by 32-bit cache system running at frequencies of 
up to 33-1 /3 MHz. This does not mean that you can purchase 
MC68030 processors today at this speed, only that our 25 ns 
SSRAM will support this processor up to that speed. The 
MC68030 timings used for this example are extrapolated from 
the current 16.67 and 20 MHz specifications that exist today 
and are not intended to be the official specifications. 

We will exploit the processor's burst read cycle which sup­
ports burst filling of its on-chip instruction and data caches, 
adding to the overall system performance. The on-chip caches 

are organized with a block size of four long words, so that 
there is only one tag for the four long words in a block. Since 
locality of reference is present to some degree in most pro­
grams, filling of all four entries when a single entry misses can 
be advantageous, especially if the time spent filling the ad­
ditional entries is minimal. When the caches are burst-filled, 
data can be latched by the processor in as little as one clock 
for each 32 bits. 1 

The timing diagram shown in Figure 8 shows a burst read 
cycle (four 32-bit words read) in a 3-1-1-1 clock cycle config­
uration. The first word is read in 3 clock cycles and the re­
maining three words are read in one clock cycle each. The 
burst read cycle begins with a cache burst request (CBREO) 
from the processor followed by a cache burst acknowledge 
(CBACK) from the memory controller. This means the pro­
cessor is requesting a burst cycle and the accessed memory 
can comply. During the burst cycle the processor supplies the 
starting address in the normal synchronous fashion and holds 
it valid until all four long words are read. It does not provide 
the next three addresses required to complete the burst fill, 
so they must be generated off chip. For this example we used 
a 'F191 counter whose control signals, Pl and CE, are gen­
erated in a cache controller. The clock input, CP (ClK), is the 
opposite phase of the system clock. The SSRAM operates 
with the same inverted system clock (ClK) and receives its 
addresses from two sources; A2-A13 are supplied from the 
processor's address bus, and AO-A 1 are supplied from the 
'F191 counter to allow nibble counting as shown in Figure 6. 

STANDARD SRAM WITH EDGE TRIGGERED LATCHES 01 INPUTS AND 
TRANSPARENT LATCHES 01 OUTPUTS 

Vi 
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Kl 

32 
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Figure 7. Standard SRAM Implementations 
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Table 1. Timing Comparisons Between SSRAMs and SRAMs 

25 ns 25 ns 20 ns 15 ns 10 ns 
SSRAM SRAM SRAM SRAM SRAM 

Timings 
Trans. Edge Trig. Trans. Edge Trig. Trans. 
Output Output Output Output Output 

tCYC 25 ns 25 n. 25 n. 25 n. 20 n. 

tAVQV 35 ns 45 n' 50 n. 54 n. 45 n. 

tKQV 25 ns 35 ns 43 ns 43 ns 38 ns 

The timing begins with the request, the acknowledgment 
and the generation of the first address. This address is used 
to access one of the four long words. Two low order address 
signals from this address must also be loaded into the counter. 
At the beginning of the cycle the parallel load signal for the 
counter is enabled, the address is then loaded in and the PL 
signal can be disabled. The counter will provide the memory 
this first address a propagation delay later and then increment 
it on successive clock edges to supply the memory with the 
remaining three needed addresses. After receiving all four 32· 
bit words the processor is free to continue. 

A similar system built using standard MCM6288 (16K x 4) 
type SRAMs would require the use of off-chip input and output 
latches ('F373 or 'F374 type) in addition to the counter. It 
would require four chips to perform the latching function for 
32-bit data in, and four chips to latch the 32-bit data out, for 
a total of eight additional 20 pin packages added to the memory 
PC board. This standard SRAM cache system would also 
require additional logic in the cache controller to support the 
write pulse, associated write enable and data in timing for 
write cycles, and the generation of a second clock (LE or CP) 
to separately control the input and output latches. To attain 
the cache system speed of 33-1/3 MHz would require a SRAM 
access time of approximately one bin faster than the SSRAM. 
In addition the external glue logic would have to be faster than 
what is currently offered in the 74F series logic. 

Edge Trig. Trans. Edge Trig. Trans. Edge Trig. 
Output Output Output Output Output 

20 n. 15 n. 15 n. 10 n. 10 ns 

49 n. 40 ns 44 ns 35 ns 39 ns 

38 ns 33 ns 33 ns 28 ns 28 ns 

SUMMARY 

There are many applications for high-speed Synchronous 
Static RAMs. The integration of latches, self timed writes, bus 
drive capability, and clock control greatly simplifies system 
level implementation and ease of use. These features will allow 
SSRAMs to continue to support higher frequency system op­
eration. Depending on the application, Synchronous Static 
RAMs can provide up to a 10 to 15 ns improvement in system 
access time over SRAMs that spec the same chip speeds. 
They save precious board space by reducing the chip count, 
and simplify controller design for latch control and write cycles. 
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MOTOROLA'S 
RADICAL SRAM 
DESIGN SPEEDS 
SYSTEMS 40% 
Key to higher throughput is a 
synchronous clocked architecture and 
on-chip I/O latches; the combination 
cuts interconnection delay by up to 20 ns 

by Bernard C. Cole 

AR256/D 

E ngineersat Motorola Inc.'s MOS Memo­
ry Products Division are taking a radi­
cally different approach from the cur­
rent asynchronous architecture for stat­

ic random-access memories. They are developing 
a synchronous architecture the company claims 
will improve system throughput by as much as 
40% and will reduce system component count by 
as much as 50%. 

The keys to the Austin, Texas, division's new 
architecture are: replacing the traditional self­
clocked address-transition-detection circuitry, 
found in conventional asynchronous SRAMs, with a 
synchronous clocked architecture, and adding criti­
cal input and output latches on-chip. The combina­
tion of these features eliminates as much as 8 to 
10 ns of interconnection delay on input and on 
output, says William Martino, the division's design 
manager for specialized memories. It also elimi­
nates circuitry often required to make asynchro­
nous devices appear synchronous in high-perfor­
mance cache-memory systems, which depend 
heavily on the synchronization of critical timing 

,.---------------------------, parameters. Also incorporated on the 
CLOCK 

25-0. 
16 K-BY-4'BIT 

SRAM 

110 PORT 

25-n. 
16 K-BY-4'BIT 

SRAM 

25·n. 
16 K-BY-4-BIT 

SRAM 

I/O PORT 

ADDRESS 

25"11' 
16 K-BY-4-BIT 

SRAM 

I/O PORT 

t. ASYIICHRONOU&. Using asynchronous SRAMs. designers of high-performance synchro· 
nous systems must incorpo(~te latches on the inputs and outputs, adding 15 to 20 ns of delay. 

Reprinted from Electronics. July 23, 1987, issue. Copyright ©1987, McGraw-Hili, Inc. All rights reserved. 

chip are drive transistors capable of 
driving buses with capacitive loads 
of up to 130 pF without additional 
external circuitry. Motorola design­
ers also enlarged the geometries to 
increase the inherent drive capability 
of the devices. 

The new architecture has been in­
corporated into four initial products 
that are members of a new family of 
16-Kbit-by-4-bit SRAMs with cycle 
times ranging from 25 to '35 ns and 
access times in the 10 to 35 ns range. 
This equals that of comparably sized 
asynchronous SRAMS fabricated with 
the same 1. 5-JLIll double-metal CMOS 
process [Electronics, Aug. 7, 1986, 
p.81], says Frank Miller, synchro­
nous SRAM project leader at the divi­
sion. But Miller emphasizes that the 
elimination of as much as 20 ns of 
interconnection delay can almost 
double system-level performance. 

Motorola expects to offer sam­
ples of the four clocked synchro­
nous SRAM parts within about a 
month and plans to be in volume 
production by the end of the fourth 
quarter. Two of the devices, the 
MCM6292 and 6295, incorporate 
level-sensitive transparent latches, 
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whereas the MCM6293 and 6294 use positive­
edge-triggered latches. Also the 6294 and 6295 
each have an output enable pin that allows 
the user asynchronous control of the output 
buffers, allowing the parts to be used in com­
mon 110 at the board level. All the devices fea­
ture an active ac power dissipation of 600 mW 
and an active dc power of only 100 mW. 

The advantages of Motorola's new family of 
synchronous SRAMs outweigh the advantages of 
asynchronous devices, Martino says. In asyn­
chronous devices, great reliance is placed on ad­
dress-transition detection, a self-clocking scheme 
that uses the address-signal transition, or edge, 
as a reference to synchronizing all operations on 
the chip to that signal. Martino says that asyn­
chronous SRAMs are widely used because they 
allow and recognize address changes at any 
time. As a result, no external global clock is 
necessary to access data, making them easy to 
use. Also, compared with dynamic RAMS, asyn­
chronous SRAMs take much less external circuit­
ry, says Miller. Because they are free-running, 
the addresses can be changed whenever needed, 
and they are very easy to control. 

Although they are easy to use, asynchronous 
SRAMs must be surrounded by considerable ex­
ternal logic (see fig. 1) in many applications in 
high-performance processor systems such as 
writable control stores, data caches, and. cache­
tag memories [Electronics, June 11, 1987, p.78] 
that require synchronous operation. The extra 
circuitry imposes a considerable performance 
penalty, and that can be a problem in cache 
applications in particular, says Martino, where 
the speed of memory typically must be at least 
an order of magnitude faster than main memory. 
Also, for a cache to work properly, critical tim­
ing relationships must be preserved 

S 
AD 

YSTEM 
DHEssES 

says Martino. As a result, most speed improve­
ments have come by pushing the speed of the 
memory chips themselves. But, as processors 
speed up, memories with sufficiently low access 
times are getting harder and harder to produce 
inexpensively, Martino says. Current 25-to-35-ns 
asynchronous SRAMs are barely adequate, he 
says. And newer processors will require a sys­
tem throughput of no more than 35 to 40 ns. For 
such throughputs, SRAMs must be pushed to be­
low 10 ns, only achievable now with bipolar and 
bicMOS circuits, but at much higher power. 
"However, even if parts are pushed down to 1 ns 
and under, there is still that 10 ns on the input 
and another 10 ns on the output to deal with," 
says Martino. 

The most important element in Motorola's new 
SRAM architecture (see fig. 2) is the incorporation 
of the external input and output latches neces­
sary for synchronous operation on board. This 
design considerably simplifies system design and 
reduces interconnection delay. "By pulling all of 
that glue logic on board, it is no longer necessary 
to drive a large bus to TIL levels," says Martino. 
"It is now done on-ehip, reducing the 100ns delay 
down to picosecond levels. This allows the use 
of a 25-ns part for a 25-t0-30-ns bus, rather than 
using more expensive, power-hungry 10- and 15-
ns parts for the same chore." 

The Motorola architecture uses address-Input 
latches to hold the addresses so that the proc­
essor does not have to hold the addresses valid 
for the entire cycle. A similar function is served 
by the data latches on the input. The latches 
on the output, however, serve a dual function. 
First, they provide a longer setup and hold 
time over which the data is valid on the bus, 
necessary in most processing systems. With a 

14 
so that a variety of simultaneous 
operations can be coordinated, such 
as searching the tag store, getting 
data out of cache, and replacing 
proper entries in the cache. The 
added delay of the external logic 
can make it difficult to preserve 
these relationships. 

ADDRESS ADDRESS ADDRESS ADDRESS 

When system speeds were in the 
200-ns range, Miller says, the addi­
tional 100to-20-ns penalty of this ex­
ternallogic could be tolerated. "But 
with processor speeds improving so 
dramatically, now pushing below 
100 ns toward 50 ns, this is a penal­
ty that is critical, especially since 
the speed of the external logic has 
not kept pace with the .improve­
ments in speed at the chip level." 

Depending on the type of regis­
ter involved and the process used, 
the delay time, even with high-per­
formance logic families, can be re­
duced to no more than 7 to 10 ns, 

CLOCK_ 
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2. SYNCHROIIOUS. By incorporating latches and drivers on-chip, Motorola's synchronous 
SRAM reduces chip count by more than 50% and reduces interconnection delay. 
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standard SRAM at minimum cycle time, that time 
is about 5 ns without any external latching. This 
is not enough time for most systems, which re­
quire the data to be on the bus for at least 15 to 
20 ns, for the processor to receive the valid data. 
The other function of the latches is to provide 
the extra drive needed to drive the buses with 
capacitive loads of up to 130 pF. 

The designers of the new SRAMs have 
eliminated the address-detection-transition 
circuitry; now they use on-chip clock input 
for a synchronous clocking scheme 

Also incorporated on-chip to support the syn~ 
chronous operation of the latches is a clock input 
that controls when the latches are transparent 
and when they are brought into play. Usually 
this. clock input is a derivative of the system 
clock; that is, the latches are controlled by the 
edge of the system clock. 

The Motorola designers have eliminated the 
address-detection-transition circuitry in the new 
SRAMs. Instead, they use the on-chip clock input 
to incorporate a synchronous clocking scheme in 
which the necessary address, data, chip-select, 
and write-enable information previously brought 
on board the chip by the address-detection-transi­
tion circuitry is now accessed at the beginning of 
the cycle in reference to the external clock, 
rather than to the address edge as in the asyn­
chronous scheme. The technique, says Martino, 
is similar to how a DRAM brings in its addresses 

with setup and hold times in relation to a read­
access or column-access signal input. "Since this 
device employs a clock with a high-going edge at 
the beginning of each cycle, it is no longer neces­
sary to detect address- transitions," he 
says. "The system will tell the chip when to 
supply the necessary information by providing 
the clock at the appropriate time." 

To eliminate the external drive circuitry, the 
inherent drive capability of the devices was in­
creased fourfold, says Miller. So Motorola de­
signers enlarged the geometries used to fabri­
cate the pull-up and pull-down transistors, typi­
cally on the order of 1,500 /Lm wide, compared 
with 400- to 600-/Lm widths on the standard 30-pF 
devices, and as small as 6 /Lm in the memory 
array and 80 /Lm in the peripheral circuitry. 
Moreover, to achieve higher speed in spite of the 
higher drive currents, n-channel devices, which 
are only output devices, were used rather than 
the slower p-channel devices. Furthermore, these 
output devices were speeded up by incorporating 
a separate ground-supply pin for the output driv­
ers. "This allowed us to burn more current in 
the output drivers without corrupting the opera­
tion of the rest of the circuit," Miller says. 

Although this required a substantial increase 
in the area devoted to the drive circuitry, the 
chip size, 146 by 404 mils, is not substantially 
larger than comparable 64-Kbit asynchronous 
SRAMs. The extra area required for the larger 
drivers and for the internal clocking circuitry is 
offset by the area eliminated by removal of the 
address-transition-detection circuitry required on 
asynchronous parts, Martino says. 0 

INGENIOUS SRAM DESIGN WAS DONE IN REMARKABLY SHORT TIME 
For a memory device of such complexity 
and ingenious design, Motorola's new 
clocked synchronous static random-ac­
cess-memory design was completed in a 
remarkably short tim~nly 12 months. 
Moreover, most of the work was done 
by a four·person design team: William 
Martino, design manager for specialized 
memories; Frank Miller, synchronous 
SRAM project leader; chip designer 
Scott Remington; and layout engineer 
Richard Southerland. 

tive design experience. Miller has seven 
years' experience in memory design. 
Remington, an eight·year Motorola veter· 
an, worked on the company's 64·Kbit and 
1- Mbit DRAMs. Southerland, a five· year 
Texas Instruments veteran, worked on 

most of Motorola's asynchronous SRAMs 
in his two years with the company. 

The other source was extensive input 
from Motorola's customers. "We spent 
several months defining a variety of 
special-application memory devices, 
from dual-port SRAMs and video 
DRAMs to content·addressable memo­
ries," says Miller. "But when we started 
taking these designs around to custom­
ers for input, we found they were most 
concerned with ways to make standard 
parts work, better. For designers of 
high-performance systems using cache 
architectures, one of the largest com­
mon denominators was complaints that 
they had to surround the asynchronous 
parts with a variety of glue logic to 
operate appropriately in a synchronous 
environment. 

One reason for the fast turnaround 
was that the array and much of the 
peripheral circuitry is identical to what 
was used in the company's family of 
asynchronous 64-Kbit SRAMs, says 
Miller. "All we had to do was strip off 
those portions of the circuit relating to 
the asynchronous operation and replace 
them with new synchronous elements." 

The team drew from two sources for 
the features incorporated into the syn­
chronous design-including their cumula-

EXPERTS. Miller, Southerland, and Remington, 
from left. are old hands at memory design. 
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"The key is listening to the custom­
ers, finding out what their specific com­
plaints are, and coming up with parts 
that satisfy those needs." 
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MECHANICAL DATA 

Package availability and ordering information are given on the individual data sheets. 

------------S-PIN PACKAGE ------------

I 
B 

P 4~ 
~A~\ 

NOTE 4 

/ 

PLASTIC 
CASE 626-04 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.40 10.16 0.370 0.400 
B 6.10 6.60 0.240 0.260 
C 3.94 4.45 0.155 0.175 
D 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 0.76 I 1.27 0.030 0.050 
J 0.20 I 0.30 0.008 0.012 
K 2.92 I 3.43 0.115 0.135 
L 7.62 BSC 0.300 esc 
M - I 10· - 10· 
N 0.51 0.76 0.020 0.030 

NOTES: 
1. LEAD POSITIONAL TOLERANCE: 

1~1",0.13 {0.0051@1 TI A@I B@I 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. PACKAGE CONTOUR OPTIONAL {ROUND OR 
SQUARE CORNERSI. 

4. DIMENSIONS A AND B ARE DATUMS. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

14-PIN PACKAGE ------------

PLASTIC I CASE 646-06 

B 

~r-r-r---r-r--~~ 
I---A--------I.I~NOTE4 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.16 19.56 0.715 0.770 
B 6.10 6.60 0.240 0.260 
C 3.69 4.69 0.145 0.185 
D 0.38 0.53 0.Q15 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 BSC 0.100 BSC 
H 1.32 2.41 0.052 0.095 
J 0.20 0.38 0.008 I 0.Q15 
K 2.92 3.43 0.115 I 0.135 
L 7.62 SSC 0.300 SSC 
M O· 10· O· I 10· 
N 0.39 1.01 0.015 I 0.039 

NOTES: 
1. LEADS WITHIN 0.13 mm {o.o051 RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL; AS SHOWN IN 
PREVIOUS ISSUE. 
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----------- 16-PIN PACKAGES -----------

PLANE 

K 

PLASTIC (MOS ONLY) 
CASE 648-07 

PLASTIC (MECL ONLY) 
CASE 648-06 DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MllUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.80 19.55 0.740 0.770 
B 6.35 6.85 0.250 0.270 
C 3.69 4.44 0.145 0.175 
D 0.38 0.53 0,015 0.021 
F 1.02 1.78 0.040 0.070 
G 2.54 esc 0.100 esc 
H 0.76 REF 0.030 REF 
J 0.20 0.38 0.008 0.D15 
K 2.80 3.30 0.110 0.130 
l 7.49 7.75 0.295 0.305 
M 0° W 0° W 
N 0.51 1.01 0.020 0.040 

NOTES: 
1. LEAD POSITIONAL TOLERANCE: 

1 +1 0.25 (0.010) ®I TI x ®I 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
3. DIMENSION e DOES NOT INCLUDE MOLD 

FLASH. 
4. F DIMENSION IS FOR FULL LEADS. 
5. ROUNDED CORNERS OPTIONAL. 
6. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
7. CONTROLLING DIMENSION: INCH. 

MllUMETERS INCHES 
MIN MAX MIN MAX 
18.80 21.34 0.740 0.640 
6.10 6.60 0.240 0.260 
3.69 4.69 0.145 0.185 
0.38 0.53 0.D15 0.021 
1.02 1.78 0.040 0.070 

2.54 esc 0.100 esc 
0.38 2.41 0.015 0.095 
0.20 0.38 0.008 0.D15 
2.92 3.43 0.115 0.135 

7.62 esc 0.300 esc 
0° W 0° W 

0.39 1.01 0.015 0.040 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF lRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "8" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL; AS SHOWN IN 
PREVIOUS ISSUE. 
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----------16-PIN PACKAGES (Continued) ----------

l±J 
SEAliNG 

PLANE 

L 
(I. 
U t 
t fc 

' 16 1 I 

-l R 

L 

I B ~I· 

I I 

CERAMIC 
CASE~ 

:,~IL..----'I\ 
II 
II 

DIM 
A 
B 
C 
D 
E 
F 
G 
J 
K 
L 
M 
N 

MILUMETERS 
MIN MAX 
19.05 19.55 
6.10 7.36 
- 4.19 
0.39 0.53 

1.27 BSC 
1.40 1.77 

2.54 BSC 
0.23 0.27 
- 5.08 

7.62 SSC 
0° 15° 
0.39 0.88 

INCHES 
MIN MAX 
0.750 0.770 
0.240 0.290 
- 0.165 

0.015 0.021 
0.050 BSC 

0.055 0.070 
0.100 BSC 

0.009 0.011 
- 0.200 
0.300 BSC 

0° 15° 
0.015 0.035 

_-+_-.-K j .~ N~~~~ENSIONING AND TOLERANCING PER ANSI 

N M 2. CONTROLLING DIMENSION: INCH. JL YI4.5M,I982. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
J 16 PL FORMED PARALLEL. 

I t 10.25 (0.0101 ® I T I B @ I 4. DIM F MAY NARROW TO 0.76 (0.0301 WHERE THE 

KI~ 

J 

CERAMIC 
CASE650..OJ 
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LEAD ENTERS THE CERAMIC BODY. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 10.16 0.370 0.400 
B 6.22 7.24 0.245 0.285 
C 1.52 2.03 0.060 0.080 
0 0.41 0.48 0.016 o.~~~ 
F 0.08 0.15 0.003 0.006 
G 1.27 BSC 0.050 BSC 
H 0.64 0.89 0.025 0.035 
K 6.35 9.40 0.250 -0.370 
L 18.92 - 0.745 -
N - 0.51 - 0.020 
R - 0.38 - 0.015 

NOTES: 
1. LEAO NO.1 IDENTIFIED BY TAB 

ON LEAD DR DDT ON COVER. 
2. LEADS WITHIN 0.13 mm (0.005) 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION . 



------------18-PIN PACKAGES------------

SEATING 
PlANE 

PLASTIC 
CASE 707..(12 

PLASTIC 
CASE 707A-01 

1/ 
1/ 

1/ 
~I \ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.22 23.24 0.875 0.915 
B 6.10 6.60 0.240 0.260 
C 3.56 4.57 0.140 0.180 
0 0.36 0.56 0.014 0.022 
F 1.27 1.78 0.050 0.070 
G 2.54 BSC 0.100 BSC 
H 1.02 1.52 0.040 0.060 
J 0.20 0.30 O.OOB 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62 Bse 0.300 BSC 
M 00 150 00 j 150 

N 0.51 1.02 0.020 0.040 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (0), 

SHALL BE WITHIN 0.25mmiO.Ol0) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE ANa 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEAOS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 21.85 22.35 0.860 0.880 
B 7.12 7.49 0.280 0.295 
C 3.56 4.57 0.140 0.180 
D 0.36 0.55 0.014 0:022 
F 1.27 1.77 0.050 0.070 
G 2.54 SSC 0.100 SSC 
J 0.21 1 0.30 0.008 0.012 
K 2.93 I 3.42 0.115 0.135 
L 7.62 SSC 0.300 SSC 
M D· I IS' D· 15' 
N 0.51 j 1.01 0.020 0.040 

-1J It I,:::, '" Ir I B '" I o "I tTl 0-.2-51-0.0-10-} ®-=M 'I T'I-A-=®O""1I 18 PI. 

18PL 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION "S" DOES NOT INCLUDE MOLD 

FLASH. 
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----------- 2O-PINPACKAGES -----------

W 
SEATING 
PlANE 

1+10.2510.0101® ITIA® I 

PLASTIC 
CASE 738-03 

I- ~ '"I 

~,:::::::: :C~ 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 25.66 27.17 1.010 1.070 
B 6.10 6.60 0.240 0.260 
C 3.81 4.57 0.150 0.180 
D 0.39 0.55 0.Q15 0.022 
E 1.27 BSC 0.050 BSC 
F 1.27 I 1.77 0.050 I 0.070 
G 2.54 BSC 0.100 BSC 
J 0.21 0.38 0.008 0.015 
K 2.80 3.55 0.110 0.140 
L 7.62 BSC 0.300 BSC 
M 0° 15° 0° W 
N 0.51 1.01 0.020 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH. 

PLASTIC 
CASE 738A-01 

i L 
, 

\ 

j~D" Itl":":'~:':'®1 
It I 0.25 (0.010) ® I T I A ® I 

MILUMETERS INCHES NOTES: 

DIM MIN MAX MIN MAX 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

A 24.39 24.89 
B 7.12 7.49 
C 3.69 4.44 
D 0.39 0.55 
E 1.27 BSC 
F 1.27 1.77 
G 2.54 BSC 
J 0.21 0.38 
K 2.80 3.55 
L 7.62 BSC 
M 0" 15° 
N 0.51 1.01 

0.960 0.980 
0.280 0.295 
0.145 0.175 
0.Q15 0.022 

0.050 BSC 
0.050 I 0.070 

0.100 BSC 
O.OOS I 0.Q15 
0.110 0.140 

0.300 BSC 
0° I 15° 

0.020 0.040 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH. 
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----------20-PIN PACKAGES (Continuedl----------

11 

[--
2. 

f LB 
L 

t. d: 

:=-11 
A 

= ~D 
f 

K 

CERAMIC 
CASE 732-03 

CERAMIC 
CASE 737-02 

-JI=F 
I h 

=rTJ 
CERAMIC 

CASE 756C-01 
o 20P\. E 1 OJ'."'I<') 1 T 1 A "'I L(j) 

T F 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 23.88 25.15 0.940 0.990 
B 6.60 7.49 0.260 0.295 
C 3.81 5.08 0.150 0.200 
D 0.38 0.56 0.D15 0.022 
F 1.40 1.65 0.055 0.065 
G 2.54 esc 0.100 esc 
H 0.51 1.27 0.020 0.050 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 7.62 BSC 0.300 esc 
M 0° 15° 0° 15° 
N 0.25 1.02 0.010 0.040 

NOTES: 
1. LEADS WITHIN 0.25 mm (0.0101 DIA., TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM A AND B INCLUDES MENISCUS, 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 13.08 0.515 
S 5.84 7.11 0.230 0.280 
C 1.52 2.16 0.060 0.085 
D 0.41 0.46 0.016 0.018 
F - 0.25 - 0.010 
G 1.27 sse 0.050 BSC 
H 1.14 1.40 0.045 0.055 
J 0.08 0.13 0.003 0.005 
K - 9.14 - 0.360 
N - j 1.02 - J 0.040 

NOTE: 
1. LEAOS WITHIN 0.25 mm (0.010) 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.67 10.92 0.420 0.430 
B 10.09 10.41 0.400 0.410 
C 1.68 1.98 0.066 0.078 
D 0.56 0.71 0.022 0.028 
F 2.11 2.46 0.083 0.097 
G 1.27 BSC 0.050 BSC 
H 1,07 1.21 0.042 0.046 
L 7.24 7.49 0.285 0.295 
N 1.40 1.65 0.055 0.065 
R 6.61 6.85 0.260 0.270 
U 0.28 0.53 0.011 0.021 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 

II 



----------20-PIN PACKAGES (Continuedl------------

YBRK 

PLASTIC CHIP CARRIER 
CASE 775-02 

B 1+10.1810.0071 ® ITI N®-P®I L®-M®I 

u 1+10.1810.0071 ® I TIN ®-P® I L ®-M ®I 

G1 

__ ----__ -AltI0.1810.001l® ITI L®-M®I N®-P®I VIEW D-D 
1+10.2510.0101® ITI N®-P®I L®-M®I 

~----~- R 1+10.1810.0071 ® I TIL ®-M ®I N ®-P ® I 

1+1 0.2510.0101 ® 

DIM 
A 
8 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
V 
Z 

Gl 
KI 
ZI 

DETAIL S 

MlWMETERS 
MIN MAX 
9.78 10.03 
9.78 10.03 
4.20 4.57 
2.29 2.79 
0.33 0.48 

1.27 BSC 
0.66 0.81 
0.51 -
0.64 -
8.89 9.04 
8.89 9.04 
1.07 1.21 
1.07 1.21 
1.07 1.42 

0.50 
2" 10" 

7.88 8.38 
1.02 
2" 10" 

INCHES 
MIN MAX 
0.385 0.395 
0.385 0.395 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050 BSC 
0.026 0.032 
0.020 -
0.025 
0.350 0.356 
0.350 0.356 
0.042 0.048 
0.042 0.048 
0.042 0.056 

0.020 
2" 10" 

0.310 0.330 
0.040 

2" 10" 

DETAILS 

NOTES: 
1. DATUMS -L·, -M-, -N-, AND -P- DETERMINED 

WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

2. DIM GI, TRUE PDSTION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

3. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.2510.0101 PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

5. CONTROLLING DIMENSION: INCH. 

MOTOROLA MEMORY DATA 
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------------22-PIN PACKAGES ------------

1+10.2510.0101 ® I T I A@ I 

B13 OPTIONAL LEAD 
~ CDNAGURATION 

PLASTIC 
CASE 736A-Dl 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

NOTES: 

MILUMETERS 
MIN MAX 
25.65 27.17 
6.10 6.60 
3.74 4.57 
0.38 0.55 
1.27 1.77 

2.54 SSC 
0.20 0.38 
2.79 3.55 

7.62 SSC 
0" 15" 
0.51 1.01 

INCHES 
MIN MAX 
1.010 1.070 
0.240 0.260 
0.155 0.180 
0.Q15 0.022 
O.OSO 0.070 

0.100 SSC 
0.008 0.015 
0.110 0.140 

0.300 BSC 
0" 15" 

0.020 0.040 

1. DIMENSION A IS A DATUM. T IS BOTH A DATUM 
AND A SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR D DIMENSION; 
22 PL: 

1+1 0.25 {O.0101 ® I·T·I A ® I 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
4. DIMENSIONING AND TOLERANCING PER 

Y14.5 M, 1982. 
5. CONTROLLING DIMENSION: INCH. 

c 

CERAMIC 
CASE 736-05 

r- L 

t'41'-------'l1\ 
" 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

K f ~ 

JLJ~~ M 

It I 0.25 {O.0101 ® I T I B@ I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION F FOR FULL LEADS. HALF LEADS 

OPTIONAL AT LEAD POSITIONS 1, 11, 12, AND 22. 
5. DIM F MAY NARROW TO 0.76 {O.0301 WHERE THE 

LEAD ENTERS THE CERAMIC BODY. 

MOTOROLA MEMORY DATA 

12-9 

MIWMETERS 
MIN MAX 
26.93 27.81 
9.15 9.90 
3.81 5.46 
0.39 0.53 
1.27 1.65 

2.54 BSC 
0.20 0.39 
3.18 4.31 

10.16 BSC 
0" 15" 
0.51 I 1.27 

INCHES 
MIN MAX 
1.060 1.095 
0.360 0.390 
O.lSO 0.215 
0.Q15 Q.{)21 
0.050 0.065 

O.lOOSSC 
0.008 0.Q15 
0.125 0.170 

0.400 BSC 
0" I 15" 

0.020 I 0.050 



• 

---------- 22-PIN PACKAGES (Continued) ----------

u 

E B-,----
R-

CERAMIC CHIP CARRIER 
CASE 800-02 

~~D1&D2 

DETAIL V 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.27 12.62 0.483 0.497 
8 6.68 7.03 0.263 o.m 
C 1.63 1.98 0.064 0.078 
D 0.51 0.76 0.020 0.030 
F 1.98 2.33 0.078 0.092 
G 1.27 SSC 0.050 SSC 
H 0.97 1.32 0.038 0.052 
N 1.27 1.62 0.050 0.064 
R 7.19 7.54 0.283 0.297 
U 11.76 12.11 0.463 0.477 

NOTES: 
1. DIMENSIONS A AND R ARE DATUMS AND T IS A 

GAUGE PLANE. 
2. POSITIONAL TOLERANCE FOR TERMINALS 02, 14 

PLACES: 
1 tl 0.25(0.0101 ®I TI R®I u® 1 
TERMINALS 01, 8 PLACES: 
1 t 1 0.25 (0.0101 ® 1 T 1 U ® 1 R ® 1 

3. DIMENSIONING AND TOLERANCING PER Y14.5M, 
1982. 

4. CONTROLLING DIM: INCH. 

MOTOROLA MEMORY DATA 
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------------ 24-PIN PACKAGES------------

I" [I] ·I~ PLASTIC 
CASE 724-03 

[:: ::::::::: :[00 
Ie JE3 

~~~lJt~' 
G F~bD .. CC"I+'I O-~~-:~-O~-O)®:::-M 'I-T I'B-=®'I 

1+10.2510.010)® I T I A® I 

CERAMIC 
CASE 623-05 

MOTOROLA MEMORY DATA 

12-11 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.25 32.13 1.230 1.265 
B 6.35 6.85 0.250 0.2'10 
C 3.69 4.44 0.145 0.175 
0 0.38 0.51 0.015 0.020 
E 1.27 esc 0.050 esc 
F 1.02 I 1.52 0.040 0.060 
G 2.54 esc 0.100 esc 
J 0.18 I 0.30 0.007 I 0.012 
K 2.80 I 3.55 0.110 0.140 
L 7.62 esc 0.300 esc 
M 0° I 15° 0° I 15° 
N 0.51 I 1.01 0.020 I 0.040 

NOTES: 
1. CHAMFERRED CONTOUR OPTIONAL. 
2. DIM "L" TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
3. DIMENSIONS AND TOLERANCES PER ANSI 

Y14.5M,1982. 
4. CONTROLLING DIMENSION: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.24 32.77 1.230 1.290 
B 12.70 15.49 0.500 0.610 
C 4.06 5.59 0.160 0.220 
D 0.41 0.51 0.016 0.020 
F 1.27 1.52 0.050 0.060 
G 2.54 BSC 0.100 BSC 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 BSC 0.600 BSC 
M 0° 15° 0° 15° 
N 0.51 1.27 0.020 0.050 

NOTES: 
1. DIM "L" TO CENTER OF 

LEADS WHEN FORMED 
PARALLEl. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 

III 



II 

---------- 24-PIN PACKAGES (Continued) 

l 
J 

l 
C 

I .. 
12 13 

CERAMIC 
CASE 716-08 

CERAMIC 
CASE 652-02 

L-------t 

DIM 

A 
8 
C 
D 
F 
G 
H 
K 
L 
N 

NOTES: 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 27.63 30.98 1.088 1.220 
B 7.16 7.74 0.282 0.305 
C 2.66 4.31 0.105 0.170 
0 0.38 0.53 0.015 0.021 
F 1.14 1.39 0.045 0.055 
G 2.54 SSC 0.100 SSC 
H 0.76 1.77 0.030 0.070 
J 0.20 0.30 0.008 0.012 
K 3.17 5.08 0.125 0.200 
L 7.62 SSC 0.300 SSC 
M 100 100 

N 1.01 1.52 0.040 0.060 

NOTES: 
1. POSITIONAL TOLERANCE FOR 

LEADS: 

1*10.25 (0.010) @ITI A@I s@1 
2. DIMENSION L TO CENTER OF 

LEADS WHEN FDRMED PARALLEL 
3. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5. 1973. 
4. CDNTROLLING DIMENSION: 

INCH. 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

14.99 15.49 0.590 0.610 
9.27 9.91 0.365 0.390 
1.27 2.03 0.050 0.080 
0.38 0.48 

fI~ 0.08 0.15 ~ 1.27 SSC SSC 
0.69 1.02 0.027 0.040 
6.35 9.40 0.250 0.370 

21.97 - 0.865 -
0.25 0.63 0.010 0.025 

r- B -r- K =1J...l 
I I ~i 

1. LEADS WITHIN 0.25 mm (0.010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

MOTOROLA MEMORY DATA 
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---------- 24-PIN PACKAGES (Continued) ----------

M 

24 

1 
o 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
K 
L 
M 
N 
P 
R 
S 

MIWMETERS 
MIN MAX 
15.75 16.00 
7.50 7.74 
3.26 3.75 
0.39 0.50 
2.24 2.48 
0.67 0.81 

1.27 BSC 
- I 0.50 
0.89 I 1.14 

0.64 BSC 
0° 5° 
0.89 1.14 
8.51 8.76 
6.61 7.11 
0.77 1.01 

PLASTIC SOJ 
CASE 810A-Ol 

13 

12 

INCHES 
MIN MAX 
0.620 0.630 
0.295 0.305 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- 0.020 

0.035 0.045 
0.025 BSC 

0° 5° 
0.035 0.045 
0.335 0.345 
0.260 0.280 
0.030 0.040 

--i t--F 

!--V DETAIL Z 

rJ I-D 24PL 

It I 0.18(0.0071@ I T I A® I 

ItI0.18(0.0071® ITIB® I 

......, ...... --:~ 
E C 

M 

NOTES: 

SRAD 

Ir:'t'l 0-.25-(0-.01-01®~s 'I'T I'B®-=-S 'I 

1. DIMENSIONING AND TOlERANCING PER ANSI 
Y14.5M. 1982. 

2. DIMENSION "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.15 (0.0061 PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 
4. DIM "R" TO BE DETERMINED AT DATUM -T·. 

MOTOROLA MEMORY DATA 

12-13 

II 



III 

----------- 2O/26-PIN PACKAGE -----------

26 22 18 

5 9 

MllUMETERS 
DIM MIN MAX 
A 17.02 17.27 
B 7.50 7.74 
C 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
H - I 0.50 
K 0.89 I 1.14 
l 2.54 BSC 
M 0° 5° 
N 0.89 1.14 
P 8.39 8.63 
R 6.61 6.98 
S 0.77 1.01 

PLASTICSOJ 
CASf; 822-02 

14 

13 

INCHES 
MIN MAX 
0.670 0.680 
0.295 0.305 
0.128 0.148 
0.D15 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- I 0.020 

0.035 I 0.045 
0.100 BSC 

0° 5° 
0.035 0.045 
0.330 0.340 
0.260 0.275 
0.030 0.040 

M 

NOTES: 

DETAIL 2 

S 
1'"'-tCTI-o.2-51-0.0-10-1-®-'I-T~I-B@-s I 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.1510.0061 PER SIDE. 

4. DIM R TO BE DETERMINED AT DATUM -T·. 
5. FOR LEAD IDENTIFICATION PURPOSES, PIN 

POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 

MOTOROLA MEMORY DATA 
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------------ 28-PIN PACKAGES -----------

PlANE 

[::::::::::]J 

PLASTIC 
CASE 710-02 

CERAMIC 
CASE 733-04 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 1 2.16 0.065 1 0.085 
J 0.20 0.36 0.008 1 0.015 
K 2.92 1 3.43 0.115 1 0.135 
L 15.24 BSC 0.600 BSC 
M D· 15· D· 1 15· 
N 0.51 1.02 0.020 1 0.040 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 

WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.84 1.435 1.490 
B 12.70 15.36 0.500 0.605 
C 4.06 5.84 0.160 0.230 
D 0.38 0.55 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 BSC 
J 0.20 1 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 BSC 0.600 BSC 
M a· 1 15· D· 15· 
N 0.511 1.27 0.020 1 0.050 

NOTES: 
1. DIM [±] IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 
1 +1 p 0.25 (0.010) ® I T I A ® I 

3. rn IS SEATING PLANE. 
4. DIM A AND B INCLUDES MENISCUS. 
5. DIM -L· TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 
7. CONTROLLING DIM: INCH. 

MOTOROLA MEMORY DATA 
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---------- 28-PIN PACKAGES (Continued) ----------

M 

NOTES: 
1. DIM A AND B INCLUDES MENISCUS. 
2. DIM L TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 

CERAMIC 
CASE 733B-01 DIM 

A 
B 
C 
D 
E 
F 
G 
J 
K 
L 
M 
N 

MILLIMETERS 
MIN MAX 
34.17 35.30 

6.10 7.49 
4.07 5.84 
0.39 0.55 

1.27 SSC 
1.27 1.65 

2.54 SSC 
0.21 ~ 0.30 
3.18 I 4.06 

7.62 BSC 
0° W 
0.51 J 1.27 

3. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 

--I I-F 

PLASTIC SOJ 
CASE 810-02 -!--~ mAllZ 

CIl-028Pl 
I t I 0.18 10.0071 ® I T I A ® I 

H BRK 
~~--~-A-r-----~ I t I 0.1810.0071 ® I T I B ® I 

MILLIMETERS 
DIM MIN MAX 
A 18.29 18.54 
B 10.04 10.28 
C 3.26 3.75 
D 0.39 0.50 
E 2.24 2.48 
F 0.67 0.81 
G 1.27 BSC 
H - 0.50 
K 0.89 1.14 
L 0.64 BSC 
M 0° 5° 
N 0.89 1.14 
P 11.05 11.30 
R 9.15 9.65 
S 0.77 1.01 

INCHES 
MIN MAX 
0.720 0.730 
0.395 0.405 
0.128 0.148 
0.015 0.020 
0.088 0.098 
0.026 0.032 

0.050 BSC 
- 0.020 

0.035 I 0.045 
0.025 BSC 

0° 5° 
0.035 0.045 
0.435 0.445 
0.360 0.380 
0.030 0.040 

M8 ~ ~=t=+ 
~R~\tslo. 

I t I 0.2510.0101 ® I T I B ® I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M, 1982. 
2. DIMENSION "A" AND "B" DO NOT INCLUDE 

MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.1510.0061 PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 
4. DIM "R" TO BE DETERMINED AT DATUM ·T-. 

MOTOROLA MEMORY DATA 
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INCHES 
MIN MAX 
1.345 1.390 
0.240 0.295 
0.160 0.230 
0.015 0.022 

0.050 SSC 
0.050 I 0.065 

0.100 BSC 
0.008 ~ 0.012 
0.125 I 0.160 

0.300 BSC 
0° ~ W 

0.020 ~ 0.050 



------------ 32-PIN PACKAGE------------

MILLIMETERS 
DIM MIN MAX 
A 13.85 14.22 
B 13.34 13.58 
C 1.91 2.26 
0 0.56 0.71 
F 1.91 2.41 
G 1.27 Bse 
H 1.07 1.47 
L 11.31 11.63 
N 1.63 1.93 
R 10.80 11.04 
U - 0.50 

CERAMIC 
CASE 766A-01 

INCHES 
MIN MAX 
0.545 0.560 
0.525 0.535 
0.075 0.089 
0.022 0.028 
0.Q75 0.095 

0.050 Bse 
0.042 0.058 
0.445 0.458 
0.064 0.076 
0.425 0.435 
- 0.020 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 

MOTOROLA MEMORY DATA 

12-17 
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III 

- ........ -----........ --- 4O-PIN PACKAGES 

~::::: ::::::::::: :]J PLASTIC 
CASE 711·03 

I~ . A ~I C CL=J 
~~ J ~H ~ k-G ~ ~F ~~D t.::. ...JLM ,~ 

MILUMETERS 
DIM MIN MAX 
A 51.69 52.45 
B 13.72 14.22 
C 3.94 5.08 
D 0.36 0.56 
F 1.02 1.52 
G 2.54 BSC 
H 1.65 2.16 
J 0.20 0.38 
K 2.92 3.43 
L 15.24 BSC 
M O· 15· 
N 0.51 1.02 

INCHES 
MIN MAX 
2.035 2.065 
0.540 0.560 
0.155 0.200 
0.014 0.022 
0.040 0.060 

0.100 BSC 
0.065 I 0.085 
0.008 I 0.015 
0.115 I 0.135 

0.600 BSC 
O· 15· 

0.020 0.040 

PlANE 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS 101, SHALL BE 

WITHIN 0.25 mm 10.0101 AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

CERAMIC 
CASE 715-05 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

NOTES: 

MILUMETERS 
MIN MAX 
50.29 51.31 
14.63 15.49 
2.79 4.32 
0.38 0.53 
0.76 1.52 

2.54 BSC 
0.20 0.33 
2.54 4.57 

14.99 15.65 
- 10· 
1.02 1.52 

INCHES 
MIN MAX 
1.980 2.020 
0.576 0.610 
0.110 0.170 
0.015 0.021 
0.030 0.060 

0.100BSC 
0.008 0.013 
0.100 0.180 
0.590 0.616 
- 10· 

0.040 0.060 

1. DIMENSION rn IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 

I<l? 0.2510.010118\ T \ A 181 
3. II] IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5, 1973. 

MOTOROLA MEMORY DATA 
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