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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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Printed in U.S.A.

Prepared by

Technical Information Center

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

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.

New Motorola memories are being introduced contin-
ually. For the latest releases, and additional technical in-
formation or pricing, contact your nearest authorized
Motorola distributor or Motorola sales office.
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SELECTOR GUIDE

MOS/CMOS

MOS Dynamic RAMs
(+5V, 0 to 70°C)

Access Time

Organization Part Number Pins
(ns max)
64K x 4 MCM41464AP10 (P) 100 18
MCM41464AP12 (P) 120 18
MCM41464AP15 (P) 150 18
256K x 1 MCM62568P10 (P 100 16
MCcMé62568P12  (P) 120 16
MCM62568P15 (P 150 16
MCM62578P10 (N 100 16
MCM62578P12 (N 120 16
MCM62578P15 (N 150 16
256K x 4 MCM514256pP85  (P) 85 20
MCM514256P10  (P) 100 20
MCM514256P12  (P) 120 20
MCM514256)85 (P} 85 20/26
MCM514256J10 (P 100 20/26
MCM514256J12  (P) 120 20/26
MCM514258P85  (S) 85 20
MCM514258P10  (S) 100 20
MCM514258P12  (S) 120 20
MCM514258)85 (S) 85 20/26
MCM514258J10 (S) 100 20/26
MCM514258J12  (S) 120 20/26
Mx1 MCMS511000P85  (P) 85 18
MCM511000P10  (P) 100 18
MCM511000P12  (P) 120 18
MCM511000J85 (P 85 20/26
MCM511000J10  (P) 100 20/26
MCM511000J12  (P) 120 20/26
MCMS511001P85  (N) 85 18
MCM511001P10 (N 100 18
MCM511001P12  (N) 120 18
MCMS511001J85 (N} 85 20/26
MCM511001J10 (N) 100 20/26
MCM511001J12  (N) 120 20/26
MCM511002P85  (S) 85 18
MCM511002P10  (S) 100 18
MCM511002P12  (S) 120 18
MCM511002J85 (S) 85 20/26
MCM511002J10  (S) 100 20/26
MCM511002J12  (S) 120 20/26
(P) Page Mode
(N) Nibble Mode
(S) Static Column
MOS Static RAMs
(+5V, 0 to 70°C)
Organization Part Number Access Time Pins
(ns max)
2K x8 MCM2016HN45 (1) 45 24
MCM2016HNSS (1) 55 24
MCM2016HN70 (1) 70 24
MCM2018N35 (1) 35 24
MCM2018N4s (1) 45 24

CMOS Static RAMs

(+5V, 0 to 70°C unless otherwise noted)

*To be introduced

(1) 300 mil package

(2) Chip select version

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

MOTOROLA MEMORY DATA

1-2

Organization Part Number Access Time Pins
(ns max)
4K x4 MCM1423P45 40 20
IMS1423P-45 40 20
MCM6168P45 45 20
MCM6168P55 55 20
MCM6168P70 70 20
MCM6268P25 25 20
MCM6268P35 35 20
MCM6269P25%  (2) 25 20
MCM6269P35 (2) 35 20
8K x8 MCM6064P10 100 28
MCM6064P12 120 28
MCM6064P15 150 28
MCM60L64P10 100 28
MCM60L64P12 120 28
MCM60L64P15 150 28
MCM6164C45 45 28
MCM6164C55 55 28
MCM61L64C45 45 28
MCM61L64C55 55 28
MCM6164P45* 45 28
MCM6164P55%* 55 28
MCM61L64P45* 45 28
MCM61L64P55% 55 28
MCM6164J45% 45 28
MCM6164J55% 55 28
MCM61L64J45% 45 28
MCM61L64J55% 55 28
Mcme164cCss (3 55 28
MCMe6164CC70 3 70 28
MCM6264P35%* 35 28
MCM6264P45* 45 28
MCM6264J35* 35 28
MCM6264J45% 45 28
16K x4 MCM6288P25 25 22
MCM6288P30 30 22
MCM6288P35 35 22
MCM6290P25%*  (4) 25 24
MCM6290P30%  (4) 30 24
MCM6290P35% (4] 35 24
MCM6290J25%  (4) 25 24
MCM6290J30% (4 30 24
MCM6290J36% (4 35 24
64K x 1 MCM6287P25 25 22
MCM6287P35 35 22
MCM6287J25 25 24
MCM6287J35 35 24
(Continued)



SELECTOR GUIDE

CMOS Static RAMs (Continued)

Access Time

Organization Part Number Pins
(ns max)

32K x8 MCM60256P85 85 28
MCM60256P10 100 28
MCM60256P12 120 28
MCM60L256P85 85 28
MCM60L256P10 100 28
MCMB60L256P12 120 28
MCM6206P45* 45 28
MCM6206P55* 55 28
MCM6206P70* 70 28
MCM6206J45% 45 28
MCM6206J55* 55 28
MCM6206J70* 70 28

64K x 4 MCM6208P25* 25 24
MCM6208P35* 35 24
MCM6208L25* 25 24
MCM6208L35* 35 24
MCM6208J25%* 25 24
MCM6208J35* 35 24

256K x 1 MCM6207P25* 25 24
MCM6207P35* 35 24
MCM6207L25% 25 24
MCM6207L.35% 35 24
MCM6207J25* 25 24
MCM6207J35% 35 24

Cache Tag RAMs
(+5V, 0 to 70°C unless otherwise noted)
Address to
Organization Part Number Match Time Pins
(ns max)

4K x4 MCM62350P22 22 24
MCM62350P25 25 24
MCM62350P30 30 24
MCM62350J22 22 24
MCM62350J25 25 24
MCM62350J30 30 24
MCM62351P22 22 24
MCM62351P25 25 24
MCM62351P30 30 24
MCM62351J22 2 24
MCM62351J25 25 24
MCM62351J30 30 24

MCM4180P22 2 22

MCM4180P25 25 22

MCM4180P30 30 22

Synchronous Static RAMs
(+5V, 0 to 70°C unless otherwise noted)

Access Time

Organization Part Number Pins
(ns max)
16K x 4 MCM6292C25 25 28
MCM6292C30 30 28
MCM6292C35 35 28
MCM6292J25 25 28
MCM6292J30 30 28
MCM6292435 35 28
MCM6293P25 25 28
MCM6293P30 30 28
MCM6293P35 35 28
MCM6293J25 25 28
MCM6293J30 30 28
MCM6293J35 35 28
MCM6294P25 25 28
MCM6294P30 30 28
MCM6294P35 35 28
MCM6294.J25 25 28
MCM6294J30 30 28
MCM6294J35 35 28
MCM6295C25 25 28
MCM6295C30 30 28
MCM6295C35 35 28
MCM6295J25 25 28
MCM6295J30 30 28
MCM6295J35 35 28
MOS Dual Port RAM
(+5V, 0 to 70°C)
Organization Part Number Access Time Pins
(ns max)
256 x 8 MCM68HC34L 240 40
MCM68HC34P 240 40
MOS EEPROMs
(+5V, 0 to 70°C)

Organization Part Number Acce(s;)'l' ime Pins
16x 16 MCM2801P 1 14
32x32 MCM2802P 1,3 14
256 x 8 MCM2814P 3.5 8

MOTOROLA MEMORY DATA
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RAMs

MECL

SELECTOR GUIDE

MILITARY PRODUCTS

CMOS Static RAMs
(+5V, —55 to 125°C)

(0 to 75°C)

Access Time

Access Time

Organization Part Number Pins Organization Part Number Pins
(ns max) (ns max)

8x2 MCM10143 15.3 24 4K x4 6168-55/BRAJC 55 20

16x4 MCM10145 15 16 6168-55/BYAJC 55 20

16x4 MC10H145 6 16 6168-55/BUAJC 55 20

64x1 MCM10148 15 16 6168-70/BRAJC 70 20

128x1 MCM10147 15 16 6168-70/BYAJC 70 20

256 1 MCM10144 26 16 6168-70/BUAJC 70 20

256 1 MCM10152 15 16 268,35/ BRAJC = 2
1024 % 1 MCM10146 29 16

6268-35/BYAJC 35 20

1024 1 MCM10415-15 15 16 026835/ BUAJC = Pt

1024x 1 MCM10415-20 20 16 s

6268-45/BRAJC 45 20

6268-45/BYAJC 45 20

PROMs 6268-45/BUAJC 45 20

(0 to 75°C) 8K x8 6164-55/BXAJC 55 28

A - 6164-55/BUAJC 55 32

Organization Part Number ‘;";:s:‘ )'(')"e Pins 6164-70/BXAJC 70 28

a 6164-70/BUAJC 70 32

328 MCM10139 0 16 16K x4 6283-35/BXAJC 35 2

256 % 4 MCM10149-10 10 16 6283.35/BUAJC = P
256 x 4 MCM10149-25 25 16

6288-45/BXAJC 45 2

6288-45/BUAJC 45 2

64K x 1 6287-35/BXAJC 35 2

6287-35/BUAJC 35 2

6287-45/BXAJC 45 2

6287-45/BUAJC 45 2

MOTOROLA MEMORY DATA
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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 o Competition Motorola o
Part Organization Part Organization
Part Number Part Number
Number Number
AM90C255 MCM6256B 256K x 1 TC511000 MCM511000 MMx1
AM90C256 MCM6256B 256K x 1 TC511001 MCM511001 MMx1
AMS0C257 MCM6257B 256K x 1 TC511002 MCM511002 MMx1
HM50464 MCM41464 64K x 4 TMM41256 MCM6256B 256K x 1
HM511000 MCM511000 MM x1 TMM41464 MCM41464 64K x 4
HM511001 MCM511001 MMx1 TMS4256 MCM6256B 256K x 1
HM511002 MCM511002 MMx1 TMS4257 MCM6257B 256K x 1
HM51256 MCM6256B 256K x 1 TMS4C1024 MCM511000 MMx1
HM51256L MCM6256B 256K x 1 TMS4C1025 MCM511001 MMx1
HY51C100 MCM511000 TMx1 TMS4C1027 MCM511002 MMx1
HY51C256 MCM6256B 256K x 1 TMS44C256 MCM514256 256K x 4
HY51C464 MCM41464 64K x 4 TMS44C257 MCM514258 256K x 4
HY51256L MCM6256B 256K x 1 TMS4464 MCM41464 64K x 4
HY51464 MCM41464 64K x 4 uPD41256 MCM6256B 256K x 1
KM41256 MCM6256B 256K x 1 uPD41257 MCM6257B 256K x 1
KM41257 MCM6257B 256K x 1 uPD41464 MCM41464 64K x 4
LH21256 MCM6256B 256K x 1 «PD421000 MCM511000 MMx1
LH21257 MCM6257B 256K x 1 1PD421001 MCM511001 MMx1
LH2464 MCM41464 64K x 4 uPD421002 MCM511002 MMx1
LH2465 MCM41464 64K x 4
LH64256 MCM514256 256K x 4
LH65257 MCM514258 256K x 4 H
MA1256N MOM62568 256K x 1 MOS Static RAM Cross Reference
M41256P MCM6256B 256K x 1 Part Motorola Organization
M441024K | MCMS514258 256K x 4 Number Part Number 9
M441024P MCM514256 256K x 4 Am2168 MCM1423/6168/6268/IMS1423 4K x4
M5M4C1000 MCM511000 MMx1 Am2169 MCM6269 4K x4
M5M4C1001 MCM511001 MMx1 Am91L14 MCM2114/21L14 1K x4
M5M4C1002 MCM511002 MMx1 Am91L24 MCM2114/21L14 1Kx4
M5M44C256 MCM514256 256K x 4 Am9114 MCM2114/21L14 1Kx4
M5M44C258 MCM514258 256K x 4 Am9124 MCM2114/21L14 1K x4
M5M4464 MCMA41464 64K x4 Am9128 MCM2016H 2K x8
MB81256 MCM6256B 256K x 1 Am99C164 MCM6288 16K x4
MB81257 MCM6257B 256K x 1 Am99C165 MCM6290 16K x4
MB81464 MCM41464 64K x4 Am99C641 MCM6287 64K x 1
MN41256 MCM6256B 256K x 1 Am99C68 MCM1423/6168/6268/1MS1423 4K x4
MSM41000 MCM511000 TMx1 Am99C88 MCM6164/61L64 8K x8
MSM41001 MCM511001 TMx1 Am99C88 MCM6064/60L64 8K x8
MSM41004 MCM514256 256K x 4 Am99C88L MCM6164/61L64 8K x8
MSM41005 MCM514258 256K x 4 Am99L68 MCM1423/6168/6268/1IMS1423 4K x4
MSM41256 MCM6256B 256K x 1 CDM62256 MCM60256/60L256 32K x8
MSM41257A | MCM6257B 256K x 1 CDM6264 MCM6164/61L64/6064/60L64 8K x8
MSM41464 MCM41464 64K x4 CXK5464 MCM6288 16K x4
MT1256 MCM6256B 256K x 1 CXK5814 MCM2016H 2Kx8
MT4064 MCM41464 64K x 4 CXK5864 MCM6164/61L64 8K x8
¥ Continued
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CROSS REFERENCE

MOS SRAMs (Continued)

Part Motorola Organization Part Motorola Organization
Number Part Number gant Number Part Number 9
CY7C128 MCM2016H 2K x8 IMS1421 MCM6269 4K x4
CY7C164 MCM6288 16K x4 IMS1423 MCM1423/6168/6268/IMS1423 4K x4
CY7C166 MCM6290 16K x4 IMS1600 MCM6287 64K x 1
CY7C168 MCM1423/6168/6268/IMS1423 4K x4 IMS1601 MCM6287 64K x 1
CY7C169 MCM6269 4K x4 IMS1620 MCM6288 16K x 4
CY7C185 MCM6164/61L64 8K x8 IMS1624 MCM6290 16K x4
CYC7186 MCM6164/61L64 8K x8 IMS1630 MCM6164/61L64 8K x8
CY7C187 MCM6287 64K x 1 KM6264 MCM6064 8K x8
F1600 MCM6287 64K x 1 LH5114 MCM2114/21L14 1K x4
F1620/F1621 | MCM6288 16K x4 M2114 MCM2114/21L14 1K x4
F1622 MCM6290 16K x4 M2114L MCM2114/21L14 1K x4
GM76C88 MCM6064/60L.64 8K x8 MB81C68 MCM1423/6168/6268/IMS1423 4K x4
HM4334 MCM2114/21L14 1K x4 MB81C68A MCM6268 4K x4
HM4334L MCM2114/21L14 1K x4 MB81C68W MCM1423/6168/6268/IMS1423 4K x4
HM472114 MCM2114/21L14 1K x4 MB81C69A MCM6269 4K x4
HM472114A | MCM2114/21L14 1K x4 MB81C71 MCM6287 64K x 1
HM6168H MCM1423/6168/6268/IMS1423 4K x4 MB81C74 MCM6288 16K x4
HM6168HL MCM1423/6168/6268/IMS1423 4K x4 MB81C78 MCM6164/61L64 8K x8
HM62256 MCM60256/60L256 32K x 8 MB8114 MCM2114/21L14 1K x4
HM6264 MCM6164/611.64/6064 8K x8 MB8128 MCM2016H 2K x8
HM6264L MCM6164/61L64/60L64 8K x8 MB8168 MCM1423/6168/6268/1IMS1423 4K x4
HM6268 MCM1423/6168/6268/IMS1423 4K x 4 MB8171 MCM6287 64K x 1
HM6268L MCM1423/6168/6268/IMS1423 4K x4 MB8416A MCM2016H 2K x8
HM6287 MCM6287 64K x 1 MB8416A-L MCM2016H 2K x8
HM6287L MCM6287 64K x 1 MB8417A MCM2016H 2K x 8
HM-6514 MCM2114/21L14 1K x4 MB8417A-L MCM2016H 2K x8
HM-6516 MCM2016H 2K x8 MB8418A MCM2016H 2K x8
HM-65162 MCM2016H 2K x 8 MB8418A-L MCM2016H 2K x 8
HM-65172 MCM2016H 2K x8 MB84256 MCM60256 32K x 8
HM65681 MCM1423/6168/6268/IMS1423 4K x4 MB8464 MCM6164/61L64/6064/60L64 8K x8
HM65768 MCM1423/6168/6268/1IMS1423 4K x 4 MB8464-L MCM6164/61L64/60L64 8K x8
HM6788 MCM6288 16K x 4 MK41H68 MCM1423/6168/6268/IMS1423 4K x4
HM8832 MCM60256 32K x8 MK41H69 MCM6269 4K x4
HY2116 MCM2016H 2K x8 MK4802 MCM2016H 2K x8
HY61C16 MCM2016H 2K x8 MM2114 MCM2114/21L14 1K x4
HY61C68 MCM1423/6168/6268/IMS1423 4K x4 MM2114L MCM2114/21L14 1K x4
HY61C68L MCM1423/6168/6268/IMS1423 4K x4 MSM2114L MCM2114/21L14 1K x4
HY6116 MCM2016H 2Kx8 MSM2128 MCM2016H 2K %8
HY62C64 MCM6164/61L64 8K x8 MSM5114 MCM2114/21L14 1K x4
HY62C87 MCM6287 64K x 1 MSM5115 MCM2114/211.14 1K x4
HY62C88 MCM6288 16K x4 MSM5128 MCM2016H 2K x8
IDT6116L MCM2016H 2K x8 MSM5165 MCM6164/61L64/6064/60L64 8K x8
IDT6116S MCM2016H 2K x8 MSM5165L MCM6164/61L64/6064/60L64 8K x8
IDT6168L MCM1423/6168/IMS1423 4K x4 MWS5114 MCM2114/21L14 1K x4
IDT6168LA MCM6268 4K x 4 M5M2168 MCM1423/6168/6268/1MS1423 4K x 4
IDT6168S MCM1423/6168/IMS1423 4K x4 M5M5116 MCM2016H 2K x8
IDT6168SA MCM6268 4K x4 M5M5117 MCM2016H 2K x8
IDT71256L MCM60L256 32K x 8 M5M5118 MCM2016H 2K x8
IDT71256S MCM60256 32K x 8 M5M5165 MCM6164/61L64 8K x8
IDT7164L MCM61L64/60L64 8K x8 M5M5165-L MCM6164/61L.64 8K x8
IDT7164S MCM6164/6064 8K x8 M5M5187 MCMmé6287 64K x 1
IDT7187L MCM6287 64K x 1 M5M5188 MCM6288 16K x 4
IDT7187S MCM6287 64K x 1 M58981 MCM2114/21L14 1K x4
IDT7188L MCM6288 16K x4 NMC2114A MCM2114/21L14 1K x4
IDT7188S MCM6288 16K x 4 NMC2114AP | MCM2114/21L14 1K x4
IDT7198L MCM6290 16K x4 NMC2116 MCM2016H 2K x8
IDT7198S MCM6290 16K x4 NMC6164 MCM6164/61L64 8K x8
IDT8M864L MCM60L64 8K x8 NMC6164L MCM6164/61L64 8K x8
IMS1420 MCM1423/6168/6268/1MS1423 4K x4 NMC6504 MCM6147A/61L47A 4K x 1
IMS1420L MCM1423/6168/6268/1MS1423 4K x4 P4C187 MCM6287 64K x 1

|
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MOS SRAMs (Continued)

CROSS REFERENCE

MOTOROLA MEMORY DATA

1-7

Part Motorola Organization Part Motorola Organization

Number Part Number Number Part Number
P4C188 MCM6288 16K x 4 TC5565 MCM6164/61L64/6064/60L64 8K x8
PS6168 MCM1423/6168/6268/IMS1423 4K x 4 TC5565-L MCM6164/61L64/6064/60L64 8K x8
SCM21C14 MCM2114/21L14 1Kx4 TMM2015A MCM2016H 2K x8
SCM21C16 MCM2016H 2K x8 TMM2016 MCM2016H 2K %8
SCM2114AL | MCM2114/21L14 1K x4 TMM2016A MCM2016H 2Kx8
SCM6116 MCM2016H 2K %8 TMM2018 MCM2016H/2018 2K x8
SCM6116L MCM2016H 2K x8 TMM2019 MCM2016H/2018 2Kx8
SMJ5517 MCM2016H 2K x8 TMM2063 MCM6164/61L64/6064/60L64 8K x8
SRM2016 MCM2016H 2K x 8 TMM2064 MCM6164/61L64/6064/60L64 8K x8
SRM20256 MCM60256 32K x8 TMM2068 MCM1423/6168/6268/IMS1423 4K x4
SRM2064 MCM6164/61L.64/6064/60L64 8K x8 TMM2114A MCM2114/21L14 1K x4
SRM2114 MCM2114/21L14 1K x4 TMM314A MCM2114/21L14 1K x4
SRM2261 MCM6287 64K x 1 TMM314A-L | MCM2114/21L14 1K x4
SRM2264 MCM6164/61L64/6064/60L64 8Kx8 TMS2114 MCM2114/21L14 1K x4
SRM2268 MCM1423/6168/6268/1MS1423 4K x4 TMS2114L MCM2114/21L14 1K x4
SRM2274 MCM6288 16K x 4 TMS4016 MCM2016H 2K x8
SRM2275H MCM6230 16K x 4 um2128 MCM2016H 2K x8
SRM6514 MCM2114/21L14 1K x4 UM2129 MCM2016H 2K x8
SR16K4 MCM1423/6168/6268/1MS1423 4K x4 uM6104 MCM2114/21L14 1K x4
SR64E4 MCM6230 16K x 4 UM6116 MCM2016H 2K x 8
SR64K1 MCM6287 64K x 1 UM6168 MCM1423/6168/6268/IMS1423 4K x4
SR64K4 MCM6288 16K x4 1PD4016 MCM2016H 2K x8
SR64K8 MCM6164/61L64 8K x8 nPD4168 MCM6064 8K x8
STC2168 MCM1423/6168/6268/1MS1423 4K x4 ©PD42832 MCM60256 32K x 8
STC2168L MCM1423/6168/6268/IMS1423 4K x4 uPD4314 MCM1423/6168/6268/IMS1423 4K x4
STC2168M MCM1423/6168/6268/IMS1423 4K x4 nPD43256 MCM60256 32K x 8
STC6264 MCM6064/60L64 8K x8 pPD43257-L MCM60L256 32K x8
S6514 MCM2114/21L14 1K x4 1PD4361 MCM6287 64K x 1
S6516 MCM2016H 2K x8 nPD4362 MCM6288 16K x4
TC5513A MCM2114/21L14 1K x4 uPD4364 MCM6164/61L64 8K x8
TC5513A-L MCM2114/21L14 1Kx4 nPD4364L MCM6164/61L64/6064/60L64 8K x8
TC5514 MCM2114/21L14 1K x4 nPD446 MCM2016H 2K x8
TC5514A MCM2114/21L14 1K x4 uPD4464 MCM6164/611.64/6064/60L64 8K x8
TC5514A-L MCM2114/21L14 1K x4 pPD449 MCM2016H 2K x8
TC5517B MCM2016H 2K x8 VT20C68 MCM1423/6168/6268/IMS1423 4K x4
TC5517B-L MCM2016H 2K x8 VT20C69 MCM6269 4K x4
TC5518C MCM2016H 2K %8 VT64KS4 MCM6288 16K x4
TC5518C-L MCM2016H 2Kx8 VT65KS4 MCM6230 16K x4
TC55257 MCM60256 32K <8 2114A MCM2114/21L14 1K x4
TC55257L MCM60L256 32K x8 2114AL MCM2114/21L14 1K x4
TC55416 MCM6288 16K x 4 51C68 MCM1423/6168/6268/IMS1423 4K x4
TC5561 MCM6287 64K x 1 51C69 MCM6269 4K x4
TC5562 MCM6287 64K x 1 8808CL MCM60L64 8K x8
TC5564 MCM6164/61L64/6064/60L64 8K x8 8832C MCM60256 32K x 8
TC5564-L MCM6164/61L64/6064/60L64 8K x8




O P e S !
MOTOROLA MEMORY DATA

1-8



MCM62568
MCM62578
MCM41464A
MCM511000
MCM511001
MCM511002
MCMb514256
MCM514258

MOS Dynamic RAMs

256K x 1, 100/120/150 ns, Page Mode ....................... 2-3
256K x 1, 100/120/150 ns, Nibble Mode ............. ...t 2-15
64K x4, 100/120/150 ns, Page Mode ...................c.... 2-27
1M x 1, 85/100/120 ns, Page Mode .......... Ceereratnnnnonan 2-39
1M x 1, 86/100/120 ns, Nibble Mode ........................ 2-53
1M x 1, 86/100/120 ns, Static Column ..................c..... 2-67
256K x 4, 85/100/120 ns, Fast Page Mode .................... 2-81
256K x 4, 85/100/120 ns, Static Column ..................... 2-95
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MOS Dynamic RAMs
(+5V, 0 to 70°C)

Organization Part Number Access Time Pins
(ns max)

64K x4 MCM41464AP10 (P) 100 18
MCM41464AP12 (P) 120 18
MCM41464AP15 (P) 150 18

256K x 1 MCM6256BP10  (P) 100 16
MCM6256BP12 (P 120 16
MCM62568P15 (P 150 16
MCM62578P10 (N 100 16
MCM62578P12  (N) 120 16
MCM62578P15  (N) 150 16

256K x 4 MCM514256P85  (P) 85 20
MCM514256P10  (P) 100 20
MCM514256P12  (P) 120 20
MCM514256J85  (P) 85 20/26
MCM514256J10 (P 100 20/26
MCM514256J12  (P) 120 20/26
MCM514258P85  (S) 85 20
MCM514258P10 (S) 100 20
MCM514258P12  (S) 120 20
MCM514258J85  (S) 85 20/26
MCM514258J10 (S) 100 20/26
MCM6514258J12  (S) 120 20/26

Mx1 MCMs511000P85 (P 85 18
MCM511000P10 (P 100 18
MCM511000P12  (P) 120 18
MCM511000J85 (P 85 20/26
MCM511000J10 (P 100 20/26
MCM511000J12  (P) 120 20/26
MCM511001P85  (N) 85 18
MCM511001P10  (N) 100 18
MCM511001P12 (N 120 18
MCM511001J85 (N 85 20/26
MCM511001J10 (N 100 20/26
MCM511001J12 (N 120 20/26
MCM511002P85  (S) 85 18
MCM511002P10  (S) 100 18
MCM511002P12  (S) 120 18
MCM511002J85 (S) 85 20/26
MCM511002J10 (S) 100 20/26
MCM511002J12  (S) 120 20/26

(P) Page Mode

(N) Nibble Mode
(S) Static Column
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information
- -
256K-Bit Dynamic RAM
The MCM62568B 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 I
R - N . P PACKAGE |
low cost and improved reliability. All inputs and outputs are fully TTL compatible. PLASTIC ‘
By multiplexing row and column address inputs, the MCM6256B requires only nine CASE 648
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 MCM6256B features ‘“page mode’’ which allows random column accesses of the PIN ASSIGNMENT
512 bits within the selected row.
® Organized as 262,144 Words of 1 Bit Asfj1 @ 16 {IVss
® Single +5 Volt Operation (+ 10%) ol 2 15 [1TAS
® Maximum Access Time: MCM6256B-10 = 100 ns wila 140
MCM6256B-12 = 120 ns v
MCM6256B-15 = 150 ns RASE 4 13 {146
® Low Power Dissipation: MCM6256B-10 =440 mW Maximum (Active) aoll s 12 FIA:!
MCM6256B-12 =396 mW Maximum (Active) a2l 1 0 as
MCM6256B-15 = 358 mW Maximum (Active) g
28 mW Maximum (Standby) iy 10 1A
® Three-State Data Output vecll 8 9 tIA7
® Early-Write Common |/0O Capability
® 256 Cycle, 4 ms Refresh
® RAS-Only Refresh Mode
® CAS Before RAS Refresh PIN NAMES
® Hidden Refresh AO-A8 . .......... Address Input
® Page Mode Capability Do Data In
Q... Data Out
LOCK DIAGRAM W... ..o o Read/Write input
BLOCK DIAG RAS . ....... Row Address Strobe
w lae———— CAS ...... Column Address Strobe
DATA IN
L BUFFER VCC + v Power (+5V)
Ves . .o Ground
TS | NO. 2 CLOCK DATA OUT » 0
GENERATOR :_ BUFFER
T — ] oo
A?___, BUFFERS (3) >]  DECODER
A2—m S
73— T (PP 1024
A4 | CONTROLLER/ ﬁ
- [ _counter @) sovse e |
AG— 1/0 GATING
AT—> ROW ADDRESS r
Ag—— BUFFERS (9) 18 | S - Vec
= E 1024 v
¥ £8 +—Vgg
= 8 fr—>
- NO.1clock [ | i MEMORY
E— 258
AAs GENERATOR - H ARRAY

This document contains information on a new product. Specifications and information herein are subject to change without notice. |
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‘MCM6256B

ABSOLUTE MAXIMUM RATINGvS (See Note)

N . This device contains circuitry to protect the

Rating - Symbol Value Unit inputs against damage due to high static

Power Supply Voltage Vce ~1to +7 \" voltages or electric fields; however, it is ad-

Vol Jati v N y 1to +7 v vised that normal precautions be taken to

oltage Relative to Vs for Any Pin Except Vee | Vin: Vout 0 avoid application of any voltage higher than

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

Power Dissipation Pp 1 W ance circuit.

Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg —-55t0 +150 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 \" 1
Vss 0 0 0 \ 1
Logic 1 Voltage, All Inputs ViH 2.4 — 6.5 v 1
Logic 0 Voltage, All Inputs ViL -1.0 - 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM6256B-10, tgc = 190 ns — 80
MCM6266B-12, trc =220 ns — 72
MCM6256B-15, trc =260 ns - 65
V¢ Power Supply Current (Standby) (RAS = CAS =V|y) Icc2 — 5.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V) Icc3 mA 2
MCM6256B-10, tgc = 190 ns - 70
MCM6256B-12, trc =220 ns - 62
MCM6256B-15, trc =260 ns — 55
Vcc Power Supply Current During Page Mode Cycle (RAS =V ) Icca mA 2
MCM#6256B-10, tpc =100 ns - 60
MCM6256B-12, tpc =120 ns - 55
MCM6256B-15, tpc =145 ns — 50
Ve Power Supply Current During CAS Before RAS Refresh lces mA 2
MCM6256B-10, trc =190 ns — 70
MCM6256B-12, trc =220 ns - 62
MCM6256B-15, tgrc =260 ns — 55
Input Leakage Current (Vgg<Vjp,<Vcc) likg(1) -10 10 pA
Output Leakage Current (CAS at Logic 1, Vgg <Vout<Vce) likg(0) -10 10 A
Output Logic 1 Voltage (Igyt= —5 mA) VOH 24 — Vv
Output Logic 0 Voltage (lot=4.2 mA) VoL - 0.4 \'
CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Typ Max Unit Notes
Input Capacitance AO-A8, D Cin — 5 pF 3
RAS, CAS, W — 7 pF 3
Output Capacitance (CAS = V| to Disable Qutput) Q Cout — 7 pF 3

NOTES:
1. All voltages referenced to Vgs.

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

L __________________________________ |
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MCM6256B

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

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

Symbol MCM6256B-10 | MCM6256B-12 | MCM6256B-15
Parameter Unit | Notes
Standard | Alternate | Min | Max | Min Max | Min Max
Random Read or Write Cycle Time tRELREL tRC 190 — 220 - 260 - ns | 45
Read-Write Cycle Time tRELREL tRWC 200 — 240 — 265 — ns 4,5
Read-Modify-Write Cycle Time tRELREL | tRMW 220 — 260 — 310 — ns 4,5
Access Time from RAS tRELQV | RAC — 100 - 120 — 150 | ns | 6,7
Access Time from CAS tCELQV tCAC - 50 — 60 - 75 ns | 7,8
Output Buffer and Turn-Off Delay 1CEHQZ tOFF 5 25 5 30 5 35 ns 9
RAS Precharge Time tREHREL tRP 80 — 90 — 100 - ns —
RAS Pulse Width tRELREH tRAS 100 | 10,000 | 120 | 10,000 | 150 | 10,000 | ns —
CAS Pulse Width tCELCEH tCAS 50 10,000 60 10,000 75 10,000 | ns —
RAS to CAS Delay Time tRELCEL | tRCD 25 50 25 60 25 75 ns 10
Row Address Setup Time tAVREL tASR 0 — 0 — 0 - ns -
Row Address Hold Time tRELAX tRAH 15 - 15 - 15 — ns —
Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns —
Column Address Hold Time " | tCELAX tCAH 20 - 25 - 30 - ns -
Column Address Hold Time Referenced to RAS | tRE| AX tAR 70 — 85 — 105 — ns —
Transition Time (Rise and Fall) tT T 3 50 3 50 3 50 ns —
Read Command Setup Time YWHCEL tRCS 0 — 0 — 0 — ns —
Read Command Hold Time Referenced to CAS | tCEHWX tRCH 0 — 0 — 0 — ns 1
Read Command Hold Time Referenced to RAS | tREHWX tRRH 10 — 15 — 20 — ns 1"
Write Command Hold Time tCELWH tWCH 20 - 25 — 30 — ns —
Write Command Hold Time Referenced to RAS | tReLWH tWCR 70 — 85 - 105 — ns —
Write Command Pulse Width WLWH twp 20 — 25 — 30 — ns —
Write Command to RAS Lead Time WLREH | tRWL 25 - 35 — 45 - ns -
Write Command to CAS Lead Time tWLCEH tCWL 25 — 35 — 45 — ns -
Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns 12
Data in Hold Time tCELDX tDH 20 - 25 - 30 — ns 12
Data in Hold Time Referenced to RAS tRELDX tDHR 70 - 85 — 105 — ns —
CAS to RAS Precharge Time tCEHREL tCRP 10 — 10 — 10 — ns —
RAS Hold Time tCELREH tRSH 50 - 60 — 75 - ns —
Refresh Period tRVRV tRFSH — 4 — 4 — 4 ms —
(continued)

NOTES:

1. Vi min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V|y and Vj .
2. An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
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|4 and V|_ (or between V)_and V) in a monotonic manner.
4. The specifications for tgc (min) and trpmyy (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
5. AC measurements tT=5.0 ns.
6. Assumes that trcp <trcp (max).
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VOoH=2.0V and Vg =0.8 V.
8. Assumes that tRcp =tRcD (max).
9. torf (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 tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAC.-
11. Either tgrH 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.

L ________________________________________________________________| ;
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MCM6256B

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

Symbol MCM6256B-10 | 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 B 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 -
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 | tRgLCEL tCcSR 10 - 10 — 10 — ns —
CAS Precharge to CAS Active Time tREHCEL | tRPC 0 - 0 — 0 — ns —
CAS Precharge Time for CAS Before RAS tCEMCEL | tCPT 40 - 50 - 60 - ns -

Counter Test
NOTES:

13. twcs. tcwD. and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if
twcs =twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tcywp=tcwp (min) and tgwp =trwp (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

1RC
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—_— e t\Rg ————————— >
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< 1, —_—
— V- CAS
ws \ }
L Z
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Vig —
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w 'm I-
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[e——— tcAC ———— >
< tRAC > > |t

Vo - 7 VALID
Q (DATA OUT) HIGH Z
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WRITE CYCLE TIMING

- . >
v [T thns = ¢ > )
RAS H= S(— tAR —
VL= - \__
- tRGH ————— tRp ——
- ([‘SH >
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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PAGE MODE READ CYCLE
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ms T N >
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ViH- ROW coL ~"coL V coL
ADDRESSES  _ ADD ADD ADD | ADD
|
1CAC > tCAC tcAC —>
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PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE
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HIDDEN REFRESH CYCLE (READ)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator 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 (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 “tRcp.’”’ which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up 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 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 A8 (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| to the V| level.
The CAS clock must also make a transition from V|H to the
V)L level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the trcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRac). If the tRcp maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
-specification has been met and defines the trcp minimum
specification. The time difference between trcp minimum and
tRrCD 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 (tpag) period for the RAS clock and the

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

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

WRITE CYCLE

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

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 tywcs minimum time. Thus the parameters tc\w 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 +2tT].

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| 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, tcywp plays an important
role. A read-while-write cycle starts as a normal read cycle
with the write (W) clock being asserted at minimum tcwpD
time, depending upon the application. This results in starting
a write operation to the selected cell even before data out

MOTOROLA MEMORY DATA
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occurs. The minimum specification on tcwp 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, (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

MEMORY CYCLE

REFRESH CYCLE

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

CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). This activates the internal refresh counter
which generates the 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 s held active (hidden refresh).

Hidden Refresh

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

CAS BEFORE RAS REFRESH COUNTER TEST

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 ““0’’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.
Read the ““1”’s (use a normal read mode) written in step
2.

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.

Read the “0’’s (use a normal read mode) written in step
4.

Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

|

o
>|
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TN\

[
>
7

) VA WA WA

o

0 — HiGH Z —(

VALID DATA-QUT

~1

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

MCM 6256B X XX

Motorola Memory Prefix —:|7 L Speed (10=100ns, 12=120ns, 15= 150 ns)

Part Number Package (P = Plastic)

Full Part Numbers —MCM6256BP 10
MCM6256BP12
MCM6256BP15
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MOTOROLA
TECHNICAL DATA

Advance Information

256K x 1 Nibble Mode Dynamic
RAM

The MCM62578B 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-10 =100 ns

MCM6257B-12=120 ns
MCM®6257B-15= 150 ns
® Low Power Dissipation: MCM6257B-10 =440 mW Maximum (Active)
MCM6257B-12 =396 mW Maximum (Active)
MCM6257B-15 = 3568 mW Maximum (Active)
28 mW Maximum (Standby)
Three-State Data Output
Early-Write Common 1/0 Capability
256 Cycle, 4 ms Refresh
CAS Before RAS and RAS-Only Refresh Modes
Hidden Refresh
Fast Nibble Mode Access and Cycle Time (MCM6257B-10) =25 ns Access Time
50 ns Cycle Time

BLOCK DIAGRAM

w Y DATA IN 0
BUFFER
_ NO. 2 CLock l DATA OUT >0
CAS GENERATOR  fest— BUFFER
¥ 11 Y
—N :g;::;‘s"s T COLUMN NIBBLE

A N

All]_—: — s > DECODER SELECTOR

A2—> T

Rees 1 [ | s

A3— 8| CONTROLLER/ 1024 CA8

Ad—p CA9

A5—> [\Lcowrer & SENSE AMP
. A6 : 110 GATING

A7 ROW ADDRESS

as—i L N surrers @) M . S b Ve

y/ z 3 1024 ¢ Vss
1 28
| =8
NO. 1 CLOCK 1oeg|  MEMORY
] || 256

RAS GENERATOR . ) ARRAY

EE SEMICONDUCTOR

MCM6257B

P PACKAGE
PLASTIC
CASE 648

PIN ASSIGNMENT

Asfj1 e 16 [lvgs
ofl2 15 [ITAS
[l 14 [l
s 4 13 [1A6
aofls 12 [1a3
a2l 6 11 [1as
milz 10 fIas
vec ] 8 s fla7
PIN NAMES
AO-A8 ........... Address Input
D.... Data In
Q.. . Data Out
W... ... ... Read/Write Input
RAS . ....... Row Address Strobe
CAS ...... Column Address Strobe
VCC + v v vve i e s Power (+5 V)
VS « i Ground

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCMé6257B

ABSOLUTE MAXIMUM RATINGS (See Note)

N . This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Power Supply Voltage Vee -1to +7 \Y voltages or electric fields; however, it is ad-

Voltage Relati " ) _ vised that normal precautions be taken to

oltage Relative to Vs for Any Pin Except Vee | Vin Vout 1t +7 v avoid application of any voltage higher than

Data Qut Current lout 50 mA maximum rated voltages to this high-imped-

Power Dissipation Pp 1 w ance circuit.

Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tqu —-55t0 +150 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 \% 1
Vssg 0 0 0 \ 1
Input High Voltage, All Inputs VIH 2.4 — 6.5 \% 1
Input Low Voltage, All Inputs ViL -1.0 — 0.8 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM6257B-10, tgc =190 ns - 80
MCM6257B-12, trc =220 ns — 72
MCM6257B-15, tgc =260 ns — 65
Ve Power Supply Current (Standby) (RAS = CAS =V|y) Icc2 — 5.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS = V) Icc3 mA 2
MCM62578B-10, trc =190 ns - 70
MCM6257B-12, trc =220 ns - 62
MCM6257B-15, tgc =260 ns — 55
Ve Power Supply Current During Nibble Mode Cycle (RAS = V() Icca mA 2
MCM6257B-10, tnyc =50 ns - 50
MCM6257B-12, tyc =60 ns - 45
MCM62578B-15, tye =70 ns — 40
Ve Power Supply Current During CAS Before RAS Refresh Iccs mA 2
MCM6257B-10, tgc =190 ns - 70
MCM62578B-12, tgc =220 ns - 62
MCMB6257B-15, tgc =260 ns — 55
Input Leakage Current (Vgg <Vin<Vcc) likg(l) -10 10 A
Output Leakage Current (CAS at Logic 1, Vgg<Vout<Vce) likg(0) -10 10 A
Output High Voltage (loH = —5 mA) VOH 2.4 — \%
Output Low Voltage (g =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, Tp =25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Typ Max Unit Notes
Input Capacitance A0-A8, D Cin — 5 pF 3
RAS, CAS, W - 7 pF 3
Output Capacitance (CAS = V| to Disable Output) Q Cout — 7 pF 3

NOTES:
1. All voitages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV.

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

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

Symbol MCM6257B-10 | MCM6257B-12 | MCM6267B-15
Parameter Unit | Notes
Standard | Alternate | Min Max Min Max | Min | Max
Random Read or Write Cycle Time tRELREL tRC 190 — 220 - 260 - ns | 45
Read-Write Cycle Time tRELREL | tRWC 200 - 240 — 285 - ns | 45
Read-Modify-Write Cycle Time tRELREL | tRMW 220 - 260 — 310 — ns | 45
Access Time from RAS tReLQV | tRAC — 100 - 120 — 150 | ns | 6,7
Access Time from CAS tCELQV | 'CAC - 50 — 60 — 75 ns | 7,8
Output Buffer and Turn-Off Delay tCEHQZ tOFF 5 25 5 30 5 35 ns 9
RAS Precharge Time tREHREL tRP 80 — 90 — 100 - ns -
RAS Pulse Width tRELREH tRAS 100 10,000 120 10,000 150 10,000 | ns -
CAS Pulse Width tCELCEH | tCAS 50 10,000 60 |10,000( 75 |10,000| ns -
RAS to CAS Delay Time tRELCEL | tRCD 25 50 25 60 25 75 | ns | 10
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns —
Row Address Hold Time tRELAX tRAH 15 — 15 — 15 — ns —
Column Address Setup Time tAVCEL tASC 0 - 0 - 0 = ns —
Column Address Hold Time tCELAX tCAH 20 - 25 - 30 - ns —
Column Address Hold Time Referenced to RAS | tRELAX tAR 70 - 85 - 105 — ns -
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns —
Read Command Setup Time tWHCEL tRCS 0 - 0 - 0 - ns -
Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 — 0 — 0 — ns 1
Read Command Hold Time Referenced to RAS | tREHWX tRRH 10 = 15 — 20 - ns 1
Write Command Hold Time tCELWH WCH 20 — 25 — 30 — ns —
Write Command Hold Time Referenced to RAS | tRE{\WH tWCR 70 — 85 — 105 — ns —
Write Command Pulse Width WLWH WP 20 — 25 — 30 — ns —
Write Command to RAS Lead Time tWLREH | tRWL 25 — 35 — 45 — ns —
Write Command to CAS Lead Time tWLCEH tCWL 25 - 35 - 45 - ns —
Data in Setup Time tDVCEL tDS 0 - 0 - 0 - ns 12
Data in Hold Time tCELDX tDH 20 - 25 - 30 - ns 12
Data in Hold Time Referenced to RAS tRELDX tDHR 70 - 85 - 105 - ns -
CAS to RAS Precharge Time tCEHREL | tCRP 10 - 10 - 10 - ns —
RAS Hold Time tCELREH tRSH 50 — 60 - 75 — ns —
Refresh Period tRVRV tRFSH — 4 — 4 — 4 ms —
(continued)

NOTES:
1. V)4 min and Vj max are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V||
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transmit between V| and V) (or between V| and V|H) in a monotonic manner.
4. The specifications for tgc (min) and tgmyy (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
5. AC measurements tT=>5.0 ns.
6. Assumes that trcp <trcp (max).
7. Measured with a current load equivalent to 2 TTL (—200 xA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vg =0.8 V.
8. Assumes that trcp =trcD (max).
9. tofFF (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 tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
" greater than the specified tRCD (max) limit, then aceess time is controlled exclusively by tCAC.
11. Either tgRrH or tRCH mMust 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 (Continued)

Symbol MCM6257B-10 | MCM6257B-12 | MCM6257B-15
Parameter Unit | Notes
Standard | Alternate | Min Max Min Max Min Max
Write Command Setup Time tWLCEL tWes 0 — 0 — 0 - ns 13
CAS to Write Delay tCELWL tCWD 30 — 40 — 50 — ns 13
RAS to Write Delay tRELWL | 'RWD 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 INC 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 (Read) tCELREH | tNRRSH 20 — 25 — 30 — ns —
Nibble Mode RAS Hold Time (Write) tCELREH | INWRSH | 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, tcwb. and tRwp 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 tcywp=tcwp (min) and tRwp =tgwp (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

< tRC
tRAS
T [ — —\
- Vin S AR ?
ViL— 7
< 1CSH l€——— tgp ——>
— tRCD > RSH > €— tcRp —3
a3 1A ———
— V-
o M- \\ Z }
IL - b,
RAH [e———1CPN
tASR tASC > [ € lcAH
Vig —
ADDRESSES ™ ROW COLUMN
Vi - ADDRESS ADDRESS P

- tRRH
tRCS —»‘ tRCH

—_ V- P
w
lfe————— tcaAc ————
tRAC > [ tOFF
VoH - 7 VALID
Q (DATA OUT) HIGH Z
VoL - DATA

MOTOROLA MEMORY DATA

2-18



MCM6257B

WRITE CYCLE TIMING

« g - — 5
S ViH— ')S(—- tAR —————> Z 8 R
ViL— .- 7
< RSH > |€—— tgp —>
< tCSH >
€——— tRCD <€ ICAS <— 'CRP
— ViH— )ﬂ
e X £/
A [€—————1CPN
tASR f—b1 tASC e < tCAH
Vi - £ Row COLUMN N
ADORESSES ADDRESS ADDRESS  _f

tWes <€ > € tweH ]

Vi -
ViL=

=|

V —_
Q (DATA OUT) v[:]': B HIGH Z
READ-WRITE/READ-MODIFY-WRITE CYCLE
TRWC o7 tRMW >
yy- — I3 ; T tRAS >
RAS - < AR »
Vit \ l \—
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ADDRESSES

Q (DATA OuT)

Ed
[

o
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ADDRESSES

=|

Q (DATA IN)

Q (DATA OUT)

MCM6257B

NIBBLE MODE READ CYCLE
- tRAS > ('RP
- —
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t 1]
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- X0 N2 XX
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NIBBLE MODE WRITE CYCLE (EARLY WRITE)
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NIBBLE MODE READ-WRITE/READY-MODIFY-WRITE CYCLE

- tRAS
S ViH - |- tAR —]
ViL— A Z tRP
l«——tcsH — tNRWC INWRSH
, le—RCD CAS o -~
W=
TAS 1 S
V- RAH A
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RAS-ONLY REFRESH CYCLE
(D, W, and A8 are Don’t Care, CAS is High)

< tRC. L
V- T [ >
RAS Vl: B & A Z \
|— tRp ——
[— tRAH —»]
tASR — ¥ lat—
ViH -
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CAS-BEFORE RAS REFRESH CYCLE
(W, D, and A0-A8 are Don’t Care)
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=) \ 7\
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— lt—— tOFF
Vo — —(

o
!
[z

HIGH Z
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HIDDEN REFRESH CYCLE (READ)

- RC > tRC >
e tRAS ————» |=tRP
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HIDDEN REFRESH CYCLE (WRITE)
le—tR¢ Pttt tRC >
v e tRAs —————— | — tRP
ms N X<——tAR——ﬂ \‘ tRAs—f\_
ViL— J tRP>]
. |— 1RCD —e}et—— tpsH — «— tcHR—>]
V- -
TAS vy - —> 1TA13‘\CSLI E—_ 1cAS >
tRAH
ADDRESSES ‘c:i ROW

owonm '~ OOXKN ORI RIIRRARRK
I-— {DHR ——

MOTOROLA MEMORY DATA

2-22



MCM6257B

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS
V- R
RAS tRSH 4
ViL- RP
1CSR —= 1cpT
TAS i - \ [ 'CHR [e— tcAs ——>Z
ViL -
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ViL - |
tOFF |
READ CYCLE e o
Vo — K.
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WRITE CYCLE
V, _
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MOTOROLA MEMORY DATA

2-23



MCM6257B

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 (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 ““tRcp,’’ which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up 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 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 A8 (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 V| to the Vj|_ level.
The CAS clock must also make a transition from V| to the
V)L level at the specified tgcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the tgcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (trac). If the tRcp maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRaH)
specification has been met and defines the tgcp minimum
specification. The time difference between tgcp minimum and
tRCD maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

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

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

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V|[_level) at or before the CAS clock
goes active at a minimum tyw/cs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write 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 (tcwy ) and
the row strobe to write lead time (tRyyL). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at Vj_ level).

Itis 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 tcyy| 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 +2tT].

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| 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, tcwp 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 tC\wD
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 tc\wp 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

MEMORY CYCLE

REFRESH CYCLE

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

CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). This activates the internal refresh counter
which generates the 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 TAS at V| and taking RAS
high and after a specified precharge period (trp), executing
a CAS before RAS refresh cycle. (See Figure 1.)

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh 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 “‘0"’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. i

5. Read the "“0"’s (use a normal read mode) written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

Q = HIGH Z 4

VALID DATA-OUT

e
-\ /
— Da

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

MCM 6257B X XX

Motorola Memory Prefix ——_!_ ‘-[_i Speed (10=100ns, 12=120ns, 15=150 ns)

Part Number Package (P = Plastic)

Full Part Numbers—MCM6257BP10
MCM6257BP12
MCM6257BP15

]
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MOTOROLA
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 columin address inputs, the MCM41464A requires only eight
address lines and permits packaging in standard 18-pin 300 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

B SEMICOND U CT O R m5m5m5mm

MCM41464A

P PACKAGE
PLASTIC
CASE 707

PIN ASSIGNMENT

256 bits within the selected row. _
® Organized as 65,536 Words of 4 Bits 8o 18 [IVss
® Single +5 Volt Operation (+10%) paof] 2 17 {1oa3
® Maximum Access Time: MCM41464A-10= 100 ns pa1f 3 16 [1CAS
MCM41464A-12=120 ns W
Wi 4 15 [Ipa2
MCM41464A-15=150 ns _E
® Low Power Dissipation: MCM41464A-10 = 440 mW RAS[) 5 14 fla0
MCM41464A-12 =396 mW Maximum (Active) n6l} 6 1311
MCM41464A-15 =368 mW Maximum (Active) asfl 7 1212
28 mW Maximum (Standby) nall s 1 [la3
® Three-State Data Output
® Early-Write Common 1/0 Capability vech o 10 fla7
® 256 Cycle, 4 ms Refresh
® CAS Before RAS Refresh Mode
@ Hidden Refresh
® RAS-Only Refresh Mode PIN NAMES
® Page Mode Capability AO-A7 .. ... ... Address Input
DQO-DQ3 ... .... Data Input/Output
BLOCK DIAGRAM G.'oiiiiie e Output Enable
- D00-Da3 W............ Read/Write Input
W N\ _ DATA IN <17 > RAS . ....... Row Address Strobe
BUFFER TAS ...... Column Address Strobe
VEC + v oo Power (+5 V)
] VES + v v v Ground
— NO. 2 CLOCK . DATA OUT _
CAS ™ GENERATOR [ e i > §
=
—/] g DECODER
AQ ——] BUFFERS (8)
Al —>
A2 —>] REFRESH lgd | = I3:c3 1
fr— 1 | CONTROLLERI [ 2564
M) [ L corer @ I
A5 —— SENSE AMP  |—
A ——> ROW ADDRESS 10 GATING
A7 — N BUFFERS (8) 8. | TA_____ [ Y el %
= 256 x 4
f r s
= & > MEMORY
A——— '2’5'"; n‘i‘f{;’: - 1256 ARRAY
> A~ 256 x 256 x 4
This it ins infe ion 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 Vee -1to +7 \
Voltage Relative to Vgg for Any Pin Except Vcc | Vin, Vout -1t0 +7 \
Data Out Current lout 50 mA
Power Dissipation Pp 600 mwW
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -55t0 +150 | °C

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

periods of time could affect device reliability.

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 \% 1
Vgs 0 0 0 \ 1
Input High Voltage, All Inputs VIH 24 - 6.5 \ 1
Input Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM41464A-10, trc =190 ns — 80
MCMA41464A-12, tRc =220 ns - 72
MCM41464A-15, trc =260 ns — 65
V¢ Power Supply Current (Standby) (RAS = CAS =V|H) Icc2 — 5.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS =V|y) Icc3 mA 2
MCM41464A-10, trc =190 ns - 70
MCM41464A-12, tgc =220 ns — 62
MCM41464A-15, tgc =260 ns - 55
Ve Power Supply Current During Page Mode Cycle (RAS =V, ) Icca mA 2
MCM41464A-10, tpc =100 ns — 70
MCM41464A-12, tpc =120 ns - 55
MCM41464A-15, tpc =145 ns — 50
V¢ Power Supply Current During CAS Before RAS Refresh Iccs mA 2
MCM41464A-10, tgc =190 ns — 70
MCM41464A-12, tc =220 ns - 62
MCM41464A-15, tgc =260 ns — 55
Input Leakage Current (Vgs<Vjn<Vcc) likg(l) -10 10 A
Output Leakage Current (CAS at Logic 1, Vgg <Vout<Vce) likg(0) -10 10 A
Output High Voltage (IpH = —5 mA) VOH 2.4 — \
Output Low Voltage (ig =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A7, D Cin 5 pF 3
RAS, CAS, W 7 pF 3
Output Capacitance (CAS = V| to Disable Output) Q Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgg.

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

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

Symbol MCMA41464A-10 | MCM41464A-12 | MCM41464A-15
Parameter Unit | Notes
Standard | Alternate| Min Max Min Max | Min Max ’
Random Read or Write Cycle Time tRELREL tRC 190 — 220 - 260 - ns | 4,5
Read-Modify-Write Cycle Time tRELREL | tRMW | 260 — 300 — 355 - ns | 4,5
Access Time from RAS tRELQV | tRAC — 100 — 120 - 150 | ns | 6,7
Access Time from CAS tcELQv | tcac - 50 - 60 - 75 ns | 7,8
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 35 0 40 ns 9
RAS Precharge Time tREHREL| tRP 80 — 90 — 100 — ns —
RAS Pulse Width tRELREH | tRAS 100 10,000 | 120 10,000 | 150 10,000 | ns —
CAS Pulse Width tCELCEH | tCAS 50 10,000 | 50 10,000 75 10,000 | ns -
RAS to CAS Delay Time tRELCEL | tRCD 20 50 25 60 25 75 ns | 10
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns —
Row Address Hold Time tRELAX tRAH 10 — 15 - 15 - ns -
Column Address Setup Time tAVCEL tASC 0 — 0 - 0 — ns —
Column Address Hold Time tCELAX tCAH 20 - 25 - 35 - ns -
Column Address Hold Time Referenced to RAS | tRELAX tAR 70 — 85 — 110 — ns —
Transition Time (Rise and Fall) tT T 3 50 3 50 3 50 ns —
Read Command Setup Time tWHCEL | tRCS 0 — 0 — 0 - ns -
Read Command Hold Time tCEHWX | tRCH 0 — 0 — 0 — ns 1
Read Command Hold Time Referenced to RAS | tReHwX | tRRH 10 — 15 — 20 - ns 1
Write Command Hold Time Referenced to CAS | tcELWH | tWCH 30 — 35 — 45 — ns —
Write Command Hold Time Referenced to RAS | tReLwH | tWCR 80 — 95 — 120 - ns —
Write Command Pulse Width tWLWH WP 30 — 35 — 45 — ns —
Write Command to RAS Lead Time tWLREH | tRWL 30 - 35 - 45 - ns | —
Write Command to CAS Lead Time tWLCEH | tcwL 30 = 35 — 45 — ns —
Data in Setup Time tDVCEL tps 0 - 0 — 0 — ns 12
Data in Hold Time tCELDX tDH 30 — 35 — 45 - ns 12
Data in Hold Time Referenced to RAS tRELDX tDHR 80 — 95 - 120 - ns —
CAS to RAS Precharge Time tCEHREL| tCRP 10 — 10 - 10 - ns | —
RAS Hold Time tCELREH| tRSH 50 — 60 — 75 — ns —
Refresh Period tRVRV tRFSH — 4 — 4 — 4 ms —
(continued)

NOTES:

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

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

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

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

5. AC measurements tT=5.0 ns.

6. Assumes that tgcp <trcp (max).

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

VOH=2.0V and Vg =0.8 V.

. Assumes that tgcp =trcp (max).

. 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 tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified 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.

~N
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM41464A-10 | MCM41464A-12 | MCM41464A-15
Parameter Unit | Notes
Standard|Alternate| Min Max | Min Max | Min Max

Wirite Command Setup Time tWLCEL | twcecs 0 — 0 - 0 - ns 13
CAS to Write Delay tCELWL | tcwp | 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| 'CPN 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 — 0 | ns | —
G to Data Delay tGHDX tGD 25 — 30 - 40 - ns | —
Output Buffer Turn-off Delay Time from G tGHQZ tGz 0 25 0 30 0 40 ns —
G Command Hold Time tWLGH | tGH 25 - 30 - 40 - | s | -
RAS Hold Time Referenced to G tGLREH | 'ROH 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 tREMCEL| tRPC 0 - 0 - 0 - ns | —
CAS Precharge Time for CAS Before RAS tCEMCEL| tcPT 20 - 50 - 60 - ns | —
Counter Test

NOTES:

13. twcs. tcwD. and trwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if
twcs =twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tcwp=tcwp (min) and tgwp =tRwp (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

ADDRESSES VM ROW COLUMN
Vi - ADDRESS ADDRESS
j ¢
tRCH
tncs—<—>| -

ViH -
ViL- L E—— m

et tGA >
ViL-

1RC
- tRAS Rp >
[EE—

TS ViH— \4—-—— AR ———D‘ Z

ViL-

tCSH »>
tCRP | ta—— 1RCD - tRSH > t——————— PN —————>]

Vi - ¢ - 1CAS ————

s ViL— / \_
tRAH
1ASR lt‘As_cw tCAH
—»

=|

le——tcAc——» — jt—tOFF
f———————————tRAC > 6z >
VoH -
DQ0-Da3 HIGH Z VALID DATA OUT .
VoL - y
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WRITE CYCLE (EARLY WRITE)

tRC
tRAS >l | tRp———>1
RAS Vin - x‘— tAR ———————
ViL-
< ICSH >
Icw—r—» [———1RCD L RSH | ———— ICPN —————
1CAS ——
m \ /
ViL -
RAH |t—
tASR- tASC f— 1CAH
Vi —
aoDResses M ROW COLUMN
ViL— ADDRESS y ADDRESS
e ———————
twes re-tweH-»
twp.
- - >
[} X XXX X X >< z< N
ViL- .
- tWCR >
RWL
ViL-
[&——— DR
tps —] |<— |~ tpH—
Vin-
DQ0-003 { VALID DATA IN N HIGH Z
-
WRITE CYCLE (G CONTROLLED WRITE)
- tRC >
- tRAS | ft— tgp ———
f&———— tA\R ——————»4
— V- \ Z
RAS
ViL- \__
- tCSH
l«——— tRCD tRSH .
l————— tcpN ————————
tCRP | tEAS ————> CPN
— V-
TAS A
ViL— /
tRAH < —» <«—10AH
tASR— l— | —f tASC '
ViH - ROW COLUMN
ADORESSES ADDRESS ADDRESS X)OO‘ X XXXXX)O(XY\X i

¢ - YXUXAXNCXAXIIN WX XXX
* - XXXKCXXNT [ XXX AKNK

G — Ft— tpH —

owies (e XG0
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READ-MODIFY-WRITE CYCLE

tRMW >
i tRAS thp =>4
tAR ———————»
Viy —
RS v'“ \ \
L=
CSH >
f<——— tRCD > tRSH > .
— <4 IcRP \ tcAS CPN
Vin -
A
ViL-
tRAH—  -— e o
tASR— ——l ASC
aooResses M ROW COLUMN Y
viL - ADDRESS ADDRESS )
! tCWD —————————— ] j—ICWL—]
B tRWD > f—— WL ——>

=|

— typ
Vig -
ViL-

o XK, |/ '

! 6D |- toH -1
lt—tCAC — I tpg
j——————— tRAC——————— > 1GZ pt—

paooas HVOH~ & wm VALID
VithoL - DATA-OUT DATAIN

PAGE MODE READ CYCLE

- tRAS »| |trP
V- ﬁxﬂ——tm——b
s /
if
tCRP tPe———— e— tRsH—~
|~ tRCD ] |<e-tcp <-tcm->|
- tcAs—] le— tCAS — a— ICAS
TAS Yo
T T
- ICSH
'ASC-—I - 1CAH tasc tcAH
v COLUMN COLUMN
ADDRESSES ADDRESS ADDRESS
B |- thcs +— tRCS TP e
w \_% tROH—
— tRCH ’ —> tRRH
1GA ft— 4 la—tGA ] j— G
Vih-
: XXX K%
VIL_ T 1 4 rdd
1 tCAC l--(hton letcaoe— | Fe-toFF tCAC - toFF
e———tRAC—— > gz 6z t6z
VoH —
pa0-003 0 ) ITAAu‘lJJUT E EF VALID “H VALID
VoL - N DATA-OUT DATA-OUT / § DATA-OUT E
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PAGE MODE WRITE CYCLE

tRAS » tRp
Vo [
hias ViL— \ i
17
tCRP - tpc - L
le——tRCD— P ] tcPN
_ Wiy- 1CAS —» — 1CAS — P |e— tCAS —a
o iL _/ & Z
B 4.‘ L tASR
ﬁ tASC | [——1CAH - tCAH
RAH—] TASC 1—- tASC - tCAH
Vin - ROW COLUMN COLUMN ColumN ><
ADDRESSES  _ ADD ADDRESS ADDRESS ADDRESS
- 1CSH > [p——
ICWL —] tCWL— .
1 WCH - tWCH RWL ——]

v twp 41 tWp — <tw:zwm
— YIH— ;2 Sz SZ ; 1
w ViL- m (4 i

L4 |
t — t — t6H

ViL-
l«——DHR I-—t(;n
tos ] »oH s Loy 5w 0K

Vin -~ VAUID x VALD VALID
poooos DATAIN DATA-N | o

RAS ONLY REFRESH CYCLE
(W and G are Don‘t Care)

- tRC >
|e——— tRp———»
tRAS
_—
w o \ / \
iL—
tCRP— RPC —1 [—
— V-
CAS
V-
tRAH |
tASR—— le—

VIH— ROW
ADDRESSES i— ADDRESS
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CAS BEFORE RAS REFRESH CYCLE
(W, G, and A0-A7 are Don’t Care)

- tRC
l—— 1R ———— tRAS l&——— tRp ————
ViH-
WS / ] \
le— tRPC —>] tRPC —— le—
- tCSR C—™
tePN le—— (CHR———— > tCPN—————
Vin—
CAS
ViL- _
— l— tOFF
Vou - )
000-003 N HIGH Z
VoL - . 4

HIDDEN REFRESH CYCLE

RC tRC
| tRAS —————— |a—tRP le————— tRAS ———————»] tRP—>]
H— tAR — >
—
Vin -
RAS
ViL-
€—— tRCD——>t—— tRSH — l€«— tCHR——> | ————— 1PN ———>
4 tCRP
ViH =
e \
ViL—
- 1ASC
[ tCAH
Vin-— COLUMN
ADDRESSES ADDRESS
iL-
}o—k 1RCS — I-—tnnu
ViL—
> f— 1GA
F - X) ZOORQOOOOOUX
ViL-
e tCAC > —> e 10FF
rt———— IRAC ———— [e— 1GZ —
! Vou - ' N
D00-003 VALID DATA-QUT
VoL - \ 4
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- tRAS » 'RP
_ —
T
RAS S
ViL=
'CsR | fa—1cHR —> r—tcw—ﬂ - thsH
1
V- &—  ICAS
TAS /
Vit -
ASC —tCAH—> ‘
Vi — :
ViL = ‘
tRRH
READ CYCLE 'RCS - tRCH
w
ViL-
5
ViL—
»— 1OFF
1G22
Vow—
DQ0-DQ3 HIGH Z VALID DATA-OUT
VoL -
WRITE CYCLE twes e WCH ———>
_ Vim- :
w ) |
ViL—
iL- \
tos »| le——1ton
ViH—
D00-003 HIGH Z VALID DATAIN
ViL- A towL »
e—tRWL —]
tRCS —f [————tewp ——1
READ-WRITE/READ-MODIFY-WRITE CYCLE - twp
_ Vm-
W
viL- ‘
1GA - 16D |
- RRXOOCKKXCKIIGN, |/ ?
ViL- —p 4—1ps ‘
16z -t 1) |
1eAC —L 182> DH
VikVoH - A vatio VALD -\
D00-003 DATA-OUT; DATAIN
ViLtVoL -

R R R
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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 “trcp,’’ Which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up 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
section.

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

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

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

Data out is not latched and is valid as long as the CAS 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 V| level
from the time the CAS clock makes its active transition (trcs!)
to the time when it transitions into the inactive (trcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V))_level) at or before the CAS clock
goes active at a minimum tyyCs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data in are referenced to the active transition of the CAS clock
edge. There are two important parameters with respect to the
write cycle: the column strobe to write lead time (tcw) and
the row strobe to write lead time (tgw| ). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at Vj|_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 tyycs minimum time. Thus the parameters tcyy| 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 +2tT]. _

In a late write or a ready-modify-write cycle, G must be at
the V| 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 V| 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 me (tpc) consists of the CAS clock
active time (tcag), 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 ata V|y level.

MEMORY CYCLE

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 V| and taking RAS high and
after a specified precharge period (tgp), 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/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.
Select any column address and read the ““0"’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 ““0''s (use a normal read mode) written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE o REFRESH CYCLE

= N/ N/ /|

Vo

DQ0-DQ3 —— HIGH Z -—-‘(

VALID DATA-OUT >__

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

MCM 41484A X XX

Motorola Memory Prefix —-j_ L——————- Speed—10=100 ns, 12=120 ns,

15=150 ns

Part Number

Package — P = Plastic

Full Part Numbers—MCM41464AP10
MCM41464AP12
MCM41464AP15

MOTOROLA MEMORY DATA

2-38



MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information

1M x1 CMOS Dynamic RAM

The MCM511000 is a 1.2x CMOS high-speed, dynamic random access memory. [t 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-lead small outline package.

Three-State Data Output
Early-Write Common |/O 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)

BLOCK DIAGRAM
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—
TF f »|  DATA OUT .
>{ CoLumn BUFFER
> aooRess [
A0 :> BUFFERS (10 COLUMN
M —] —l_ | Decoper
| RernesH
A2 CONTROLLER | ] SENSE AMP
A3 — ! 110 GATING
[yp—
REFRESH Y
A5 —— COUNTER (9] 2048
Af —— cee
A7 { ; ; |
A8 — L3t ROW l—>]
ADDRE .
Ay — BUFFERSSl?U) S MEMORY
DECODER | .+ ARRAY
T I >
s #1 CLoCK
GENERATOR | SUBSTRATE BIAS [— Vee

GENERATOR  fe— Vgg

P PACKAGE

MCM511000

CASE 707A
J PACKAGE
SMALL OUTLINE
CASE 822

PIN ASSIGNMENT

DUAL-IN-LINE
Dﬁ ie 18 Ivss
wl2 17fla

RASO 3 16 [ICAS
TF[ 4 15 [1A9
A0l 5 14 [1a8
alls 13[1A7
a2 7 12 {186
a3lls 11 [1A5
veell 9 10 [1A4

SMALL OUTLINE

o1 26 [IVss
w2 2510
RAST 3 24 [ITAS
el 4 23 [Inc
Nl 5 22 [1a9
aofl o 18 [1A8
Al 10 17 a7
a2l 1 16 [1A6
A3l 12 15 [1A5
veell 13 14 [1aa
PIN NAMES
AO-A9 .. ....... .. Address Input
D.... Data Input
Q_ ............... Data Output
W.o ..o Read/Write Enable
Eﬁ§ ........ Row Address Strobe
CAS ... ... Column Address Strobe
VCC « v vvveee e Power (+5 V)
VSS v v v v Ground
TE. ..o 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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MCM511000

ABSOLUTE MAXIMUM RATINGS (See Note)

. . This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Power Supply Voltage Vee -1t0 +7 \ voltages or electric fields; however, it is ad-

Volt: Relative to Vae for Any Pin E tV, Vi, V, “1to +7 v vised that normal precautions be taken to

otage e.atlve 0 VSs Tor Any FIn Fxcept ¥ In-_“out avoid application of any voltage higher than

Test Function Input Voltage Vin(TF) | —1t0 +105| V maximum rated voltages to this high-imped-

Data Out Current lout 50 mA ance circuit. ‘

Power Dissipation Pp 600 mwW
Operating Temperature Range TA Oto +70 | °C
Storage Temperature Range Tg;g -55t0 +150 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vece 45 5.0 5.5 Vv 1
Vgs 0 0 0
Logic High Voltage, All Inputs VIH 2.4 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \Y% 1
Test Function Input High Voltage VIH (TF) | Vcc+4.5 — 10.5 Vv 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM511000-85, trc = 165 ns — 70
MCM511000-10, trc =190 ns - 60
MCM511000-12, tgc =220 ns — 50
V¢ Power Supply Current (Standby) (RAS = CAS =V |y) Icc2 - 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CAS = V) lcc3 mA 2
MCM511000-85, trc =165 ns - 70
MCM511000-10, tgc =190 ns - 60
MCM511000-12, tgc =220 ns — 50
Ve Power Supply Current During Fast Page Mode Cycle (RAS =V|) Icca mA 2
MCM511000-85, tpc =50 ns - 50
MCM511000-10, tpc =55 ns - 40
MCM6511000-12, tpc =70 ns - 30
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—-0.2V) Iccs - 1.0 mA
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM511000-85, trc = 165 ns - 70
MCM511000-10, trc =190 ns - 60
MCM511000-12, tgc =220 ns — 50
Input Leakage Current (Except TF) (0 V<V, <6.5 V) likg(1) -10 10 pA
Input Leakage Current (TF) (0 V<Vjn(TF)=<0.8 V) likg(1) -10 10 A
Output Leakage Current (CAS=V|H, 0 V=V ,;1<5.5 V) likg(0) -10 10 A
Test Function Input Current (Vcc +4.5 V<Vjn(TF)<10.5 V) lin(TF) - 1 mA
Output High Voltage (lgpHy = —5 mA) VOH 2.4 — v
Output Low Voltage (Ig. =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TpA=25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AO-A9, D Cin 5 pF 3
RAS, CAS, W, TF 7 pF 3
Output Capacitance (CAS = V)| to Disable Output) Q Cout 7 pF 3

NOTES: 1. All voltages referenced to 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 =I1At/AV.

e ——————————————————————————
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MCM511000

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

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

Symbol MCM511000-85 | MCM511000-10 | MCM511000-12
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 165 — 190 — 220 — As 6
Read-Write Cycle Time tRELREL | tRWC 190 — 220 — 255 — ns 6
Page Mode Cycle Time tCELCEL tpC 50 — 55 — 70 — ns
Page Mode Read-Write Cycle Time tCELCEL | tPRWC 75 — 85 — 105 - ns
Access Time from RAS tRELQV | tRAC — 85 — 100 — 120 | ns | 7,8
Access Time from CAS tCELQV | CAC — 25 — 25 - 30 | ns |79
Access Time from Column Address tAvQv tAA — 45 — 50 - 60 ns [7,10
Access Time from Precharge CAS tCEHQV tCPA — 45 ~ 50 — 65 ns 7
CAS to Output in Low-Z tCELQX | tcLz 5 - 5 - 5 — |ns| 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 30 0 30 0 35 ns | 1N
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 70 — 80 — 90 — ns
RAS Pulse Width tRELREH| tRAS 85 10,000 [ 100 | 10,000 | 120 | 10,000| ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 85 [100,000{ 100 |100,000{ 120 |100,000| ns
RAS Hold Time tCELREH| tRSH 25 — 25 — 30 — | ns
CAS Hold Time tRELCEH| tCSH 85 - 100 — 120 — | ns
CAS Pulse Width tCELCEH | tCAS 25 10,000 25 |10,000| 30 | 10,000| ns
RAS to CAS Delay Time tRELCEL | tRCD 25 60 25 75 25 9 |[ns| 12
RAS to Column Address Delay Time tRELAV | tRAD 20 40 20 50 20 60 ns | 13
CAS to RAS Precharge Time tCEHREL| tCRP 10 — 10 - 10 — | ns
CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 10 — 10 — 15 - ns
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX | tRAH 15 — 15 — 15 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns
Column Address Hold Time tCELAX | tCAH 20 — 20 — 25 — ns
Column Address Hold Time Referenced to RAS tRELAX tAR 65 — 75 — 90 — ns
Column Address to RAS Lead Time tAVREH | tRAL 45 - 50 — 60 — | ns
(continued)
NOTES:

1. V|4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V(i and V).
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transmit between V| and V| (or between V|_and V|y) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. TF pin must be at V)_ or open if not used.
6. The specifications for tgc (min) and tgwc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C =T <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (-200 xA, +4 mA) loads and 100 pF with the data output trip points set at
VOoH=2.0Vand Vo_=0.8 V.
8. Assumes that tgcp <tpcp (max).
9. Assumes that tgcp =trcD (max).
10. Assumes that tRaApD =tRAD (max).
11. tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
12. Operation within the tgcp (max) limit ensures that tgac (max) can be met. tycp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcaC-
13. Operation within the tgap (max) limit ensures that tgac (max) can be met. tRap (max) is specified as a reference point only; if tRaD is
greater than the specified tgap (max), then access time is controlled exclusively by taA.
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM511000-85 | MCM511000-10 | MCM511000-12
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 Hold Time 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 tWILWH WP 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 tps 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 | 'RFSH — 8 — 8 — 8 ms

Write Command Setup Time tWLCEL | twces 0 — 0 - 0 - ns | 16
CAS to Write Delay tCELWL | tcwDp | 25 - 25 — 30 — | ns| 16
RAS to Write Delay tRELWL | tRwWD | 86 — 100 — 120 — | ns| 16
Column Address to Write Delay Time tAVWL | tAwWD 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. | treqReL | 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 W leading edge in delayed write or read-modify-write
cycles.

16. twcs: tRWD. tCwD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if tyycs=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp =tcwp (min), trwp =trwpD (min), and tawp =tawp (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

[
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ADDRESSES

w

Q (DATA 0UT)

CAS

ADDRESSES

D (DATA IN)

Q (DATA OUT)

MCM511000

READ CYCLE
tRC
1RP ———
Vi - - tRAS
Vi -
- 1CSH > tCPN
t[:RP—ld—— [ —————————— R ———— > &————RSH > tCRP —t
Vin - J \<—lms—>
ViL-
- tAR
|<——1tRAD tRAL >
tASR— — tASC—tt— 1CAH =
Yin = ROW COLUMN
Vi - ADDRESS ADDRESS A
< tRAH 31 | - 'RCH
tRCS -l-»l ————tRRH
ViH=
ViL— )‘— tCAC —
|<————tAA —_—
1012 —t— tOFF —
- tRAC —
VoH - y
HIGH Z — VALID DATA }—-
VoL — h
EARLY WRITE CYCLE
- tRC
tRP ———
Vin- ’\ - tRAS > N
ViL- ]
|&————RCD - tRgH ———— tCPN—]
{CRP — > tCSH tcRP
ViH— \4——tCAS'—*>
ViL- . /
- AR >
tRAD > tRAL
tASR —f H; thst > {CAH
YiH = ROW COLUMN
Vi — ).  ADDRESS A ADDRESS
IL =
tRAH e - toWL |
twes e tyCH——]
ViL- -
<« tAwL |
tWCR >
tps — et lt— tDH —3]
ViH—
VALID DATA
Vit - 1 R
i OHR »
Vou -
HIGH Z
VoL -
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MCM511000

READ-WRITE CYCLE

- tRWC >
- RAS > tRP ———»]
V|H - ——
RAS \
ViL—
| tRg =
————— R —————— [ tRWL—> tCPN
Vit —>1 l— tcRp e————1CAS > CRP |t—
ViL =
- .A tCSH —
-t L an (- ]
[<—tRAD > i tRAL o >
v tASR—>] tASC > tCAH —]
AoORESSES ROW COLUMN
Vi - X _ ADDRESS ADDRESS
RAH - tAwD —>
- tRWD . -
[— towp —3{  ——3—typ
V-
" \
ViL-
tRCS tos
\4— tDH —
ViH—
D (DATA IN) VALID DATA
ViL-
e (CAC 3|
L——U\A —> —tOFF
tRAC
Vou —
Q (DATA OUT) HIGH Z VALID DATA
VoL — p
oLz —

FAST PAGE MODE READ CYCLE

< tRASP »! | tRp
Y- ————
i - ~ 7
:1—— tegH ———— > |t—— tpC |— tRSH —
tRCD Ll 1CAS i CAS cPN
tcm-t—» tcp > tep > - tCAS
Vig -
"t N\ AN
Vi -
l&——— tAR > < RAL
tASC > - tCAH tasc tCAH
ASR—  f— 1S, tCAH |
ViH— 5
ROW COLUMN COLUMN COLUMN
ADD
RESSES V- @( ADDRESS E@g ADDRESS ?@g ADDRESS §®< ADDRESS
tRAH — >
[— tRAD — tRCH—>{ |@— tRCH—» L—b— tRRH
tRCS —»J l—tRCS E F—‘HCS tRCH
ViH -
" XXX N XXX
Vi —
i tcac tCAC —fa—n 1CAC >
F— tAA - tAR — AN >
[« 'RAC > [—ICPA > |[— ICPA »
VoH -
Q (DATA OUT) VALID E VALID VALID
VoL — DATA DATA § DATA >
IOFF——{d—b [ 4 fet— torr
tcLz — tcLz —» teLz —
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

< tRASP > 'RP
e
RAS
vy -
L e— P ———»
[——— tRCD ——— > tcp > tep 4—> e~ 1RSH 3
+{CRP (CAS 1— (CAS e ICASt—> |9— ICPN
_Vm j
oS \\ \\ / \\
Vi -
le—— AR > - tRAL ——>
< RAH ASCo (- (= 1CAH
ASR3  fe— thSC-a |- 1CAH tASC— r<— <> (CAH
ADDRESSES Y= ROW COLUMN X\ COLUMN COLUMN m
Yy = ADDRESS ADDRESS ADDRESS ADDRESS
|—— tRAD ——{ WCS —~ e a3 tWCH
WCR >
WCS —a— > tWCH tWes le  f——twecH
V- le——twp > - {—typ— I twp—»]
[
ViL - !
DS | tDH
tng > <>ty DS ettt 1DH
ViH - B
D (DATA IN) VALID DATA VALID DATA VALID DATA
Vi -
"’—‘—_‘UHR—’

VoH —
0 (DATA OUT) HIGH Z
VoL -
FAST PAGE MODE READ-WRITE CYCLE .
RP
_w tRASP -
RAS
Vi -
s ———————] |t tRSH——
[<—tCRP 1o, [ PRWC———— la—tcAS—|  |4&—{CPN—
l——— tRCD——-e—tCAS e CPl  |—tcaS Pl
VIH - '
Vi -
- tRAL
tasR—  f— tASC—>] S tsc4a]  fa—  tASCH—m  f—
tRAH—] [— '[IEAH | tCAH > > ‘CA'H
P Vin— ROW COLUMN COLUMN COLUMN
SES W ADDRESS | ADDRESS ADDRESS ADDRESS
|«— tRAD—~ L |e-tcwD —>‘ *tcwnL fetown] ]
tRCS — bt towL — —tiow | —p towL
—tAWD | tawp -3~ [ tawn—> Ry 3
ViH —
" XXX \
Vi -
. WP = WP [ wp
T tos lm?.-l DS 4l
' tDH > [ tDH toH >
M- VALID VALID VALID
iL-
| ::l r—tCLZ |—_:| [—1C17 'CE-_:' r—
1CAC e tcAC e - CAC
t—tpp 1 <_l:—tAA he— tAA -
- tRAC tCPA—T> E—1pA >
aoara o O 7 VALID ), VALD N y VALID E ‘
Yoi - A DATA \ DATA _Jf \ DATA ;
orF—»]  le— g e torF—m]  —
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RAS ONLY REFRESH CYCLE ‘
(W and A9 are Don’t Care)

tRC
|«—— tpp———>]
_ ViH-— X RAS ~ Z
RAS \
ViL=
CRP < tRPC
ViH -
=" 7
ViL-
—»{ |let—tasR
- tRAH
Vin -
ROW
A TO A8
ADDRESS
ViL—
Vou ~
0 (DATA OUT) HIGH Z
VoL -

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

-% (Rc
| ——— tRp ———

Vin— -~ tRAS >
RS \ \
S ViL-

tRPC —]
tCSR >
tCPN l—— tCHR ———
Vih -
TAS ;
ViL-
tOFF —

Vo
0 (DATA OUT)
VoL -

HIGH Z

. ___________________________________________________________________________|
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MCM511000 }

HIDDEN REFRESH CYCLE (READ)

tRC j&——tRAS ————— ]
|———————tRAS —————— | &— tRp—I
Vig- =3
RAS /
ViL-
<—ICRP ‘
1R} ————>}a—IRSH —={ M—tc"n———.—ﬁ l«——ICPN
Vi~ r_ i
- j |
ViL-
— RAD —>}t tRAL—
————15R
—1*{ 1RAH |— - ICAH
tASR —9=1 — —»  |—tasc

Vih-—
ROW COLUMN
ADDRESSES vu—®< ADDRESS >®§ ADDRESS

| tRCS —DI Id-—- —PI [*—1RRH

_ ViH— <
[
ViL— - tcAC
AR —>
l————1RAC 1QFF — f—
VoH -
Q (DATA OUT) VALID DATA }———
VoL -
oLz —>
HIDDEN REFRESH CYCLE (WRITE)
tRC >
[ tRAS —————— tRP—{ j#————tRAS————— ]
I
RAS \
ViL- ]

- tCRP |t——— topN——>]
[————1RCD ———{<-tRSH -1 [ ————tCHR—————>]

g
Lt

<5

-

l———— AR -
le— tRAD RAL-

tASR — tASC
y 'RAH—j l—— 1':"CAH'>
ROW COLUMN
ADDRESSES . ADDRESS ADDRESS

le————————tW(R !

tRWL——>1
_ Vih— [ tWCH
w < tWCs
VL=
. - tWp ——»f
DS
tDH ——]
Vin—
D (DATA IN) v m VALID DATA
L=
fe—— g —————»]
VoH—
0 (DATA OUT) HIGH Z
VoL—
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>
>
3

o)
|
[z

ADDRESSES

READ CYCLE

Q (DATA 0UT)

w

WRITE CYCLE
Q (DATA 0UT)

=

D (DATA IN)

READ-WRITE CYCLE

Q (DATA 0UT)

D (DATA IN)

MCM

511000

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

< tRAS > tRP
Vi~ ————
\ e RS —————— >
ViL—
tCSR—fa—3»| |t— tCHR tepT—»]  |——tcAs —— ]
ViH— \
ViL— ‘
tASC t— (CAH —3>]
ViR COLUMN
Y- ADDRESS
at— ICAC —p| '
< tRAL
-t AN —= [t tn]rr—»
VoH
HIGH Z VALID DATA }-—'
VoL -
. toLz ¢
l‘ RCS I RRH
iL- la— tRCH —»>|
VoH -
HIGH Z
1 -
VoL - < RWL o
<t towL »>
Vi — [ WS  [— WCH—]
- twp
Vi -
~—|Ds —»| |a— 1DH —] l ,
ViH -
ViL- h
f— tcAC —>]
teLZ < joFF
VoH -
HIGH Z VALID DATA }——
VoL -
AR ———=| <~‘CWL~>|
< TAWD ———| je—tRWL
ViH- 4
1 N
le— town—»| | wp

Vip - ]

VALID DATA

tps —

] fert
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MCM511000

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 iocations in the device. The column ad-
dress strobe follows the row address strobe by a specified
minimum and maximum time called “tRcp,’’ which is the row
to column strobe delay. This time interval is also referred to
as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM. These
conditions have to be met for normal read or write cycles. This
initial portion of the cycle accomplishes the normal addressing
of the device. There are, however, two other variations in
addressing the TM 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|| level.
The CAS clock must also make a transition from VjH to the
VL level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device isindependent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the tgcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRac)- If the tgcp maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
specification has been met and defines the tRcp minimum
specification. The time difference between tgcp minimum and
tRCD maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

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

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

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

WRITE CYCLE

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

Itis also possible to perform a late write cycle. For this cycle
the write clock is activated after the CAS goes low which is
beyond tyycs minimum time. Thus the parameters tcw 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 +2tT].

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)i 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, tcwp plays an important
role. A read-while-write cycle starts as a normal read cycle
with the write (W) clock being asserted at minimum tcwpD
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 tc\wp 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 (tgac) on the Motorola 1M
dynamic RAM. Page mode operation consists of holding the
RAS clock active while cycling the CAS clock to access the
column locations determined by the 10-bit column address
field.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the col-
umn address and CAS clock. From the timing illustrated, the
initial cycle is a normal read or write cycle, that has been
previously described, followed by the shorter CAS cycles
(tpc)- The CAS cycle time (tpc) consists of the CAS clock
active time (tcag), 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 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

REFRESH CYCLE

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

CAS Before RAS Refresh

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

Hidden Refresh

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

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh 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 ‘‘0"'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.
Read the ““1"’s (use a normal read mode) written in step
2.

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.

Read the ““0’'s (use a normal read mode) written in step
4.

Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

|
>
ol

o
>
i

Q = HIGH-Z —

W VW T
-
- <

VALID DATA-OUT

Van

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 outindicates
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=<5.5V),
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 V|, or remain open.

Test Mode Truth Table

A B (o]

0 0 0

1 1 1
Any Other

D Q

0 0

1 1
High-Z

TEST MODE CYCLE

V-

Vip -

ViH—

ViL-
Je—tTES

\ /-

e 1TEH —»]

Vih—
"W LX)
ViL—

XX

TEST FUNCTION BLOCK DIAGRAM

Ax Ay |
Oo\ NORMAL I

A ————oO
Ao Ay 256K ‘*—]_ TF
BLOCK | A Q
Ay, Ay
Ay A 8
A Ayl asek N Ay, Ay
1 BLOCK B NORMAL
S —————— © ]
D
—e¢ —o0
_ C ———o0
A Ay asek
S © BLOCK | C TF
B & 0
A Ay| 286K —
© plock |0 __J
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 511000 X XX

Motorola Memory Prefix -——_l— _r— Speed (85=85 ns, 10=100 ns,

12=120 ns)

Part Number Package (P = Plastic DIP, J = Plastic SO
with J leads)

Full Part Numbers—MCM511000P85 MCM511000J85
MCM511000P10 MCM511000J10
MCM511000P12 MCM511000J12

L ______________________________________|
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&% SEMICONDUCTOR
TECHNICAL DATA

Advance Information
- P PACKAGE
1M x1 CMOS Dynamic RAM PLASTIC
CASE 707A
The MCM511001 is a 1.2u 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, J PACKAGE
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial ' SMALL OUTLINE
. CASE 822
access of up to 4 bits of data.
The MCMb511001 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- PIN ASSIGNMENT
age (DIP) and J-lead small outline package. DUAL.IN-LINE
® Three-State Data Output
® Early-Write Common |/0 Capability ofj1 e 18 flvgs
® Fast Nibble Mode Capability =
17
® Test Mode Capability __w[ 2 ]E_
® TTL-Compatible Inputs and Output RAS 3 16 IEAS
® RAS Only Refresh el 4 15 {1ag
: E{Ad?j Be:'ﬂ'fe R:\S Refresh aofls 14 (1a8
idden Refres|
® 512 Cycle, 8 ms Refresh aille 13 fla7
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 2l}7 12 f1as
® Fast Access Time (tRaC): MCM511001-85=85 ns (Maximum) Aa3lls 11 [1as
MCM511001-10= 100 ns (Max!mum) veell o 10024
MCM511001-12= 120 ns (Maximum)
® Low Active Power Dissipation: MCM511001-85 =385 mW (Maximum) SMALL OUTLINE
MCM511001-10 =330 mW (Maximum)
MCM511001-12=275 mW (Maximum) off1 26 [lvgs
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) w2 25 [la
5.5 mW (Maximum, CMOS Levels) sl 3 " jm
~ BLOCK DIAGRAM 4 23 fInc
Y9 >
L e . ncls 22[las
#2 CLOCK |- | BUFFER
GENERATOR
T > pata out
> ourren [0 Ao} 9 18 [l A8
¥ A 10 17 fla7
NIBBLE A2ff 11 16 [146
- coLmw + o] SELECTOR A3} 12 15 [1A5
ADDRESS vecl] 13 14 las
A0 —] BUFFERS (10} COLUMN
Al —] DECODER
a2 — REFRESH
A CONTROLLER SENSE AMP PIN NAMES
A: /0 GATING AO-A9 ........... Address Input
2048 D..... ... ... Data Input
A5 — COUNTER (9) coe Q.. Data Output
:5 — ‘ Wi Read/Write Enable
7 — . RAS ........ Row Address Strobe
ROW phiacg
A8 — AOFI‘J%VEJSS DECODER| . MEMORY CAS ...... Column Address Strobe
512 ARRAY
A9 ——J BUFFERS (10) VEC - - e Power (+5 V)
v VS - v v i Ground
_ #1 CLOCK SUB:I:';ATE Vcc T ... Test Function Enable
RAS GENERATOR $s NC ... No Connection
This document contains information on a new product. ifications and i ion herein are subject to change without notice.
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MCM511001
ABSOLUTE MAXIMUM RATINGS (See Note)

N B This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Power Supply Voltage Vce -1t +7 \% voltages or electric fields; however, it is ad-

v N " Y 1t 47 v vised that normal precautions be taken to

oltage Revlatlve to Vss for Any Pin Except Vee | Vin Vout to avoid application of any voltage higher than

Test Function Input Voltage Vin(TF) | ~1t0 +105) V maximum rated voltages to this high-imped-

Data Out Current lout 50 mA ance circuit.

Power Dissipation Pp 600 mwW
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Titg -55t0 +150 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 A" 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 Vv 1
Test Function Input High Voltage VIH (TF) | Vcc+4.5 — 10.5 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM511001-85, trc = 165 ns - 70
MCM511001-10, tgc = 190 ns - 60
MCM511001-12, trc =220 ns — 50
V¢ Power Supply Current (Standby) (RAS = CAS = V) icc2 - 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS = V) lccs mA 2
MCM511001-85, trc = 165 ns - 70
MCM511001-10, tgc =190 ns — 60
MCM511001-12, tgc =220 ns — 50
Vcc Power Supply Current During Nibble Mode Cycle (RAS =V ) Icca mA 2
MCM511001-85, t\c =40 ns - 50
MCM511001-10, tnC =40 ns - 40
MCM511001-12, tyc =50 ns — 30
Vcc Power Supply Current (Standby) (RAS =CAS=Vcc—-0.2 V) lccs — 1.0 mA
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM511001-85, trc = 165 ns — 70
MCM511001-10, tgc =190 ns — 60
MCM511001-12, tgc =220 ns — 50
Input Leakage Current (Except TF) (0 V <Vj,<6.5 V) lMU) -10 10 A
Input Leakage Current (TF) (0 V <Vjn(TF)<0.8 V) likg(1) -10 10 A
Output Leakage Current (CAS=V|Y, 0 V=<Vg,;t<5.5V) lkg(0) -10 10 A
Test Function Input Current (Vcc +4.5 V=Vin(T)<10.5 V) lin(TF) — 1 mA
Output High Voltage (lpq = —5 mA) VOoH 2.4 - \%
Output Low Voltage (Ig| =4.2 mA) VoL - 0.4 \
CAPACITANCE (f=1.0 MHz, Tp =25°C, V=5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance A0-A9, D Cin 5 pF 3
RAS, CAS, W, TF 7 pF 3
Output Capacitance (CAS =V|y to Disable Output) Q Cout 7 pF 3
NOTES:
1. All voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum current is d at the fastest cycle rate with the output open.

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +£10%, Ta=0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM511001-85 | MCM511001-10 | MCM511001-12
Parameter Unit Notes
Standard|Alternate| Min Max Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 165 - 190 — 220 — ns 6
Read-Write Cycle Time tRELREL | RWC 190 — 220 — 255 — ns 6
Nibble Mode Cycle Time tCEHCEH INC 40 — 40 — 50 — ns

Nibble Mode Read-Write Cycle Time tCEHCEH | tINRMW | 65 — 65 — 80 — ns
Access Time from RAS tRELQV | tRAC — 85 — 100 — 120 | ns | 7,8
Access Time from CAS tCELQV | tCAC — 30 — 35 — 4 |[ns |79
Access Time from Column Address tAVQV tAA — 45 — 50 — 60 ns | 7,10
Nibble Mode Access Time tCELQV | INCAC -~ 20 — 20 — 25 ns

CAS to Output in Low-Z tCELQX | tCLz 5 — 5 — 5 - | ns

Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 30 0 35 ns 1
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 70 — 80 — 90 — ns

RAS Pulse Width tRELREH | tRAS 85 [10,000 100 | 10,000 | 120 | 10,000| ns

RAS Hold Time tCELREH| tRSH 30 — 35 — 40 — ns

CAS Hold Time tRELCEH | tCSH 85 - 100 - 120 — | ns

CAS Pulse Width tCELCEH | tCAS 30 10,000 | 35 |10,000| 40 10,000 [ ns

RAS to CAS Delay Time tRELCEL | tRCD 25 55 25 65 25 80 | ns | 12
RAS to Column Address Delay Time tRELAV | tRAD 20 40 20 50 20 60 ns | 13
CAS to RAS Precharge Time tCEHREL| !CRP 10 — 10 - 10 — | ns

CAS Precharge Time tCEHCEL| tCPN 15 — 15 — 20 — | ns

Row Address Setup Time tAVREL | 'ASR 0 - 0 - 0 - ns

Row Address Hold Time tRELAX | tRAH 15 — 15 - 15 — ns
Column Address Setup Time tAVCEL | tAasC 0 — 0 — 0 — ns
Column Address Hold Time tCELAX tCAH 20 — 20 — 25 — ns
Column Address Hold Time Referenced to RAS tRELAX tAR 65 — 75 — 90 — ns
Column Address to RAS Lead Time tAVREH | 'RAL 45 - 50 - 60 — | ns

(continued)

NOTES:
1. V|4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V).
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transmit between V| and V) (or between Vj_and V|y) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The TF pin must be at V)i or open if not used.
6. The specifications for tgc (min) and tgwc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vo =0.8 V.
8. Assumes that trcp <trcD (max).
9. Assumes that tgcp =tRcp (max).
10. Assumes that tgaAp =tRaAD (max).
11. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
12. Operation within the tgcp (max) limit ensures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.
13. Operation within the tgaop (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if tgap 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 MCM511001-86 | 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 Hold Time 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 WP 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 — ins
Data in Setup Time tDVCEL tps 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 | 'RFSH — 8 — 8 — 8 ms
Write Command Setup Time YWLCEL | 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 | 'CHR 30 — 30 — 30 — ns
RAS Precharge to CAS Active Time tREMCEL| 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 | INCWD 20 — 20 — 25 — ns
Nibble Mode Write Command to RAS Lead Time | twiREH | INRWL 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 | tTEHREL | 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 W leading edge in delayed write or read-modify-write
cycles.

16. twCs. tRWD. tCWD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if 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 tcwp=tcwp (min), tRwp =trwp (min), and tawp =tawp (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.
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_ Vm-

RAS
ViL-

Vih—

Vit

Vig—
ADDRESSES
ViL -

V-
W
Vi -

Vou -
0 (DATA OUT)
VoL -

_ Vm-

RAS
ViL-

ViH—

ViL=

Vin—
ADDRESSES
iL-

ViH -

=

Vig -
D (DATA IN)
Vit -

Vou -
Q (DATA OUT)
VoL -

MCM511001

AN

READ CYCLE
tRc L
tRP ———~1
- tRAS >
- 1CSH > 1CPN
tcRP —Id—b- e ————————— tg ) ————— > €————RSH > tCRP >
_f \4——tcAs——>
- AR -
|——— tRAD > tRAL >
tASR—> ’dr— tASC—jt—> [t AH
ROW COLUMN
ADDRESS ADDRESS A
DERWES - 1RCH
tRCS — L’I le— [&——— RRH
lt— tCAC
Id——tM
toLz QFF —ft—>
tRAC
HIGH Z VALID DATA
EARLY WRITE CYCLE
- tRe >
tRp ———]
X RAS | ‘
'RCD >t tRSH————>1 1PN —>]
tCRP —r—b - tCSH > tcRp L
J : r—-— tCAS —>
- tAR >
< tRAD 1 tRAL —>
TASR—> e tASC — = [<-1CAH >
A ROW COLUMN
p ADDRESS ADDRESS
RAH > - 1CWL :!
twes > f——— tWCH
XN | [~
< tRwL >
twCR >
tpg—] b —tDH -
VALID DATA

"‘—_ tDHR —————————~{
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READ-WRITE CYCLE

- tRWC >
< RAS > tRP —————1
Vih - "5\
RAS \
Vi - T
————— tRG ————— P
<———'ch———J — tRWL—>> tcPN
v —.>| l— tcpp e————1CAS > —| 'CRP |e——
H— -
i -
< t L
- "R oK > fetowe
|— tRAD —>t RAL >
v 1ASR - t - [=—tcaH
I~
ROW COLUMN
RESSES
'RAH - tAwD >
- RWD >
<€— tCWD — twp
VK-
" \
Vi -
tRCS > 1ps —f—
— tDH —>
Vig—
D (DATA IN) VALID DATA
Vi - =
[~ ICAC | .
tAA > —tOFF
- tRAC >
VoH -
Q (DATA OUT) HIGH Z VALID DATA }—-——
VoL -
Lz —>

NIBBLE MODE READ CYCLE

- 1RAS > | RP
VT X fe——tp——]
RAS
ViL—
l&—————tCSH >
— l&— tCRP |—— NG —] INRSH e
v ‘_tRCD"’»ﬂ‘-‘CAS*
H— —\
CAS RAD e > & /
ViL-
tRAH — f—
— [ 1CAH <—> 1 INCAS
tASR—| ff— | —| |} tASC - INCP
ViH— L
ROW COLUMN
ADDRESSES . ADDRESS ADDRESS
CAC — je—tyeae
tcLz —» |l t0FF
tRAC &— tOFF
0 Yon - VALID VALID VALID woN_
Q (DATA 0UT) y DATA DATA DATA DATA
oL-

AR —1 RCS ‘Rﬁij-b
tRCS —»1 TRCH — tRCH
Vin—
¥ KKK VR4
ViL-
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NIBBLE MODE WRITE CYCLE (EARLY WRITE)

- tRAS: = tRP
— ViK = l—— (AR———
RAS i
ViL-
|e——— tCSH >
la— tCRP le——tng »{—INRSH
- tRCU—’w<— f[;AS——-D
o Vig - R
w " TA LTINS _
lﬂau—t —p [— tCAH
t—tASR tNeP
v — |l tASC —»+—INCAS
IH—
ROW COLUMN
ADDRESSES ADDRESS ADDRESS ><><><><
L= J
tWCR NewL]
Wes—| fe— 4—twes
tWCH > — tWCH INRWL—>
Vig—~ m
W
ViL— } ¥ J
g—1 tWP -]
WL —
— Vi - VALID VALID VALID VALID
v | DATA ) DATA DATA DATA
it=
tpg—| tpg— _d—
r—tm{ l<€— tDH
€—— IDHR————>>
VoH —~
0 (DATA OUT) HIGH Z
VoL -
NIBBLE MODE READ-WRITE CYCLE
- tRAS - 1R
VW ~"—":\<———IAH———->
RAS X 7
ViL—
chp l————1CSH > | INRMW
|t— (RCD—rat—{CAS—3 INRSH-31
_Vm M_j Y\ /"F———"‘
TAS \
v~ — | Jeetran | 3
tCAH — INCAS
IASR—>{ t— | —»| |4—taSC tNCP
Vih— XA
ADDRESSES AOW COLUMN
' ADDRESS | ADDRES
L=
e (RAD | ~,L tcwe |-~ L—‘NCWL INCWL
|¢——tRWD > 4— INCWD
Vi - — Wp _J. twp INRWL
W L
Vi - tAWD —t :X \ \_/
WD ] b— tos
tne. » T
<> tDH —>1—tpH
ViH - +F ;
0 (DATA ) VALID VALID VALID VALID
Vi - Y 0ATA X DATA DATA DATA
1
tcAC -—>‘ |<———1NCA|:
TAA—3 — |—1QFF
; [———1RAC >
OH -
VALID VALID VALID VALID
0 (DATA 0UT) VoL - DATA § < DATA > < DATA > < DATA >
0Lz —
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RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)

RC

|——— tpp————]

Vi - tRAS >

tCRP _14_, - RPC

2l

Vi

_ Vm-
CAS _/-
Vi -
t — L-U\SR
- tRAH
AG TO A8 - ROW
v ADDRESS
-
VoH =
Q (DATA OuT) HIGH Z
VoL -
CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don't Care)
< tRC >
——— tRp ———>
ViH— - tRAS
s N /
ViL—
RPC
tCSR L
ICPN — > et——— tCHR ———
ViH—

g
N

ViL-

OFF >
Voi - —————

Q (DATA OUT)
VoL — ————

HIGH Z

h

2 P e T R T A S S T
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HIDDEN REFRESH CYCLE (READ)

< tRe tRAS
|————— tRAS ———— | — tRp —I]
V-
RAS \
ViL=
<-—1CRP
[————tRCD ——>a—RSH —»{ l€————— tCHR————— ‘—‘CPN_—j
ViH—
. ] \ / A\
ViL-
— tRAD —tee tRAL—
————1tAR
—1>1 tRAH - tCAH 3
; tASR—|  bt— —»  |e—tpgc
H— N
ROW COLUMN
ADDRESSES Wy ADDRESS >®< ADDRESS
l xncs_-—I e —  —] |—tpaH I
Vi —
" KXXX
ViL— <——>—1CAC
-t AR —
tRAC > tOFF fe—
VoH -
Q (DATA 0UT) VALID DATA ?———
VoL -
oLz —>
HIDDEN REFRESH CYCLE (WRITE)
tRC >
| tRAS —————— tRP—>>{ |#————tRAS——>
Vi — ————
RAS \
ViL- 1
- tCRP |e——tepN—
st———tRCD ————3>1<-tRSH 3 fe—————1CHR————|
ViH—
w ) / \
ViL-
Y P
A ->I la—— tRAD —A R RAL
ASR - — tASC >
TRAH > fe— CAH3>
Vin-
ROW COLUMN
ADDRESSES Vi - ADDRESS ADDRESS
e—————1WCR !
N tRWL ——
V- e~ WCH -3
W <—»1—tWCS
ViL-
. -t WP ———
DS 1
tDH —
ViH -
ViL—
fe— R ————— ]
VoH -
Q (DATA QUT) HIGH Z
VoL -
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- 1RAS » | tRP
_ Yy ]
RAS \ o RGH Z
‘ Vi -
{CSR—f—> (<— CHR tcpT «————— (CAS ————— =]
V-
TAS \
Vi - = 7
tASC —>~ |=—1ICAH —>
ADDRESSES COLUMN
. Vi - ADDRESS
[a— 1CAC —»> |
- tRAL
READ CYCLE - tas ——»] < toF—>]
VoH —
Q (DATA OUT) HIGH Z VALID DATA }———
VoL -
1
|< RCS - oz < RRH
ViL- at—{ tRCH —»~|
WRITE CYCLE
Vou -
Q (DATA OUT) HIGH Z -
VoL — il I
- CWL S
Vi - [ tWCS>>| | — tWCH—
W - tWp ————
ViL-
[ 1pS — >  fat— 1DH —] I l
ViH- '
D (DATA IN) VALID DATA
Vit -
[e—tcAC —»] |
-WRIT!
READ-WRITE CYCLE ez e l‘OFF
VoH —
Q (DATA OUT) VALID DATA
VoL -
A —— h!cwv».
tAWD —— [—tRWL

=

T3
]
[

le—1CWD —>| & twe

¥
ViL - I
tps —<—>| |<—>—t[m
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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 “trcp.’’ which is the row
to column strobe delay. This time interval is also referred to
as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM. These
conditions have to be met for normal read or write cycles. This
initial portion of the cycle accomplishes the normal addressing
of the device. There are, however, two other variations in
addressing the TM 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 V| to the V| level.
The CAS clock must also make a transition from V| to the
VL level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device isindependent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the tgcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRac). If the tRcp maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
specification has been met and defines the tRcp minimum
specification. The time difference between trcp minimum and
tRCD maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

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

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

WRITE CYCLE

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

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 tyycs minimum time. Thus the parameters tcy| and
tRWL mMust 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 m_u_ch
later in time with respect to the active transition of the CAS
clock. This time could be as long as 10 microseconds —
[tRwWL + tRP +2tT].

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| 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, tcwp 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 tCcwWD
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 tc\yp 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 (CA9, RA9) 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 RA9 and CA9 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

REFRESH CYCLE

implies, the CAS clock is not required and must be inactive
or at a V|H 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 V)i and taking RAS
high and after a specified precharge period (tgp), executing
a CAS before RAS refresh cycle. (See Figure 1.)

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh 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.
2.

Write a “’0” into all memory cells.

Select any column address and read the ““0"’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.
Read the “1”’s (use a normal read mode) written in step
2.

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.

Read the ““0"’s (use a normal read mode) written in step
4,

Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

RAS

(<]
i

— / /]

I

Q = HIGH-Z =

A ,
N
—C

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=<5.5V),
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 VjL, or remain open.

Test Mode Truth Table

A B Cc

0 0 0

1 1 1
Any Other

D Q

0 0

1 1
High-Z

TEST MODE CYCLE

Vin—
RAS
ViL—

Vin-

ViL-

[P —

Ve

|e— tTEH —>]

\

Vin-
ViL-

\XA

TEST FUNCTION BLOCK DIAGRAM

Ay Ay

TF
TF

A ———©
A Ny| 256K —_l_
O—1 ek LA
Ac Ay
- ]
P Ayl 256K A Ay
S o= BLOCK | B
D
24
- 0
M Ay 256K
1 Block | C
B R 0
ANy 256K =
o BLOCK "___[
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 511001 X XX

Motorola Memory Prefix : Speed (85=85 ns, 10=100 ns,
12=120 ns)

Part Number Package (P = Plastic DIP, J = Plastic SO
with J leads)

Full Part Numbers—MCM511001P85 MCM511001J85
MCM511001P10 MCM511001J10
MCM511001P12 MCM511001J12

oo o o]
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\
MOTOROLA |

SEMICONDUCTOR |
TECHNICAL DATA |

MCM511002 |
Advance Information
H P PACKAGE
1M x1 CMOS Dynamic RAM PACKAG
CASE 707A
The MCM511002 is a 1.2y 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, J PACKAGE
improved reliability, and low cost. The static column mode feature allows column data to SMALL OUTLINE
be accessed upon the column address transition when RAS and CS are held low, similar } CASE 822
to static RAM operation.
The MCM511002 requires only 10 address lines; row and column address inputs are
multiplexed. PIN ASSIGNMENT
® Three-State Data Output DUAL-IN-LINE
® Early-Write Common |/0 Capability of1 e 18 llv
® Static Column Mode Capability _ S
® Test Mode Capability w2 17 fla
©® TTL-Compatible Inputs and Output RASH 3 16 [ITS
® RAS Only Refresh 04 15 [1n9
® CS Before RAS Refresh
® Hidden Refresh a0l s 14 {148
® 512 Cycle, 8 ms Refresh alle 13 A7
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection a2fl7 12 1A6
® Fast Access Time (tRaC): MCM511002-85=85 ns (Maximum) alls 11 0 as
MCM511002-10 = 100 ns (Maximum) :
MCM511002-12 =120 ns (Maximum) veell o 10 A4
® Low Active Power Dissipation: MCM511002-85 = 385 mW (Maximum)
MCM511002-10 =330 mW (Maximum) SMALL OUTLINE
MCM511002-12 =275 mW (Maximum)
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) ol 26 [IVss
5.5 mW (Maximum, CMOS Levels) wil2 25 [la
W BLOCK DIAGRAM RAS[ 3 24 [ITS
— I o L 10 4 23 fINc
#2 CLOCK | BUFFER NeQs 2219
GENERATOR  jes
TF { ] DATAOUT | o
» BUFFER aolls 18 [1a8
:S;:gi [ > afio 17 [1a7
A0 ——] BUFFERS (10) > COLUMN A2ff 11 16 146
a— [T] DECODER A3d 12 15 [1A5
27— REFRESH veell 13 14[1a4
CONTROLLER SENSE AMP
A3 — + 1/0 GATING
M — REFRESH Y PIN NAMES
A5 — COUNTER (9) 2048 AO-A9 . .......... Address Input
A6 e D..... .. . Data input
A7 j {} L ) Q.. o Data Output
L o ROW . W, Read/Write Enable
A8 — ADDRESS DE’:I?)‘I,JIER : '\fm‘%v %S ........ Row Addée:s Sstr:)be
............... ip Select
A _—{———:> BUFFE:S 1o ‘512 VCC v vve e Power (+5 V)
| VS + oo Ground
WS — | Mmook SUBSTRATE BIAS [<— V(C TR .o Test Function Enable
GENERATOR GENERATOR  fet— Vgg 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 This device contains circuitry to protect the

inputs against damage due to high static

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

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

" avoid application of any voltage higher than

Test Function Input Voltage Vin(TF) | —~1t0 +105) V maximum rated voltages to this high-imped-

Data Out Current : : lout 50 mA ance circuit.

Power Dissipation Pp 600 mW
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -55t0 +1560 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \ 1
Vssg 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 v 1
Test Function Input High Voltage ViH (TF) | Vcc+4.5 - 10.5 \2 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM511002-85, tgc = 165 ns — 70
MCM511002-10, trc =190 ns — 60
MCM511002-12, tgc =220 ns — 50
Vcc Power Supply Current (Standby) (RAS =CS=V|y) Icc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (E=V|H) Icc3 mA 2
MCM511002-85, tgc = 165 ns - 70
MCM511002-10, tgc =190 ns - 60
MCM511002-12, tgc =220 ns — 50
Ve Power Supply Current During Static Column Mode Cycle (RAS=CS=V)) Icca mA 2
MCM511002-85, tgc =50 ns - 50
MCM511002-10, tgc =55 ns - 40
MCM511002-12, tgc =70 ns — 30
Ve Power Supply Current (Standby) (RAS=CS=Vcc—-0.2 V) Iccs — 1.0 mA
V¢ Power Supply Current During CS Before RAS Refresh Cycle Icce mA 2
MCM511002-85, tgc =165 ns — 70
MCM511002-10, tgrc =190 ns - 60
MCM511002-12, tgc =220 ns - 50
Input Leakage Current (Except TF) (0 V<Vj,<6.5 V) lkg(l) -10 10 A
Input Leakage Current (TF) (0 V <Vjn(TF)<0.8 V) . likg(l) -10 10 uA
Output Leakage Current (CS=V)y, 0 V=V,y1<5.5 V) likg(0) -10 10 wA
Test Function Input Current (Vcc +4.5 V=Vj(TF)<10.5 V) lin(TF) — 1 mA
Output High Voltage (IgH = — 5 mA) VOH 2.4 = \
Output Low Voltage (lg| =4.2 mA) VoL — 0.4 \%
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested)
Parameter ) Symbol Max Unit Notes
Input Capacitance A0-A9, D Cin 5 pF 3
RAS, CS, W, TF 7 pF 3
Output Capacitance (CS =V to Disable Output) Q Cout 7 pF 3
NOTES:
1. All voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maxil current is d at the fastest cycle rate with the output open.

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=I1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS !
(Vcc=5.0V £10%, To=0 to 70°C, Unless Otherwise Noted) |

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

Symbol MCM511002-85 | MCM511002-10 | MCM511002-12
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 165 — 190 — 220 — ns 6
Read-Write Cycle Time tRELREL | tRWC 190 — 220 — 255 — ns 6
Static Column Mode Cycle Time tAVAV tsC 50 - 55 - 65 - ns
Static Column Mode Read-Write Cycle Time taAvAV | tSRWC 90 — 100 — 120 - ns
Access Time from RAS tRELQV | tRAC — 85 — 100 — 120 | ns | 7,8
Access Time from CS tCELQV | tCAC — 25 — 25 — 30 [ns |79
Access Time from Column Address tAvQv tAA — 45 — 50 — 60 ns | 7,10
Access Time from Last Write twLQV tALW — 85 — 95 — 15 | ns |7, 11
CS to Output in Low-Z tCELQX | tCLZ 5 - 5 - 5 — |ns| 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 30 0 30 0 35 ns | 12
Data Out Hold from Address Change tAXQX tAOH 5 - 5 — 5 — ns
Data Out Enable from Write tWHQV tow — 30 — 30 — 35 ns
Data Out Hold from Write tWHQOX | tWOH 0 — 0 — 0 — ns
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 70 - 80 - 90 — | ns
RAS Pulse Width tRELREH | tRAS 85 10,000 | 100 [ 10,000 | 120 [ 10,000 ns
RAS Pulse Width (Static Column Mode) tRELREH | tRASC 85 |100,000{ 100 |100,000{ 120 |100,000| ns
RAS Hold Time tCELREH | 'RSH 25 — 25 — 30 — ns
CS Hold Time tRELCEH | tCSH 85 — 100 — 120 — | ns
CS Pulse Width tCELCEH| tcs 25 10,000 25 10,000 30 10,000 | ns
CS Pulse Width (Static Column Mode) tCELCEH | tcsc 25 100,000 25 100,000 30 100,000| ns
RAS to CS Delay Time tRELCEL tRCD 25 60 25 75 25 90 ns 13
RAS to Column Address Delay Time tRELAV | tRAD 20 40 20 50 20 60 | ns | 14
CS to RAS Precharge Time tCEHREL| tCRP 10 — 10 — 10 — | ns
CS Precharge Time (Static Column Mode Cycle tCEHCEL tcp 10 - 10 - 15 - ns
Only)
Row Address Setup Time tAVREL tASR 0 = 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 15 — 15 — 15 — ns
(continued)
NOTES:

1. ViH min and V) max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V)i .
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transmit between V| and V| (or between V| and V|y) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. TF pin must be at V| or open if not used.
6. The specifications for tgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0Vand Vo =0.8 V.
8. Assumes that tgcp <trcp (max).
9. Assumes that trcp=trcp (max).
10. Assumes that tRaAp =tRAD (max), and/or tywAD =t WAD (max).
11. Assumes that t\WAD <tLWAD (max).
12. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
13. Operation within the trcp (max) limit ensures that trac (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.-
14. Operation within the tgaD (max) limit ensures that tRaC (max) can be met. tgap (max) is specified as a reference point only; if tRAD is
greater than the specified tRap (max), then access time is controlled exclusively by tpoA.
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM511002-85 | 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 | 'AWR 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 - 1156 - 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 WP 20 — 20 — 25 — ns
Write Command Inactive Time tWHWL twi 10 — 10 — 15 — ns
Write Command to RAS Lead Time tWLREH | tRWL 20 - 25 —~ 30 — | ns
Data In Setup Time tDVCEL tps 0 — 0 - 0 - ns | 19
Data 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
Wirite Command Setup Time (Output Data Disable) | tw| CEL 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 Before RAS Refresh tRELCEL | tCSR 10 — 10 — 10 — | ns
CS Hold Time for CS Before RAS Refresh tRELCEH | tCHR 30 - 30 — 30 — | ns
TS 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 | tTEHREL| tTES 0 — 0 — 0 - ns
Test Mode Enable Hold Time Referenced to RAS | tReHTEL | tTEH 0 — 0 — 0 — ns
NOTES:

15. tpH is time required to latch column address.

16. Operation within the t{\WAD limit ensures that ta|\w can be met. t;\wap (max) is specified as a reference point only; if t\wAD is greater
than the specified tywap (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 tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If tyg=tyws (min) and tywH=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 trywp =trwb (min), tcwp 2tcwp (minf, and tawp =tawp (min), the cycle is a read-write
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the
data out (at access time) is indeterminate.

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

|
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READ CYCLE
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READ-WRITE CYCLE
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
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RAS \_
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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HIDDEN REFRESH CYCLE (READ)
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READ CYCLE
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WRITE CYCLE
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MCM511002

CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator 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 chip select (CS). 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 "tRcp,” which is the row to column strobe delay.
This time interval is also referred to as the multiplex window
which gives flexibility to a system designer to set up his external
addresses into the RAM. These conditions have to be met for
normal read or write cycles. This initial portion of the cycle
accomplishes the normal addressing of the device. There are,
however, two other variations in addressing the TM RAM, one
is called the RAS only refresh cycle (described later) where a
9-bit row address field is presented on the input pins and
latched by the RAS clock. The most significant bit on Row
Address A9 is not required for refresh. The other variation,
which is called static column, allows the user to column access
the 2048 bits within a selected row. (See 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 Vi level.
The CS clock must also make a transition from V| to the V|_
level at the specified tRcp 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 trcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRac). If the trcp maximum condition is not
met, the access (tcac) from the 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 tgcp minimum
specification. The time difference between tgr cp minimum and
tRCD mMaximum 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 (tgrag) period for the RAS clock and the
minimum (tcg) period for the CS clock. The RAS clock must

stay inactive for the minimum (tgp) time. The former is for
the completion of the cycle in progress, and the latter is for
the device internal circuitry to be precharged for the next active
cycle.

Data out is not latched and is valid as long as the 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
(W) input must be held at the V| level from the time the CS
clock makes its active transition (tgcg) to the time when it
transitions into the inactive (tRCcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V| level) at or before the CS clock
goes active at a minimum tyyCs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data 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 (tcw|) and
the row strobe to write lead time (tgy|). These define the
minimum time that RAS and CS clocks need to be active after
the write operation has started (W clock at V||_ 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 tyycg minimum time. Thus the parameters tcyyL 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 CcS
clock. This time could be as long as 10 microseconds —
[tRWL + tRP +2tT].

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 V)i 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, tcwpD plays an important
role. A read-while-write cycle starts as a normal read cycle
with the write (W) clock being asserted at minimum tcwp
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 tcyp 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 V|H 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

MEMORY CYCLE

REFRESH CYCLE

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 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 V| and taking RAS
high and after a specified precharge period (tgp), 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.

Select any column address and read the ““0"’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.
Read the ““1"”’s (use a normal read mode) written in step
2.

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.

Read the “0’’s (use a normal read mode) written in step
4.

Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

Q = HIGH-Z =

VALID DATA-QUT

= Y/ /[
—\ /7]
— DS

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=5.5V),
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 V|, or remain open.

Test Mode Truth Table

A B C

0 0 0

1 1 1
Any Other

D Q

0 0

1 1
High-Z

TEST MODE CYCLE

ViH -

ViL—

Vin-—

ViL—

J—— tTES ——

\ /-

e tTEH —]

Vih—
"X
ViL—

TEST FUNCTION BLOCK DIAGRAM

Ay Ay I
o NORMAL
A ———oO
Ao Ayl 258K _—‘_ TF
BLOCK A a
[ oaund
Ay, Ay
. B
) A Ayl 256K - Ay, Ay
BLOCK B NORMAL —
D F‘——o
—e ~————————O
. c — 0
" Ac M| 256K
) ° Block | C T 1
o D
" Av My 256K —
BLOCK D l
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 511002 X XX

Motorola Memory Prefix ——-———_]—_ -I_— Speed (85=85 ns, 10=100 ns,

12=120 ns)

Part Number Package (P = Plastic DIP, J = Plastic SO
with J leads)

Full Part Numbers—MCM511002P85 MCM511002J85
MCM511002P10 MCM511002J10
MCM511002P12 MCM511002J12

L ___________________________________________________________________________|
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MOTOROLA )

mm SEMICONDUCTOR
TECHNICAL DATA

MCM514256

Advance Information

256K x4 CMOS Dynamic RAM

The MCMb514256 is a 1.2y CMOS high-speed, dynamic random access memory. It is
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech-

Lo . " . . . . . J PACKAGE
nology. Advanced circuit design and fine line processing provide high performance, im- « SMALL OUTLINE

P PACKAGE
PLASTIC
CASE 738A

proved reliability, and low cost. CASE

The MCMb514256 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.

PIN ASSIGNMENT

® Three-State Data Output
® Fast Page Mode Capability DUAL-IN-LINE
: %?Tpgtilfﬂ: Ir:\puts and Output paofl 1 e 20 [lvgg
nly Refres
® CAS Before RAS Refresh Dn_‘ﬁ 2 19 fioas
® Hidden Refresh w3 18 1002
® 512 Cycle, 8 ms Refresh mﬂ 4 17 [ITAS
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection ch 5 16018
® Fast Access Time (tRac): MCM514256-85 =85 ns (Maximum)
MCMB514256-10 =100 ns (Maximum) Aol 6 15 [l a8
MCM514256-12 = 120 ns (Maximum) Al 7 14 fla7
® Low Active Power Dissipation: MCM514256-85 =413 mW (Maximum) A2fl s 13 [1A6
MCM514256-10 =358 mW (Maximum) alle 12 pA5
MCM514256-12 =303 mW (Maximum)
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) VCCn 10 1 0a

5.5 mW (Maximum, CMOS Levels) SMALL OUTLINE

paof 1 26 1V,
BLOCK DIAGRAM . 88
pa1f 2 25 [1oa3
_ DQ0-DQ3 _
w RY DATA IN > (] 1K] 24 [10a2
BUFFER il = RAST] 4 23 [ITAS
Ncll s 22 16
— NO. 2 CLoCK > DATA oUT _
CAS i T »  BUFFER g
[ aoljo 18 [1A8
A :g;:;‘s"s ™ Cowmn a0 17 a7
A ———>] 19 DECODER a2l 11 16 ae
A0 V| Burress (9 f 1
22 ——>] e |00 Fe--- A3l 12 15 [1A5
A3 ——] @ | CONTROLLER [ § 512xe 1 veell 13 14 [1as
A4 ———> 0
COUNTER (9)
:Z —> —_— SENSE AMP
A ——> ROW ADDRESS - 1I0 GATING PIN NAMES
A ———> N BUFFERS (9) el | A_____ | S
Y = 512 4 AO-A8 . .......... Address Input
* § g \ A < Vgg DQO-DQ3 . ... ... Data Input/Output
- [ —— MEMORY G..oviii Output Enable
L — NO. 1 CLocK | ] 1512 ARRAY W.. oo Read/Write Input
GENERATOR Ll 512x512x4 RAS ........ Row Address Strobe
CAS . ..... Column Address Strobe
VEC « v v cveee e Power (+5 V)
Vg « v v Ground
NC............. No Connection
This d ins inf ion on a new product. Specifications and information herein are subject to change without notice.
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MCM514256

ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Vce -1to +7 \Z voltages or electric fields; however, it is ad-

i : 3 _ +7 vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vcc | Vin, Vout 1to \ avoid application of any voltage higher than

Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation PD 1 w ance circuit.

Operating Temperature Range TA 0to +70 °C

Storage Temperature Range Ts_tg —-55t0 +150 | °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 \% 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 2.4 - 6.5 \" 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM514256-85, trc = 165 ns - 75
MCM514256-10, tgc =190 ns - 65
MCM514266-12, trc =220 ns - 55
Vcc Power Supply Current (Standby) (RAS = CAS = V) Icc2 — 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (CAS =V|y) lcc3 mA 2
MCM514256-85, trc = 165 ns - 75
MCM514256-10, trc =190 ns - 65
MCM514256-12, tgc =220 ns — 55
Ve Power Supply Current During Fast Page Mode Cycle (RAS =V ) Icca mA 2
MCM514256-85, tpc =50 ns - 55
MCM514256-10, tpc =55 ns - 45
MCM514256-12, tpc =70 ns -
Vcc Power Supply Current (Standby) (RAS=CAS=Vcc—-0.2V) Iccs — 1.0 mA
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514256-85, trc = 165 ns - 75
MCM514256-10, trc =190 ns - 65
MCM514256-12, trc =220 ns .- 55
Input Leakage Current (0 V<V, <6.5 V) likg(1) -10 10 pA
Output Leakage Current (CAS =V|y, 0 V=<V t<5.5V) likg(0) -10 10 A
Output High Voltage (loH= —5 mA) VoH 2.4 — \
Output Low Voltage (Il =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance A0-A8 Cin 5 pF 3
G, RAS, CAS, W 7 pF 3
Output Capacitance (CAS =V)H to Disable Output) DQO0-DQ3 Cout 7 pF 3

NOTES:
1. All voltages referenced to Vggs.
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=1At/AV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +£10%, Ta =0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM514256-85 | MCM514256-10 | MCM514256-12
Parameter Unit|Notes
Standard | Alternate| Min Max Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 165 — 190 - 220 - ns 5
Read-Modify-Write Cycle Time tRELREL | tRMW 225 — 265 — 295 . ns 5 !
Fast Page Mode Cycle Time tCELCEL tpC 50 - 55 -~ 70 - ns ;
Fast Page Mode Read-Modify-Write Cycle Time tCELCEL | tPRMW | 110 — 115 - 140 - ns

Access Time from RAS tReLQV | tRAC — 85 — 100 — | 120 | ns | 6,7
Access Time from CAS tCELQV | tCAC - 30 — 30 - 3% |ns |68
Access Time from Column Address tavav tAA — 45 - 50 - 60 ns | 6,9
Access Time from Precharge CAS tCEHQV tCcPA - 45 - 50 - 65 ns 6
CAS to Output in Low-Z tCELQX | tCLZ 5 — 5 - 5 — ns | 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 30 0 35 ns [ 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL| tRP 70 — 80 ~ 90 — | ns

RAS Pulse Width tRELREH | tRAS 85 10,000 | 100 | 10,000 | 120 | 10,000 | ns

RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 85 100,000| 100 |100,000| 120 |100,000{ ns

RAS Hold Time tCELREH | tRSH 30 — 30 — 35 — | ns

CAS Hold Time tRELCEH | tCSH 85 — 100 - 120 - ns

CAS Pulse Width tCELCEH | tCAS 30 {10,000 30 |[10000| 35 |10,000| ns

RAS to CAS Delay Time tRELCEL | tRCD 25 55 25 70 25 8 |ns| 1
RAS to Column Address Delay Time tRELAV | tRAD 20 40 20 50 20 60 ns | 12
CAS to RAS Precharge Time tCEHREL| tCRP 10 — 10 ~ 10 — ns

CAS Precharge Time tCEHCEL| tCPN 15 - 15 — 20 — | ns

CAS Precharge Time (Page Mode Cycle Only) tCEHCEL tcp 10 — 10 - 15 - ns

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

Row Address Hold Time tRELAX tRAH 15 — 15 - 15 — ns

Column Address Setup Time tAVCEL | tASC 0 — 0 = 0 - ns

Column Address Hold Time tCELAX | tCAH 20 — 20 ~ 25 — ns

Column Address Hold Time Referenced to RAS tRELAX tAR 65 — 75 - 90 — ns

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

(continued)

NOTES:

1. Vj4 min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V| .

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

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

. AC measurements tT=5.0'ns.

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

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

. Assumes that tgcp <trcp (max).

. Assumes that tcp =trcp (max).

. Assumes that tRaoD =tRAD (max).

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

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

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

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

o [

- o
- O W 0

L e ] |
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

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

Wirite 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 tps 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 | tcwp 65 — 65 — 75 — | ns| 18
RAS to Write Delay tRELWL | tRWD 120 — 1356 — 160 — ns 15
Column Address to Write Delay Time tAVWL tAWD 8 | - 85 — 100 - ns 15
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tCSR 10 — 10 — 10 — | ns

TAS Hold Time for CAS Before RAS Refresh tRELCEH | CHR 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 Gz 0 25 0 25 0 30 ns

G Command Hold Time tWLGL tGH 25 — 25 - 30 — | ns
NOTES:

13. Enter tgRrH or tRCH must be satisfied for a read cycle.

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

15. twCs, tRWD. tCcwD. and tawp 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 tcwp=tcwp (min), tRwD =tRwpD (min), and tawp =tawD (min), 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.

T S e BRG]
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READ CYCLE
ch —
- RAS |t———tRp
o ViH— AR ————— =1
RAS \
ViL-
tCSH
tCRP [&———RCD - tRSH — |«——tcRP—1
V- {CAS—— >
tAs \
ViL- | tRAD
tRAL
tASR > tASC—>{  fea—
RAH-—|  |— - ICAH -1
Vig-
ROW COLUMN
ADDRESSES
W ‘m ADDRESS ADDRESS )(:
—» | tRCcH
tRCS —e »— tRRH
W
ViL- <« tROH————
- tAA >
B Vg~ - tGA ]
e A
ViL-
|—— tgAC — L—‘H— tOFF
rt————— tRAC l———— 17—
Vo -
D00-003 HIGH Z ﬂx VALID DATA OUT >—————-
VoL~ re— 1Lz
WRITE CYCLE (EARLY WRITE)
- tRC
- RAS RP ~—————
V- —————_f—————— t\p—————>
RAS \
ViL—
tesH
{CRP —t—> tRCD . tRSH - l«— 1CRP—=1
__ V- - tCAS———>
o -
ViL - tRAH—P  |—
tRAL
1ASR = tASC—m] > toAH
Vin - ROW COLUMN
ADDRESSES - ADDRESS ADDRESS
ft—tRAD —>{
- towl ——————
tWES —jat— <«—p— tWCH
V- twp &
" KX XXXKIXKXIXIXIXHIXXKX
ViL-
- tWCR
tRWL >
V-
G
ViL-
I >
DS~ |~  fa-tpy
ViH-—
D00-003 { VALID DATA IN HIGH Z
ViL-
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_ Vm-
RAS
ViL—-

V-

ViL—

ViH -
ADDRESSES
ViL~-

V-
]
Vit -

V-
5
ViL-
Vig—

D0-DA3
ViL-

Vin -

|
ol

ViL-

ViH -

ViL-

ViH-
ADDRESSES
ViL-

Vig -

=|

ViL-

ViH-

ViL-

ViHNoH -
D00-DO3
ViLNoL —

MCMb514256

WRITE CYCLE (G CONTROLLED WRITE)

i Re
-< RAS tRp ——>
————-.\H———tm————b K
tCSH
tCRP +&——tRCD - tRSH lt——— tCRp —— >
¢ tcAs—— > / /
lg— tRAD —>>] :
< RAL
TASR > IASC— -
tRAH > {CAH
ROW COLUMN
ADDRESS ADDRESS
<—(cw|_—>|
g ——————— R ————
—— typ ——»
<—>f—tsu
ps >
lt— tDH—

READ-MODIFY-WRITE CYCLE

TRMW >
tRAS > tRp—
B \4——-— tAR ——ﬂ \—
< tCSH >
< RCD > tRSH
l"’. I ICRP . tCRP .14-.
/ 2 tCAS f
- tASR tASC
TRAH < tCAH
ROW COLUMN
ADDRESS ADDRESS
tAwD > tCWL—>|
la— tRAD —> 1CWD >
tRWD [——— tRWL——
N KOOOKKRX
AR —— ;
»+—1GA
e—tGp
. l— tCAC —P |
- ( DS
o t6z H—tnu—>|
VALID VALID
DATA OUT DATA IN
o1z
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FAST PAGE MODE READ CYCLE

'RASP > - 1RP ;
Vjy — =y [E——— AR
RS N " \
ViL- =)
tCRP - tpg—— —— RSH ——>]
tReDT—> - 1cp - tCRP
_ Vm- r—tCAS — [— tcas— ;.—S}—.-. [ ICAS—> ;
TAS \ Z \
Y- -/ <« tRAD >~ /
- tcSH - - tAL ——>|
tRAH -—-t [ — tCAH tCAH - tCAH
. tASR —» | —»{ fa—ttasc tASC tAsC >
ADDRESSES ROW COLUMN COLUMN COLUMN
Vi - ADD ADDRESS ADDRESS ADDRESS
1
‘—‘ l<—lncs —>| u—lncs — l‘—‘RCS RCH— |
tRCH — H— tRCH — H—
. TRy
W
ViL- W tRRH ‘<Z
- tAn —a| !<—J tAn— lq—— tAA
1GA [e— t1GA |=— tGA
_ VIH— (
g AAX
ViL- } ) ™ X
- tCAC > tCAC— -tCAC J
Fe——1RAC tOFF e—
—
V —_
DQ0-D03 o VALID >_
VoL - DATA OUT
FAST PAGE MODE WRITE CYCLE
- tRASP tRP
_ V- fe———tpg——>
RAS S Z
$
tCRP - tpC [&——1RSH —>
[<— RCD tcp +—tCRP
- Vin— / e tcAs —>] S‘_tms s—\84—tcns—>
ViL- -‘-l 4—tASR Z
- tCSH > - tRAL
RAH>| (- 1—1CAH - tCAH tCAH
; —>{ fe—ttasc —> tasc [ —> tasc {4~
ADDRESSES = ROW COLUMN COLUMN COLUMN
Wi - ADD ADDRESS ADDRESS ADDRESS
- tRAD-> towL—] tow—>] 'cm—»l I
tRWL
tWes - fe—- tWCS—{ |q— tWCS — [4—
VIH— twp —> rl——twp—b{ [T twp—]
w
ViL- o
- tWCH - tWCH tWCH
— ld— tGH — Id— tGH e — '4- tGH
Vi — 12
: NAXRXXXAX
ViL—-
le——— 1DHR > - 6D
tps — <—>+—1DH DS tH DS > >t
000003 Yin = VALID x VALID VALID
Vi - DATA IN DATA IN DATA IN
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

_ Vi — [ RASP
RAS Z
YiL-
t———————— 1 G ————— P RP -
ja————— toRMw RS —————>
Fe— tRCD—> - top 1P —f—>- toRP—
— Vm- [—— tpAS— P % [——l(AS— P 2 [E——CAS—P -
tAS /
ViL— tRAD |
|- tRAH tRAL >
tCAH [ tcAH [—3—tCAH
{4 tASC -1 |4—tASC
ADDRESSES COLUM COLUMN
ADDRESS ADDRESS
L |——tcwp — trwL—>|
- towL — t(CWD —
| oW > fa—towL — towL
" \
ViL- tAWD ——{ <— tAWD— F—H  |e— tAwD—|
j— tAA tWp—pt twp —p! + — twp
tGA — tGA g tGA
VIH— } J
¢ v
= a—tcPA ] tcPa
16D L— |<—-'GD tGD
— CAC — tcAC k |—toH tcac| |
taz tan t6Z
J&———tRAC| tps t6z tAA tps
4 jt— tDH tps —tDH
ViHNoH -
D00-D03 | \ \
VitNoL —
oL 1CLZ — | toiz—» \ oLz \
VALID VALID VALD  VALID VALID VALID
DATA OUT  DATAIN DATA OUT DATA IN DATAOUT  DATAIN
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ViH—
ViL—

— Vin-
ViL-

o)
»

ViH—
ADDRESSES

L

—_— X

MCM514256 1

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

tRe >
le———tRp———

tRAS

tcnp—-‘ — tRPC —1 |<—
TRAH— —
tASR—»] |e—
y ROW
ADDRESS
CAS BEFORE RAS REFRESH CYCLE
(W, G, and A0-A8 are Don't Care)
- tRe
|t——tRp ———> |= tRAS |——— tRp ———]
le— tRPC—>>{ t _J
- tCSR AP k_

|e——— tCHR——————— | [CPN——————

— —toFF

HIGH 2
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HIDDEN REFRESH CYCLE (READ)

- R o 1RC
| ——————— RAS —————> |[—tRP |<—!RP—>
Yy ———n (——— R ——>] tRAS
RAS
ViL-
HtRSH— lt——1CHR | —————tCRP———
V-
CAS
ViL-
—1CAH
Vig—
ADDRESSES ADDRESS
Wi - ]
L—tncs —Pl RRH
Vin-—
" XX
ViL-
-+ A —>

V- - 16A

_J<—'cAr.—> U -
fcLz
le—————tRAC lt— 57 —>
Vou -
D00-D03 VALID DATA OUT
VoL - .
HIDDEN REFRESH CYCLE (WRITE)
tRC ot e
[e—— A —————>] tRP—3> tRp —>~
V- [ AR——> l———————— RAS —————
ViL—
- | teHR ——>
.t 1 ‘ tCRP ————
. —-| CRP ) RSH—> I ——
S/
ViL— [&—tRAD—>]
L}— — tASC
—

tASR
l—tRAH |‘—>—‘CAH
ADDRESSES Vin = ROW = COLUMN
ADD ADDRESS
ViL-

WeS—| |-

le— twc

ViH— WCH
W . -t twp—:—:
ViL I
ViH

ViL-

*'IJS'FI lvd—-ﬂ)ﬂ—»
ViH—
ViL-

DHR

T
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

|
MCMS514256 |
|
|

tRP—a=]
V- - 'RAS >
m TN [\
L=
tCSR > r—mm—» J———————— RS —————————
Viy — &——tCHR — - ICAS——————— > |
— IH
o T\ / /
-
- tRAL >
READ CYCLE tASC [— tCAH—31
Vig - COLUMN
o 1A ——— ! 1RRH
RCS
L—tcAc—b -« tRCH

Viy —
it , tROH
tGA
. Vin-= /
ViL—
|<+—torr
l-tcLz gz —1
VoH -
DQo0-DO3 HIGH Z VALID DATA OUT
VoL -
TRWL
WRITE CYCLE - fowL P
twes
" | |
Vin—
ViL-
tps - :{ |<——lnH-——N ‘
ViH— N
o003 HIGH Z VALID DATA IN )
L—
- ] TAWD ———————— ] <-tcw|:>]
RCS e >! 4—‘RWL—>‘
READ-MODIFY-WRITE CYCLE WD > we
Vin -
iL-
lq— tAA ——
| tGA ‘
Vil - |
5 H 1
iL— 6D
tcAC > q—1tps
tGZ—t |t—
toLz— tDH
ViHNgH — VALID
X HIGH Z
DQo-DQ3 Vil - / DATA IN
VALID—/
DATA OUT
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator 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 (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 “trcp,”” which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up 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 V|H to the V| level.
The CAS clock must also make a transition from V| to the
V)L level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the trcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRaC). If the tgcp maximum condition is not
met, the access (tCAC) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
specification has been met and defines the trcp minimum
specification. The time difference between tgcp minimum and
tRCD maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

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

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

Data out is not latched and is valid as long as the CAS 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 V| level
from the time the CAS clock makes its active transition (trCs)
to the time when it transitions into the inactive (tgcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V| level) at or before the CAS clock
goes active at a minimum tyyCs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data 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 (tcyyL) and
the row strobe to write lead time (tRyL). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at V)_ level).

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 tyycs minimum time. Thus the parameters tcyy| 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 +2tT].

In a late write or a ready-modify-write cycle, G must be at
the V|H 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 V|1 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 512 column locations. Page access (tCAC) is typically
half the regular RAS clock access (tRAC) on the Motorola 1M
dynamic RAM. Page mode operation consists of holding the
RAS clock active while cycling the CAS clock to access the
column locations determined by the 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 (tcag), 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 V|H level.

MEMORY CYCLE

REFRESH CYCLE

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 (tcgR) 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 Vj_ 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 “’0’’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 “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 “0”’s (use a normal read mode) written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE

(<)
=
o

DQ0-DQ3 ———HIGH Z 4

= W/ W W |
T\
—

VALID DATA QUT

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

MCM 514256 X XX

Motorola Memory Prefix—J _l_* Speed (85=85 ns, 10=100 ns,

12=120 ns)

Part Number

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

Full Part Numbers—MCM514256P85 MCMb514256.85
MCM514256P10 MCM514256J10
MCM514256P12 MCM514256J12
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mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information
256K x4 CMOS Dynamic RAM

The MCM514258 is a 1.2y 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 MCMb514258 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): MCMb514258-85=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)
MCMb514258-12 =303 mW (Maximum)
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels)
5.5 mW (Maximum, CMOS Levels)

MCM514258

P PACKAGE
PLASTIC
CASE 738A

J PACKAGE
SMALL OUTLINE
CASE

PIN ASSIGNMENT

DUAL-IN-LINE
paofl1 e 20 [Ivsg
patf] 2 19 f1003

w3 18 pnuz
RASH 4 17[ics
NC 5 16 18
aofll 6 15 [1A8
A1q 7 14 [1a7
a2 8 13 [1A6
A3fl s 12 [1A5
vee ] 10 11 {14

SMALL OUTLINE

pooff 1 26 [1vgs
BLOCK DIAGRAM a1 2 25 1003
_ D0-Da3 wils 24 f1oa2
W Y DATAIN 373 - RSO 4 23178
BUFFER _
Nl 5 22 Ps
- NO. 2 CLOCK #-  DATA OUT
_ ~
E GENERATOR [ —»{  BUFFER [ &
I - A9 18 HAB
arfl 10 17 17
fg;:rs"s > CoLumN q
AQ —> V] BurreRs (9) 19,  DECODER e 19 flao
Al —— A3l 12 15 [1A5
A2 ———>>
REFRESH |l | = Fosco veelj 13 14 {]A4
A3 ——] CONTROLLER/ 5124 €
A4 ——> COUNTER (9)
A5 ——> SENSE AMP
:g —™ ROW ADDRESS 110 GATING e PIN NAMES
A8 ——>>] Al  BUFFERS (9) HEled R R Y b — AO-A8 ........... Address Input
S 512x4 DQo-DQ3 . ...... Data Input/OQutput
i ‘E § ) ) Vss E .............. Output Enable
No. 1 clock | 8 |~ MEMORY W.. . ... Read/Write Input
RAS —————————>{ Coveraton 1512 ARRAY RAS ........ Row Address Strobe
1 512x512x4 TS ... Chip Select
VEC v v vr e Power (+5V)
VES « v v v Ground
NC ............. No Connection
This d 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

This device contains circuitry to protect the
inputs against damage due to high static
Power Supply Voltage Vee —-1to +7 \ voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than

Voltage Relative to Vgg for Any Pin Except Voc | Vin, Vout| —1to +7 \

Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 1 w ance circuit.

Operating Temperature Range TA Oto +70 °C

Storage Temperaiure Range Tﬁ_tg —-55to0 +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
(Vec=5.0V £10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \ 1
Vgs 0 0 0
Logic High Voltage, All inputs ' ViH 24 - 6.5 \% 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Vcc Power Supply Current Icct mA 2
MCM514258-85, trc = 165 ns — 75
MCM514258-10, tgc =190 ns - 65
MCM514258-12, tRc =220 ns — 55
Ve Power Supply Current (Standby) (RAS = CS =V|) Icc2 — 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (€S = V) Icc3 mA 2
MCM514258-85, trc = 165 ns - 75
MCM514258-10, tgc =190 ns — 65
MCM514258-12, trc =220 ns — 55
Ve Power Supply Current During Static Column Mode Cycle (RAS=V)| ) Icca mA 2
MCM514258-85, tgc =50 ns - 75
MCMb514258-10, tgc =55 ns - 65
MCM514258-12, tgc =70 ns — 55
Vcc Power Supply Current (Standby) (RAS=CS=Vcc—0.2 V) lccs — 1.0 mA
V¢ Power Supply Current During CS Before RAS Refresh Cycle Icce mA 2
MCM514258-85, trc =165 ns — 75
MCMb514258-10, tgc =190 ns — 65
MCM514258-12, tgc =220 ns — 55
Input Leakage Current (0 V<Vj,<6.5 V) likg(l) -10 10 A
Output Leakage Current (CS =V, 0 V<Vq,1=<5.5 V) likg(O) -10 10 uA
Output High Voltage (IoH= —5 mA) VoH 2.4 — \
Output Low Voltage (Ig =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, Tp =26°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AO-A8 Cin 5 pF 3
G,RAS,CS, W 7 oF [ 3
Output Capacitance (@:Vm to Disable Output) DQO-DQ3 Cout 7 pF 3

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

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

Symbol MCM514258-85 | MCM514258-10 | MCM514258-12
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 165 — 190 — 220 — ns 5
Read-Modify-Write Cycle Time tRELREL | tRMW 225 — 255 — 295 — ns 5
Static Column Mode Cycle Time tAVAV tsc 50 — 55 — 65 — ns
Static Column Mode Read-Modify-Write Cycle tavav | tspmw | 110 - 115 — 135 — ns
Time
Access Time from RAS tRELQV | RAC - 85 -~ 100 — 120 | ns | 6,7
Access Time from CS tCELQV | tCAC - 30 — 30 — 35 ns | 68
Access Time from Column Address tAvQv tAA — 45 — 50 — 60 ns | 69
Access Time from Last Write twLQv tALW — 85 — 95 - 115 | ns {6, 10
CS to Output in Low-Z tcELQX | towz 5 — 5 - 5 — |ns| 6
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 30 0 35 ns 1
Output Data Hold Time from Column Address tAXQX tAOH 5 — 5 — 5 — ns
Output Data Enable Time from Write tWHQV tow — 30 - 30 - 35 ns
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| 'RP 70 - 80 — 90 — | ns
RAS Pulse Width tRELREH| tRAS 85 10,000 { 100 | 10,000 | 120 | 10,000 ns
RAS Pulse Width (Static Column Mode) tRELREH | tRASC 85 |100,000f 100 |100,000| 120 |100,000| ns
CS to RAS Hold Time tCELREH| 'RSH 30 - 30 - 35 — | ns
RAS to CS Hold Time tRELCEH | 'CSH 85 — 100 - 120 — ns
CS Pulse Width tCELCEH tcs 30 10,000 | 30 | 10,000 | 35 | 10,000| ns
CS Pulse Width (Static Column Mode) tCELCEH | tcsc 30 [100,000( 30 {100,000 35 {100,000 ns
RAS to CS Delay Time tRELCEL | tRCD 25 55 25 70 25. 85 [ns | 12
RAS to Column Address Delay Time tRELAV | tRAD 20 40 20 50 20 60 ns 13
CS to RAS Precharge Time tCEHREL| tCRP 10 — 10 — 10 — ns
CS Precharge Time tCEHCEL| tCPN 15 - 15 — 20 — | ns
CS Precharge Time (Static Column Mode) tCEHCEL tcp 10 — 10 — 15 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX | tRAH 15 — 15 — 15 - ns
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
(continued)
NOTES:

1. Vi min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .
2. An initial pause of 200 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| and V| (or between V||_and V|y) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The specifications for tgc (min) and trpw (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (—-200 xA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0V and Vg =0.8 V.
7. Assumes that tgcp<tpcp (max).
8. Assumes that trcp=trcp (max).
9. Assumes that tRaAD ZtRAD (mMax).
0. Assumes that tywaAD <t WAD (max).
1. toFF (max) and/or tGz define the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the trcp (max) limit ensures that tRAC (max) can be met. tgcp (max) is specified as a reference point only; if trcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.
13. Operation within the tgap (max) limit ensures that tRac (max) can be met. tRap (max) is specified as a reference point only: if tRAD is |
greater than the specified tgap (max), then access time is controlled exclusively by tpa.
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM514258-85 | MCM514258-10 | MCM514258-12
Parameter - Unit[Notes
Standard |Alternate| 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 — 95 — 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
Wirite 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 WP 20 — 20 — 25 — ns

Write Inactive Time tWHWL tWwi 10 .- 10 - 15 — ns

Write Command to RAS Lead Time tWLREH | tRWL | 20 — 25 - 30 — |ns

Write Command to CS Lead Time tWLCEH | towL 20 — 25 — 30 — | ns

Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns | 18
Data in Hold Time tCELDX tDH 20 — 20 — 25 — ns | 18
Data in Hold Time Referenced to RAS tRELDX | 'DHR 65 — 75 - 90 — | ns
Refresh Period tRVRV | tRFSH - 8 - 8 — 8 ms

Write Command Setup Time (Output Data Disable) | tyw| CEL tws 0 — 0 — 0 — ns | 17
CS to Write Delay (RMW Cycle) tCELWL | tcwp 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

TS 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 t1GD 25 - 25 - 30 — ns
Output Buffer Turn-Off Delay Time from G tGHQZ tGz 0 25 0 25 0 30 ns | 1
G Command Hold Time tWLGL | !GH 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 t)\yap (max) limit ensures that ta}\y (max) can be met. t)\wap (max) is specified as a reference point
only; if tywAD is greater than the specified tyywap (max) limit, then access time is controlled exclusively by taA.

16. Enter tRRrH or tRCH must be satisfied for a read cycle.

17. twH. tws. tRWD. tCWD. and tawpD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if tws=tws (min) and tywH=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 tcywp =tcwp (min), trwp =trwp (min), and tawp =tawp (min), 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.

18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in delayed write or read-modify-write
cycles.

L .. o]
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READ CYCLE
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WRITE CYCLE (G CONTROLLED WRITE)
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ADDRESSES @q AD%?!VEISS COLUMN ADDRESS W
ViL—- SIS
Ft— tCWL ——-—I
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STATIC COLUMN MODE READ CYCLE
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STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

e 1RASC thp—]
. Vm-
s \
ViL—
tASR L
—» tRAH
Vig -
e T ROW COLUMN TOLUMN ><>
W ADDRESS ADDRESS ADDRESS
—>| |-1ASC CAH» |&— |e——————— tRA—————
tRAD tSRMW > ‘CRP—r-—'
Vin- -t WAD RWL

= \ /
ViL—-
[<+—1RCD WD ——> <————tAwn—T 1
tAWD——— | twp —tCWL
_ Vu- )
v \ \va
Vi -

TRWD —————> <—tﬁu——>|

: XXX 3
ViL— | 16D ‘
!GA-—I - tALW > <—-'—tsn
‘cﬁ+—> —> =152 |<—-tM-> —»] ja—tgz
‘AA - — Iuw
le———1tRac la— 1GA
Vi -
ooz ™ D VAL.M
VitVoL - N DATA IN N F\DATA IN
toLz “VALID ~ VALID
DATA OUT DATA OUT
V- STATIC COLUMN MODE READ/WRITE MIXED CYCLE
RAS
V-
Vi— s
S COLUMN COLUMN COLUMN  °
ABDRESSES V- ADDRESS m ADDRESS L ADDRESS ?@XX}
- tAsc tASC | |t (CAH—{
—————— tLlWAD —————
- tAHLW
s
ViL—
- tAWD!
tCwD >
ViH - — twp—>]
" \ /
ViL- ﬂ—tﬂw L
t6H
————————taw »
_ Vm- )
G \
ViL—
'GA L - tos t6A
tCAC tAQH ] . L_ <> tAQH
l——— tAp ——> 16D - DH tAA-D
ViHVoH — .
booons - — oATh Ot DATA AT Our
VitVoL - -
oLz
READ > WRITE >} READ——————»»{
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RAS ONLY REFRESH CYCLE
(W and G are Don‘t Care)

-t tRC

fe—— ‘RP—"
- thas
— e
m \ / N
tcRp ‘—l q— tRPC —> |<—
S/ \/
ViL—

RAH ——id— [
tASR—

ViH— ROW
ADDRESSES ADDRESS
Vi~
'CS BEFORE RAS REFRESH CYCLE
(W, G, and A0-A8 are Don’t Care)
- tRC
lt———tRP RAS > 1P ——]
Vin -
RAS
ViL- /
— tRPC—>] Y “—
» tcsh RPC
‘ (CHR——————— |————— (PN ——————

—__/ /
-

1OFF

0Q0-003 oL— HIGH Z
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HIDDEN REFRESH CYCLE (READ)

tRP—>

- tRC - tRC »
| ———————— RAS——————— | |« 1RP—>~|
- —_——
__VIH ———1 l—————1RAS
AS
ViL-
cRP la——1RCD tRSH— la———tCHR——»| |&«———tCRP—
ViH-
./
iL- &~ RAD - ™
tASR - tASC | |t
it mAI" l
ViH—
ROW COLUMN
ADDRESSES . ADD ADDRESS

>

L—‘Acs iy |<— 1RRH

ViH-
" XXX
Vi -

- IDFF

lt— tGZ —

- A
_ V- 6A
G ROH—>
ViL-
_Jd—tCAc—h
oLz la—
tRAC >
VoH— )
D00-DA3 HIGH Z \ VALID DATA QUT
VoL -

HIDDEN REFRESH CYCLE (WRITE)

- 1RC tRC
tRAS > tRP — tRp —
< | -
_ Vm- \ tAWR —T \4———tms \
RAS
V-
l—tRCD ——— tCHR——
——1 4 tcRP |— tRGH——{ tCRP ———— !
Vm —j 2
VIL l—tRAD
tASR L- tasc
— lt—tRAH —tCAH
Vin—
ROW COLUNMN
ADDRESSES ADD ADDRESS
ViL- T m—
tws |— —>' tWH
- tRWL ———
Vll | :
_m
4
ViL
<-tus->| |<-—tDH —
ViK-
D00-003 VALID DATA IN
ViL—

l<——- tDHR——————
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

- RAS a— tRP —{
s M- | /
i - R
tRSH
tCSR = o1 —> <1 1CRP——>
Vin— — tCHR — - ics
w / N
ViL— _
tASC ——>- T AR [
READ CYCLE tRAL

ik - COLUMN
tRes - o
v wily
V-
W - XRXHKXIXHKIXXX
ViL— | tROH >

r— chc —
a A (<€—1- tRCH—1
ViH— GA
g A
ViL-
4—|"0FF—>
[ tCLZ ttl;z —
VoH—
bao-ba3 HIGH Z VALID DATA OUT
oL—
1, 1
WRITE CYCLE ASC e CAH
Vin- COLUMN
tws le—bt-twn

- 1
ViL—
_Vin-
ViL-

'ns-<—>| }<——tnu—>

iy —

000-D03 v'" HIGH Z { VALID DATA IN N
-

READ-MODIFY-WRITE CYCLE tASC - l CAH -

Vi - COLUMN

<—4—incs twp >
ViL- tcwo >
- AW —————— <—->‘-'CWI.
- 16A ﬂ—tRWL—P
_ViH-—
ViL—- 16D
|<——1A.‘ > 1; tos L1-
{CAC: > fe-tG7 tpH
naooas “HVOH = HIGH Z VAD TR
VitNgL — DATAIN ¢ |
oz DATA Our |
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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 “tRcp.”” which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up 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; TS before
RAS refresh; hidden refresh), 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 Vjy to the V) _ level.
The TS clock must also make a transition from Vj to the V|
level at the specified tgcp 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 tgcp maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRac). If the trcp maximum condition is not
met, the access (tcac) from the 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 trcp minimum
specification. The time difference between tgcp minimum and
trCD Maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CS clock.

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

Data out is not latched and is valid as long as the 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 V|H 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 (V)_level) at or before the TS clock
goes active at a minimum tyycs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data 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 (tc\w() 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 Vj_ 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 tyycs minimum time. Thus the parameters tcw| 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 +2tT].

In a late write or a ready-modify-write cycle, G must be at
the V|H 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 Vi 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.

MOTOROLA MEMORY DATA
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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 (tpA) to any of the 512 column addresses
on a given row, typically at half the standard (tgac) 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 (tgc).

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 (tgc) 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, (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

MEMORY CYCLE

implies, the CS clock is not required and must be inactive or
at a V| 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 (tcSR) 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 V)_ and taking RAS high and
after a specified precharge period (tgp), 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 ““0’’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"”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 CS before
RAS Refresh Counter Test Read-Write Cycle (see timing
diagram). Repeat 512 times.

5. Read the "“0"s (use a normal read mode) written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE REFRESH CYCLE

000-003 = HIGH Z

= N/ "/ /|
T\
__<

VALID DATA QUT

Figure 1. Hidden Refresh Cycle
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MCM514258

ORDERING INFORMATION
(Order by Full Part Number)

MCM 5142588 X XX

Motorola Memory Prefix - Speed (85=85 ns, 10=100 ns,
12=120 ns)

Part Number
Package (P = Plastic DIP, J = Plastic SO
with J leads)

Full Part Numbers —MCM514258P85 MCM514258.85

MCM514258P10 MCM514258J10
MCM514258P12 MCM514258J12

A N TSR e N
: MOTOROLA MEMORY DATA
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General MOS Static RAMs

MCM2016H 2K x 8, 45/55/70 ns, NMOS . ...ttt 3-3
MCM2018 2K x8,35/45ns, NMOS ... ...ttt it it iia e 3-8
MCM6064, 8K x8, 100/120/150 ns, CMOS ... ...t iii e 3-13
MCM60L64 8K x 8, 100/120/150 ns, CMOS, Lower Power ................ 3-13
MCM60256, 32K x 8, 85/100/120 ns, CMOS ... ..ttt eeeaan 3-19
MCM60L256 32K x 8, 85/100/120 ns, CMOS, Lower Power ................ 3-19

e
MOTOROLA MEMORY DATA
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MOS Static RAMs
(+5V, 0to 70°C)

Organization Part Number Access Time Pins
(ns max)
2K x8 MCM2016HN45 (1) 45 24
MCM2016HN55 (1) 55 24
MCM2016HN70 (1) 70 24
MCM2018N35 (1) 35 24
MCM2018N45 (1) 45 24
(1) 300 mil package.
CMOS Static RAMs
(+5V, 0 to 70°C unless otherwise noted)
Organization Part Number Access Time Pins
(ns max)
8K x8 MCM6064P10 100 28
MCM6064P12 120 28
MCM6064P15 150 28
~ MCM60L64P10 100 28
MCM60L64P12 120 28
MCM60L64P15 150 28
32K %8 MCM60256P85 85 28
MCM60256P10 100 28
MCM60256P12 120 28
MCM60L256P85 85 28
MCM60L256P10 100 28
MCMB60L256P12 120 28

]
MOTOROLA MEMORY DATA
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA |

MCM2016H

Fast 16K Bit Static RAM }

The MCM2016H is a 16,384 bit static random access memory organized as 2048 PLASTIC
words by 8 bits, fabricated using Motorola’s high-performance silicon-gate MOS CASE 724
(HMOS) technology. It uses an innovative design approach which combines the
ease-of-use features of fully static operation (no external clocks or timing strobes
required) with the reduced standby power dissipation associated with clocked
memories. To the user this means low standby power dissipation without the need
for address setup and hold times, nor reduced data rates due to cycle times that
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys-

PIN ASSIGNMENT

tems, this high speed static RAM is intended for applications that demand superior
performance and reliability. ATl 1 o 24 flvee
Chip enable (E) controls the power-down feature. It is not a clock but rather a asf] 2 23 [1A8
chip control that affects power consumption. In less than a cycle time after E goes E 22 [1ae
high, the part automatically reduces ils power requirements and remains in this aalla alw
low-power standby mode as long as E remains high. This feature provides signifi- g_
cant system-level power savings. A3ll s 20(¢6
The MCM2016H is in a 24-pin dual-in-line 300 mil wide plastic package with the A2l s 19 [1a10
industry standard JEDEC approved pinout. Al n 7 18 [0E
® Single +5 V Operation, +10% Aod 8 17 loa
@ Fully Static: No Clock or Timing Strobe Required
® Fast Access Time: MCM2016H-45=45 ns (Maximum) naoff o 16 [loas
MCM2016H-55 =55 ns (Maximum) oa1 [ 10 15 [10as
MCM2016H-70=70 ns (Maximum) pazf] 1 14 ]nn,;
® Power Supply Current: 135 mA Maximum (Active)
20 mA Maximum (Standby) Vssff 12 13 floas
® Three-State Output
BLOCK DIAGRAM PIN NAMES
A4 4 IE AO-A10. .. ............. Address Input
A5 3 N~ PIN 24 =V DQO-DA7 .. ......... Data Input/Output
L% o S PIN 12=Vsg W, e e Write Enable
A6 —2——% b ;G .................. Output Enable
A7 1 I ROW o | MEMORY MATRIX E oo Chip Enable
2 O oecooer 128 x 128 VEC oo +5 V Power Supply
A8 2 N . VES - v vvmeeee e Ground
A9
H——] —
A0 —w—_'[k:
— [
9 I~
pao » . 0
L—¢ COLUMN 1/0
pat —12 T > s e *
TR ~__ COLUMN DECODER |
pa3 —13 : DN ‘/"—“ INPUAT NIDIIIE 1
L — 4 DAT
pos 14! {o—¢— covma 3
0o 15 : S ’ AD A1 A2 A3 1\
006 16 | N~ ' 1
17 [] L—9 s |
0a7 —«,—r—|\/;__< S
! o !
3 18 ]
=20 CONTROL
52 LOGIC
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MCM2016H

MODE SELECTION

Mode E S w Ve Current pa This devicq contains circuitry to p(otect th_e
inputs against damage due to high static

Standby H X X IsB High Z voltages or electric fields; however, it is ad-
vised that normal precautions be taken to

Read L L H Icc Q avoid application of any voltage higher than

Write Cycle L X L Icc D maximum raited. voltages to this high-
impedance circuit.

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee -05to +7.0 \
Voltage on Any Pin With Respect to Vgg Vins Vout | —0.5to0 +7.0 \
DC Output Current lout +20 mA
Power Dissipation Pp 1.1 Watt
Temperature Under Bias Thias —10to +80 °C
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —-65to0 +150 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vece 4.5 5.0 5.5 Y
Vss 0 0 0 "
Input Voltage (50 ns Maximum Address Rise and Fall Times, while the chip is selected) ViH 2.2 3.0 6.0 \
ViL —-0.5% 0 0.8 \
*The device will withstand undershoots to the —2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than
100% tested.
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (Vcc=5.5V, Vin=GND to Vcc) likg(l) -1.0 1.0 A
Output Leakage Current (E=V) or G=V), Vj;0=GND to V¢c) likg(0) -1.0 1.0 A
Operating Power Supply Current (E=V)i, 1);0=0 mA) Icc - 135 mA
Standby Power Supply Current (E=V)y) Is - 20 mA
Output Low Voltage (Ig=8.0 mA) VoL — 0.4
Output High Voltage (IgH = —4.0 mA) VOoH 24 - \

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

Characteristic Symbol Typ Max Unit
Input Capacitance All Inputs Except E and ba Cin 3 5 pF
E 5 7
1/0 Capacitance ba Cyo 5 7 pF

.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V £10%, TA=0to +70°C, Unless Otherwise Noted)

Input Pulse Levels . . . ................... 0and 3.0V Input and Output Timing Measurement Reference Levels. . . 1.6V
Input Rise and Fall Times . . . . .................. 5ns Outputload. . . ... ... ... i See Figure 1 .
READ CYCLE (See Note 1) |
Symbol MCM2016H-46 | MCM2016H-55 | MCM2016H-70
Parameter Units | Notes
Standard |Alternate| 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) | tayqyv 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 teLQv tACS - 45 - 55 - 70 ns
Access Time)
Output Enable Low to Output Valid (Output tgLQV tOE - 20 - 25 - 30 ns
Enable Access Time)
Chip Enable Low to Output Invalid (Chip Enable tELQX tcLz 5 - 5 - 5 - ns 2
to Output Active)
Chip Enable High to Output High Z (Chip Disable tEHQZ 1CHZ 0 20 0 20 0 20 ns 2
to Output Disable)
Output Enable Low to Output Invalid (Output tGLQX toLz 0 - 0 - 0 - ns 2
Enable to Output Active)
Output Enable High to Output High Z (Output tGHQZ toHZ 0 20 0 20 0 20 ns 2
Disable to Output Disable)
Address Invalid to Output Invalid (Output Hold Time) | taxax tOH 5 - 5 — 5 — ns
Chip Enable Low to Power Up tELICCH tpy 0 — 0 — 0 — ns
Chip Enable High to Power Down 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 V|| and V|H (or between V| and V)i ) 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=V|y, E=V|)

¥

- AVAV »!
A (ADDRESS)
gy ———>
|e—— tgLQy —>| —— tGHOZ
G (OUTPUT ENABLE) ER 7l
tGLOX > tAXOX —f »
Q (DATA 0UT) i OUTPUT DATA VALID )@————

READ CYCLE 2 (W=V|y, G=V|; See Note 3 Above)

TELEH j [
| —— tpgy ——>

teLOX — e > > tehaz
\

Q (DATA 0UT) OUTPUT DATA VALID Va

E (CHIP ENABLE) \

<)

tELICCH ——>] <€ tEHICCL —
Vog SUPPLY  ige
CURRENT

Iss
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WRITE CYCLE (See Notes 1 and 2)

MCM2016H

Symbol MCM2016H-45 | MCM2016H-55 | MCM2016H-70
Parameter Units | Notes
Standard | Alternate| Min | Max | Min | Max | Min | Max
Address Valid to Address Valid (Write Cycle Time) | tayav twe 45 — 55 — 70 - ns
Chip Enable Low to Write High (Chip Enable to End | tg|\wH tEw 40 — 50 — 65 — ns
of Write)
Address Valid to Chip Enable Low (Address Setup | tavgL 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
Wirite Low to Write High (Write Pulse Width) tWILWH tWp 35 — 40 — 40 — ns
Write High to Address Don’t Care (Address Hold | tywHAX tWR 0 - 0 - 0 - ns 4
After End of Write)
Write High to Output Don’t Care (Output Active tWHQX twiLz 0 - 0 - 0 - ns 5
After End of Write)
Write Low to Output High Z (Write Enable to Output |  tw| Qz tWHZ 0 20 0 20 0 20 ns 5
Disable)
Data Valid to Write High (Data Setup to End of tDVWH tps 20 - 25 - 30 - ns 3
Write)
Wiite High to Data Don’t Care (Data 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:

. 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.

w

by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write.

4. tywHAX is measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle.
Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data

o

. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate the write cycle

input/output (DQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied.

WRITE CYCLE 1 (W Controlled)

tavav

A (ADDRESS) X

E (CHIP ENABLE) \

QW ——————————————>>

TWHAX

Ny

/[

tAVWL

W (WRITE ENABLE)

le——————— WIWH ——————————]

/
G (OUTPUT ENABLE) y

- TAVWH >
1 WLz
l—— tgHOZ — |———— twHOX ——
N HIGH IMPEDANCE
Q (DATA OUT) )
1DVWH ——— WHDX

D (DATA IN)

DATA IN VALID

MOTOROLA MEMORY DATA
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MCM2016H

WRITE CYCLE 2 (E Controlled)

- tAvAV ]

A (ADDRESS) >(

TAVEL it B tELWH

E (CHIP ENABLE)

e omns L\ LN\ L\ K /1]

G (QUTPUT ENABLE) 7 \ : : :\

- »1— tWHAX

Y

TWLWH >

Ny

- twLaz
1GHOZ —
HIGH IMPEDANCE \ HIGH IMPEDANCE
Q (DATA OUT) /
1DVWH ————» tWHDX
D (DATA IN) DATA IN VALID
5V
480
a
30 pF
255 (INCLUDING

SCOPE AND JIG)

Figure 1. Output Load

ORDERING INFORMATION
(Order by Full Part Number)

MCM 2016H X XX

Motorola Memory Prefix ———_]_ —I_———— Speed (45=45 ns, 55 =55 ns, 70 =70 ns)

Part Number Package (N =300-mil Plastic)

Full Part Numbers —MCM2016HN45  MCM2016HN55  MCM2016HN70
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MOTOROLA
EE SEMICOND U CT O/  10mm s

TECHNICAL DATA
MCM2018

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 24 N PACKAGE
required) with the reduced standby power dissipation associated with clocked 1 PLASTIC
memories. To the user this means low standby power dissipation without the need CASE 724

for address setup and hold times, nor reduced data rates due to cycle times that
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys-

tems, this high speed static RAM is intended for applications that demand superior
performance and reliability. PIN ASSIGNMENT
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 A7f]1 @ 24 [Ivee
high, the part automatically reduces its power requirements and remains in this sl 2 23fas
low-power standby mode as long as E remains high. This feature provides signifi- ;
cant system-level power savings. Asll 3 22 1A9
The MCM2018 is in a 24-pin dual-in-line 300 mil wide package with the industry Al s 2w
standard JEDEC approved pinout. a3l s 2008
® Single +5 V Operation, +10% a2l s 19 lat0
® Fully Static: No Clock or Timing Strobe Required _
® Fast Access Time: MCM2018-35=35 ns (Maximum) a7 18 [IE
MCM2018-45 =45 ns (Maximum) Aofl 8 17 floaz
® Power Supply Current: 136 mA Maximum (Active) paof] 9 16 [10a6
20 mA Maximum (Standby)
® Three-State Output oa 10 15 floas
pa2[f 11 14 {1004
BLOCK DIAGRAM Vsslf 12 13 floas
A“—L——t
A5 3 N — PIN 24=Vgg
: L——] = PIN NAMES
A6 2 Le— ¢ s A0-A10 Add Input
1 FA10. .. ress Inpu
a7 —— Do | @ | MEMORY MATAX DQO-DQT7 . ... ... ..., Data Input/Output
a8 23 N 128x128 Woooooo Write Enable
“ag 2 N Lo— . G Output Enable
.. 0 M___C E o ii i e Chip Enable
A0 VCC + vt vv e e +5 V Power Supply
Lo— ] J V8S « i v i Ground
9 ° NN e 1
gﬁ‘: w7 L% . COLUMN 110 H
T \ I~ ( COLUMN DECODER
PN N ) INPUT o[ 7] ¢[] 5
nog —4 —> CONTROL
5251 I [ A0 A1 A2 A3
1 LC
pog —& ! > '
07— et [N 4% o !
| P2 — § . | :
U
E 18 1
=20 CONTROL
% 21 LoGIC

MOTOROLA MEMORY DATA
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MCM2018

MODE SELECTION

= = — This device contains circuitry to protect the
Mode E G | W | Vcc Current ba inputs against damage due to high static
Standb H X X | High Z voltages or electric fields; however, it is ad- |
andby S8 9 vised that normal precautions be taken to ,
Read L L H Icc Q avoid application of any voltage higher than i
- maximum rated voltages to this high-
Write Cycle L X L Icc o impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voltage vee -05t0 +7.0 \%
Voltage on Any Pin With Respect to Vgg Vin: Vout -05t0 +7.0 \
DC Output Current lout +20 mA
Power Dissipation Pp 11 Watt
Temperature Under Bias Thias —-10 to +80 °C
Operating Temperature Range Ta 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 \
Vss 0 0 0 \
Input Voltage (50 ns Maximum Address Rise and Fall Times, While the Chip is Selected) VIH 2.0 3.0 6.0 \
VIL —-0.5% 0 0.8 \%

*The device will withstand undershoots to the —2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than
100% tested.

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (Vcc =5.5V, Vj,=GND to Vcc) likg(1) -1.0 1.0 A
Output Leakage Current (E=Vy or G=V)y, V|;0=GND to Vcc) likg(0) -1.0 1.0 uA
Operating Power Supply Current (E=V)(, l|;0=0 mA) Icc - 135 mA
Standby Power Supply Current (E=V|y) Isg — 20 mA
Output Low Voltage (Ig =8.0 mA) VoL - 0.4 \
Output High Voltage (I = —4.0 mA) VOH 24 - \

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

Characteristic Symbol Typ Max Unit
Input Capacitance All Inputs Except E and DQ Cin 3 5 pF
E 5 7
1/0 Capacitance ba Ci/0 5 7 pF

.|
MOTOROLA MEMORY DATA |
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MCM2018

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V +£10%, TA=0to +70°C, Unless Otherwise Noted)

InputPulse Levels . .. ................... 0and 3.0V Input and Output Timing Measurement Reference Levels. . . 1.5V
Input Riseand Fall Times . . . ................... 5ns Outputload. . .. .............. ... ... See Figure 1
READ CYCLE (See Note 1)
Symbol MCM2018-35 | MCM2018-45
Parameter Units | Notes
Standard | Alternate| Min | Max | Min | Max
Address Valid to Address Valid (Read Cycle Time) tAVAV tRC 35 - 45 - ns
Address Valid to Output Valid (Address Access Time) tavav tAC - 35 - 45 ns
Chip Enable Low to Chip Enable High (Read Cycle Time) tELEH tRC 35 — 45 — ns
Chip Enable Low to Output Valid (Chip Enable Access Time) teLQv tACS - 35 - 45 ns
Output Enable Low to Output Valid (Output Enable Access Time) tGLQvV toE — 20 — 20 ns
Chip Enable Low to Output Invalid (Chip Enable to Output Active) | tgLQx tcLz 5 - 5 - ns 2
Chip Enable High to Output High Z (Chip Disable to Output tEHQZ tCHZ 0 20 0 20 ns 2
Disable)
Output Enable Low to Output Invalid (Output Enable to Output tGLQX toLz 0 - 0 - ns 2
Active)
Output Enable High to Output High Z (Output Disable to Output tGHQZ tOHZ 0 20 0 20 ns 2
Disable)
Address Invalid to Output Invalid (Output Hold Time) tAXQX tOH 5 - 5 — ns
Chip Enable Low to Power Up tELICCH tpy 0 — 0 - ns
Chip Enable High to Power Down tEHICCL tpp - 20 - 20 ns
NOTES:

1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition
between V) and V| (or between V| and V|| ) 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=V|y, E=V))
- tavav —!

A (ADDRESS) ;(

tAvQy —————— >

3

|—— tgLay ——> B > tGHaZ

G (UTPUT ENABLE) )‘( (

NG

teLax > tAXOX —

Y

Q (DATA OUT) OUTPUT DATA VALID

READ CYCLE 2 (W=V|y, G=V|_; See Note 3 Above)

<« tELEH >

E (CHIP ENABLE) N‘ }F

<— LV

tELOX > > teH0z

Q (DATA 0UT) OUTPUT DATA VALID }

tEHICCL —>|

Vg SUPPLY
CURRENT

MOTOROLA MEMORY DATA
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MCM2018

WRITE CYCLE (See Notes 1 and 2)

Parameter Symbol MCM2018-35 | MCM2018 45 Units | Notes
Standard | Alternate| Min | Max | Min | Max

Address Valid to Address Valid (Write Cycle Time) tAVAV tWC 35 — 45 - ns
Chip Enable Low to Write High (Chip Enable to End of Write) tELWH tEw 30 - 40 - ns
Address Valid to Chip Enable Low (Address Setup to Chip Enable) tAVEL tAS 0 - 0 - ns
Address Valid to Write Low (Address Setup to Write) 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 WP 30 - 35 - ns
Write High to Address Don’t Care (Address Hold After End of Write) | twHAX tWR 0 — 0 - ns 4
Write High to Output Don’t Care (Output Active After End of Write) | twHaXx WLz 0 - 0 - ns 5
Write Low to Output High Z (Write Enable to Output Disable) twLQz tWHZ 0 20 0 20 ns 5
Data Valid to Write High (Data Setup to End of Write) tDVWH tps 15 - 20 - ns 3
Write High to Data Don’t Care (Data Hold After End of Write) TWHDX tDH 0 - 0 - ns 3,5
Output Enable High to Output High Z tGHQZ tOHZ 0 20 0 20 ns
NOTES:

N

. Write enable (W) must be high during all address transitions.

2. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance
state.

. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate the write cycle
by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write.

4. tywHAX is measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle.

Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data

input/output (DQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied.

w

o

WRITE CYCLE 1 (W Controlled)

- tAvAV

A (ADDRESS) *

E (CHIP ENABLE) \

tELWH - 1— tWHAX

ey

Ny

tAVWL | tWiLWH

W (WRITE ENABLE] %\;\ \\ /]

tAVWH >

G (OUTPUT ENABLE) Ti : f : f le \> > 5\

1 twioz
|—— tgHaz —— ———— tWHOX —— >
N HIGH IMPEDANCE

A

Q (DATA 0UT)

1DYWH ——>] tWHDX

D (DATA IN) DATA IN VALID

MOTOROLA MEMORY DATA
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MCM2018

WRITE CYCLE 2 (E Controlled)

- tavAv -
A (ADDRESS)
tAVEL tELWH -1t B tWHAX
E (CHIP ENABLE) ﬁ( ]l
- WLWH >
W (WRITE ENABLE) x\\\\ \\\NR » j[// 7 / / / / /‘
AVWH »
5 uteut enasie) /. ‘ \ S : :\
' <> W0z
tGHaZ —]
0 OATA 0UT) %\f; HIGH IMPEDANGE
DVWH ———— tWHDX
D (DATA IN) DATA IN VALID
5V
480
a
30 pF
255 (INCLUDING

SCOPE AND JIG)

Figure 1. Output Load

ORDERING INFORMATION
(Order by Full Part Number)

MCM 2018 X XX

Motorola Memory Prefix ————l_ -L-—————— Speed (35=35 ns, 45=45 ns)

Part Number

Package (N =300-mil Plastic)

Full Part Numbers —MCM2018N35
MCM2018N45

MOTOROLA MEMORY DATA
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m SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Advance Information

8K x 8 Bit CMOS Static Random
Access Memory

The MCM®6064 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 mA/
MHz and corresponding maximum power consumption is 27.5 mW/MHz.

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. For MCM6064 typical standby current is 3 pA, with a
maximum of 100 uA. For MCM60L64 typical standby current is 0.6 pA, with maximum of
1.0 uA 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)

BLOCK DIAGRAM

1sB ...45 —{g | —
rw—3
A7 é <€ Ve
A2 ——| ROW MEMORY ARRAY | <—— Vgg
| SELECT/ S (256 ROWS
Ag DECODER 256 COLUMNS)
e —3
AT 3
MSB....A10 L8 1
|
Q0 __.»-_{?_ INPUT —
S DATA SENSE AMP | f
baz CONTROL| COLUMN SELECT/
DECODER
B
£2 | LSB AD A1 A2 A3 A4 MSB
W e V
. pul

MCM6064
MCM60L64

PLASTIC
CASE 710

‘ ﬂﬂ | “ PACKAGE

PIN ASSIGNMENT

N1 e 28 flvee
A12f] 2 27 IW
A7ﬁ 3 26 [1E2
asl 4 25 [1A8
A5} 5 24 [1A9
asfl 6 23 a1
a7 21§
A2 8 21 fla10
Al 20 JEV
aof 10 19 {1oa7
nnuﬁ " 18 [1 D06
paif} 12 17 [10as
pazf] 13 16 {1pa4
vgs ] 14 15 [1003
PIN NAMES
AO-A12 .. .. ... Address
Wi Write Enable
ETE2........... Chip Enable
G ... Output Enable
DQo-DQ7. . . .. Data Input/Output
Vee. - - - +5 V Power Supply
VS v v v v 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

— e — N This device contains circuitry to protect the
E1 E2 G w Mode Supply Current 1/0 Pin inputs against damage due to high static
H X X X Not Selected Isg High Z voltages or electric fields; however, it is ad-
. vised that normal precautions be taken to
X L X X Not Selected 'sg High 2 avoid application of any voltage higher than
L H H H Output Disabled Icc High Z maximum rated voltages to this high-
L H L H Read Icc Dout impedance circuit.
L H X L Write Icc Din

X=don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee 7 \
Voltage to Any Pin with Respect to Vgg Vin, Vout | —0.5toVgc+05| V
Power Dissipation (Tp =25°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature TA Oto +70 °C
Storage Temperature Tstg —55to +150 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v
Input High Voltage VIH 22 - Vee+0.3 \
Input Low Voltage viL -0.3% - 0.8 \

*V)L (min)= —0.3 V dc; V)L (min)= —3.0 V ac (pulse width <50 ns)

DC CHARACTERISTICS

Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to V¢l likg(1) — <0.01 +1.0 A
Output Leakage Current (ET= V|, E2=V), or G=V|y, Vout=0 to Vcc) likg(0) - <0.01 +1.0 A
DC Supply Current (ET=V), E2=Vy, Vin=V|H or Vi) Icc — — 10 mA
AC Supply Current (ET=Vj|, E2=V|y, Vin=V|H or V|, loyt=0) Icca mA
MCM6064-10: tayay =100 ns - - 45
MCM6064-12: tayay = 120 ns — - 40
MCM6064-15: tayay = 150 ns — — 35
Standby Current (ET=V|y or E2=V;) IsB1 — — 3.0 mA
Standby Current (ET=Vcc—0.2 or E2<0.2 V) MCM6064 IsB2 - 3 100 A
MCMB60L64, Ta =25°C — 0.6 1.0
Ta=0to 70°C - — 30
Output Low Voltage (g =4.0 mA) VoL - — 0.4 \
Output High Volitage (lgH= —1.0 mA) VoH 24 — - \
CAPACITANCE (Periodically Sampled Rather Than 100% Tested)
Characteristic Symbol Min Max Unit
Input Capacitance (Vin=0V) All Inputs Except DQ Cin — 6 pF
1/0 Capacitance (Vj;0=0 V) Da Ci/0 - 8 oF

1 e e N R
MOTOROLA MEMORY DATA

3-14



MCM6064° MICM60L64

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

Input Pulse Levels . . . ... ............... 06V, 24V Output Timing Measurement Reference Levels. . . . . 0.8and 2.2V
Input Rise/Fall Time . . . . ... ... ... ... ........ 5ns Outputload. . .. .. ..... ... ... ... ..., See Figure 1
Input Timing Measurement Reference Levels. . . . ... ... 1.5V

READ CYCLE (See Note 1)

MCM6064-10 | MCM6064-12 | MCM6064-15
Parameter Symbol SyrAnI:)oI MCM60L64-10 | MCM60L64-12 | MCM60L64-15 | Unit | Notes
Min [ Max | Min | Max | Min | Max
Read Cycle Time tAVAV tRC 100 - 120 — 150 — ns -
Address Access Time tAvVQVv tAA — 100 - 120 — 150 ns —
ET Access Time tE1LQV tAC1 — 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 tE1LQX. tE2HOQX | tCLzZ 10 — 10 — 15 - ns 2,3
Output Enable to Output Low-Z tGLAX toLz 5 — 5 — 5 — ns 2,3
Chip Enable to Output High-Z tE1HQZ 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. Wis 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.

i tAVAV >
| l
A (ADDRESS) X X
| |
e vy ————> l—taxax |
E7, E2 (CHIP ENABLE) X | x :
| f I tE1HOZ |
1] AR —_
14—— E1LQV- tE2HQV —>} e tE2L0Z _—’!
t I
B (OUTPUT ENABLE) { \‘i | }|{ |
| |
| [ el ——> j——tgHaz —>
| | L
HIGH-Z HIGH-Z
Q (DATA OUT) t — { DATA VALID )
|
| |<€— tgLax —>|
| 110X
tE2HOX
50V
R =930
TEST POINT
1N914B
100 pF* 24k OR EQUIV.

*Includes jig capacitance. = =

Figure 1. AC Test Load

MOTOROLA MEMORY DATA
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MCM6064+MICM60L64

WRITE CYCLE 1 (W CONTROLLED) (See Note 1)

MCM6064-10 | MCM6064-12 | MCM6064-15
Parameter Symbol Sv,:::)ol MCM60L64-10 | MCM60L64-12 | MCM60L64-15 | ynit | Notes
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 60 . 70 - 90 - ns 2
Data Valid to End of Write tDVWH tpw 40 - 50 - 60 - ns —
Data Hold Time tWHDX tDH 0 — 0 — 0 — ns 3
Write Low to Output in High-Z twLQz tWHZ 0 35 0 40 0 50 ns 4,5
Write High to Output Low-Z tWHQX twiLz 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 ET, low W or high E2. A write cycle ends at the earliest transition of a high E1, high

W or low E2.

SN

the previous steady state voltage.

Lyl

These parameters are periodically sampled and not 100% tested.

V71

. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state.
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.
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

A (ADDRESS)

|«

-
ﬁ(cmPENABLE)\; ;|: ; ; \

}

tAVWH 4—"4—*"‘— TWHAX

/;;;;/

1
E2 (CHIP ENABLE) / f flf f f/

!
|
|
t
|
|

W (WRITE ENABLE)

AN

: e tWLWH >
T | 1
| X /
| | |
le— tayw, —>] tpywH—>] tWHDX
! . | —
|
twlaz —J<—->| > WHaX

HIGH-Z |
Q (DATA OUT)

HIGH-Z

MOTOROLA MEMORY DATA

3-16

Q00—




MCM6064° MCM60L64

WRITE CYCLE 2 (E1, E2 CONTROLLED) (See Note 1)

MCM6064-10 | MCM6064-12 | MCM6064-15
Parameter Symbol s A':) | | MCM60L64-10 | MCMG0L64-12 | MCMBOLB4-15 | ynit | Notes
mbo
v Min | Max | Min | Max | Min | Max
Write Cycle Time tAVAV tWC 100 — 120 — 150 — ns —
Address Setup Time tAVE1L, tAVE2H tAS 0 — 0 — 0 — ns 2
Address Valid to End of Write tAVETH, tAVE2L tAW 80 — 85 — 100 — ns 2
Chip Enable to End of Write tE1LE1H, tE2HE2L | tCW 80 — 85 — 100 — ns 2,3
Data Valid to End of Write tDVETH. tDVE2L | tDw 40 — 50 — 60 — ns 2
Data Hold Time tE1HDX. 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
W or low E2.
2. E1 and E2 timings are identical when E2 signals are inverted.
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state.
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.
5. W must be high during all address transitions.

\

|- tAVAY

| |
A (ADDRESS) x
|

tAVETH  tAVE2L —|
XK J'[
| [
| |
|

A

ET (CHIP ENABLE)

E2 (CHIP ENABLE)

.

TAVEIL | ) E1LETH > | < » TETHAX
TAVEZH tE2HE2L I_ tE2LAX

|
| |

je— 'DVEIH — tETHDX

tDVE2L tE2LDX

4 — 4

HIGH-Z

Q (DATA OUT)

e
MOTOROLA MEMORY DATA
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MCM6064¢ MCM60L64

DATA RETENTION CHARACTERISTICS (T4 =0 to +70°C)

Parameter Symbol Min Typ Max Unit
Vg for Data Retention (ET=Vcc—0.2 V or E2<0.2 V) VDR 2.0 — 55 v
Data Retention Current (ET=Vgc—0.2 or E2<0.2 V) ICCDR pA
MCM6064: Vcc=3.0V - - 50
Vee=565V - — 100
MCM60L64: Ve =3.0 V - - 15
Vee=55V — — 30
Chip Disable to Data Retention Time tCDR 0 - - ns
Operation Recovery Time trec tavav* - - ns

*tavAv = Read Cycle Time

[<€&—————— DATA RETENTION MODE ——>

4.5V a5V
Vee ‘ Vpr=2.0V 7

t— tCDR — P>

E2 CONTROL m& 0.8V £2<02V

|

m|

)]

1=Vpg—-0.2V

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6064 or 60L64 X XX

Motorola Memory Prefix L Speed (10=100 ns, 12=120 ns,
15=150 ns)

Part Number
(With L=Low Power Version) Package (P = Plastic)

Full Part Numbers—MCM6064P 10 MCM60L64F;10
MCM6064P12 MCM60L64P12
MCM6064P15 MCM60L64P15

L ___________________________________________________________________________|
MOTOROLA MEMORY DATA
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m SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Advance Information

32K x 8 Bit CMOS Static Random
Access Memory

The MCM®60256 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 Eisa logic high, the part is placed in low
power standby mode. The typical standby current for MCM60L256 is 2 uA. 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 TTL Compatible

Three State Outputs

Fast Access Times: MCM®60256-85 and MCM60L256-85 =85 ns (Max)
MCM®60256-10 and MCM60L256-10 = 100 ns (Max)
MCM®60256-12 and MCM60L256-12 = 120 ns (Max)

BLOCK DIAGRAM

MsB A5 — g

A6
A7
A12

-— \Vge
MEMORY ARRAY
~Vss

i

A4 ROW | * | (512 ROWS AND
A3 DECODER| [ | 512 COLUMNS)
A8
A9
LSB A1l
r
o -
00 —¢- ?: otk COLUMN 1/0 :
Da7 “conTRoL ||
COLUMN DECODER

mi

1 MSB A4 A3 A2 A1 AD A10 LSB
!

ol =

MCM60256
MCM60L256

P PACKAGE
PLASTIC
1 CASE 710

PIN ASSIGNMENT

A4fl1 e 28 fIvge
a2l 2 27 [IW
A7( 3 26 [1A13
a6l 4 25 (148
Asll s 24 [1A9
alle 23 f1an
A3l 7 221§
a2lls 21 110
Ao 20 JE
A0f} 10 19 [loa7
paof} 1 18 [1006
a1 [} 12 17 [1oas
a2} 13 16 {1oas
vssl] 14 15 [Toa3
PIN NAMES
E)-AM ............ Address
!V ............ Write Enable
E .............. Chip Enable
G ........... Output Enable
DQO-DQ7. . . .. Data Input/Output
Veg- oo - +5 V Power Supply
VS v vt i e Ground

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM60256 MICM60L256

TRUTH TABLE

E G W Mode Supply Current 1/0 Pin This device contains circuitry to protect the
N inputs against damage due to high static
H X X Not Selected 'ss High Z voltages or electric fields; however, it is ad-
L H H Output Disabled Icc High Z vised that normal precautions be taken to
L avoid application of any voltage higher than
L H Reéd lcc Dout maximum rated voltages to this high-

L X L Write Icc Din impedance circuit.

X=don’t care
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee -0.3t07.0 \
Voltage to Any Pin with Respect to Vgg Vin, Vout | —0.5to Vgc+0.6 \
Power Dissipation (T A =25°C) Pp 1.0 w
Temperature Under Bias Thias ~10to +85 °C
Operating Temperature TA Oto +70 °C
Storage Temperature Tstg -55to +150 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vVee 4.5 5.0 5.5 \
Input High Voltage ViH 2.2 — Vce+0.3 \
Input Low Voltage ViL -0.3*% — 0.8 \Y
*VjL (min)= —0.3 V dc; Vj_ (min)= =3.0 V ac (pulse width <50 ns)
DC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vin=0to Vcc) likg(1) — <0.01 +1.0 KA
Output Leakage Current (E=V or G=V|y or W=V), Vou,1=0 to Vce) likg(0) - <0.01 +1.0 A
Operating Current (Read Cycle) Iccat mA
(E=V|L, W=V|Q, Other Input=V|{/V|L, loyt=0 mA)
MCMB60256: tayqQy =1 us - 10 -
MCM60256-85: tayqy =85 ns - - 70
MCM60256-10: tayqy = 100 ns - - 70
MCMB60256-12: tayqy = 120 ns — — 70
(E=0.2V, W=V -0.2V, Other Input=Vcc—0.2 V/0.2 V, IccA2
lout=0 mA) MCMB60256: tayqy =1 us - 5 -
MCMB0256-85: tayQy =85 ns - - 60
MCMB60256-10: tayqy = 100 ns - — 60
MCM60256-12: tayqy = 120 ns — — 60
Standby Current (E=Vy) IsB1 — — 3.0 mA
Standby Current (E=Vcc—0.2V, Voc=2.0t056.5V) MCM60256 IsB2 — — 1.0 mA
MCM60L256 — 2 100 A
Output Low Voltage (Ig =4.0 mA) VoL — — 0.4 \
Output High Voltage (o = — 1.0 mA) VOH 24 — — \

Typical values are referenced to Tp =25°C and Vcc=5.0 V
CAPACITANCE (f=1 MHz, Tp =25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Min Max Unit
Input Capacitance (Vin=0V) All Inputs Except DQ Cin - 10 pF
1/0 Capacitance (V{;g=0 V) DQ Cy/0 — 10 pF

MOTOROLA MEMORY DATA
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MCM60256 MCM60L256

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

Input Pulse Levels . . ... ... ............. 06V, 24V Output Timing Measurement Reference Levels. . . . . 0.8and 2.2V
Input Rise/Fall Time . . . . ... ..... ... .. ........ 5 ns OutputLoad. . . .. .................... See Figure 1
Input Timing Measurement Reference Levels. . . . . . .. .. 15V

READ CYCLE (See Note 1)

MCM60256-86 | MCM60256-10 | MCM60256-12
Parameter Symbol Syﬁtml MCM60L256-85 | MCM60L256-10 | MCM60L256-12 | ypijt | Notes
Min Max Min Max Min Max
Read Cycle Time tAVAV tRC 85 — 100 — 120 — ns —
Address Access Time tAVQV tAA — 85 — 100 — 120 ns —
E Access Time tELQV tAC — 85 — 100 — 120 ns —
G Access Time tGLQV tOE — 40 — 50 — 60 ns —
Output Hold from Address Change tAXQX tOH 5 — 10 — 10 — ns — '
Chip Enable to Output Low-Z tELQX tcLz 10 — 10 — 10 — ns 2,3
Output Enable to Output Low-Z tGLQX toLz 5 — 5 — 5 — ns 2,3
Chip Enable to Output High-Z tEHQZ tCHZ 0 30 0 50 60 ns 2,3
Output Enable to Output High-Z tGHQZ tOHZ 0 30 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.

- tAvAV >
A (ADDRESS) )<
- tavav > tAxax —
E (CHIP ENABLE) »5\
- gy > tEHOZ —>
G (OUTPUT ENABLE) \g
«——— Gl ———> tGHOZ —>|
HIGH-Z 7 HIGH-Z
Q (DATA 0UT) \ DATA VALID )
-— tGLQX
<«— g Qx —»
50V
R, =930
TEST POINT
1N9148
100 pF* 24k OR EQUIV.

*Includes jig capacitance. = =

Figure 1. AC Test Load
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MCM60256 ¢ M CM60L256

WRITE CYCLE 1 AND 2 (See Note 1)

MCM60256-85 | MCM60256-10 | MCM60256-12
Parameter Symbol | o A | MCMEOLZS6.85 | MCMGOLZS6-10 | MCMEOLZS6-12 | Unit | Notes
Min Max Min Max Min Max
Write Cycle Time tAVAV twWe 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 tWILWH twp 60 - 70 - 80 - ns 2
Data Valid to End of Write tDVWH/tDVEH | tow 40 - 40 — 50 — ns —
Data Hold Time tWHDX/tEHOX tDH 0 - 0 — 0 — ns —
Write Low to Output in High-Z twLQZ tWHZ 0 30 0 50 0 60 ns 3,4
Write High to Output Low-Z TWHQX WLz 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:

. Outputs are in high impedance state if G is high during Write > Cycle.

2. A write occurs during the overlap (typ) of a low E and a low W. If W goes low prior to E Iow then outputs will remain in a high impedance

state.

w

the previous steady state voltage.
4. These parameters are periodically sampled and not 100% tested.
5. tyR is measured from the earlier of E or W going high to the end of write cycle.

WRITE CYCLE 1 (W CONTROLLED)

tAVAV

A (ADDRESS)

A

E (CHIP ENABLE) \

k

TAVWH

> »— tWHAX

wv -

TTTTTTT

N

WLWH

W (WRITE ENABLE)

b

N

/]

[ tAVWL —>|

IDVWH ——>1 “»I— tWHDX

D (DATA IN)

DATA VALID

Q (DATA OUT)

wiaz —re
HIGH-Z

HIGH-Z

WHQX

Y
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MCM60256 * MCM60L256 \

WRITE CYCLE 2 (E Controlled)

VAV —— —] ‘

A (ADDRESS) i
|

< tAVEL < tELEH > tEHAX i

TAVEH
E (CHIP ENABLE) \K 7
- WLWH >
W (WRITE ENABLE) X\\\\\\\\\SK 7£ ; ; ; ; ; ;/
HIGH IMPEDANCE HIGH IMPEDANCE \
Q (DATA OUT)
1pVEH ———— ] TEHDX
D (DATA IN) DATA VALID

DATA RETENTION CHARACTERISTICS (T =0 to +70°C)

Parameter Symbol Min Typ Max Unit
Vg for Data Retention (E2Vcc—0.2 V) VDR 2.0 — 5.5 \
Data Retention Current (E=Vcc—0.2 V) MCM60256 ICCDR - — 1.0 mA
MCM60L256: Vcc=3.0V - - 50 A
Vee=55V - - 100 A
Chip Disable to Data Retention Time tCDR 0 — — ns
Operation Recovery Time trec tAvAavV* — — ns

*tavav =Read Cycle Time
DATA RETENTION MODE

[<————— DATA RETENTION MODE ————
Vee 45V ‘ Vpr=20V } a5V

tCOR — — trgc

_ E=Vpp—02V
E CONTROL iy jvm A\

NOTE: If the Vjy of E is 2.4 V in operation, Igg1 current flows during the period that the V¢ voltage is decreasing from 4.5 V to 2.4 V.

ORDERING INFORMATION
(Order by Full Part Number)

MCM 60256 or 60L256 X XX

Motorola Memory Prefix Speed (85=85 ns, 10=100 ns,
12=120 ns)
Part Number
(With L =Low Power Version) Package (P = Plastic)

Full Part Numbers—MCM60256P85 ~ MCM60L256P85
MCM60256P10  MCM60L256P10
MCM60256P12 MCM60L256P12

MOTOROLA MEMORY DATA
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CMOS Fast Static RAMs

MCM1423 4K x 4, 40 ns, Equivalent to IMS1423 ............. ... ...t 4-3
MCM6164, 8K x8, 45/55 ns, ET, E2, and G INPUtS ... ...covnvvnenennnnnns 4-8

MCM61L64 8K x8, 45/65 ns, Lower Power ..............ciiiiiiiiiiinnn. 4-8
MCM6164C 8Kx8,556/70ns, —40t085°C ........iiiiii e 4-16
MCM6168 AK X4, 45/55/70 NS . ovvit it et it e 4-24
MCM6206 32K x 8, 45/55/70 ns, Output Enable ........................ 4-29
MCM6207 256K x 1, 25/35 ns, Separate Input and Output Pins ........... 4-34
MCM6208 BAK X4, 25/35 NS ottt e e 4-39
MCM6264 8Kx8,35/45ns, 300-mil PDIP . ... ..ottt 4-44
MCM6268 QK X4, 25/3D NS ottt ittt e e e 4-49
MCM6269 4K x4, 25/35 ns, Fast Chip Select .........ccoviiivninnnnnn. 4-54
MCM6287 64K x 1, 25/35 ns, Separate Input and Output Pins ............ 4-59
MCM6288 16K X4, 25/30/35 NS, .+ . vvviiie e iiaietienaaa s ananaaeas 4-68
MCM6290 16K x4, 25/30/35 ns, Output Enable ........................ 4-76

e o ... ________________________________|
MOTOROLA MEMORY DATA
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CMOS Fast Static RAMs
(+5V, 0 to 70°C unless otherwise noted)

Organization Part Number Access Time Pins Organization Part Number Access Time Pins
(ns max) (ns max)

4K x 4 MCM1423P45 40 20 16K x 4 MCM6288P25 25 22

IMS1423P-45 40 20 MCM6288P30 30 22

MCM6168P45 45 20 MCM6288P35 35 22

MCM6168P55 55 20 MCM6290P25%  (4) 25 24

MCM6168P70 70 20 MCM6290P30%*  (4) 30 24

MCM6268P25 25 20 MCM6290P35%  (4) 35 24

MCM6268P35 35 20 MCM6290J25%  (4) 25 24

MCMe269P25% » 20 MCMe290J30% % 2

MCM6269P35 2 35 20 MCM6290J35 ) 35 24

8K x8 MCM6164C45 45 28 64K x 1 MCM6287P25 25 2

MCMB164C55 55 28 MCMG6287P35 35 2

MCM61L64C45 45 28 MCM6287.125 b 2

MOM61L64CES e pot MCM6287.35 35 2

MCM6164P45% 45 28 32K x8 MCM6206P45* 45 28

MCM6164P55* 28 MCM6206P55: 55 28

MCM61L64P45* 45 23 MCMGE206P70 70 B

MCM61L64P55* 28 MCM6206.45 45 28

MCM6164J45% 45 28 e > o
MCM6164J55% 55 28

MCM61L64J45* 25 28 64K x 4 MCM6208P25: 25 24

MCM61L64J56%* 55 28 MCM6208P35 35 24

MCM6164CCE5 (@) 55 28 MCM6208L25% % 24

MCMme164CC70 3 70 28 MCM52°8'-35* 35 2

wovemes || = vz | x|
MCM6264P45* 45 28

MCM6264J35% 35 28 256K x 1 MCM6207P25% 25 24

MOMB264025% ps % MCM6207P35* 35 24

" - MCM6207L.25* 25 2

To be introduced MCM6207L35% 35 2%

(2) Chip select version
(3) Industrial temperature range, —40 to 85°C MCM6207J25: 25 24
(4) Output enable version MCM6207J35 3% 24

.
MOTOROLA MEMORY DATA
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MOTOROLA
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 Il1) 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

EE SEMICONDUCTOR /55

MCM1423*

P PACKAGE
PLASTIC
CASE 738

PIN ASSIGNMENT

again. This feature reduces system power requirements without degrading access afli e 20 [Ivge
performance.
The MCM1423 is available in a 300 mil, 20 pin plastic dual in-line package with the asfl 2 19143
JEDEC standard pinout. a6l 3 18 [1A2
® Single 5V Supply, +10% A7l 4 17 [1A1
® 4K x4 Bit Organization a8l s 16 [1A0
® Fully Static—No Clock or Timing Strobes Necessary olls 15 1000
® Protects Against Soft Errors Caused by Alpha Particles
® Fast Access Time (Maximum): Al 7 14 {lo1
Address Chip Enable Al s 13 gDUZ
4ons 45 ns . il 12 o3
® Low Power Operation: 80 mA Max (Active) h i
20 mA Max (Standby—TTL Levels) Vs 10 n
2 mA Max (Standby— Full Rail)
- BLOCK DIAGRAM SIN NAMES
A5 ___k: AO-ATT. .. ... Address Input
A — Ve W. . Write Enable
0 {e— — Vss B Chip Enable
a ——{>— DQO-DQ3 . . .. ... Data Input/Output
A2 ROW MEMORY MATRIX vVee - +5 V Power Supply
(e DECODER 128 ROWS x VS v Ground
A3 .__.{ t: 128 COLUMNS
A6 ——t *This device may also be ordered as
A7 IMS1423P-45.
(MSB) L
Do ——m[z_— == cowmnio B
| | COLUMN DECODER
oat % et TRUTH TABLE
Da2 {E-— CONTROL ###4‘!& E| W Mode Supply Current | 1/0 Pin
D03 | ] A4 ATD A9 A AT1 H X Not Selected Isg High-Z
C (MSB) (LSB) L | H Read lcc Dout
L L Write Icc Din

15

T

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM1423

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit
Power Supply Voltage (Vcc) -0.5to +7.0 \
Voltage Relative to Vgg for Any Pin Except V¢ -0.5t0 Vce +0.5 \ This device contains circuitry to protect the
Output Current (per 1/0) +20 mA inputs against damage due to high static
. voltages or electric fields; however, it is ad-
Power Dissipation 1.0 w vised that normal precautions be taken to
Operating Temperature 0to +70 oC avoid application of any voltage hig.her than
maximum rated voltages to this high-
Storage Temperature —55to +125 °C impedance circuit.
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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Range) Vee 4.5 5.0 55 \
Input High Voltage (See note below) VIH 2.0 - Vee+03V \
Input Low Voltage (See note below) ViL -0.3% — 0.8 \Y

*V|L (min) = = 0.3 V dc; V| (min)= —3.0 V ac (pulse width =20 ns)
NOTE: Address rise and fall times while the chip is selected are 50 ns maximum.

DC CHARACTERISTICS

Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vin=0to 5.5 V) e — — 1.0 A
Output Leakage Current (E=V|y or W=V, ; Vo1 =0 to V) *¥* loL — — 2.0 HA
Power Supply Current (E=V||; Vin=V|L or V|4, lout =0 mA)¥* Icc - - 80 mA
Standby Current (E=V)y) IsB1 - - 20 mA
Standby Current (EzVcec-0.2 V) (0.2 V2Vin2Vee -0.2 V) IsB2 — — 2 mA
Output Low Voltage (Ig( =8.0 mA) VoL — — 0.4 \
Output High Voltage (IgH = —4.0 mA) VOoH 2.4 - \

**Input levels less than —0.3 V or greater than Ve +0.3 V will cause 1/0 and power supply currents to exceed maximum rating.

CAPACITANCE (f=1.0 MHz, Tp =25°C, pericdically sampled rather than 100% tested)

Characteristic Symbol Min Typ Max Unit
Input Capacitance All Inputs ExceptE Cin — 3 5 pF
E — 5 7
1/0 Capacitance Ci/0 - 5 7 pF

AC TEST LOADS

+5V +5V
480 480
110 110
255 30 pF 255 5 pf
(INCLUDING (INCLUDING
SCOPE AND JIG) SCOPE AND JIG)
Figure 1A Figure 1B

MOTOROLA MEMORY DATA
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MCM1423

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

Input Timing Measurement Reference Level . . ... .. 1.5V Output Timing Mesurement Reference Level. ... ... 1.5V
Input Pulse Levels . . . .................. 0to3.0V QutputLoad. .. ....... ... ... .. ..., See Figure 1A
Input Rise/Fall Time. . . ..................... 5ns
READ CYCLE 1 (E=V))
Symbol MCM1423P45 )
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 tAXQX tOH 5 — ns
== tavav >

ADDRESS

[ txax
PREVIOUS DATA VALID X DATA VALID

e tavav

READ CYCLE 2 (E is Clocked)

Symbol MCM1423P45
Parameter Unit Notes
Standard | Alternate Min Max
Read Cycle Time tAVAV tRC 40 - ns
Address Access Time tavav tAA - 40 ns
E Access Time teLQv tACS - 4 ns
E Low to Output Active tELQX t 7 5 — ns 1
E High to Output High-Z tEHQZ thz 0 20 ns 1
Output Hold from Address Change tAXQX tOH 3 — ns
Power Up Time tELICCH tpy 0 - ns
Power Down Time tEHICCL tPD - 45 ns

NOTE:

1. Measured with ac load of Figure 1B. Parameter is sampled and not 100% tested. Transition measured + 500 mV from steady-state voltage.

tavav >

ADDRESS )<
E \\ ]t
| teQx [>T tEHOZ
a ( DATA VALID
- oy ————————>
teuccH —>  fe— e teHiCCL
Vee Ice
SUPPLY
CURRENT  Igg

MOTOROLA MEMORY DATA
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WRITE CYCLE 1 (W Controlled) (See Note 1)

MCM1423

Symbol MCM1423P45
Parameter Unit Notes
Standard | Alternate Min Max
Write Cycle Time tAVAV twe 40 — ns
Address Setup Time tAVWL tAS 0 — ns
Address Valid to End of Write tAVWH tAW 35 - ns
Wirite Pulse Width tWILWH twp 35 — ns
Data Valid to End of Write tDVWH tow 15 — ns
Data Hold Time YWHDX tDH 5 — ns
Write Low to Output High-Z tWLQZ twz 0 20 ns 2,3
Wirite High to Output Active tWHQX tow 6 - ns 2,3
Write Recovery Time TWHAX tWR 5 - ns
E Low to End of Write tELWH tew 35 — ns

NOTES:

1. A Wirite occurs during the overlap of a low W and a low E.
2. Measured with the ac load of Figure 1B. 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 }

TN

mi

TAVWH

ELWH ————————— 3

1 tWHAX

=|

e tvwL —

\

s XKKXXAXK)

HIGH-Z

N\ /
tDVWH — TWHDX
DATA VALID
twLoz -
HIGH-Z
TWHOX

MOTOROLA MEMORY DATA
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MCM1423 |

WRITE CYCLE 2 (E Controlled) (See Note 1)

Symbol MCM1423P45
Parameter Unit
Standard | Alternate Min Max
Write Cycle Time tAVAV tWC 40 — ns I
Address Setup Time tAVEL tAS 0 h ns I
Address Valid to End of Write tAVEH tAW 35 - ns
Write Pulse Width tELEH tEW 35 — ns
Data Valid to End of Write tDVEH tpw 15 — ns i
Data Hold Time tEHDX tpH 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 W low, and E goes high before or coincident with W high, the 1/0 will remain in a high impedance
condition.
fe— tavav >
ADDRESS
- TAVEH >
3 ]l
- AVEL g tELEH - P 1EHAX
W \1|— tWLEH /
{DVEH — B> tEHDX i
D DATA VALID
|
a HIGH-Z |
|
|
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS !
t X X XX The table of timing values shows either a minimum or a 1
signal name from which interval is defined — I maximum limit for each parameter. Input requirements are
transition direction for first signal specified from the external system point of view. Thus, address
signal name to which interval is defined setup time is shown as a minimum since the system must
transition direction for second signal supply at least that much time (even though most devices do
not require it). On the other hand, responses from the memory
The transition definitions used in this data sheet are: are specified from the device point of view. Thus, the access
H =transition to high time is shown as a maximum since the device never provides

L = transition to low data later than that time.
V = transition to valid

X = transition to invalid or don’t care

Z = transition to off (high impedance)

ORDERING INFORMATION
(Order by Full Part Number) :

MCM 1423 X XX

Motorola Memory Prefix A————]_ —I_————— Speed (45=45 ns)

Part Number Package (P = Plastic DIP)

Full Part Number—vMCM1423P45 i
NOTE: This device may also be ordered as IMS1423P-45.
|
MOTOROLA MEMORY DATA
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MOTOROLA
BE SEMICONDUCT O R
TECHNICAL DATA

. : MCM61L64
8K x 8 Bit Fast Static Random
Access Memory
The MCM6164/MCM61L64 is a 65,536 bit static random access memory organized as
8192 words of 8 bits, fabricated using Motorola’s second-generation high-performance sili-
con-gate CMOS (HCMOS Ill) technology. Static design eliminates the need for external N
clocks or t.lml.r_ng strobes, while CMOS circuitry reduces power consumption and provides C PACKAGE
greater reliability. o CERAMIC
The chip enable pins (E1 and E2) are not clocks. Either pin, when asserted false, causes CASE 733
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 For Plastic DIP or SOJ package,
pins provides more system design flexibility than single chip enable devices. consult your Motorola representative.
The MCM6164/MCM61L64 is available in a 600 mil, 28 pin ceramic dual-in-line package,
with JEDEC standard pinout.
® Single 5V Supply, +10% PIN ASSIGNMENT
® 8K x 8 Organization
® Fully Static — No Clock or Timing Strobes Necessary NC[[1 @ 28 flvge
® Fast Access Time — 45, 55 ns (Maximum) a2l 2 27 W
® Low Power Dissipation — 495, 440 mW (Maximum, Active)
® Low Power/Data Retention Version (MCM61L64) a7l 26 [lE2
® Fully TTL Compatible AGI; 4 25 [1a8
® Three State Data Outputs asll s 24 [1A9
® Also Available in Industrial Temperature Range ( —40 to 85°C) as MCM6164C nlls 23 fan
Asll7 221
BLOCK DIAGRAM a2l 8 21 a0
alls 20 IE7
aofl 10 19 [Ioaz
ns—3 ] — paoff 11 18 [1oos
rs —3 oa1 [ 12 17 [1oas
v —3 ‘ « Veg pazf] 13 16 [1D04
MEMORY ARRAY | <—— Vgg
A8 (3| ROW (256 ROWS vss 14 15 [Joa3
ng —{3— | SEECT 256 COLUMNS)
A0 —
AN 3 PIN NAMES
A2 3 — AO-A12 ... ... Address
T W.. ... Write Enable
Dao —j >— INPUT |— E‘l, E2........ ... Chip Enable
. DATA 110 CIRCUITS [ Output Enable
po7 = ’?—cuumm DQO-DQ7. . . . . Data Input/Output
COLUMN SELECT veg. s +5V Power Supply
VS v v v v Ground
NC........... No Connection
A A0 A1 A2 A3 A4

o = 7o

L - - ]
k MOTOROLA MEMORY DATA i
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MCM6164°MCM61L64

TRUTH TABLE

E E2 G w Mode Supply Current 1/0 Pin
H X X X Not Selected IsB High Z j
X L X X Not Selected IsB High Z }
L H H H Output Disabled Icc High Z
L H L H Read e Dout
L H X L Write Icc Din
X=don't care
ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
vee | osworz0 | v e r o e P, 1o 30
Voltage Relative to Vgg for Any Vin. Vout | =0.5to Vcc+0.5 v avoid application of any voltage higher than
Pin Except Vcc maximum rated voltages to this high-
Output Current (per 1/0) lout +20 mA impedance circuit.
Power Dissipation (T =25°C) Pp 1.0 w
Temperature Under Bias Thias —10to +85 °C
Operating Temperature Ta Oto +70 °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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \%
Input High Voltage VIH 22 — Vce+0.3 \
Input Low Voltage ViL —0.3% — 0.8 Vv

*ViL (min)= -0.3 V dc, Vi (min)= —3.0 V (pulse width <20 ns)
DC CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) lkg(1) — <0.01 +1.0 A
Output Leakage Current (ET=V|y, E2=V}, or G=Vjy, Vout=0 to V) likg(O) — <0.01 +1.0 pA
Power Supply Current tavAv =45 ns Icc - 50 90 mA
(E1=V), E2=V|H4, Vin=VIH or V|L, lout=0) tAVAV =55 ns — 40 80
Standby Current (ET=Vy or E2=V) ) ISB1 - 1.3 3.0 mA
Standby Current (ET=Vcc—0.2 V or E2<0.2V) MCMé6164 IsB2 — - 1.0 mA
MCM61L64 — 5 50 A
Output Low Voltage (Io =8.0 mA) VoL — 0.15 0.4 \
Output High Voltage (g = —4.0 mA) VOoH 2.4 3.0 - \'

Typical values are referenced to Tp =25°C and Vcc=5.0 V

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

Characteristic Symbol Max Unit
Input Capacitance All Inputs Except DQ Cin 6 pF
Input/Output Capacitance DQ Ci/o0 8 pF

MOTOROLA MEMORY DATA
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MCM6164MICM61L64

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee = 5V +£10%, To=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . ... ...... 1.5V Output Timing Measurement Reference Level . . . 0.8 Vand 2.0V
InputPulse Levels . .. .................... Oto3.0V Outputbload. . ... ........ ... ... ....... Figure 1
Input Rise/Fall Time . . . . ..................... 5ns

READ CYCLE (See Note 1)

MCM6164-45 MCM6164-55
Characteristic Symbol Sylr:::;ol MCM61L6445 | MCMG61L6455 | ynit | Notes
Min Max Min Max
Read Cycle Time tAVAV tRC 45 - 55 - ns —
Address Cycle Time tAVvQV tAA — 45 — 55 ns -
ET Access Time tE1LQV tAC1 — 45 — 55 ns —
E2 Access Time tE2HQV tAC2 - 45 — 55 ns -
G Access Time tGLQV toE — 20 - 25 ns —
Output Hold from Address Change tAXQX toH 5 — 5 — ns —
Chip Enable to Output Low-Z tE1LQX: tE2HQX tcLz 5 — 5 — ns 2,3
Output Enable to Output Low-Z tGLQX toLz 0 — 0 - ns 2,3
Chip Enable to Output High-Z tE1HQZ, tE2LQZ tCHZ 0 20 0 20 ns 2,3
Output Enable to Output High-Z tGHQZ tOHZ 0 20 0 20 ns 2,3

NOTES:
1. Wiis 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.

|- tavav |
A (ADDRESS)
tavgy ————————— tAXox —1
ET, E2 (CHIP ENABLE) x
E1HOZ
—— tg1LQV. tE2HQV ——"‘ tg2L0Z —>
G (OUTPUT ENABLE) \R
| ———— gLV ———— 1GHOZ — >
Q (DATA 0UT) HiBHZ DATA VALID }ﬂ
[ tGLOX
EaX
tE2HOX
TIMING LIMITS +5V
The table of timing values shows either a minimum or a 480
maximum limit for each parameter. Input requirements are
specified from the external system point of view. Thus, address 10
setup time is shown as a minimum since the system must 30 pF
supply at least that much time (even though most devices do 255 (INCLUDING

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. =

Figure 1. Test Load

SCOPE AND JIG)

MOTOROLA MEMORY DATA
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MCM6164*MCM61L64

WRITE CYCLE 1 (W CONTROLLED) (See Note 1)

Al MCM6164-45 MCM6164-55
Characteristic Symbol Sym::ol MCMG61L64-45 MCM61L64-56 | unit | Notes
Min Max Min Max

Write Cycle Time tAVAV twC 45 — 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 WP 25 — 30 — ns 2

Data Valid to End of Write tDVWH tpw 20 — 25 — ns —

Data Hold Time tWHDX tDH 0 — 0 - ns 3

Wirite Low to Output in High-Z twLQz tWHZ 0 20 0 20 ns 4,5

Write High to Output Low-Z tWHQX WLz 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 E1, low W or high E2. A write cycle ends at the earliest transition of a high E1, high W

or low E2.

2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state.

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the

previous steady state voltage.
5. Periodically sampled rather than 100% tested.

| tAVAV
A (ADDRESS) % )E

TAVWH Ll il TWHAX

E {CHIP ENABLE) \ /

| tWLWH

W (WRITE ENABLE) \R J‘

[ VWL —>| IDVWH—— TWHDX

twLaz —t »— tWHOX,
HIGH-Z HIGH-Z

Y

Q (DATA OUT)

vee=5.0V
28 TA=25°C

TYPICAL
CHARACTERISTICS

tAVQV. tE1LQV. tE2HQV, (NORMALIZED)
~
o

0 04 0.8 1.2 16 20 24 2.8 32
ADDRESS INPUT LEVELS (V)

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)

MCM6164-45 MCM6164-55
Characteristic Symbol Sy::::ol MCM61L64-45 MCM61L64-55 Unit | Notes
Min Max Min Max
Write Cycle Time tAVAV twe 45 — 55 — ns —
Address Setup Time tAVEIL tAS 0 — 0 — ns —
Address Valid to End of Write tAVETH tAW 40 — 50 — ns —
Chip Enable to End of Write tE1LETH tcw 40 . 50 — ns 3
Data Valid to End of Write tDVETH tpw 20 — 25 — ns —
Data Hold Time tE1HDX tDH 0 — — ns 4
Write Recovery Time tETHAX tWR 0 — 0 — ns 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 W
or low E2.

2.8 | and E2 timings are identical when E2 signals are inverted.

3. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state.

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.
5. W must be high during all address transitions.

tavav

A
L

A (ADDRESS)

\

tAVETH — 3

E (CHIP ENABLE) [

|~ ——————— tAVEIL tE1LETH tETHAX

D (DATA iN) DATA VALID

DVETH — tETHDX

HIGH-Z

Q (DATA OUT)

LOW Ve DATA RETENTION CHARACTERISTICS (Tp =0 to +70°C) (MCM61L64 Only)

Characteristic Symbol Min Typ Max Unit
Ve for Data Retention VDR 2.0 1.0 7.0 \
(E12Vee—-0.2Vor E2<0.2 V, Vip=Vee—0.2 V or Vip 0.2 V)
Data Retention Current IcCDR - 10 30 A
(Vcc=3.0V, E1=228V or E2<0.2 V, Vi =2.8 V or Vj3<0.2 V)
Chip Disable to Data Retention Time (see waveform below) tCDR 0 — — ns
Operation Recovery Time (see waveform below) trec tavav® — — ns

*tavAv = Read Cycle Time

<~ DATA RETENTION MODE —————>{

45V 45V
Vee R Vpr=2.0V

tCOR —
_ ET=Vpg—0.2V
ET CONTROL 22V
E2 CONTROL 08V E2<02V

MOTOROLA MEMORY DATA
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MCM6164* M CM61L64

TYPICAL CHARACTERISTICS

(Continued) |
18 2.50 ‘
17 225
= 200
1.6 IS
z S s ,/
£ = Ta=25°C !
15 E 150 -
§ Vec=585V = 2%
& 14 = 1 —
=2 =
513 i £ 100 ~
3 3
“ ., —] = 075
’ £ 050 ]
1.1 0.25
1.0 0
0 20 40 60 80 4.0 45 5.0 5.5 6.0
Ta, AMBIENT TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (V)
Figure 3. Standby Current Versus Temperature Figure 4. Standby Current Versus Supply Voltage
20 1.20
18 1.15
16 Vi =
Vee=55V / 2 110
= 14 = Ta=25°C
=
2 = 1.05
= 12 S L—"
Z 2
g 10 £ 100
=2 wi
S8 yd £ 095 I
=<} 8
©® g o
. 2 080
2 ] 0.85
0 0.80
0 20 40 60 80 4.0 45 5.0 5.5 6.0
Ta, AMBIENT TEMPERATURE (°C) Vge, SUPPLY VOLTAGE (V)
Figure 5. Standby Current Versus Temperature Figure 6. Standby Current Versus Supply Voltage
1.04 14
1.03 1.3 7
g w2 g 12 //
= vee=55V g‘ TA=25°C A
Z1m £ 11 s~
o (=]
E 100 I~ =
— 1.0 -
£ 099 = 09
fx] T~ ©
g o9 _§ 0.8
0.97 0.7
0.96 0.6 i
[1] 20 40 60 80 40 45 5.0 5.5 6.0
TA. AMBIENT TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (V)
Figure 7. Supply Current Versus Temperature Figure 8. Supply Current Versus Supply Voltage

L ___________________________________________________|
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tGLQV (NORMALIZED)

tAVQV. tE1LQV, tE2HQV (NORMALIZED)

MCM6164* MCM61L64

TYPICAL CHARACTERISTICS

(Continued)
13 13
1.2
.~ 1.2
_ 1 7 —
210 Vcc:g.DV 1 E .
AR Ta=125°C B
3 3
S 09 v 2 10\ Veo=5.0V
S 08 L g§ N Ta=25°C
; 0.7 ; 0.9 \\
g oo g
2 05 ] 308
o4 g 07 —
03—~
0224 08 o —
0.1 05
4 8 12 16 20 24 28 40 55 70 85 100
11tAvAV, FREQUENCY (MHz) TAVAV. CYCLE TIME (ns)
Figure 9. Supply Current Versus Frequency Figure 10. Supply Current Versus Cycle Time
14 1.25
13 5 120
g N
12 = 115
Vee=45V —1 £ \ Ta=25°C
11 2 10 N
/ >
=}
10 — & 105
L—1 =
09 3 1.00
=2
0.8 * 095
07 g
: = 090 ~
06 0.85
0 20 40 60 80 4.0 45 5.0 5.5 6.0
TA, AMBIENT TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (V)
Figure 11. Access Time Versus Temperature Figure 12. Access Time Versus Supply Voltage
125 1.30
N
120 1.25
P 1.20 \\
18 ~ g 115
= =} .
110 vee=4.5V / g TA=25°C
' = 3 110
A =
1.05 /r g 105
=
1.00 // 3 1.00
< 095
095
0.90 ~
0.90 0.85 ~J
0.85 0.80
0 20 40 60 80 40 45 5.0 5.5 6.0

TA. AMBIENT TEMPERATURE (°C)

Figure 13. Access Time Versus Temperature

Ve, SUPPLY VOLTAGE (V)

Figure 14. Access Time Versus Supply Voltage
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MCM6164eMCM61L64
ORDERING INFORMATION
(Order by Full Part Number)

MCM 6164 or61L64 C XX

Motorola Memory Prefix I —I:_— Speed (45=45 ns, 55=55 ns)

Part Number Package (C= Ceramic DIP)
(with L=Low Power Version)

Full Part Numbers —MCM6164C45 MCM6164C55 MCM61L64C45 MCM61L64C55

For Plastic DIP or SOJ package, consult your Motorola representative.

A :
MOTOROLA MEMORY DATA 1
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MOTOROLA
TECHNICAL DATA

Advance Information

8K x 8 Bit Fast Static Random

Access Memory
Industrial Temperature Range: — 40 to 85°C

The MCM6164C is a 65,536 bit static random access memory organized as 8192 words
of 8 bits, fabricated using Motorola’s second-generation high-performance silicon-gate
CMOS (HCMOS i) 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 idially suited for harsh industrial type environments.

The chip enable pins (E1 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 TTL Compatible

Three State Data Outputs

Also Available in Commercial Temperature Range (0 to 70°C) as MCM6164/MCM61L64

000000 OGOS

BLOCK DIAGRAM

w—L3—]
m—g
A7—] E € Ve
3 MEMORY ARRAY | <€ Vsg
A8 Row (256 ROWS
Ag—— g | SHECT 256 COLUMNS)
A10 3
AN 3
A12 P —
I
ey j; PUT /0 CIRCUITS
pa7 = CONTROL
COLUMN SELECT
B
E2 P AD A1 A2 A3 A4
w 1V
- DUl

EE SEMICOND U CT O R 5

MCM6164C

C PACKAGE
CERAMIC
CASE 733

PIN ASSIGNMENT

NC[1 @ 28 [lvge
A12f] 2 27 IW
A7l 3 26 [1e2
Asfl 4 25 [1A8
Asfl 5 24 [1a9
a6 23 [1an
A3f 7 2218
a2fl 8 21 {1a10
aflse 20 JET
Aof] 10 19 floaz
paof 11 18 [1 D06
a1} 12 17 [loas
pazf 13 16 [ 004
vss ] 14 15 [1003
PIN NAMES
AO-A12 . .. ... Address
W. oo Write Enable
B, B2, Chip Enable
G ........u.. Output Enable
DQO-DQ7. . . . . Data Input/Output
Veee e e +5 V Power Supply
VES . v v v e i 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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MCMé6164C

TRUTH TABLE

E1 E2 G w Mode Supply Current 1/0 Pin |
H X X X Not Selected IsB High Z '
X L X X Not Selected IsB High Z J
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)

N N This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Power Supply Voltage Vee —05to +7.0 Vv voltages or electric fields; however, it is ad-

vised that normal precautions be taken to

Voltage Relative to Vgg for Any Vin: Vout | —0.5to Vgc+0.5 | V avoid application of any voltage higher than

Pin Except Ve maximum rated voltages to this high-

impedance circuit.

Output Current (per 1/0) lout +20 mA
Power Dissipation (T =25°C) Pp 1.0 w
Temperature Under Bias Thias —10to +85 °C
Operating Temperature TA —40to +85 °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.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(\fcc=5.0 V +10%, TA= —40 to 85°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \
Input High Voltage VIH 2.2 — Veg+0.3 \4
Input Low Voltage ViL -0.3% — 0.8 \

*V|L (min)=-0.3 V dc, V| (min)= -3.0 V (pulse width <20 ns)

DC CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) likg(l) —~ <0.01 +2.0 A
Output Leakage Current (ET=V)y, E2=V}, or G=V|y, Vout=0 to Vcc) likg(0) - <0.01 +2.0 WA
Power Supply Current tAVAV =55 ns Icc - 40 80 mA

(E1=V|, E2=V|Y, Vin=V|H or VL, lout=0) tAvAY =70 ns - 35 70

Standby Current (ET=Vy or E2=V)) IsB1 -~ 1.3 3.0 mA
Standby Current (E1=Vcg—0.2 V or E2<0.2 V) Isg2 — 0.005 1.0 mA
Output Low Voltage (Ig|=8.0 mA) VoL ~ 0.15 0.4 \
Output High Voltage (IgH= —4.0 mA) VOH 2.4 3.0 — "

Typical values are referenced to Tp =25°C and Vg =5.0 V

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

Characteristic Symbol Max Unit
Input Capacitance All Inputs Except DQ Cin 6 pF
Input/Output Capacitance DQ Ci/0 8 pF

e
MOTOROLA MEMORY DATA ‘x
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MCM6164C

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V £10%, TA= —40 to +85°C, Unless Otherwise Noted)

+5V

Input Timing Measurement Reference Level . ... ... ... 15V

Input Pulse Levels . .. .................... 0to3.0V 480

Input Rise/Fall Time . . .. ..................... 5ns

Output Timing Measurement Reference Level . . . 0.8V and 2.0 V

Outputboad. . . . . .. ... it i i Figure 1 110

30 pF
255 (INCLUDING
SCOPE AND JiG)
Figure 1. Test Load
READ CYCLE (See Note 1)
Alt MCM6164CC55 | MCM6164CC70
Parameter Symbol s Notes
ymbol | Min Max Min Max

Read Cycle Time TAVAV tRC 55 — 70 — -
Address Cycle Time taAvaQv tAA - 55 — 70 -
ET Access Time tE1LQV tAC1 — 55 — 70 —
E2 Access Time tE2HQV tAC2 - 55 - 70 -
G Access Time tGLQV tOE — 25 — 30 —
Qutput Hold from Address Change tAXQX tOH 5 - 5 - —
Chip Enable to Output Low-Z te1LaX. tE2HOX | tCLz 5 ~ 5 - 2,3
Output Enable to Output Low-Z tGLQX toLz 0 — 0 — 2,3
Chip Enable to Output High-Z tE1HQZ, tE2LQZ tCHZ 0 20 0 20 2,3
Output Enable to Output High-Z tGHQZ tOHZ 0 20 0 20 2,3

NOTES:
1. W is high at all times for read cycles.

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the

previous steady state voltage.
3. Periodically sampled rather than 100% tested.

tavav

A (ADDRESS)

ET, E2 (CHIP ENABLE)

G (OUTPUT ENABLE)

Q (DATA 0UT)

| ETOX

|-— tGLOX —

tE2HaX

l———————— tpygy —————————> tAxax —|
k(
| «——— te110v: te2HQY ———] EHOZ |
2102
-« toly ———» tGHOZ — ]
HIGHZ ; L HigHz
\Xm DATA VALID -

MOTOROLA MEMORY DATA
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MCMé6164C

WRITE CYCLE 1 (W CONTROLLED) (See Note 1)

At MCM6164CCE5 | MCM6164CC70
Parameter Symbol Notes
Symbol | 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 tDW 25 - 30 - -
Data Hold Time YWHDX tDH 0 — 0 — 3
Wirite Low to Output in High-Z twLQz tWHZ 0 20 0 20 4,5
Write High to Output Low-Z tWHQX WLz 5 — 5 — 4,5
Write Recovery Time TWHAX tWR 0 — 0 — —

NOTES:

1. A write cycle starts at the latest transition of a low ET, low W or high E2. A write cycle ends at the earliest transition of a high ET, high W

or low E2.

2. if W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state.
3. During this time the output pins may be in the output 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 (ADDRESS) )( )C

- tAVWH | t—+— IWHAX

E (CHIP ENABLE) \ /
TWLWH >
W (WRITE ENABLE) \L /(

[ tavwL —] 1DVWH—] WHDX

D (DATA IN) ZXXXXXZZZ DATA VALID
twiaz —r > <> tWHOX,
o [DATA OUT) HIGH-Z HIGH-Z

TIMING PARAMETER ABBREVIATIONS
X X X X

t
signal name from which interval is defined—
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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MCM6164C

WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2)

Alt MCM6164CC55 | MCM6164CC70
Parameter Symbol - Notes
Symbol Min Max Min Max
Write Cycle Time TAVAV twe 55 - 70 — —
Address Setup Time tAVEIL tAS 0 — 0 — —
Address Valid to End of Write tAVETH AW 50 — 60 — —
Chip Enable to End of Write tE1LETH tcw 50 — 60 - 3
Data Valid to End of Write tDVETH tpw 25 — 30 — —
Data Hold Time tETHDX tDH 0 -~ 0 -
Wirite Recovery Time tETHAX tWR 0 — 0 —
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 ET, high W
or low E2.
2. B I and E2 timings are identical when E2 signals are inverted.
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state.
4. l_)_uring 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.

(aa tavay |
A (ADDRESS)
- TAVETH — -
E (CHIP ENABLE) j[
tAVETL < tEILEH > tETHAX
oo XXX XXX KXKIN s
tDVETH —] tETHDX

H-
Q (DATA OUT) HiGhz

MOTOROLA MEMORY DATA

4-20



MCM6164C

TYPICAL CHARACTERISTICS !
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1.3 1.3
—~ 12 S 12
g 11 e
2 =1
£ 10 Veo =50V o g N
g 09 TA=25°C )
= 08 = N
] p Z N VeL=50V
g 07 L £ 08 Tp=25°C
2 Pl >
o 06 7 ° \
= 05 = 0.8 \\
8 " [
2 0.4 » 0.7
< P <
3 03 8 B
© 0.6
2 12k
0.1 0.5
0 4 8 12 186 20 24 28 40 55 70 85 100
1/tAvAv, FREQUENCY (MHz) tAVAV, CYCLE TIME {ns)
Figure 8. Supply Current Versus Frequency Figure 9. Supply Current Versus Cycle Time
g g 125
= E
= 13 = 120 N
2 S N
o 12 1 = 5
§ vee=45V // = \\ TA=25°C
w 11 [P RT
2 L] 4 AN
g 10 — 8 1.05
= L — =
g 04 2 1.00
2 1.
& 1 b
_g. 08 5 0
& o07 S 090
= = ~
E E]
Z 06 £ 085
-40 -20 0 20 40 60 80 o <40 45 5.0 5.5 6.0
TA, AMBIENT TEMPERATURE (°C) Vee, SUPPLY VOLTAGE (VOLTS)
Figure 10. Access Time Versus Temperature Figure 11. Access Time Versus Supply Voltage
1.20 1.30
L~
1.15 A __ 125
—_ v F=)
g 1.10 SRk \\
S TA=25°
E Vee=45V L~ = 115 AN
= / =
S 1.05 / E 1.10
w o '
5 P = \
= 100 v £ 1.05
3095 2 100
8 L g8
< 0.0 < 095
" - 3
=] // =5 090
= 0.85 0.85
0.80 0.80
-40 -20 0 20 40 60 80 100 4.0 45 5.0 5.5 6.0

MCM6164C

TYPICAL CHARACTERISTICS

TA, AMBIENT TEMPERATURE (°C)

Figure 12. Access Time Versus Temperature
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vge=5.0V .
Ta=25°C [
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tAvav. tE1LQV. tE2HQV. ACCESS TIME (NORMALIZED)
N
o

0 0.4 0.8 1.2 1.6 20 24 28 3.2
ADDRESS INPUT LEVELS (VOLTS)

Figure 14. Access Time Versus Address Input Levels

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6164 C C 55

-

Speed Indicator
Package
Operating Temperature Range

Part Number

Motorola Memory Prefix

Full Part Number —MCM#6164CC55 or MCM6164CC70

|
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MOTOROLA
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 Ill) 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 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 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 5V Supply, +10%

® 4K x4 Bit Organization

® Fully Static—No Clock or Timing Strobes Necessary

® Three State Output

® Fast Access Time (Maximum):

Address Chip Enable

MCM6168-45 45 ns 45 ns
MCM6168-55 50 ns 55 ns
MCM6168-70 60 ns 70 ns

® Low Power Operation: 80 mA Max (Active)
20 mA Max (Standby —TTL Levels)
2 mA Max (Standby— CMOS Levels)
® Fully TTL Compatible

BLOCK DIAGRAM

(LSB) A5 .
A0 « -
M ROW MEMORY MATRIX
h2 (31 oecooen 128 ROWS x
n—{3— 128 COLUMNS
e —{3—
ss) A7 ———{ 3— -
1 )|
000 —— COLUMN 1/0
a1 {E_ INPUT COLUMN DECODER
b | DaATA
0az r CONTROL
003 k*‘ A4 A0 A9 AB ATY
p (MSB) (LSB)
: | %
>
w
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MCM6168

20
P PACKAGE
! PLASTIC
CASE 738
PIN ASSIGNMENT
i1 e 20 {Ivge
A5 [} 2 19 [1a3
a6l 3 18 [1A2
A7l 4 17 a1
asfls 16 {10
asll 6 15 {10ao
at0fl 7 14 [1oa1
anfs 13 floa2
ills 12 [loa3
vss 10 1nw
PIN NAMES
AO-ATT. ... ... Address Input
W. oo Wirite Enable
E ... ... ... .. ... Chip Enable
DQO-DQA3 ....... Data Input/Output
Ve v v +5 V Power Supply
VS v Ground




TRUTH TABLE

MCM6168

Pin Except Vcc

E w Mode Vgc Current 1/0 Pin

H X Not Selected ISB1, 1SB2 High-Z

L H Read Icc Dout

L L Write Icc Din
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit

Power Supply Voltage Vce -05to +7.0 \
Voltage Relative to Vgg for Any Vin, Vout | —0.5toVgc+05| V

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.

Output Current (per {/0) lout +20 mA
Power Dissipation (Ta =256°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature Ta Oto +70 °C
Storage Temperature Tstg -55t0 +125 °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages for

extended periods of time could affect device reliability.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voitage (Operating Voltage Range) Vee 45 5.0 55 \
Input High Voltage VIH 2.0 — Vee+0.3 \ 1
Input Low Voltage VL -03 — 0.8 Vv 1,2
DC CHARACTERISTICS
Parameter Symbol Min Max Unit Notes
Input Leakage Current (All inputs, Vip =0 to V¢) likg() - +1.0 A
Output Leakage Current (E=V|4 or W=V, V5,t=0 to V) lika(0) — +2.0 A 3
Power Supply Current (E=V)i, Vin=V|L or Vi, lout=0 mA) Icc - 80 mA 3
TTL Standby Current (E=Vjy) Isg1 - 20 mA
CMOS Standby Current (E=Vcc—0.2 V, Vin<0.2 V or =Vec—0.2 V) Isg2 - 2 mA
Output Low Voltage (I =8.0 mA) VoL — 0.4 \
Output High Voltage (Igy= —4.0 mA) VoH 2.4 — \
CAPACITANCE (f=1.0 MHz, Tp =25°C, Periodically Sampled Rather Than 100% Tested)
Characteristic Symbol Typ Max Unit
Input Capacitance All Inputs Except E Cin 3 5 pF
E 5 7
1/0 Capacitance Cl/0 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 dc; V| (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 |/0 and power supply currents to exceed maximum rating.
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MCM6168

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcec =5V +£10%, TA=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . . ... ... .. 15V Output Timing Measurement Reference Level . . . . . 0.8and 2.0V
Input Pulse Levels . . ... .................. 0to3.0V Outputload. . . ......... Figure 1A Unless Otherwise Noted
InputRise/Fall Time . . . ...................... 5ns
READ CYCLE (See Note 1)
Symbol MCM6168-45 | MCM6168-55 | MCM6168-70
Parameter Unit | Notes
Standard | Alternate | Min | Max | Min | Max | Min | Max
Read Cycle Time tAVAV tRC 45 | - 55 — 70 - ns
Address Access Time tAVQvV tAA — 45 — 50 — 60 ns
E Access Time tELQV tACS — 45 — 55 — 70 ns
E Low to Output Active tELQX t z 10 — 10 — 10 - ns 2,3
E High to Output High-Z tEHQZ tHZ 0 15 0 20 0 25 ns 2,3
Output Hold from Address Change tAXQX tOH 5 - 5 - 5 — ns
Power Up Time tELICCH tpy 0 — 0 — 0 - ns
Power Down Time tEHICCL tPD — 45 — 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 1B.
3. This parameter is sampled and not 100% tested.
4. Device is continuously selected (E=V;).
5. Addresses valid prior to or coincident with E going low.

READ CYCLE 1 (See Note 4 Above)

tavav |
A (ADDRESS) *

- tAX0X
Q (DATA OUT) PREVIOUS DATA VALID K><><>< ) DATA VALID
1

- tavav

READ CYCLE 2 (See Note 5 Above)

A (ADDRESS) )K
E (CHIP ENABLE) \\ J(

tAvAV

- v ——>

- tg qx - tEHOZ
0 (DATA OUT) =, DATA VALID

-t taygy ——————
ELICCH — e tHiCCL
vgg 6 e —— ———
SUPPLY
CURRENT  Igg
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MCM6168

WRITE CYCLE 1 (W Controlled; See Note 1)

|
|
l
Symbol MCM6168-45 | MCM6168-55 | MCM6168-70 . I
Paramaeter - - - Unit | Notes }
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 AW 35 — 45 — 55 — ns
Write Pulse Width WLWH tWwp 35 — 45 — 55 — ns )
Data Valid to End of Write tDVWH tDwW 15 — 20 — 25 — ns
Data Hold Time BWHDX tDH 3 — 3 — 3 — ns
Write Low to Output High-Z twLQZ twz — 20 — 25 — 30 ns 2,3
Write High to Output Active WHOX tow 5 = 5 — 5 — ns 2,3
Write Recovery Time WHAX tWR 5 — 5 -~ 5 — ns

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 1B.
3. Parameter is sampled and not 100% tested.

Y

tAVAV >
A (ADDRESS) }<
TAVWH 1 IWHAX

E (CHIP ENABLE) \ /

W (WRITE ENABLE) \& 7[

[ — tAyWL —

DVWH ——>1 tWHDX

D (DATA IN) DATA VALID

wiLaz >

HIGH-Z HIGH-Z
Q (DATA OUT)

1 tWHOX

AC TEST LOADS TIMING LIMITS

The table of timing values shows either
+5V +5V a minimum or a maximum limit for each
parameter. Input requirements are specified I
480 280 from the external system Point of view.
Thus, address setup time is shown as a
minimum since the system must supply at
e j a _1 least that much time (even though most :
P < devices do not require it). On the other i
255 1; 30 pF 255 p 5 pF hand, responses from the memory are
2’;3;?;:?3 116) ggg:gnmg ) specified from the device point of view. |
Thus, the access time is shown as a ‘
I
|
|
|

VA

maximum since the device never provides
data later than that time.

Figure 1A Figure 1B
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MCM6168

WRITE CYCLE 2 (E Controlled; See Note 1)

Symbol MCM6168-456 | MCM6168-55 | MCM6168-70
Parameter Unit | Notes
Standard | Alternate | Min | Max | Min | Max | Min | Max
Wirite Cycle Time tAVAV twWe 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 tDVEH tpwW 15 — 20 — 25 - ns
Data Hold Time tEHDX tDH 3 — 3 = 3 — ns
Write Recovery Time tEHAX tWR 5 — 5 — 5 — ns
NOTES: _
1. A _\{vrite occurs during the overlap of El)w and W low.
2. If E goes low coincident with or after W_g_oes low, the output will remain in a high impedance condition.
3. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.
| tAvAY —
A (ADDRESS) *
R - TAVEH >
E (CHIP ENABLE) ) [
f——————————— tpyp ——————> B
[—— tELEH > tEHAX
W (WRITE ENABLE) \ /
DVEH —>] tEHDX
D (DATA IN) DATA VALID
HIGH-Z
Q (DATA OUT)

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6168 X XX

Motorola Memory Prefix____—_l— _[; Speed (45=45 ns, 55=55 ns,

70=70 ns)
Part Number Package (P = Plastic DIP)
Full Part Numbers—MCM6168P45
MCM6168P55
MCM6168P70

]
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= SEMICONDUCTOR i .

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 [V) 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, cutput 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 JEDEC 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 TTL Compatible

BLOCK DIAGRAM

n—Lg
A3 D B
m—3 1
wn— 31 -V
‘ MEMORY ARRAY |
"6 P | ROW | e (512 ROWS Yss
— DECODER | 512 COLUMNS)
A8 .
n—_ 5
am—L5 1
A3
8
DUU""‘} INPUT [ 3
£ o o COLUMN /0 H
[, ® | coNTROL
« COLUMN DECODER
E AD Al A7 A10 A12 AT4
1
w L N
: T

MCM6206

P PACKAGE
PLASTIC
CASE 710

-

J PACKAGE
PLASTIC
CASE 810

PIN ASSIGNMENT

AMafl1 @ 28 fIvge

a2 2 27 1w

A7l 3 26 [1A13

Al 4 25 [1A8

asfl s 24 {1A9

a4l s 23 f1An

A3l 7 22 [I§

a2fls 21 [1a10

mis 20 fIE

Aol 10 19 f1oa7

pao ff 11 18 {10as

pat ] 12 17 {1oas

pazf] 13 16 [loas

vgs ] 14 15 [1003

PIN NAMES

AO-AN. ... Address
W .......... Write Enable
E_ ........... Chip Enable
G......... Output Enable
DQO-DQ7 . . Data Input/Output
vVee - - - . +5V Power Supply
Vs v v v 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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MCM6206

TRUTH TABLE

E [ w Mode g:r"rz::; 1/0 Pin

H X X Not Selected ISB High Z

L H H Qutput Disabled lcc 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 Vee -05t0 +7.0 \
Voltage Relative to Vgg for Any Vin, Vout | —0.5to Vcc+05| V
Pin Except Vci
Output Current (per 1/0) lout +20 mA
Power Dissipation (Ta =25°C) Pp 1.0 w
Temperature Under Bias Thias —-10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature— Plastic Tstg -55to +1256 °C

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

exceeded. Functional operation should be restricted to RECOMMEN

DED

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) Vee 4.5 5.0 5.5 Vv
Input High Voltage VIH 2.2 — Vee + 0.3 \
Input Low Voltage VIL -0.3*% — 0.8 \%
*V|L (min)= 0.3 V dc; V)L (min)= —3.0 V ac (pulse width < 20 ns)
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi =0 to V) Iig(l — +1.0 A
Output Leakage Current (E=Vjy, or G=V|y, Vout=01t0 5.5 V) ljglO) — +1.0 pA
Power Supply Current (tavAv =45 ns) lce - 120 mA
(E=V|L, Vin=ViH or V|L, lout=0) (tavAv =55 ns) Icc — 110 mA
(tavAy =70 ns) Icc - 100 mA
Standby Current (E=V|yy) (TTL Levels) IsB1 — TBD mA
Standby Current (E = Vcc—0.2 V) (CMOS Levels) Isg2 — TBD mA
Output Low Voltage (g =8.0 mA) VoL — 0.4 \'
Output High Voltage (IgH = —4.0 mA) VOH 2.4 - \
CAPACITANCE (f=1.0 MHz, T =25°C, periodically sampled and not 100% tested.)
Characteristic Symbol Max Unit
Input Capacitance Cin 6 pF
1/0 Capacitance Ci/0 8 pF
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MCM6206

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V £10%, Ta=0 to 70°C, Unless Otherwise Noted)

Input Pulse Levels . . . .. .................. 0to3.0V Output Timing Measurement Reference Levels. . . . . . . .. 1.5V :
Input Rise/Fall Time . . .. ..................... 5ns Outputload. . . . ............ ... ..... See Figure 1 :
Input Timing Measurement Reference Levels. . . . .. .. .. 15V 1

READ CYCLE 1 & 2 (See Note 1)

Alt MCM6206-45 MCM6206-55 MCM6206-70 5
Parameter Symbol Unit | Notes
Symbol | Min | Max | Min | Max | Min | Max
Read Cycle Time tAVAV tRC 45 — 55 — 70 — ns —
Address Access Time tAVQV tAA - 45 — 55 - 70 ns —
E Access Time tELQV tAC — 45 — 55 - 70 ns -
G Access Time tGLQV tOE — 20 — 25 - 30 ns -
Enable Low to Enable High tELEH tcw 45 — 55 — 70 — ns —
Output Hold from Address Change tAXQX tOH 5 — 5 — 5 — ns 2
Chip Enable to Output Low-Z tELQX tcLz 10 — 10 — 10 — ns 2,3
Output Enable to Output Low-Z tGLQX toLz 0 — 0 — 0 — ns 2,3
Chip Enable to Output High-Z tEHQZ tCHZ 0 20 0 20 0 20 ns 2,3
Output Enable to Output High-Z tGHQZ 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.

READ CYCLE 1 (E=V|., G=Vp)

tAVAV

A (ADDRESS) >{

|——— tavay axax

Q (DATA OUT) DATA VALID

READ CYCLE 2

- tAVAV |
A (ADDRESS)
I tavav > | tAXax — i
- tELEH > 3
E (CHIP ENABLE) \\
teLav tEHoz —
G (OUTPUT ENABLE) \K
< Gl oy — 1GHQZ ——>
HIGH-Z HIGH-Z
Q (DATA OUT) i DATA VALID )—-—
[—1GLOX—]
[ —— tELax ——
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WRITE CYCLE 1 & 2 (See Note 1)

MCM6206

Alt MCM6206-45 MCM6206-55 MCM6206-70
Parameter Symbol Unit | Notes
Symbol | Min Max Min Max Min Max
Write Cycle Time tAVAV twC 45 — 55 — 70 — ns —
Address Setup to Write Low tAVWL tAS 0 — 0 — 0 — ns 2
Address Setup to Enable Low tAVEL
Address Valid to Write High tAVWH tAW 35 - 45 - 55 - ns -
Address Valid to Enable High tAVEH
Data Valid to Write High tDVWH tpw 20 — 25 — 30 - ns —
Data Valid to Enable High tDVEH
Data Hold From Write High tWHDX tDH 0 — 0 - 0 - ns 3
Data Hold From Enable High tEHDX
Write Recovery Time tWHAX tWR 0 — 0 — 0 - ns 2
Enable Recovery Time tEHAX
Chip Enable to End of Write tELWH tcw 35 - 45 - 55 - ns 1
Enable Low to Enable High tELEH
Write Pulse Width WLWH WP 25 - 30 - 35 — ns -
Write Low to Output High-Z tWLQZ tWHZ 0 20 0 20 0 20 ns 4
Write High to Output Low-Z tWHQX Wiz 5 — 5 — 5 — ns 4
NOTES: _ _

1. A write cycle starts at the latest transition of a low E or low W. A write cycle ends at 173V

the earliest transition of a high E or high W.
2. W must be high during all address transitions. 165
3. During this time the output pins may be in the output state. Signals of opposite phase 1o

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 30 pF

the output has made a 500 mv transition from the previous steady state voltage. (INCLUDING

WRITE CYCLE 1 (W Controlled)

j

tAVAV

Figure 1. Test Load

SCOPE AND JIG)

A (ADDRESS)

E (CHIP ENABLE)

TAVWH
tELWH

>

TWHAX

/

W (WRITE ENABLE) \\\

AN

/[

Q (DATA OUT)

wiaz
HIGH-Z

| E——taywL—

DVWH ——

DATA VALID

tWHDX

=
=
ES
N

\

MOTOROLA MEMORY DATA

432

twWHaX




MCM6206

WRITE CYCLE 2 (E Controlled)

tAVAY |
A (ADDRESS) )(
; AVEL > tELEH e -p tEHAX
E (CHIP ENABLE) \( 7[
- TWLWH >
W (WRITE ENABLE) Q\\\\\\\\NK 7‘ ; ; ; ; ; ;J
HIGH IMPEDANCE HIGH IMPEDANCE
Q (DATA OUT)
tDVEH ———>] tEHDX
D (DATA IN) DATA VALID

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6206 X XX

Motorola Memory Prefix ————:l_ _l_—

Speed (45=45 ns, 55=55 ns, 70=70 ns)

Part Number Package (P = Plastic DIP, J = Plastic SOJ)
Full Part Numbers— MCM6206P45 MCM6206P55 MCM6206P70
MCM6206J45 MCM6206J55 MCM6206J70

L - |
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MOTOROLA
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 1V) 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 sidebraze or plastic DIP,

and will also be available in a 300 mil, surface-mount SOJ package.

® Single 5V +10% Power Supply
® Fast Access Time: 25/35 ns
® Equal Address and Chip Enable Access Time
® Separate Data Input and Three State Output
® Fully TTL Compatible
® Low Power Operation: 120/110 mA Maximum, Active AC
® High Board Density SOJ Package to be Available
BLOCK DIAGRAM
use) a17 - p—— - Vg
-
25 >—— s
L
n{L3— ROW MEMORY MATRIX
DECODER 256 ROWS x
A t 1024 COLUMNS
M
0
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D INPUT COLUMN 1/0
DATA
CONTROL COLUMN DECODER
(MSB) A14 A15 A16 A12 A11 AB A0 A3 A7 A6 (LSB)
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MCM6207

P PACKAGE
300 MIL PLASTIC
CASE 724

L PACKAGE
! 300 MIL CERAMIC
CASE 716

WILL BE AVAILABLE IN
24-LEAD, 300-MIL,
SURFACE MOUNT SOJ PACKAGE

PIN ASSIGNMENT

A0fj1 e 24 fIvge
A2 23 tlw
a2f] 3 22 [1A16
A3f] 4 21 [1a1s
as4fls 20 a4
i 1901a13
asl] 7 18 [1a12
A70 8 17 flan
asfl 9 16 [1a10
afl 10 15 {19
whn 14 flo
vgshl 12 13[JE
PIN NAMES
AO-A17. . ... ... ... Address Input
W. . Write Enable
E .o Chip Enable
D.... ... .. .. . Data Input
Q... Data Output
VCC - v v veveiie et +5 V Power Supply
VSS v v v e e 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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MCM6207 |

TRUTH TABLE This device contains circuitry to protect the

= — inputs against damage due to high static

E w Mode Vcc Current Output Cycle voltages or electric fields; however, it is ad-

H X Not Selected I1SB1, ISB2 High-Z _ vised that normal precautions be taken to

L H Read | D Read Cycl avoid application of any voltage hig.her than

L L vﬁ; e ICCA Hiol’ll‘-tz We} ite Cv:::l: maximum rated voltages to this high-
CCA 9 Y impedance circuit.

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vce -0.5t0 +7.0 \
Voltage Relative to Vgg for Any Vin, Vout | —0.5to Vcc+0.5 \
Pin Except VcC
Output Current lout +20 mA
Power Dissipation Pp 1.0 w
Temperature Under Bias (T p =25°C) Thias -10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature — Plastic Tstg -55t0 +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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \Z
Input High Voltage ) VIH 2.0 — Vcc+0.3 \
Input Low Voltage VL —-0.5% - 0.8 \Y

*V|L (min)= —0.5 V dc; Vi (min) = —3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vin=0to Vcc) likg(1) - +1.0 A
Output Leakage Current (E=V|H, Vout=0to V) likg(0) - +1.0 A
AC Supply Current (Igyt=0 mA) MCM6207-25: tayay =25 ns Icca — 120 mA

MCM6207-35: tayay =35 ns — 110

TTL Standby Current (E=V}, No Restrictions on Other Inputs) IsB1 — TBD mA
CMOS Standby Current (E=Vcc ~0.2 V, No Restrictions on Other Inputs) lsg2 — T8D mA
Output Low Voltage (Ig| =8.0 mA) VoL - 0.4 \]
Output High Voltage (Igy = —4.0 mA) VOH 24 - Vv

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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
Output Capacitance Cout 5 7 pF

MOTOROLA MEMORY DATA
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MCM6207

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee = 5V £10%, TA=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . . .. ... ... 1.5V Output Timing Measurement Reference Level . . . ... ... 1.5V

Input Pulse Levels . . . .. .................. 0to3.0V Outputload. . . .. .................

Input Rise/Fall Time . . . ...................... 5ns

READ CYCLE (See Note 1)

See Figure 1A

Parameter Symbol MCcMe207-28 MCMe207-35 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 12 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 tpy 0 - 0 - ns
Power Down Time tEHICCL tpp - 25 - 30 ns

NOTES:
1. W is high for read cycle.
. All read cycle timing is referenced from the last valid address to the first transitioning address.
. Addresses valid prior to or coincident with E going low.

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B.
. This parameter is sampled and not 100% tested.

2
3
4. At any given voltage and temperature, tgHQz max, is less than tg| gx min, both for a given device and from device to device.
5
6
7

. Device is continuously selected (E=Vj ).

READ CYCLE 1 (See Note 7 Above)
tAvAV >

A (ADDRESS) }(

le——— tAXOX

Q (DATA OUT) PREVIOUS DATA VALID ><>< DATA VALID
[ ———————————— tAvQv

READ CYCLE 2 (See Note 3 Above)
< tavAv >

A (ADDRESS) ><

EHOZ

- Qv ————>
E (CHIP ENABLE) N\ ]l
- tELOX
/
Q (DATA OUT) N DATA VALID
- tavav >
| TELICCH — e tEHICCL
g€ € ———m—m—————
Iss |

MOTOROLA MEMORY DATA
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WRITE CYCLE 1 (W Controlled, See Note 1)

MCM6207

Parameter Symbol MCME207-25 MCMe207 35 Unit | Notes
Standard Alternate Min Max Min Max
Write Cycle Time tAVAV tWwWe 25 - 35 - ns 2
Address Setup Time tAVWL tAS 0 - 0 — ns
Address Valid to End of Write tAVWH AW 20 = 25 — ns
Write Pulse Width TWLWH WP 20 — 20 — ns
Data Valid to End of Write tDVWH tow 15 - 15 — ns
Data Hold Time BWHDX tDH 0 — 0 — ns
Write Low to Output High-Z twLQz twz 0 15 0 15 ns 3,4
Write High to Output Active tWHQX 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 1B.

4. Parameter is sampled and not 100% tested.

tAVAV

A (ADDRESS)

X

)

/

E (CHIP ENABLE)

TAVWH

N\

tWHAX

Y a—

W (WRITE ENABLE)

\

WLWH ————

tDVWH —

tWHDX

DATA VALID

-

HIGH-Z
Q (DATA OUT)

+5V

480

30 pF
(INCLUDING
SCOPE AND JIG)

Figure 1A

HIGH-Z

AC TEST LOADS

480

255 5 pF

(INCLUDING
SCOPE AND JIG)

Figure 1B
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TIMING LIMITS

The table of timing values shows either
a minimum or a maximum limit for each
parameter. Input requirements are 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.




MCM6207

WRITE CYCLE 2 (E Controlled, See Note 1)

Symbol MCM6207-25 MCM6207-35
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 AW 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 WP 20 - 20 - ns
Data Valid to End of Write ' tDVEH tpwW 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 W low.
2. All write cycle timing is referenced from the last valid address to the first transitioning address.
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition.
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.

|- tAvAV >
A (ADDRESS) *
- tAVEH >
E (CHIP ENABLE) 7(
tAVEL {ELEH >l tHAX
tELWH
W (WRITE ENABLE) *: tWLEH > 7[
DVEH —f TEHDX
D (DATA IN) DATA VALID
HIGH-Z

Q (DATA OUT)

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6207 X XX

Motorola Memory Preﬁx—_——_—l_ T Speed (25=25 ns, 35=35 ns)

Part Number

Package (P =Plastic DIP, L= Ceramic
Sidebraze DIP, J = Plastic SOJ)

Full Part Numbers —MCM6207P25 MCM6207P35
MCM6207L25 MCM6207L35
MCM6207J25 MCM6207J35

MOTOROLA MEMORY DATA
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MOTOROLA
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 5V +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

BLOCK DIAGRAM

(LSB) A15
A l_‘ -« Vg¢
Ag——
<«— Vsg
A3
MEMORY MATRIX
A2 2 ROW
DECODER 1205(1 Rc%ﬁmzs
M—{3— :
0 ——3—
(MSB) A1? ——— —
I I
Dao ,.'?—_. COLUMN 110
{2 LUM
oot L__ NPUT COLUMN DECODER
D02 P | DATA
Q | controL
003 {E— A12 A13 A14 A10 A9 A6 A8 A7
(MSB) (LSB)
e L]
vl
w

E SEMICONDUCTOR I

MCM6208

P PACKAGE
300 MIL PLASTIC
CASE 724

L PACKAGE
300 MIL CERAMIC
CASE 716

WILL BE AVAILABLE IN
24-LEAD, 300-MiL,
SURFACE MOUNT SOJ PACKAGE

PIN ASSIGNMENT

Aol 1 @ 24 flvge
A2 23 [1A15
A2f] 3 22 [1as
A3l 4 21 1a13
aafls 20 [1a12
s 6 19 f1a11
asll 7 18 Emo
a7l 8 17 [loao
Y] K 16 [Toa1
Asa 10 15 {1pa2
EQn 14 [10a3
vgsff 12 13[IW
PIN NAMES
ﬁ)-A15 .............. Address Input
!V ................. Write Enable
E ... Chip Enable
pao-ba3 . ..... ... Data Input/Output
VEC - v v e +5 V Power Supply
VS - oo 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 This device contains circuitry to protect the
= = inputs against damage due to high static
E Mode Vcc Current Output Cycle voltages or electric fields; however, it is ad-
H X Not Selected I1SB1, ISB2 High-Z _ vised that normal precautions be taken to
L H Read \ y D Read Cycle avoid application of any voltage higher than
L L Wit ICCA Hior“"tz Wite Cycl maximum rated voltages to this high-
rite CCA 'gh- rite Lycte impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voltage Vce -0.5t0 +7.0 \
Voltage Relative to Vgg for Any Vin, Vout | —0.5to Vgc+05 | V
Pin Except Vcg
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =26°C) Pp 1.0 w
Temperature Under Bias Tbias —10to +85 °C
Operating Temperature TA 0to +70 °Cc
Storage Temperature— Plastic Tstg —65to +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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \
Input High Voltage VIH 2.0 — Vee + 0.3 \
Input Low Voltage N —0.5% — 0.8 \%

*V|L (min)= —0.5 V dc; Vji_ (min)= —3.0 V ac (pulse width < 20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) lkg(l) — +1.0 A
Output Leakage Current (E=V|y, Vout=0 to Vcc) likg(O) — +1.0 A
AC Supply Current (loyt =0 mA) MCMB6208-25: tayay =25 ns Icca — 120 mA

MCM6208-35: tayay =35 ns — 110

TTL Standby Current (E=Vy, No Restrictions on Other Inputs) Isg1 — TBD mA
CMOS Standby Current (E=Vcc —0.2 V, No Restrictions on Other Inputs) Isg2 — TBD mA
Output Low Voltage (g =8.0 mA) VoL — 0.4 \
Output High Voltage (lgH = —4.0 mA) VOH 2.4 — \

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Typ Max Unit
Input Capacitance All Inputs Except E and DC_I Cin 4 6 pF
E 5 7
1/0 Capacitance DQ Ci/o 5 7 pF

MOTOROLA MEMORY DATA
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce = 5V £10%, TA=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level

.......... 1.5V Output Timing Measurement Reference Level . . .. ... .. 16V
Input Pulse Levels . . . . ......... ... ........ 0to3.0V Output Load. . . .. ................... See Figure 1A
Input Rise/Fall Time . . . .. .................... 5ns
READ CYCLE (See Note 1)
Symbol MCM6208-25 MCM6208-35
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 tLz 5 — 10 — ns 4,5,6
Enable High to Output High-Z tEHQZ tHZ 0 10 0 15 ns 4,56
Power Up Time tELICCH tpyU 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, tgHQz max, is less than tg| qx 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 1B.
6. This parameter is sampled and not 100% tested.
7. Device is continuously selected (E=V)_).

READ CYCLE 1 (See Note 7 Above)

tAVAV >

A (ADDRESS) )

la— tAXOX
a (DATA OUT) PREVIOUS DATA VALID XXX}% DATA VALID
1

tavav

READ CYCLE 2 (See Note 3 Above)

- tAVAV -y

A (ADDRESS) )(

LV —————|
E (CHIP ENABLE) X\ }l
- ELOX tEHOZ
0 (DATA 0UT) { DATA VALID
- tavav
tELICCH — le- tEHICCL
Voo g —————————
SUPPLY
CURRENT  Igg

MOTOROLA MEMORY DATA
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WRITE CYCLE 1 (W Controlled, See Note 1)

MCM6208

Symbol MCM6208-25 MCM6208-35
Parameter Unit | Notes
Standard | Alternate Min Max Min Max
Wirite Cycle Time tAVAV tWwC 25 — 35 — ns 2
Address Setup Time tAVWL tAS 0 — 0 — ns
Address Valid to End of Write tAVWH AW .20 — 30 — ns
Wirite Pulse Width TWLWH tWP 20 — . 30 - ns
Data Valid to End of Write tDVWH tDW 10 - 15 — ns
Data Hold Time WHDX tDH 0 — 0 — ns
Write Low to Output High-Z twiLaz twz 0 10 0 15 ns 34,5
Write High to Qutut Active TWHQX tow 5 — 10 — ns 3,45
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, tyyLQz max is less than tyyqQx min both for a given device and from device to device.

tavav

A (ADDRESS) }(

E (CHIP ENABLE)

tAVWH

N\

TWHAX

T —

[ e———— WLWH

W (WRITE ENABLE)

F— taywp —™1

)

\ _/

tDVWH ——

WHDX

DATA VALID

255

wiaz

HIGH-Z
0 (DATA 0UT)

AC TEST LOADS

+5V

480

30 pF
(INCLUDING
SCOPE AND JIG)

255

Figure 1A

MOTOROLA MEMORY DATA

HIGH-Z

+5V

480

5 pF

(INCLUDING

SCOPE AND JIG)

Figure 1B
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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 (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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WRITE CYCLE 2 (E Controlled, See Note 1)

Symbol MCM6208-25 MCM6208-35
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 — 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 WP 20 — 30 — ns
Data Valid to End of Write tDVEH tpw 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 W low.

2. All write cycle timing is referenced from the last valid address to the first transitioning address.

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition.

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.

v >
A (ADDRESS) *

) - tAVEH >

 (CHIP ENABLE) s
h{
B «——————— tavEL t:tm > tEHAX

W (WRITE ENABLE) \ /

[C TWLEH —>

1DVEH — 1EHDX
D (DATA IN) DATA VALID
HIBH-Z
Q (DATA OUT)

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6208 X XX

Motorola Memory Prefix ————_—J— T Speed (25=25 ns, 35=235 ns)

Part Number Package (P =Plastic DIP, L= Ceramic
Sidebraze DIP, J =Plastic SOJ)

Full Part Numbers — MCM6208P25 MCM6208P35
MCM6208L25 MCM6208L35
MCM6208J25 MCM6208J35

L |
MOTOROLA MEMORY DATA
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mm SEMICONDUCTOR

MOTOROLA
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 ) 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

R T
-
Al 3 vee
A9 ~<—Vss
S ROW |, MEMORY ARRAY
DECODER | + 128 ROWS
A8 - — . 512 COLUMNS)
A2 >
A7 D —
(MSB) A6 > -
I I
Dgﬂ—ﬂ'——?T INPUT )
: | oom | COLUMN 110 :
0d7 CONTROL
) COLUMN DECODER
3]
£2 A2 A1 AO AT0 A4 A3
1 1L88) MSB)
W N

+N

MCM6264

P PACKAGE
300 MIL PLASTIC

J PACKAGE
PLASTIC
CASE 810

PIN ASSIGNMENT

NC[[1 @ 28 [Ivge
a2fl 2 27 W
IVIE 26 fle2
A6l 4 25 [1a8
asf]s 24 [1a9
A4l 6 23 flan
a3l 7 2218
a2fls 21 [1a10
ISHE] 20 [IE7
aof] 10 19 floa7
pao ] 1 18 [10ae
pai1ff 12 17 [Ias
pazf] 13 16 [1004
vss [l 14 15 {1003
PIN NAMES
59—A12 ............ Address
w ............ Write Enable
ElE2........... Chip Enable
G ........... Output Enable
DQoO-DQ7. . . .. Data Input/Output
veeg- - - e +5 V Power Supply
VS v v v v 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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MCM6264

TRUTH TABLE

B G W : This device contains circuitry to protect the
E1 £2 G w Made Supply Current 1/0 Pin inputs against damage due to high static
H X X X Not Selected IsB High Z voltages or electric fields; however, it is ad-
igh vised that normal precautions be taken to
X L X X Not Sel(j:cted 'sp Hfg z avoid application of any voltage higher than
L H H H Output Disabled Icc High Z maximum rated voltages to this high-
L H L H Read Icc Dout impedance circuit.
L H X L Write Icc Din

X=don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vce -0.5t0 +7.0 \
Voltage Relative to Vgg for Any Vin. Vout | —0.5toVgc+05| V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =26°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature T‘sg —-55t0 +125 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \
Input High Voltage ViH 2.2 — Vee+0.3 \
Input Low Voltage ViL -0.3% — 0.8 \

*V|L (min)= -0.3 V dc; V| (min)= -3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter -Symbol Min Max Unit
Input Leakage Current (All Inputs, Vin=0 to Vcc) likg(h - +1.0 pA
Output Leakage Current (ET1=V)y, E2=V}, or G=V|H, Vour=0 to Vcc) likg(O) — +1.0 uA
Power Supply Current (tavav = 35 ns) Icc - 110 mA |
(E1=V), E2=V|H, Vin=V|H or V|, loyt=0) (tavAv =45 ns) — 100 i
Standby Current (ET= ViH or E2=V) ) IsB1 — 20 mA
Standby Current (El-aVcc—O.Z Vor E2<0.2V, Vja=V|H or Vijp =V1) 1sB2 — 15 mA
Output Low Voltage (g =8.0 mA) VoL - 0.4 \
Output High Voltage (lgH = —4.0 mA) VOH 2.4 — \Z

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Max Unit i
Input Capacitance All Inputs Except DQ Cin 6 pF
/0 Capacitance DQ Ci/0 8 pF
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, Tao=0 to 70°C, Unless Otherwise Noted)

+5V
InputPulse Levels . .. .................... 0to3.0V
Input Rise/Fall Time . . ... .................... 5ns 480
Input Timing Measurement Reference Levels. . . . . .. ... 1.5V
Output Timing Measurement Reference Levels. . . . . 0.8and 2.0 V 110
Outputload. . . . . . .. ... it See Figure 1 30 pF
255 (INCLUDING
SCOPE AND JIG)
+
Figure 1. Test Load
READ CYCLE (See Note 1)
Alt MCM6264-35 MCM6264-45 3
Parameter Symbol Unit Notes
Symbol | Min Max Min Max
Read Cycle Time TAVAV tRC 35 — 45 — ns —
Address Cycle Time tAVQV tAA — 35 - 45 ns —
ET Access Time tE1LQV tAC1 - 35 - 45 ns -
E2 Access Time tE2HQV tAC2 — 35 — 45 ns —
G Access Time tGLQV tOE — 15 - 20 ns -
Qutput Hold from Address Change tAXQX tOH 5 — 5 — ns —
Chip Enable to Output Low-Z tE1LQX, tE2HQX tcLz 5 - 5 - ns 2,3
Output Enable to Output Low-Z tGLQX toLz 0 — 0 - ns 2,3
Chip Enable to Output High-Z tE1HQZ tE2LQZ tCHZ 0 15 0 20 ns 2,3
Output Enable to Output High-Z tGHQZ tOHZ 0 15 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.

[ tAvAV —
| |
A (ADDRESS) X X
| |
ety ————— be—taxax -
£, E2 (CHIP ENABLE) X | x !
| - | {
tE1HOZ
- | Lt —
} ETLOV: tE2HOY ——>} o107 ~>!
1 1
§ (OUTPUT ENABLE) I X | % |
| | l I
! [<— Gl ———»~ |<——t6Haz —
HIGH-Z | X HIGH-Z
Q (DATA QUT) —t < DATA VALID ?——
| |
| e tGLax —>|
e EILOX
tE2HOX
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WRITE CYCLE 1 (W CONTROLLED) (See Note 1)

Alt MCM6264-35 MCM6264-45
Parameter Symbol Unit Notes
Symbol | 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 AW 30 — 35 — ns —
Write Pulse Width WLWH WP 30 — 35 — ns 2
Data Valid to End of Write tDVWH tDw 15 — 20 — ns —
Data Hold Time tWHDX tDH 0 — 0 — ns 3
Write Low to Output in High-Z twLQz YWHZ 0 15 0 20 ns 4,5
Write High to Output Low-Z WWHQX twLz 5 - 5 - ns 4,5
Write Recovery Time WHAX tWR 0 — 0 — ns —
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
W, or low E2.

2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state.
3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.
4. Al 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.

tAVAV >

A (ADDRESS)

3

X

< TAVWH —-———-’1«—’1‘- tWHAX
_ I —\ | [
E (CHIP ENABLE) | |

!

W (WRITE ENABLE)

X

: e tWWH——————
T
I

T

e

:4—— tavw, —]

D (DATA iN)

twLaz —14-—-»'

OORIAK o

fe— tnvwn—>'<->|—— WHDX
RO

[ —>— tWHOX,

i

HIGH-Z |
Q (DATA OUT)

TIMING PARAMETER ABBREVIATIONS
t X X X X

signal name from which interval is defined— l

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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WRITE CYCLE 2 (ENABLE CONTROLLED) (See Note 1)

Alt MCM6264-35 MCM6264-45 )
Parameter Symbol Unit | Notes
Symbol | Min Max | Min | Max
Write Cycle Time tAVAV twe 35 — 45 — ns -
Address Setup Time TAVE1IL tAS 0 — 0 — ns 5
Address Valid to End of Write tAVETH tAW 30 - 35 — ns 5
Chip Enable to End of Write tE1LETH tcw 30 - 35 - ns 2,5
Data Valid to End of Write tDVE1TH tpw 15 = 20 - ns 5
Data Hold Time tETHDX 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 E1, low W, or high E2. A write cycle ends at the earliest transition of a high E1, high
W, or low E2.

2. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state.

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.
4. W must be high during all address transitions.

5. E1 and E2 timings are identical when E2 signals are inverted.

tavav *=I
X
|
|
| f
jI{ |
i |

- L e tE I ——— >t

A

A (ADDRESS)

o

\

tAVETH —|

A

E (CHIP ENABLE)

| X

s wnm XXX XXX XKXRXKIXXIXIOKR oo | X XXXXX
f— tpvET1H —>— te1HDx
0 (DATA 0UT) HiGH 2
ORDERING INFORMATION
(Order by Full Part Number)
MCM 6264 X XX

Motorola Memory Prefix——————_!— —I- Speed (35=235 ns, 45=45 ns)
Part Number Package (P = Plastic DIP,

J =Plastic SOJ)

Full Part Numbers—MCM6264P35
MCM6264J35

MCM6264P45
MCM6264.J45

L
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MOTOROLA
TECHNICAL DATA

4K x 4 Bit Static Random Access
Memory

The MCM®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 Ill) 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 JEDEC pinout.

® Single 5V Supply, +10%

® 4K x4 Bit Organization

® Fully Static—No Clock or Timing Strobes Necessary

® Three State Output

@ Fully TTL Compatible

® Fast Access Time (Maximum):

Address Chip Enable

MCM6268P25 25 ns 25 ns
MCM6268P35 35 ns 35 ns

@ Low Power Operation: 120/110 mA Maximum, Active AC

BLOCK DIAGRAM

(LSB) AB § -
AD -~
Al
k——— ROW MEMORY MATRIX
AZ —k: DECODER 128 ROWS x
A3 — _]»6\: 128 COLUMNS
n——
(MSB) A5 ——t -
I I
Dao —o-[{\: COLUMN 110
a1 {E_ INPUT COLUMN DECODER
DATA
002 {t— CONTROL
y
a3 {Er— A7 A11A10/A9 A8
1 (MSB) (LSB)
: 1=
A
W
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EE SEMICONDUCTOR /55

MCM6268

P PACKAGE
PLASTIC
CASE 738

PIN ASSIGNMENT

mflre 20 flvge
as[] 2 19 [1A3
a6l 3 18 [1a2
a7l]4 17 a1
ABE 5 16 [1AD
asfl e 15 [1oao
A10Q 7 14 [10a1
anfls 13 gnuz
Ells 12 {1003
vssl] 10 1w
PIN NAMES
AO-ATT. . ... Address Input
W Write Enable
E ... . . . + . Chip Enable
DQo-DQ3 .. ..... Data Input/Output
Veg - - v i e e +5 V Power Supply
VS « v v v i Ground




TRUTH TABLE

MCM6268

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.

E w Mode Vg Current 1/0 Pin Cycle

H X Not Selected I1SB1, ISB2 High-Z -

L H Read Icca Dout Read Cycle

L L Write IcCA Din Write Cycle
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit

Power Supply Voltage vee —-05t0 +7.0 \Y
Voltage Relative to Vgg for Any Vin: Vout | —0.5to Vgc+05| V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (Tp =25°C) Pp 1.0 w
Temperature Under Bias Thias —10to +85 °C
Operating Temperature TA 0to +70 °Cc
Storage Temperature Tstg —55t0 +125 °C

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vvee 4.5 5.0 5.5 v
Input High Voltage VIH 2.0 - Vee+0.3 \
Input Low Voltage ViL —-0.5% — 0.8 \%
*V|L (min)=—0.5 V dc; V| {min)= —3.0 V ac (pulse width <20 ns)
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi, =0 to V¢c) I|£g(|) — +1.0 pA
Output Leakage Current (E=V}y, Vout=0to Vcc) lka(0) - +1.0 A
AC Supply Current (Igyt=0 mA) MCM6268-25: tayav =25 ns lcca - 120 mA
MCM6268-35: tayay =35 ns — 110
TTL Standby Current (E=V;y, No Restrictions on Other Inputs) IsB1 — 20 mA
CMOS Standby Current (E=Vcc—0.2 V, No Restrictions on Isg2 - 15 mA
Other Inputs)
Output Low Voltage (Ig| =8.0 mA) VoL — 0.4 \
Output High Voltage (lo4= —4.0 mA) VoH 2.4 — \%
CAPACITANCE (f=1.0 MHz, dV=3.0 V, TA=25°C, Periodically Sampled Rather Than 100% Tested)
Characteristic Symbol Min Typ Max Unit
Input Capacitance Al Inputs Except E Cin — 4 6 pF
E — 5 7
1/0 Capacitance Ci/0 — 5 7 pF
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MCM6268

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce = 5V +£10%, TA=0 to +70°C, Unless Otherwise Noted)

Input Reference Level . . . .. ... ............... 15V Output Reference Level . . . ... ................ 1.5V i
InputPulse Levels . ... ................... 0to3.0V Outputload. . . ......... Figure 1A Unless Otherwise Noted ;
Input Rise/Fall Time . . . .. ....... .. ... ........ 5ns !

READ CYCLE (See Note 1)

Symbol MCM6268P25 | MCM6268P35 5
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 3,45
Enable High to Output High-Z tEHQZ tHZ 0 10 0 15 ns 3,4,5
Power Up Time tELICCH tpyU 0 — 0 — ns
Power Down Time tEHICCL tpp — 20 — 30 ns
NOTES:
1. W is high for read cycle.
2. All read cycle timing is referenced from the last valid address to the first transitioning address.
3. At any given voltage and temperature, tgHQz max, is less than tg qx 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 1B.
5. This parameter is sampled and not 100% tested.
6. Device is continuously selected (E=V/|).
7. Addresses valid prior to or coincident with E going low.

READ CYCLE 1 (See Note 6 Above)

A (ADDRESS) ><

—— tAX0X

tavav >

Q (DATA OUT) PREVIGUS DATA VALID DATA VALID

tavav >

READ CYCLE 2 (See Note 7 Above)

A (ADDRESS) >(
- g gy ——>

E (CHIP ENABLE) \\ /

'

tavav

/
R teHaz
Q (DATA OUT) ( DATA VALID
- tavay »
tELICCH —4 e
vee o€ ———— EHICCL
SUPPLY
CURRENT  igp
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WRITE CYCLE 1 (W Controlled, See Note 1)

MCM6268

Symbol MCM6268P25 | MCM6268P35
Parameter Units | 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
Wirite Pulse Width tWLWH twp 20 — 30 — ns
Data Valid to End of Write tDVWH tpw 10 — 15 — ns
Data Hold Time tWHDX tDH 0 — 0 — ns
Write Low to Output High-Z twLaz twz 0 10 0 15 ns 3,45
Write High to Output Active tWHQX tow 5 — 10 — ns 3,45
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, tyy| Qz max, is less than typHQx min, both for a given device and from device to device.

tAVAV

A (ADDRESS)

\

E (CHIP ENABLE)

TAVWH

L

TWHAX

W (WRITE ENABLE)

—»‘
— VWL

\

[ tWiwH ——————>

£

DVWH —>

tWHDX

oannn TRXXKKX)

X

DATA VALID

HIGH-Z
Q (DATA OUT)

twiLoz

HIGH-Z

AC TEST LOADS

+5V
480

o}

255 30 pF
(INCLUDING

SCOPE AND JIG)

Figure 1A

+5V

480

=

255 3

Figure 1B

5 pF
(INCLUDING
SCOPE AND JIG)

tWHOX

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

4-52




MCM6268

WRITE CYCLE 2 (E Controlled; See Note 1)

Symbol MCM6268P25 | MCM6268P35 )
Parameter - Units | Notes
Standard Aiternate Min | Max | Min | Max
Write Cycle Time tAVAV twe 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 tcwW 20 — 30 — ns
Write Pulse Width tWLEH twp 20 — 30 — ns
Data Valid to End of Write tDVEH tpw 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 W low.
2. AI|_write cycle timing is referenced from the last valid address to the first transitioning address.
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition.
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.
[ :
Ay —!
A (ADDRESS)
_ < tAVEH >
E (CHIP ENABLE) 3 l
[ ————————— AV ———————— > T
ELEH »la
_ tELWH - B tEHAX
W (WRITE ENABLE) \l /
|€ TWLEH —> 7
1DVEH — tEHDX
D (DATA IN) DATA VALID

HIGH-Z
Q (DATA 0UT)

ORDERING INFORMATION
(Order by Full Part Number)

MCM P XX

Motorola Memory Prefix—————l— T Speed (25=25 ns, 35=35 ns)

Part Number Package (P = Plastic DIP)

Full Part Numbers — MCM6268P25 MCM6268P35
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MOTOROLA
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 i) 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 x4 Bit Organization

® Fully Static—No Clock or Timing Strobes Necessary

® Three State Output

® Fully TTL 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

BLOCK DIAGRAM

(LSB) A6
Vee
A0 % - o
M — «
ROW MEMORY MATRIX
Az »6\——— DECODER 128 ROWS x
A3 »6\—— 128 COLUMNS
A4 %:
(MSB) A5 t -
1 T
D00 —1% COLUMN 1/0
pai 4  INPUT COLUMN DECODER
DATA
baz fz:—‘ CONTROL
ba3 B A7 A1 AT0 A9 A8
{ (MSB) (LSB)

; k=
=2

EE SEMICONDUC T O /R 1500

MCM6269

P PACKAGE
PLASTIC
CASE 738

PIN ASSIGNMENT

M1 e 20 [Ivee
As[] 2 19 [1A3
Asf] 3 18 EAZ
a7l 4 17 a1
asll s 16 [1a0
asll e 15 {Ioao
Amq 7 14 [1oa1
A1lls 13 {1002
sfs 12 [1oa3
vgs [ 10 1w
PIN NAMES
AGATT. . Address Input
!V ............... Write Enable
S o Chip Select
DQO-DQ3 . ...... Data Input/Output
Vee -+ oo +5 V Power Supply
VS - v i 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
= — This device contains circuitry to protect the

s w Mode Vg Current 1/0 Pin Cycle inputs against damage due to high static
H X Not Selected lcca High-Z - voltages or electric fields; however, it is ad-
L H Read Icca Dout Read Cycle vised that normal precautions be taken to i
L L Write ICCA Din Write Cycle avoid application of any voltage higher than
maximum rated voltages to this high-
impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voltage Vee -0.5t0 +7.0 \"
Voltage Relative to Vgg for Any Vin, Vout | —0.5toVgc+05) V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (T A =25°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature Ta 0to +70 °C
Storage Temperature Tstg —-55to0 +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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \"
Input High Voltage VIH 2.0 — Vee+0.3 Vv
Input Low Voltage ViL —0.5% — 0.8 \'

*V)L (min)= —0.5 V dc; Vj_ (min)= —3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi =0 to Vcc) likg(l) — +1.0 A
Output Leakage Current (S=Vjy, Vout=0 to Vcc) Nkg(O) -~ +1.0 A
AC Supply Current (Ig,t=0 mA) MCM6269-25: tayay =25 ns Icca — 120 mA

MCM6269-35: tayay =35 ns - 110

CMOS Standby Current (S=Vcc—0.2 V, Vi <0.2 V, or =2Vgc—0.2 V) Isg - 15 mA
Output Low Voltage (Ig| =8.0 mA) VoL - 0.4 \" 1
Output High Voltage (loy = —4.0 mA) VOH 24 - Vv

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =25°C, Periodically Sampled Rather Than 100% Tested)

Characteristic Symbol Typ Max Unit
Input Capacitance All Inputs Except § Cin 4 6 pF
S 5 7
1/0 Capacitance Ci/o 5 7 pF

e
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec = 5V £10%, TAo=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . ... ... ... 15V Output Timing Measurement Reference Level . . .. ... .. 1.5V
Input Pulse Levels . . ... .................. 0to3.0V Output Load. . .. ... ..... Figure 1A Unless Otherwise Noted
Input Rise/Fall Time . . .. ..................... 5ns
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 tavav tAA - 25 — 35 ns
Select Access Time tsLQvV tACS - 12 - 15 ns
Output Hold from Address Change tAXQX tOH 5 — 5 — ns
Select Low to Output Active tSLQX Lz 5 — 5 - ns 3,4,5
Select High to Output High-Z tSHQZ tHz 0 10 0 15 ns 34,5

NOTES:
1. W is high for read cycle.

. All read cycle timing is referenced from the last valid address to the first transitioning address.
. At any given voltage and temperature, tgHQz max, is less than tg| qx min, both for a given device and from device to device.

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B.

. Device is continuously selected (S=V),).

2

3

4

5. This parameter is sampled and not 100% tested.

6.

7. Addresses valid prior to or coincident with S going low.

READ CYCLE 1 (See Note 6 Above)

tAvAV

v

A (ADDRESS)

DATA VALID

l«——— taxox
Q (DATA OUT) PREVIOUS DATA VALID

- tavav

=

READ CYCLE 2 (See Note 7 Above)

<

tavav

A (ADDRESS) ){

S (CHIP SELECT)

< (g Qy ——>

150X

0 (DATA OUT)

A

tavav

DATA VALID
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MCM6269 3

WRITE CYCLE 1 (W Controlled, See Note 1)

Symbol MCM6269P25 | MCM6269P35
Parameter Units | 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 tpH 0 — 0 - ns
Write Low to Output High-Z twLQz twz 0 10 0 15 ns 3,45
Write High to Output Active tWHQX tow 5 — 10 — ns 3,45
Write Recovery Time tWHAX tWR 0 — 0 — ns

NOTES:
1. A write occurs during the overlap of S 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, tyy| Qz max, is less than tywHQx min, both for a given device and from device to device.

- tavav >
A (ADDRESS) )( }(
- TAVWH 1= WHAX

S (CHIP SELECT) \ /

W (WRITE ENABLE) \‘ 7[
e taywL — toywH — tWHDX

twLoz
HIGH-Z HIGH-Z

Q (DATA OUT)

tWHax

AC TEST LOADS
TIMING LIMITS

+5V +5V 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
a j a _‘1 minimum since the system must supply at
o least that much time (even though most
< (:::c':jj oG 255 ¢ (5INPCFLUDING devices do not require it). On the other
W SCOPE AND JIG) SCOPE AND Jig)  "and: 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
Figure 1A Figure 18 data later than that time.

480 480

A
V-
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MCM6269

WRITE CYCLE 2 (S Controlled; See Note 1)

Symbol MCM6269P25 | MCM6269P35
Parameter - Units | Notes
Standard Alternate Min | Max | Min | Max
Write Cycle Time tAVAV twe 25 — 35 — ns 2
Address Setup Time tAVSL tas 0 - 0 - ns
Address Valid to End of Write tAVSH tAW 20 — 30 - ns
Select to End of Write tSLSH tcw 20 - 30 . ns 3,4
Select to End of Write tSLWH tcw 20 — 30 — ns
Wirite Pulse Width tWLSH twp 20 — 30 — ns
Data Valid to End of Write tDVSH tpw 10 — 15 — ns
Data Hold Time tSHDX tDH 0 - 0 - ns
Write Recovery Time ) tSHAX tWR 0 - 0 — ns
NOTES:
1. A write occurs during the overlap of S low and W low.
2. All write cycle timing is referenced from the last valid address to the first transitioning address.
3.If § goes low coincident with or after W goes low, the output will remain in a high impedance condition.
4. 1f S goes high coincident with or before W goes high, the output will remain in a high impedance condition.
1 t ]
AVAV
A (ADDRESS)
T - tAVSH >
S (CHIP SELECT) \ k
[ e——————— tpyg —————> T
fe—— S8 > 5
- SLWH
W (WRITE ENABLE) Wl /
|€ tWLSH > 7
DVSH —»] tSHDX
D (DATA IN) DATA VALID
HIGH-Z
Q (DATA OUT)

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6269 P XX

Motorola Memory PrefixJ

Part Number

Full Part Numbers—MCM6269P25 MCM6269P35

MOTOROLA MEMORY DATA
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MOTOROLA
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 Ill) 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 MCM®6287 is available in a 300 mil, 22 lead plastic DIP or a ceramic leadless chip
carrier measuring 290 x 490 mils, and will be available in a 24 lead, 300 mil, surface-mount
S0J 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

R SEMICONDUCTOR

MCM6287

P PACKAGE
PLASTIC
CASE 736A

@l J PACKAGE

300 MIL SO
CASE 810A

o e©
il “Q\ﬂf’f’» Z PACKAGE
oggw CERAMIC LCC

PIN NAMES
AO-A15. . . . .. ... ... Address Input
W. oo Write Enable
E.oooi it Chip Enable
D Data Input
Q... . i Data Output
VEC oo oo Power (+5 V)
VGBS - v v v Ground
NC ............. No Connection

PIN ASSIGNMENT

DUAL-IN-LINE SMALL OUTLINE
ol e 22 flveg afl1e 24 flvge
all2 21 [ats all2 23 [1A15
A2f 3 20 1At a2l}3 22 flate
il s I A3l 4 21 [1A13
alls 18 fat2 A4l s 20 fJA12
asll6 17 flan a5l 6 19 pnc
2607 16 Bato Nell 7 18 A1
wils 15 bn asfl 8 17 flA10
afl 9 14 [1a8 wrfl o 16 {1A9
w10 13flo E[ 10 15 flag

vssf 1 12IE Qo " ]?

vsslf 12 13 [IE

CHIP CARRIER

A1 AO Vge A15

LZJLJth 2l

A [
A 33 Tt 07 A
A3 T4 197 "|A13

A4

AS
A8

A7

18T "Ja12
s
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MCM6287

BLOCK DIAGRAM

se  a—Ly— R
-y
e 8
mz—{p— MEMORY MATRIX
Row 128 ROWS x
DECODER 512 COLUMNS
ms— 35—
msa) A0—>—
D | INPUT — COLUMN 1/0 [l
DATA
CONTROL COLUMN DECODER
(MSB) A3 A2 A10 A9 A4 A8 A7 A6 A5 (LSB)
TRUTH TABLE
— — T This device contains circuitry to protect the
w Mode Vcc Current Output Cycle inputs against damage due to high static
H X Not Selected ISB1, ISB2 High-Z _ voltages or electric fields; however, it is ad-
! vised that normal precautions be taken to
:: :_‘ az?‘d :CCA HPOI‘:‘Z \Tve .ad (éyclle avoid application of any voltage higher than
e CCA 'gh- rite Cycle maximum rated voltages to this high-
impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voitage Vee -05t0 +7.0 \
Voltage Relative to Vgg for Any Vin: Vout | —0.5to Vcc+05| V
Pin Except Ve
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =25°C) Pp 1.0 W
Temperature Under Bias Thias —10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature— Plastic Tstg —55to +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.
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MCM6287 ‘

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \%
Input High Voltage VIH 2.0 — Vee + 0.3 \%
Input Low Voltage VL —0.5% — 0.8 \

*VjL (min)= ~0.5 V dc; V| (min)= —3.0 V ac (pulse width < 20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vin=0to Vcc) likg(1) - +1.0 uA
Output Leakage Current (E=VjH, Vout=0 to Vcc) likg(0) - +1.0 A
AC Supply Current (lgyt=0 mA) MCM6287-25: tayay =25 ns lcca - 120 mA

MCM6287-35: tayay =35 ns lcca - 110

TTL Standby Current (E=V|y, No Restrictions on Other Inputs) IsB1 - 20 mA
CMOS Standby Current (E=Vcc—0.2 V, No Restrictions on Other Inputs) Isg2 - 15 mA
Output Low Voltage (Ig =8.0 mA) VoL - 0.4 v
Output High Voltage (IgH = —4.0 mA) VOH 2.4 —

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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
Output Capacitance Cout 5 7 pF

MOTOROLA MEMORY DATA
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MCM6287

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee = 5V £10%, TA=0 to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . . ... ... .. 1.5V Output Timing Measurement Reference Level . . .. ... ... 15V
Input Pulse Levels . . ..................... 0to3.0V Outputload. . . ......... Figure 1A Unless Otherwise Noted
Input Rise/Fall Time . . .. ..................... 5ns

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 tAXQX tOH 5 — 5 — ns
Enable Low to Output Active tELQX tLz 5 — 5 — ns | 45,6
Enable High to Output High-Z tEHQZ tHz 0 15 0 15 ns | 456
Power Up Time tELICCH tpy 0 — 0 - ns
Power Down Time tEHICCL tpp — 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, tgHQz max, is less than tg| gx 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 1B.
6. This parameter is sampled and not 100% tested.
7. Device is continuously selected (E=Vj ).

READ CYCLE 1 (See Note 7 Above)

j— tavav >
A (ADDRESS)
le——— tAXOX
Q (DATA OUT) PREVIOUS DATA VALID WT DATA VALID
- tavay {

READ CYCLE 2 (See Note 3 Above)
tavav —|

A (ADDRESS) )(
- gy ————— >

E (CHIP ENABLE) ) N ]F

<< tELOX tEHOZ
Q (DATA 0UT) DATA VALID

- tavav
tELICCH — le- tEHICCL
Ve ¢ ——————— ——
SUPPLY
CURRENT  Isg 1

MOTOROLA MEMORY DATA
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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 i
Address Setup Time tAVWL tAS 0 — 0 — ns 1
Address Valid to End of Write tAVWH tAW 20 — 25 — ns i
Write Pulse Width TWLWH twp 20 - 20 — ns
Data Valid to End of Write tDVWH tpw 15 — 15 — ns
Data Hold Time HWHDX tDH 0 — 0 — ns
Write Low to Output High-Z twLQZ twz 0 15 0 15 ns 3,4
Write High to Output Active tWHQX 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 1B.
4. Parameter is sampled and not 100% tested.

tAvAV

A (ADDRESS) }

tAVWH < TWHAX

E (CHIP ENABLE) \ /

[ tWwH ————
W (WRITE ENABLE) \\ 7(
F— taywL —J toVWH — tWHDX ‘
twiaz > ‘
HIGHZ HIGH-Z
Q (DATA OUT)

WHaX

AC TEST LOADS
TIMING LIMITS

+5V +5V The table of timing values shows either
a minimum or a maximum limit for each

480 480 parameter. Input requirements are specified I

from the external system point of view. :
a a Thus, address setup time is shown as a
minimum since the system must supply at

255 30 pF 255 5 pF least that much time (even though most :
(INCLUDING (INCLUBING devices do not require it). On the other
SCOPE AND JIG) SCOPE AND Jig)  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
Figure 1A Figure 1B data later than that time.

MOTOROLA MEMORY DATA i
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WRITE CYCLE 2 (E Controlled, See Note 1)

MCMé6287

Symbol MCM6287-25 MCM6287-35
Parameter - Unit | Notes
Standard Alternate Min Max Min Max
Wirite Cycle Time TAVAV tWwe 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 34
Enable to End of Write tELWH tcw 20 — 25 — ns
Write Pulse Width tWLEH WP 20 — 20 — ns
Data Valid to End of Write tDVEH tpw 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 W low.
2. All write cycle timing is referenced from the last valid address to the first transitioning address.
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition.
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.
j tavay B
A (ADDRESS) %
- tAVEH >
E (CHIP ENABLE) 7(
< tELEH
- t >l o >
AVEL 1 ELWH tEHAX
W (WRITE ENABLE) \||\¢ tWLEH Jl
tDVEH —> tEHDX
D (DATA IN) >O<>O<>< DATA VALID
HIGH-Z

Q (DATA 0UT)
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MCM6287 J

TYPICAL CHARACTERISTICS |
|

[
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Figure 2. Relative Power versus Cycle Time Figure 3. Active Supply Current versus Chip Enable
Input Voltage
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Figure 4. Active Supply Current versus Temperature Figure 5. Active Supply Current versus Supply Voltage
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Figure 6. Standby Supply Current versus Temperature Figure 7. Standby Supply Current versus Supply i
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MCM6287

TYPICAL CHARACTERISTICS (Continued)

1.60 1.6
g rsop g 15f
= 100} 2 uf
E R E B
2 130 € 13}
w w
S 1204 / 5 1) \
g 110 § 1.1k
8 1.00f S 1o \
= - s =
; 0.90 / S 0.9 \
3080F 3 08F
oo Fo07p

0.60 1. 1 1 Ll 1 L 1 A 1 1 L 1 [] 6 1 1

—-40 -20 0 20 40 60 80 100 120 4.0 45 5.0 5.5 6.0 6.5
T, AMBIENT TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (VOLTS)
Figure 8. Address and Enable Access Times versus Figure 9. Address and Enable Access Times versus
Temperature Supply Voltage
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Figure 10. Data Setup Time versus Temperature Figure 11. Data Setup Time versus Supply Voltage
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MCM6287
ORDERING INFORMATION
(Order by Full Part Number)

MCM 6287 X XX

Motorola Memory Prefix :l —L——— Speed (25=25 ns, 35=35 ns)

Part Number Package (P = Plastic DIP, J = Plastic SOJ)
Full Part Numbers—MCM6287P25 MCM6287P35
MCM6287J25 MCM6287J35

L ___________________________________________|
MOTOROLA MEMORY DATA
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MOTOROLA
TECHNICAL DATA

16K x 4 Bit Static Random Access
Memory

The MCM6288 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 Iil) 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 reduce system power requirements
without degrading access time performance.

The MCM®6288 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 5V +10% Power Supply

Fast Access Time: 25/30/35 ns

Equal Address and Chip Enable Access Time

Low Power Operation: 120/110 mA Maximum, Active AC
Fully TTL Compatible

Three-State Data Output

BLOCK DIAGRAM

LSB) A1
LS8 A1 ——— -
A ———— <--le3
Mo ROW MEMORY MATRIX
ANt t DECODER 128 ROWS x
A2 ——46& 512 COLUMNS
A13 k::
(MSB)  AQ %: |
[
Dag —1% COLUMN 110 =
oot {E_ INPUT COLUMN DECODER
b DATA
D02 {EH CONTROL
b
ba3 EF‘ A3 A2 A4 A8 A7 A6 A5
{MSB) (LSB)

: =

=|
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EE SEMICONDUCTOR mm

MCM6288

P PACKAGE
PLASTIC
CASE 736A

PIN ASSIGNMENT

Al e 22 flvee
ml2 21 fla13
2203 20 {la12
A3l 4 19 [1an1
amfls 18 [1A10
asf 6 17 [I1A8
asf]7 16 {100
A7l 8 15 {1oa1
a8l o 14 {1002
Eff 10 13 [Ino3
vgsf 11 121w
PIN NAMES
AGAB. ... ... Address Input
W Write Enable
E . Chip Enable
DQO-DA3. .. ... Data Input/Output
Vege s +5V Power Supply
Vgs. v Ground




MCM6288

TRUTH TABLE

This device contains circuitry to protect the
w Mode Ve Current Output Cycle inputs against damage due to high static
H X Not Selected ISB1, 1SB2 High-Z — voltages or electric fields; however, it is ad-
L H Read Icca Dout Read Cycle vised that normal precautions be taken to i
L L Write lcca High-Z Write Cycle avoid application of any voltage higher than .
maximum rated voltages to this high- ;
impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Power Supply Voltage Vee -05t0 +7.0 \"
Voltage Relative to Vgg for Any Vin. Vout | —05t0Vec+05| V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (T 5 =25°C) Pp 1.0 w
Temperature Under Bias Thias —10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature T)s_tg -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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vee 45 5.0 5.5 \%
Input High Voltage VIH 2.0 — Vee + 0.3 \
Input Low Voltage ViL -0.5% — 0.8 \

*V|L (min)= —0.5 V dc; V| (min) = —3.0 V ac (pulse width < 20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi, =0 to V) likg(l) — +1.0 A
Output Leakage Current (E=V|y, V=0 to Vcc) lkg(0) — +1.0 A
AC Supply Current (Igyt=0 mA) MCM6288-25: tayay =25 ns Icca — 120 mA
MCM6288-30: tayav =30 ns — 120
MCM6288-35: tayay =35 ns — 110
TTL Standby Current (E=V}y, No Restrictions on Other Inputs) IsB1 — 20 mA
CMOS Standby Current (E=Vcc —0.2 V, No Restrictions on Other Inputs) Isg2 — 15 mA
Output Low Voltage (Ig =8.0 mA) VoL — 0.4 \
Output High Voltage (IgH = —4.0 mA) VOH 24 - v

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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
1/0 Capacitance Ciyo0 5 7 pF

L
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MCM6288

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce = 5V +£10%, TA=0 to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . ... .. .. .. 1.5V Output Timing Measurement Reference Level . . ... .. .. 15V
Input Pulse Levels . . . ... ................. 0to3.0V Output Load. . .. ........ Figure 1A Unless Otherwise Noted
Input Rise/Fall Time . . .. ..................... 5ns

READ CYCLE (See Note 1)

Symbol MCM6288P25 MCM6288P30 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 tavav tAA — 25 — 30 — 35 ns
Enable Access Time tELQV tACS — 25 — 30 — 35 ns 3
Output Hold from Address Change tAXQX tOH 5 — 5 — 5 .= ns
Enable Low to Output Active tELQX Lz 5 — 7 — 10 = ns 4,5,6
Enable High to Output High-Z tEHQZ tHZ 0 10 0 12 0 15 ns 4,5,6
Power Up Time tELICCH tpy 0 — 0 — 0 — ns
Power Down Time tEHICCL tpD — 25 — 30 — 30 ns
NOTES:
1. Wiis high for read cycle.
2. Ali read cycle timing is referenced from the_!ast 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, tgHQz max, is less than tg| ox 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 1B.
6. This parameter is sampled and not 100% tested.
7. Device is continuously selected (E= V) ).

READ CYCLE 1 (See Note 7 Above)

tavav >

A (ADDRESS)

r——— tAXQX

Q (DATA OUT) PREVIOUS DATA VALID DATA VALID

tavav 1

READ CYCLE 2 (See Note 3 Above)

- tavav >

A (ADDRESS) >(

- gy ———>|
E (CHIP ENABLE) 1\ }t
<% tELOX tEHOZ
Q (DATA 0UT) ( DATA VALID
- tavav >
tELICCH — k- tEHICCL
Vg b ——————— ——
SUPPLY
CURRENT  igg
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MCM6288

WRITE CYCLE 1 (W Controlled, See Note 1)

Symbol MCM6288P25 MCM6288P30 MCM6288P35
Parameter Units | Notes
Standard | Alternate Min Max Min Max Min Max
Write Cycle Time TAVAV twe 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 WLWH WP 20 — 25 — 30 — ns
Data Valid to End of Write tDVWH tpw 10 — 12 - 15 — ns
Data Hold Time tWHDX tDH 0 — 0 - 0 — ns
Write Low to Output High-Z twLQZ twz 0 10 0 12 0 15 ns 3,45
Write High to Outut Active tWHQX tow 5 — 7 — 10 — ns 3,45
Write Recovery Time tWHAX tWR 0 — 0 — 0 - ns

NOTES: _ _

1. A write occurs during the overlap of E low and W low.

2. All write cycle timing is referenced from the last valid address to the first transitioning address.
3. Transition is measured +500 mV from steady-state voltage with load in Figure 1B.
4
5.

. Parameter is sampled and not 100% tested.
. At any given voltage and temperature, tyQz max is less than tyHqx min both for a given device and from device to device.

- tavav >
A (ADDRESS) )( ;(
i TAVWH tWHAX

E (CHIP ENABLE) \ /

e twwH ————>
W (WRITE ENABLE) \,-\ 7(
F— taywL — IDVWH — WHDX
twLoz
HIGHZ HIGH-Z
Q (DATA OUT)

tWHOX

AC TEST LOADS
TIMING LIMITS

+5V +5V The table of timing values shows either

a minimum or a maximum limit for each

480 480 parameter. Input requirements are specified

from the external system point of view.

a a Thus, address setup time is shown as a
_—1 __1 minimum since the system must supply at

P. < least that much time (even though most

255 30 pF 255 é 5 pF ;
1 (INCLUDING 1 (INCLUDING devices do not require it). On the other
SCOPE AND JIG) SCOPE AND Ji6) 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
Figure 1A Figure 1B data later than that time.
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MCM6288

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 AW 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 WP 20 — 25 — 30 — ns
Data Valid to End of Write tDVEH tpw 10 — 12 - 15 — ns
Data 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 W low.
2. All write cycle timing is referenced from the last valid address to the first transitioning address.
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition.
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.
| tavav —
A (ADDRESS) {
_ - tAVEH -
E (CHIP ENABLE) !
1
_ ————— tAVEL > L > > tEHAX
W (WRITE ENABLE) \l
I\: YWLEH > 7[
IDVEH — tEHDX
D (DATA IN) DATA VALID
HIGH-Z

Q (DATA 0UT)

]
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TYPICAL CHARACTERISTICS
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MCM6288

TYPICAL CHARACTERISTICS (Continued)
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MCM6288

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6288 X XX

|
Motorola Memory Prefix ————]— T Speed (25 =25 ns, 30 =30 ns, 35=235ns) i

Part Number Package (P = Plastic DIP)

Full Part Numbers — MCM6288P25 MCM6288P30 MCM6288P35

i
MOTOROLA MEMORY DATA i
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MOTOROLA
TECHNICAL DATA

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 lil) 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):

Address  Chip Enable Output Enable
MCM6290-25 25 ns 25 ns 12 ns
MCM6290-30 30 ns 30 ns 15 ns
MCM6290-35 35 ns 35 ns 15 ns

® Low Power Operation: 120/110 mA Maximum, Active AC
® Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus
Contention Problems

BLOCK DIAGRAM

LSB) A1
(LSB) " -
-—\Vgg
A0 MEMORY MATRIX
ROW
A t DECODER 128 ROWS x
A2 ——ﬁ%: 512 COLUMNS
“3—132
(MSB) AD ———-,k: -
1
D00 —ﬁ,-[b- = COLUMN 1/0 =
b1 L] ineut COLUMN DECODER
b | oama
) %:1 CONTROL
4
003 =t-1 A3 A2 A4 AB A7 A6 A5
( (MSB) (LSB)
: 1L
W —<
g
This d ins inf
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MCM6290

P PACKAGE
300 MIL PLASTIC
CASE 724

J PACKAGE
300 MIL SOJ
CASE 810A

PIN ASSIGNMENT

AOfj 1 @ 24 Ivee
a2 23 113
a2ll 3 22 fla12
A3l a 21 [1an
aflls 20 hAlO
A50 6 19 [1ag
asll 7 18 [InC
A70 8 17 {1000
asllo 16 [loa1
Ef 10 16 a2
[ RE! 14 {loa3
vgsl] 12 130w
PIN NAMES
AO-A13. . . . ... Address Input
DQO-DQ3 .. ......... Data Input/Output
W Write Enable
§ .................. Output Enable
E . Chip Enable
NC ... .. No Connect
VCC -+ v v oo e +5 V Power Supply
V8S « i v Ground

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




MCM6290 ‘

TRUTH TABLE

£ W - This device contains circuitry to protect the
G w Mode Vcc Current 1/0 Pin Cycle inputs against damage due to high static
H X X Not Selected IsB High-Z - voltages or electric fields; however, it is ad-
L H H Read Icca High-Z - vised that normal precautions be taken to
L L H Read Ilcca Dout Read Cycle avoiq application of any voltage hig‘her t_han ‘
L X L Write ICCA Din Write Cycle maximum rated voltages to this high- .

impedance circuit.

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage (V) Vee -05t0 +7.0 \
Voltage Relative to Vgg for Any Vin: Vout | —0.5to Vgc+05| V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (+26°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature Ta 0to +70 °C
Storage Temperature T§L§l -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.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vece 4.5 5.0 5.5 \")
Input High Voltage VIH 2.0 — Vee+0.3 \
Input Low Voltage ViL —-0.5% — 0.8 \

*V|L (min)= —0.5 V dc; Vj__ (min)= —3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi =0 to Vcc) likg() — +1.0 A
Output Leakage Current (E= V) or G=V|j or W=V|, Vout=0to V) likg(0) — +1.0 WA
AC Supply Current (lgyt=0 mA) MCM6290-25: tayay =25 ns lcca - 120 mA
MCM6290-30: tayay =30 ns — 120
MCM6290-35: tayay =35 ns — 110
TTL Standby Current (E=Vjy, No Restrictions on Other Inputs) Isg1 — 20 mA
CMOS Standby Current (Ex Ve —0.2 V, No Restrictions on Other Inputs) 1sg2 — 15 mA
Output Low Voltage (Igp =8.0 mA) VoL — 0.4 \
Output High Voltage (Ig4= —4.0 mA) VOH 2.4 — \

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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
1/0 Capacitance DQ Ci/0 5 7 pF

MOTOROLA MEMORY DATA
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MCM6290

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5V £10%, TA=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference
Input Pulse Levels

Level

\Y Output Timing Measurement Reference Level
\ Output Load

1.5V
Figure 1A Unless Otherwise Noted

Input Rise/Fall Time . . . ... .... ... .. ......... 5ns
READ CYCLE (See Note 1)
Symbol MCM6290-26 | 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 — 3% | ns
Chip Enable Access Time tELQV tACS — 25 — 30 — 35 ns
Output Enable Access Time 1GLQV tOE - 12 - 15 = 15 ns
Output Hold from Address Change tAXQX tOH 5 — 5 — 5 — ns
Chip Enable Low to Output Active tELQX t z 5 — 7 — 10 — ns | 3,45
Chip Enable High to Output High-Z tEHQZ tHz 0 10 0 12 0 15 ns | 3,45
Output Enable Low to Output Active tGLQX tLz 5 — 8 — 10 — ns | 3,45
Output Enable High to Output High-Z tGHQZ tHz 0 10 0 12 0 15 ns | 3,45
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, tgHQz max is less than tg| gx min, and tgHQz max is less than tgLqx min, both for a given
device and from device to device.

Nooos

READ CYCLE 1 (See Note 6 Above)

tavav

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B.
. This parameter is sampled and not 100% tested.

. Device is continuously selected (E=V), G=V|.).

. Addresses valid prior to or coincident with E going low.

)

A (ADDRESS)
tAxax
Q (DATA OUT) PREVIOUS DATA VALID DATA VALID
[ tavav »!
READ CYCLE 2 (See Note 7 Above)
- tAvAV -
A (ADDRESS) }( %
teLgy ——>
E (CHIP ENABLE) —N&
tEHOZ >~
d—tﬂ_ux—b‘
16HOZ >
~ \“ t6Lox > —
& (OUTPUT ENABLE)
- tgLay —>
Q (DATA OUT) ( DATA VALID Jr——
- tavav >
tELICCH i —~  |—— tEHICCL

v I0f = = e e —————

SUPPLY CURRENT

MOTOROLA MEMORY DATA
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MCM6290

WRITE CYCLE 1 (W Controlled, See Notes 1 and 2)

Symbol MCM6290-25 | MCM6290-30 | MCM6290-35
Parameter Unit | Notes
Standard | Alternate| Min | Max | Min | Max | Min | Max
Write Cycle Time tAVAV tWC 25 - 30 — 35 — ns 3 )
Address Setup Time tavwL | tas 0 - 0 - 0 — | ns |
Address Valid to End of Write TAVWH AW 20 — 25 — 30 — ns
Write Pulse Width WLWH twp 20 — 25 — 30 — ns
Data Valid to End of Write tDVWH tpw 10 — 12 — 15 — ns
Data Hold Time tWHDX tDH 0 - 0 - — ns
Write Low to Output High-Z twLQz twz 0 10 0 12 0 15 ns | 456
Write High to Output Active tWHQX tow 5 — 8 — 10 — ns 4,56
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 1B.
5. Parameter is sampled and not 100% tested.
6

. At any given voltage and temperature, tyy| Qz max, is less than tyyHQx min, both for a given device and from device to device.

tAvAv »>
A (ADDRESS) ) ;(
TAVWH 1 WHAX

E (CHIP ENABLE)

-

Ru)
|/

W (WRITE ENABLE) N 71
re— tavwL — tvwH —1 tWHDX !

D (DATA IN) g E g E g % E 5 DATA VALID *75 E 5 >_< ! >_( ‘
twiaz

HIGH-Z HIGH-Z

Q (DATA OUT)

twHax

AC TEST LOADS

+5V +5V
480 480
a j a
25 § 30 pF S {

|

N
12l
=

5 pF
(INCLUDING

(INCLUDING
SCOPE AND JIG) SCOPE AND JIG)

—AAA

Figure 1A Figure 1B
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MCM6290

WRITE CYCLE 2 (E Controlled; See Notes 1 and 2)

Symbol MCM6290-25 | MCM6290-30 | MCM6290-35
Parameter Unit | Notes
Standard | Alternate| Min | Max | Min | Max | Min | Max
Write Cycle Time tAVAV twe 25 — 30 - 35 — ns 3
Address Setup Time tAVEL tAS 0 — 0 — 0 — ns
Address Valid to End of Write tAVEH tAW 20 — 25 — 30 — ns
Chip Enable to End of Write tELEH tcwW 20 — 25 — 30 — ns 4,5
Chip Enable to End of Write tELWH tcw 20 — 25 - 30 — ns 4,5
Write Pulse Width tWLEH twp 20 — 25 — 30 — ns
Data Valid to End of Write tDVEH tpw 10 — 12 — 15 — ns
Data Hold Time tEHDX tDH 0 - — - ns
Write Recovery Time tEHAX tWR 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. IfE goes low coincident with or after W goes low, the output will remain in a high impedance condition.
5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition.
| tAvAY >
A (ADDRESS)
tAVEH >
E (CHIP ENABLE) —3\ 7Y
| ————————AVEL TR
1t 1
\ TELWH EHAX
W (WRITE ENABLE) |\: UWLEH > 7
DVEH —] tEHDX
D (DATA IN) DATA VALID
HIGH-Z
Q (DATA OUT)

TIMING PARAMETER ABBREVIATIONS

t X X

—|

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)

XX

signal name from which interval is defined
transition direction for first signal

signal name to which interval is defined
transition direction for second signal

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.

o
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MCM6290

TYPICAL CHARACTERISTICS
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MCM6290

TYPICAL CHARACTERISTICS (Continued)
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MCM6290

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6290 X XX

Motorola Memory Preﬁx———j— _l_—————Speed (26=25 ns, 30=30 ns,

35=35 ns)
Part Number Package (P = Plastic DIP,
J = Plastic SOJ)
Full Part Numbers—MCM6290P25 MCM6290P30 MCM6290P35
MCM6290J25 MCM6290J30 MCM6290J35

MOTOROLA MEMORY DATA -
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Special Application MOS Static RAMs

MCMG68HC34  Dual-Port RAM ... .ttt e et et e ia e 5-3
MCM4180 4K x4,22/25/30ns, Cache Tag « . .vvvvvinnneiiiiiiee e, 5-11
MCM6292 16K x 4, 25/30/35 ns, Synchronous, Transparent Outputs ...... 5-12
MCM6293 16K x 4, 25/30/35 ns, Synchronous, Output Registers ......... 5-20
MCM6294 16K x 4, 256/30/35 ns, Synchronous, Output Registers and Output

Enable ... e e e e 5-28
MCM6295 16K x4, 25/30/35 ns, Synchronous, Transparent Outputs and

Output Enable ... i i 5-36
MCM62350 4K x4, 25/30/35ns, Cache Tag .......cvvvnininninnnninnnanns 5-44
MCM&62351 4K x4, 25/30/35ns, Cache Tag . ......covvuinnennnnnnnennnnn 5-45

e
MOTOROLA MEMORY DATA
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Cache Tag RAMs Synchronous Static RAMs

(+5V, 0 to 70°C unless otherwise noted) (+5V, 0 to 70°C unless otherwise noted)
Organizati Part Numb .A:ddrles;:e Pins Organization Part Number A(:::s':::;\e Pins
{ns max) 16K x4 MCM6292C25 2 28
4K x4 MCM62350P22 2 24 MCM6292C30 30 28
MCM62350P25 25 24 MCM6292C35 35 28
MCM62350P30 30 24 MCM6292J25 25 28
MCM62350J22 2 24 MCM6292J30 30 28
MCM62350J25 25 24 MCM6292J35 35 28
MCM62350J30 30 24 MCM6293P25 2% 28
MCM62351P22 2 24 MCM6293P30 30 28
MCM62351P25 25 24 MCM6293P35 35 28
MCM62351P30 30 24 MCM6293J25 25 28
MCM62351J22 2 24 MCM6293J30 30 28
MCM62351J25 25 24 MCM6293.35 35 28
MCM62351J30 30 2 MCM86294P25 2 28
MCM4180P22 2 2 MCM6294P30 30 28
MCM4180P25 25 2 MCM6294P35 35 28
MCM4180P30 30 2 MCM6294J25 2 28
MCM6294J30 30 28
MOS Dual Port RAM MCM6294J35 35 28
(+5V, 0 to 70°C) MCM6295C25 25 28
MCM6295C30 30 28
Organizati Part Numb Access Time | . MCM6295C35 36 28
(ns max) MCM6295J25 2% 28
256 % 8 MCM68HC34L 240 40 : MCM6295J30 30 28
MCM68HC34P 240 40 MCM6295J35 35 28

L s ]
MOTOROLA MEMORY DATA
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MOTOROLA
HE SEMICONDUCTOR ;

TECHNICAL DATA
MCMG68HC34

Advance Information J

HCMOS

(HIGH DENSITY CMOS SILICON-GATE)

DUAL-PORT RAM
The MCM68HC34 is a dual-port RAM memory (DPM) unit which MEMORY UNIT
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

DUAL-PORT RAM MEMORY UNIT

means for the processors to interrupt each other. L SUFFIX
® High-Speed CMOS (HCMOS) Structure CE“A&‘;EP%KAGE
@® Six Read/Write Semaphore Registers
® 256 Bytes of Dual-Port RAM
® Eight Address Lines P SUFFIX
PLASTIC PACKAGE
CASE 711

PIN ASSIGNMENT

Veelt @ V' w 1CSTb
RESET [J2 39f1Eb
CSiall3 38[1RSb
Ea I;4 37[R/Wb
RSa[J5 3] Asb
R/Wa[]6 35[] A0
Asal}7 3] A1
MODE (}8 33f A2
ADO [}9 32 g A3
AD1 [0 311 A4
Ap2fi1 0 ;] A5
AD3[]12 290 A6
AD4 13 28[] A7 {
ADSEM 27gD7 ‘
_oo o
TS T oo o pee |
Ceramic MCMB8HC34L 07 n 0 2 P be ‘
L Suffix TRQa [j17 24f1o4 ‘
PlaPs“SCuff' MCMB8HC34P vssllis 23po3 |
X Rab 19 22[1D2 ‘
Do 20 21 D1 \

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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MCM68HC34 ]

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit i
Supply Voltage Vee -03t07.0 \

— This device contains circuitry to protect the
Input Yol(age, All Inputs Vin Vss-03t0Vee+05 | V inputs against damage due to high static
Operating Temperature TA 0t 70 °C voltages or electric fields; however, it is
Storage Temperature Tsig — 55 to 1650 °oC advised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high-
THERMAL CHARACTERISTICS impedance circuit. Unused inputs must be
— - tied to an appropriate logic level (either Vcc
Characteristic Symbol Value Unit or Vgs) to reduce leakage currents and

Thermal Resistance increase reliablity.

Ceramic ATN 50 °C/W
Plastic 100
FIGURE 2 — BUS TIMING LOAD
5V
2.2 k
’ MMD6150
Test Point O=— or Equiv.
90 pF g2k
1 MMD7000
or Equiv.

DC ELECTRICAL CHARACTERISTCS (Vcc = 6.0 Vde £5%, Vss = 0 Vdc, Ta = 0°C to 70°C unless otherwise noted)

Characteristics Symbol Min Max Unit

Input High Voltage (see Note 1) VIiH 2.0 Vcc+0.3 \Y
Input Low Voltage (see Note 2) ViL Vgg—0.3 0.8 \
Input Current

Vin=0to0 V¢ lin - 1.0 uA
Output Leakage Current oz — 10.0 A
Output High Voltage

(ILoad = — 100 pA) VOH 24 - v

(I oad= <10.0 pA) Vee—-0.1 -
Output Low Voltage

(ILoad= 1.6 mA) VoL - 0.4 v

(ILoad= < 10.0 pA) — 0.1
Current Drain — Outputs Unloaded

Operating — Ea, Eb=1 MHz, Both Sides Active IDD — 30 mA
Input Capacitance Cin - 10 pF
Output Capacitance

(AD0-AD7 and DO-D7) Cout — 12 pF

NOTES:

1. Input high voltage as stated is for all inputs except MODE. In the case of MODE, input high voltage is tied to V.
2. Input low voltage as stated is for all inputs except MODE. In the case of MODE, input low voltage is tied to Vgg or is floating. If floating,
the voltage will be internally pulled to Vgg.
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BUS TIMING (See Notes 1 and 2 and Figure 2)

Ident

Number Characteristics Symbol Min Max Unit
1 Cycle Time teyc 800 - ns
2 Pulse Width, E Low PWEL 300 ns
3 Pulse Width, E High PWEH 32% — hs
4 Input Rise and Fall Time . i — 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/W, Chip Select Setup Time tRWS 20 — ns
15 Chip Select Hold Time tCH 0 - ns
18 Read Data Hold Time IDHR 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 Puise Width, AS High PWASH 110 — ns
28 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 ac timing are 0.8 V and 2.0 V, unless otherwise specified.
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BUS TIMING DIAGRAMS
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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. V¢ is +5 volts +5%
and Vgs is O 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 low on RSa or
RSb selects 256 bytes of RAM from side A or side B respec-
tively.

CHIP SELECT INPUTS (CS7a AND CS1b)

These inputs function as chip select inputs for their
respective sides. CS1a must be low to select side A and
CS71b must be low to select side B. If CS1ais high, side A is
deselected. If CS1b is high, side B is deselected.

MODE SELECT (MODE)

In normal operation, this pin should always be connected
to Ve (MODE=1). Each side has three states controlled by
RSa and CSia for side A and RSb and CSTb for side B.

If CSTais 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 RSais 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 | CSia RSa Operation
1 0 0 Access 256 Byte RAM Side A
1 0 1 Access Semaphore/RQ 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 RSb and CS1b except
that side B uses separated address and data inputs. Refer to
Table 2.

TABLE 2 — SIDE B CONTROL SIGNAL OPERATION

Mode | CSTb 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 REQUEST OUTPUTS (IRQa AND IRQb)
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 (A0-A7) AND
B SIDE BIDIRECTIONAL DATA BUS (D0-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 (A0 to DO, A1 to D1, etc.).

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 (AD0-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 (SEM) bit and bit 6 is the ownership
(OWN) 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 read). 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 1 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 SEM 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 ¥ 1
1 R " W - 0
1 W = R M 0
1 R 1 R 1 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

A Reads
11
=1
=A
B Reads
1,0

Reset

A Reads 0, 1
SEM = 0 T
OWN = A L; |
A Writes

]
|
| A Reads
|
]
i
|
I
I

1
B Reads 0, 1

Available In Use
NOTES:
1. Writes to a semaphore register are valid only if SEM=1
and OWN=1.

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
(TRQ) 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 IRQX status register and the register accessed at
location F9is referred to as the IRQX 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 F8 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 IRQb status register is set (bit
6=1), a write to IRQa control register sets the flag bit in the
IRQb status register (bit 7= 1) and causes an interrupt on the
B side by setting the IRQb pin low. Reading the IRQb status

register reads the state of the B side enablé and flag bits.
Reading the IRQb 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 IRQb pin.

The enable bit in the IRQb status register (bit 6) is changed
by writing the proper data to bit 6 of the IRQb status register.
If the B side enable bit is zero, interrupts are.prevented on
the B side. However, a write to the IRQa control register still
sets the B side flag bit.

INTERNAL REGISTER ADDRESSES

Table 8 shows the address of the RAM, TRQ, 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 (AO to DO, A1 to D1, etc.) and
using the B side address strobe input pin.

TABLE 6 — IRQ REGISTERS

Location Register Name Bit 7 Bit 6 Bits 5to 0
A Side F8 IRQa Status Flag Enable Not Used
A Side F9 IRQa Control Flag Enable Not Used
B Side F8 IRQb Status Flag Enable Not Used
B Side F9 IRQb Control Flag Enable Not Used

TABLE 7 — INTERRUPT OPERATION

Operation

Action Taken

A Reads IRQa Status at F8
A Writes IRQa Status at F8
A Reads IRQa Control at FS
A Writes IRQa Control at F9
B Reads IRQb Status at F8
B Writes IRQb Status at F8
B Reads IRb Control at F9
B Writes IRQb Control at F9

Read EA and FA

Writes to EA

Read EA and FA; Clear FA

Set FB; Assert IRQB if Enabled
Read EB and FB

Writes to EB

Read EB and FB; Clear FB

Set FA; Assert IRQA if Enabled

F8 and F9 are Address Locations
EA and FA are A Side Enable and Flag Bits
EB and FB are B Side Enable and Flag Bits

TABLE 8 — REGISTER LOCATIONS

RS Address Register Name
0 00-FF Dual Ported RAM
1 00-07 IRQ and Semaphore
1 08-0F IRQ and Semaphore
1 10-17 IRQ and Semaphore
1 18-1F IRQ and Semaphore
L]
1 3 IRQ and Semaphore
.
1 EO-E7 IRQ and Semaphore
1 E8-EF IRQ and Semaphore
1 FO-F7 IRQ and Semaphore
1 F8-FF IRQ and Semaphore

Where:
X is O through F of the upper four bits
of the address (note that only the lower
three bits of the address are decoded):
X0 and X8 IRQa or IRQb Status
X1 and X8 IRQa or IRQb 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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MCM4180

Product Preview
4K x 4 Bit Cache Address Tag

Comparator
P PACKAGE
The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 PLASTIC
bits, fabricated using Motorola’s second generation high-performance silicon-gate CMOS CASE 736A

(HCMOS 1ll) technology. The device integrates a 4K x 4 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 MCM4130 compares RAM contents with current input data. The result is either an PIN ASSIGNMENT
active high match level for a cache hit, or an active low level for a cache miss.

. . B . I
The MCM4180 will be available in a 22 lead plastic DIP. mi1e 22 flvee
® Single 5V +10% Power Supply sl 2 21 [143
® Fast Address to Match Time: 22/25/30 ns max
® Fast Data to Match Time: 10/12/15 ns max Al 3 20 [1a2
® Fast Read of Tag RAM Contents:  26/30/36 ns max a7l 4 19 a1
@ Flash Clear of the Tag RAM (R Pin) a8ll 5 18 [la0
® Pinand F i i i .
in and Function Compatible with the MK41H80 nsll s M T
a10f 7 16 {1003
afls 15 {1002
[ 14 [1oa1
BLOCK DIAGRAM _ !
Wil 13 [I0ao
ROW
7 vss ] 11 12 [IMATCH
AG-AG —/a-| ADDRESS ns?:ggzn MEMORY 88
BUFFER MATRIX
128 ROWS
R CLEAR x 128 COLUMNS -
BUFFER PIN NAMES
WRITE f\_O—AH ........... Address Inputs
W ENABLE | WRITE W' Write Enable
BUFFER CONTROL [ Output Enable
DATA 4, 28T MATCH R............. Flash C.Iear Input
INPUT 7 compararon T MATCH ........ Match (Hit) Output
4, BUFFER ' DQO-DQ3 . ... ... Data Input/Output
D00-Da3 7 L T . prop—” VEC - oo +5 V Power Supply
OUTPUT /I VSS -« i i Ground
BUFFER COLUMN
UTPUT DECODER
3 ENABLE . [
BUFFER
5 LUMN 5 i
A7-A11 ADDRESS + |
BUFFER |
|
This d ins inf ion on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MCM6292

Product Preview
16K x 4 Bit Synchronous Static RAM

‘with Transparent Outputs

KAGE
The MCM6292 is a 65,536 bit synchronous static random access memory organized as cc';:(/:\wc

16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance CASE 7338
silicon-gate CMOS (HCMOS IlI) 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), J PACKAGE
while CMOS circuitry reduces the overall power consumption of the integrated functions g:\:ﬂ;

for greater reliability.

The address (A0-A13), data (D0-D3), write (W), and chip select (S) 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 PIN ASSIGNMENT
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. sl 1 e 28 lv
This feature eliminates complex off-chip write pulse generation and provides increased cc
flexibility for incoming signals. { Asl} 2 27 [1a4
The MCM6292 will be available in a 300-mil, 28-pin ceramic DIP as well as a A7l 3 26 [1A3
400-mil, 28-pin plastic SOJ package. sl 4 25 [1A2
® Single 5V +10% Power Supply aall s 24 11
® Fast Access and Cycle Times: 25/30/35 ns Max atoll 6 20
@ Address, Data Input, S, and W Registers On-Chip 23
® Transparent Output Latch for Access Within the Same Cycle anflz 22103
® High Output Drive Capability a12l} s 21 [1p2
® Internally Self-Timed Write Pulse Generation a3l e 20 [las
® Separate Data Input and Data Output Pins
® High Board Density SOJ Package Available oof) 10 19fle
® Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data [l K] 18 fla1
Cache, or Cache Tag 5M12 17 oo
k[ 13 16 [IW
BLOCK DIAGRAM vgsl] 14 15 [1vgsg*
A-AT3 : *For minimum cycle/low noise
| ADDRESS | applications, Vggq should be
REGISTERS B o — Ve isolated from Vgs.
——
t ROW MEMORY MATRIX Vss
DECODERS 128 ROWS x PIN NAMES
bo-b3 DATA 512 COLUMNS AO-A13 Address Inputs
......... ress Inpu
— s
REGISTERS e Yssa Wi Write Enable
i S e Chip Select
- 1 e 3 a0 DO-D3........... Data Inputs
+ COLUMN 1/0 Q-Q3.......... Data Outputs
@ CONTROL - _CEI.EI;N—- - - Ko'ooo e e e s Clock Input
REGISTERS ! —> a1 vee - +5 V Power Suppt
— cc pply
: DECODERS | oUTPUT VSS + v vvviie e Ground
L S WRITE PULSE LATCHES @ Vssq - - - - - Output Buffer Ground
GENERATOR
K CLOCK
—_—
INPUT a3
This d ins i ion on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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TRUTH TABLE

N This device contains circuitry to protect the
Operation Q0-a3 inputs against damage due to high static
Write High Z voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than !
Not Selected High Z maximum rated voltages to this high- |
NOTE: The values of S and W are valid inputs for the setup and hold times relative to impedance circuit.
the K rising edge.

Read Dout

I|r|r|n
x|[x|r|5

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs=Vggq=0 V)

Rating Symbol Value Unit
Power Supply Voltage Vee -05t0 +7.0 \
Voltage Relative to Vgg/Vsgq for Any Vin, Vout | =0.5to Vec+05| V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =256°C) Pp 1.0 w
Temperature Under Bias Thias -10to +86 °C
Operating Temperature Ta 0to +70 °C
Storage Temperature Plastic Tstg ~65t0 +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.

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

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg =Vggq=0 V)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vce 4.5 5.0 5.5 \
Input High Voltage ViH 2.0 — Vee+0.3 \
Input Low Voltage VIL —0.5% - 0.8 Y

*V|L (min)= —0.5 V dc; V| (min)= —3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vin =0 to V) likgll) ~ +1.0 A
Output Leakage Current (S=V|y, Vout=0 to Vce) lkg(O) ~ +1.0 uA
DC Supply Current (S=V)i, Vin=V|L or V|H, lout=0) Icc — 20 mA
AC Supply Current (S=Vj|, loyt=0 mA) IcCA — 120 mA
Output Low Voltage (Ig| =12.0 mA) VoL — 0.4 \
Output High Voltage {lgH = —10.0 mA) VOH 2.4 — v

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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

T R ;
MOTOROLA MEMORY DATA
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +£10%, To=0to +70°C, Unless Otherwise Noted)

Input Timing Measurement Reference Level . .. ....... 1.5V Output Timing Measurement Reference Level . . . ... ... 15V
Input Pulse Levels . . ... .................. 0to3.0V Output boad. . . ....... See Figure 1A Unless Otherwise Noted
Input Rise/Fall Time . . .. ..................... 5ns

READ CYCLE (See Note 1)

MCM6292-25 MCM6292-30 MCM6292-35 .
Parameter Symbol - Unit | Notes
Min Max Min Max Min Max
Read Cycle Time tKHKH 25 - 30 - 35 — ns 2
Clock Access Time tKHQV - 25 - 30 - 35 ns 4,6
Data Valid from Clock Low tKLQV — 10 — 13 — 15 ns 5,6
Output Hold from Clock Low tKLQX 0 — 0 - 0 — ns 3,6
Clock Low to Q High Z (S=V)y) tKLQZ — 10 — 13 — 15 ns 3,6
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 | WHKH
Hold Times for: S| tkHsx 3 - 3 - 3 - ns
Al tKHAX
W | tkHWX

NOTES:
1. A read is defined by W high and S low for the setup and hold times.
. All read cycle timing is referenced from K.
. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampied not 100% tested.
. For Read Cycle 1 timing, clock high pulse width <(tkHQv —tKLQV)-
. For Read Cycle 2 timing, clock high pulse width = (txHqQv —tkLQV)-
. K must be at 3 low level for outputs to transition.

DA wWwN

AC TEST LOADS

+5V +5V
305 305
a [t}
130 130 pf 130 5 pF
(INCLUDING (INCLUDING
SCOPE AND JIG) SCOPE AND JiG)
Figure 1A Figure 1B

MOTOROLA MEMORY DATA
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READ CYCLE 1 (See Note 1)

lt——— tKHKL ———>f——— tKLKH ———]

SNK_| 77777 N

A (ADDRESS) ZX)K A )
W /F AL RN ANANNNANNNNNNY H

- ‘KH[]V_
KLax le— tKL0Z
00-03 = PREVIOUS HIGH Z ——————————et Q,

READ CYCLE 2 (See Note 2)

( X

S * 7
tSVKH tKHSX "tSVKH > tKHSX
N I OO

s X )

J.: TKHWX
AULLARARARRARRRRRRRRRRRRRS
l—s 1

TWHKH

WZ7£

§a

— tKLOv KLz

—

PREVIOUS HIGH Z

00-03

NOTES:
1. For Read Cycle 1 timing, clock high pulse width <(txHQv —tKLQV!-

2. For Read Cycle 2 timing, clock high pulse width =(txHav —tkLQV)-

MOTOROLA MEMORY DATA
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MCM6292

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 tKLQZ — 10 — 13 — 15 ns 3
Setup Times for: S tSVKH 5 - 5 — 5 - ns
A | tavkH
W twikH
D | tDVvkH
Hold Times for: S| tkHSX 3 - 3 - 3 - ns
A | tKHAX
W tkHWX
D | tKHDX

NOTES:
1. A write is performed when W and S 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.

<7 z—_\__
AN 00000 2R N\N\\\\\\\\
s K KXRXRIIXKXURIIIKKXKKK
D0-D3 &( Dy —-)
WLKH —!< »+— tKHWX

"k 7

Loz —L—»

00-03 Op—1 HIGH 2

MOTOROLA MEMORY DATA
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MCM6292

APPLICATIONS INFORMATION

The Motorola family of synchronous SRAMs is designed to
provide a performance and parts count advantage in appli-
cations such as writeable control stores, memory mapping,
and cache memory. The on-board input registers eliminate the
need for external latch chips in systems where addresses and
data are not on the bus long enough to satisfy 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 tx HKH cycle. This
feature lends itself well to applications requiring RAM data to

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 |/O 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.

SYSTEM yat
ADDRESSES 7
SYSTEM . A R 14 14 14
cLock
Y \
AD-A13 AO-A13 AD-A13 AD-A13
K K K K
*—5 *—5 *—35 *—31§
MCM6292 MCM6292 MCM6292 MCM6292
*— 7 * W * —3l W *—3 W
D0-D3 DO0-D3 D0-D3 D0-D3
4 4 4 4
Q0-a3 Q0-03 Q0-0a3 Q0-03
SYSTEM
DATA 1
IN V e g
4 A1
oureuT 16 N 4
DATA
BUS

*From read/write controller.

Figure 2. Typical Configuration for a 16-Bit Bus
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8L-§

VYiva AHOW3IW VIOHOLOW

SYSTEM-GENERATED

W (WRITE ENABLE) ; ; \

Y4

SIGNALS 0 20 40 60 80 100 120 160 200 240
SYSTEM CLOCK I
SO 10 GHD ¢ Gl Gl . Gl Lo G 05 Gl 104
. XRX XXX R X R XXX
MCM6292 CONTROL
AND OUTPUT SIGNALS 10 30 50 70 90 110 150 190 230
K(CLOCK)—l I l r | l I I J L l | l
I | ] 1 | |
WRITE CYCLE + READ CYCLE R R w R
| ] ] I |

S (CHIP SELECT) ; : \ m /&

Q0-03 (DATA OUT)

NOTES:

1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock.

0

120

160

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

240
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MCM6292
ORDERING INFORMATION
(Order by Full Part Number)
MCM 6292 X XX

Motorola Memory Prefix————:l—_ _1-_——————— Speed (25=25 ns, 30=30 ns,

35=35 ns)

Part Number

Package (C = Ceramic DIP,
J =Plastic SOJ)

Full Part Numbers—MCM6292C25 MCM6292J25
MCM6292C30 MCM6292J30
MCM6292C35 MCM6292J35

MOTOROLA MEMORY DATA
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

Product Preview
- -
16K x 4 Bit Synchronous Static RAM
with Output Registers
P PACKAGE
The MCM6293 is a 65,536 bit synchronous static random access memory organized as 300 MIL PLASTIC
16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance CASE TBD
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for
reduced parts count implementation of cache data RAM and writeable control store
applications. J PACKAGE
Synchronous design allows precise cycle control with the use of an external clock (K), PI{\AST‘I\C
while CMOS circuitry reduces the overall power consumption of the integrated functions CASE 810
for greater reliability. . _
The address (A0-A13), data (D0-D3), write (W), and chip select (S) 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 PIN ASSIGNMENT
from the previous K high cycle is presented. This function is well suited to fully pipelined
applications. a1 e 28 [Ivee
Wirite operations are internally self-timed and initiated by the rising edge of the K input. asll 2 27 fae
This feature eliminates complex off-chip write pulse generation and provides increased
flexibility for incoming signals. A7l 3 26 [1A3
The MCM6293 will be available in a 300-mil, 28-pin plastic DIP as well as a asfla 25 [1A2
400-mil, 28-pin plastic SOJ package. alls 24 A1
® Single 5V 1.10% Power Supply Aol s 23 [a0
® Fast Cycle Times: 25/30/35 ns Max
® Fast Clock (K) Access Times: 10/13/15 ns Max a7 22 fio
® Address, Data Input, S, and W Registers On-Chip a2fl 8 21 [Ip2
® Output Registers for Fully Pipelined Applications a3l s 20 [1as
® High Output Drive Capability ood 10 19 oz
@ Internally Self-Timed Write Pulse Generation
® Separate Data Input and Data Output Pins nin 18 [lat
® High Board Density SOJ Package Available 50 12 17 flao
® Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data xl 13 16 [IW
Cache, or Cache Ta
9 Vs [ 14 15 [IVssa*
*For minimum cycle/low noise
AO-A13 ADDRESS applications, Vggq should be
— i .
REGISTERS 1 _— re—— V¢ isolated from Vgg
X
t ROW MEMORY MATRIX Yss
DECODERS 128 ROWS x PIN NAMES
D0-D3 DATA 512 COLUMNS A0-A13. . ....... Address Inputs
REGISTERS > Vssa Wo.ooooo Wiite Enable
S .. Chip Select
[ N Y I t © DO-D3........... Data Inputs
5 Q-Q3.......... Data Outputs
]
__—-. CONTROL - _CELEM_N_”.U._ - K. oo oo, Clock Input
w REGISTERS > COLUMN > a vVeeg - - e +5 V Power Supply
) DECODERS | 3! QUTPUT VES « e Ground
Vgsq - - - - - Output Buffer G d
S WRITE PULSE REGISTERS 2 §sQ utput Butier froun
K cLOCK GENERATOR
B —
INPUT
a3
This d contains inf ion on a product under devel t. rves the right to change or discontinue this product without notice.

L
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MCM6293

TRUTH TABLE

< ] N This device contains circuitry to protect the
S w Operation Qo-a3 inputs against damage due to high static
L L Write High Z voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
L H Read 90‘“ avoid application of any voltage higher than 1
H X Not Selected High Z maximum rated voltages to this high-
NOTE: The values of S and W are valid inputs for the setup and hold times relative to impedance circuit.

the K rising edge.

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs=Vggq=0V)

Rating Symbol Value Unit
Power Supply Voltage Vee -05t0 +7.0 \
Voltage Relative to Vgg/Vggq for Any Vin: Vout | —0.5toVcc+05| V
Pin Except Ve
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =25°C) Pp 1.0 2
Temperature Under Bias Thias -10to +85 °C
Operating Temperature TA Oto +70 °C
Storage Temperature Plastic Tstg —55t0 +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.

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

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=Vgsq=0 V)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \
Input High Voltage VIH 2.0 — Vec+0.3 \
Input Low Voitage ViL —-0.5% — 0.8 \
*¥V|L (min) = —0.5 V dc; V| {min)= —3.0 V ac (pulse width <20 ns)
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) likg(1) ~ +1.0 A
Output Leakage Current (S =V)y, Vout=0to Vo) lkg(0) — +1.0 pA
AC Supply Current (S=V), loyt=0 mA, Cycle Time =tgkHKH min) Icca — 120 mA
Output Low Voltage (Ig| =12.0 mA) VoL - 0.4 \%
Output High Voltage (IgH = — 10.0 mA) VoH 2.4 — Vv
CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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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MCM6293

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

Input Timing Measurement Reference Level . . .. ... ... 1.5V Output Timing Measurement Reference Level . ... ..... 15V
Input Pulse Levels . . .. ................... 0to3.0V Output Load. . . ... .... See Figure 1A Unless Otherwise Noted
InputRise/Fall Time . . . ... ........ ... ....... 5ns

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 tkKHQV — 10 - 13 — 15 ns 3
Output Active from Clock High tKHQX 0 - 0 - 0 — ns 4
| Clock High to Q High Z (S=V}) tKHQZ — 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
Al 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. 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 1B. This parameter is sampled not 100% tested. At any
given voltage and temperature, txQz max is less than txHQx min for a given device.

AC TEST LOADS

+5V +5V
305 305
a 1}
130 130 pF 130 5 pf
- (INCLUDING (INCLUDING
SCOPE AND JIG) SCOPE AND JIG)
Figure 1A Figure 1B

MOTOROLA MEMORY DATA
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MCM6293

READ CYCLE 1 (See Note 1)

l—————— tKHKH———————>
t i
K (CLOCK) ;‘ 5‘__\ K“m——’;/____—\_]‘ \ 1
—— tKHKL ——
»—tSVKH tSVKH »—tKHSX
S (CHIP SELECT) ﬁ \\\\\\\\ ]( ; ; ; ; : ; \ 7{7 ; ; ; ;
| e tAVKH at——— tKHAX
vomss o XOOOCK_ - KQOOQK 1 XXXXXX
| TWHKH—e—1e KHWX
W(WHITEENABLE)/////////// 7/ \NEEEZZZ% \EEEEE
F—‘KHﬂV e— tKHQV
<—tKHuz—:] tKHOX —>=
Q (DATA OUT) 0—3 0 -2 ), HIGH Z 0,

READ CYCLE 2 (See Note 1)

[ tKHKH —————————

—— tKLKH ———>
K (CLOCK) Y \
— T _,\__/—__\__7‘ \

tKHSX —ft— 1SVKH 1— IKHSX

§ (CHIP SELECT) ]l;;;<<;5 };;;.\--\--\.\ /;;;77
KHAX —j tAVKH - tKHAX
tKHWX > tWHKH > tKHWX

W (WRITE ENABLE) \‘Eiifff7 \Qiiiif/ \EEEE\

e tKHQV I tKHQV [s— tKHaV
|
Q (DATA OUT) Q-3 0,2 01 a, |

NOTE:
1. The outputs Qp, —3 and Qp, —2 are derived from two previous read cycles where W=V and S=V;;_for those cycles.

MOTOROLA MEMORY DATA
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MCM6293

WRITE CYCLE (W Controlled, See Note 1)

MCM6293-25 MCM6293-30 MCM6293-35
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=V) ) tKHQZ — 10 — 13 - 15 ns 3
Setup Times for: S| tsvkH 5 — 5 — 5 - ns
Al tavKH
W twLkH
D | tDVkH
Hold Times for: S| tcHsx 3 - 3 - 3 - ns
A | tKHAX
W tkHWX
D | tkHDX

NOTES:
1. A write is performed when W 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 1B. This parameter is sampled not 100% tested. At any
given voltage and temperature, txHQz max is less than tkQx min for a given device.

WRITE CYCLE

e —————— KHKH ——————————]

K (CLOCK) 7 / \ %

f———— tKHKL KLKH ———
SVKH —f= >t TKHSX

e SN | /777NN | A7777SSN

tAVKH— »—1— IKHAX

W WRITE ENABLEIW / ; ; ; .\- ::wm;” 5; ] )(?7 / / \\\\\

smm OOOK_ > XK=+ KUK

tKHQV etttz

Q (DATA OUT) 0p—2 Oy—1 HIGH Z

MOTOROLA MEMORY DATA
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MCM6293

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

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.

SYSTEM L4
ADDRESSES 7 %
SYSTEM . 14 R Y14 14 14
CLOCK
\ \
AD-A13 AD-A13 AD-A13 A0-A13
K K K K
» {5 = * -—»‘ 5 *—S
MCM6293 MCM6293 MCM6293 MCM6293
=l *— * — W *— W
D0-D3 D0-D3 D0-D3 D0-D3
4 00-03 4 00-03 4 0-a3 4 00-03
SYSTEM
DATA g
N 7 & ¢ 7
14 A As A4
OUTPUT _ 2 16
DATA
BUS

*From read/write controller.

Figure 2. Typical Configuration for a 16-Bit Bus
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9¢-S

Viva AHOWIW v10HOLOW

SYSTEM-GENERATED
SIGNALS 0 20 40 60 80 100

120

160

SYSTEM CLOCK

200

240

CONTROL

XX XXX

ADDRESS )@(in MAH 1 ><X><7\n +2 ><
XXX

X

X

DR
RO

MCM6293 CONTROL
AND OUTPUT SIGNALS 50 70 90 110

10 30
K (CLOCK) _] | l I l l l

—-*— WRITE CYCLE —l—-— READ CYCLE JI R

150 190 230
L L L
] | |
| " = v | ’ l

W (WRITE ENABLE) _“\ / /7

§ (CHIP SELECT) T‘\ & /QZ>\ 0

ARAN

AX

Q0-Q3 (DATA OUT) O< On+1

X Ont2

>< Opt3

NOTES:

120

160

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. Pipeline System Timing
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MCM6293
ORDERING INFORMATION
(Order by Full Part Number)

MCM 6293 X XX

Motorola Memory Prefix ——*—_,— —|_ Speed (26=25 ns, 30=30 ns, ‘

35=35ns)
Part Number
Package (P = Plastic DIP,
J = Plastic SOJ)
Full Part Numbers — MCM6293P25 MCM6293J25
MCM6293P30 MCM6293J30
MCM6293P35 MCM6293J35

. _______________________________|]
MOTOROLA MEMORY DATA
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MOTOROLA

mm 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 |Iil) 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.

The address (A0-A13), data (D0-D3), 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 (G) provides asynchronous bus control for common 1/0 or bank
switch applications.

Write operations are internally self-timed and initiated by the rising edge of the K input.
This feature eliminates complex off-chip write pulse generation and provides increased
flexibility for incoming signals.

The MCM6294 will be available in a 300-mil, 28-pin plastic DIP as well as a
400-mil, 28-pin plastic SOJ package.

Single 5V +10% Power Supply

Fast Cycle Times: 25/30/35 ns Max

Fast Clock (K) Access Times: 10/13/15 ns Max

Address, Data Input, and 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

MCM6294

",1

,l‘l“(l

P PACKAGE
300 MIL PLASTIC
CASE TBD

J PACKAGE
PLASTIC
CASE 810

PIN ASSIGNMENT

Asfj1 e 28
Asf] 2 27
a7l 3 26
A8l a 25
a9f} s 24
at0fl s 23
a7 22
a20 s 21
M3f 9 20
pof} 10 19
nn 18
&0 12 17
K[ 13 16
vgs [} 14 15

Jvee
] aa
A3
] a2
] A1
1A0
03
102
103
] 02
a1
lao

i

1Vsso*

*For minimum cycle/low noise
applications, Vggq should be

A0-A13 ADDRESS isolated from Vgg.
1 16K x4 -
REGISTERS AOW Vee
‘.__ MEMORY MATRIX
DECODERS 128 ROWS x [@——Vgg  Vsso IN NAMES
D0-03 DATA 512 COLUMNS
REGISTERS " 5)~A13 ......... Address Inputs
t i W Write Enable
_ 4 G............ Output Enable
W [wmmE | —‘| ?—’_ _COLuMN 10 : a DO-D3........... Data Inputs
ENABLE o COLUMN || OUTPUT Q-Q3.......... Data Outputs
REGISTER DECODERS || REGISTERS K. Clock Input
§ WRITE PULSE [1V] Veg - +5 V Power Supply
GENERATOR Vs - o Ground
K f;gﬁ;( ] - . Vssq - - - - - Output Buffer Ground
[ 0UTPUT
™1 ENmBLE
BUFFER
This d ins inf ion on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MCM6294

TRUTH TABLE

— N This device contains circuitry to protect the

w Operation Q0-03 inputs against damage due to high static

L Write High Z voltages or electric fields; however, it is ad-

H Read D vnsgd that.noymal precautions be taken to

— a out avoid application of any voltage higher than

NOTE: The value W is a valid input for the setup and hold times relative to the K rising maximum rated voltages to this high-
edge. impedance circuit.

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgg=Vgsq =0 V)

Rating Symbol Value Unit
Power Supply Voltage vee -05t0 +7.0 \%
Voltage Relative to Vgg/Vggq for Any Vin: Vout | —0.5toVecc+05( V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (T =256°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature Ta 0to +70 °C
Storage Temperature Plastic Tstg -55t0 +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.

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

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg =Vgsq=0 V)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v
Input High Voltage ViH 2.0 — Vee+0.3 \]
Input Low Voltage VIL -0.5% - 0.8 \

*V|L (min)=—0.5 V dc; V| (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) likg(1) — +1.0 A
Output Leakage Current (S=V|y, Vout=0 to Vcg) likg(0) — +1.0 wA
AC Supply Current (G=V|(, loyt=0 mA, Cycle Time =tgHKH min) IcCA -~ 120 mA
Output Low Voltage (Ig| =12.0 mA) VoL — 0.4 \
Output High Voltage (IopH= —10.0 mA) VoH 2.4 — \

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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

.t —————— i
MOTOROLA MEMORY DATA
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MCM6294

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

Input Timing Measurement Reference Level . . ... ... .. 1.5V Output Timing Measurement Reference Level . . ... ... . 15V
Input Pulse Levels . .. .................... 0to3.0V Output Load. . . ....... See Figure 1A Unless Otherwise Noted
InputRise/Fall Time . . ....................... 5ns

READ CYCLE (See Note 1)

MCM6294-25 MCM6294-30 MCM6294-35
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 tKHQX 0 — 0 — 0 - ns 4
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 tGHQZ — 10 — 13 — 15 ns 4,5
G Low to Q Active tGLOX 0 — 0 -~ 0 - ns 4,5
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. 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 1B. This parameter is sampled not 100% tested.
5. At any given voltage and temperature, tGHQz max is less than tg qx min for a given device.

AC TEST LOADS

+5V +5V
305 305
a i
130 130 pF 130 5 pF
(INCLUDING (INCLUDING
SCOPE AND JIG) SCOPE AND JIG)
Figure 1A Figure 1B
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MCM6294

READ CYCLE 1 (See Note 1)

K (CLOCK) z \

|————————— t{ K —————————

G (OUTPUT ENABLE) f

1
XXX
TWHKH »1— tKHWX ‘wm(:a ‘!‘ tKHWX

W (WRITE ENABLE) Z} \\\\\X

4—.*-1

[tKHOV —>| t6HOZ GLOX
l—tGLOV

Q (DATA 0UT) O3 0,2 P, HIGH-Z Q-1

READ CYCLE 2 (See Note 1)

[ IKHKL KLKH ——>
K (CLOCK) 7 l \

-
g
/

- tKHKH >
G (OUTPUT ENABLE)
tAVKH >1t—3 tKHAX
s 0K - XRXRRXRRRX
tWHKH 31— tKHWX
W (WRITE ENABLE) _Z][ \‘ f f f f f i f / \\\\\\\\\\X\\

[~ tKHOY e tKHOV
0 (DATA 0UT) 0n—3 [ 0,1

NOTE:
1. The outputs Qp, —3 and Qp, 2 are derived from two previous read cycles, where W = V| 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=V)) tKHQZ — 10 — 13 — 15 ns 3
G High to Q High Z tGHQZ - 10 — 13 — 15 ns 4
Setup Times for: A tAVKH 5 - 5 - 5 - ns

W twikH

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 1B. At any given voltage and temperature, txHQz max is
less than tkHQx 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 1/0 MODE) (COMMON (/0 MODE)
[ ———— tKHKH ———
K (CLOCK) 7 / \
[— tKHKL TKLKH —1
G (OUTPUT ENABLE) =V
tAVKH tKHAX TKHAX
WLKH tKHWX TWLKH tKHWX
W (WRITE ENABLE| / / / \\\
™ ’ :\ / / /

D (DATA iN)

Q (DATA OUT) Oy-2 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 regjsters 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

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 |/0 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.

SYSTEM parl
ADDRESSES 7 %
SYSTEM ) 4 ~ 14 14 14
cLocK T
\
A0-A13 AD-A13 A0-A13 AD-A13
K K K K
*— G *«—4G *— G *—{ G
MCM6294 MCM6294 MCM6294 MCM6294
—lw *— Y *— W *— W
D0-D3 00-D3 DO0-D3 00-D3
4 4 4 4
a0-a3 Q0-a3 Q0-03 ao-a3
SYSTEM
DATA /18,
N7 ¥ & ¢
4 4 As s
OUTPUT _z 16
DATA
BUS

*From read/write controller.

Figure 2. Typical Configuration for a 16-Bit Bus
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ve-g

V.iva AHOW3IN vIOHOLOW

SYSTEM-GENERATED
SIGNALS 0

20

SYSTEM CLOCK

40 60

80 100

160

200

2

ADDRESS

)@(An

-

yk,,+5

CONTROL )@(

WRX
XX XXX XX

X
XX

26

X
XRX
X

MCM6294 CONTROL
AND OUTPUT SIGNALS 10 30 50 70 90 110 150 190 230
K (CLOCK) | I I | ' | J I I ] r I__.l
WRITE CYCLE + READ CYCLE } R % R {7 w Jl R JI

Y4

G (OUTPUT ENABLE)

W (WRITE ENABLE) ; ; \

AX\

AN

AX

ANAN

[/

A

AXN

°f

Q0-Q3 (DATA OUT)

NOTES:

< x 0y +1

e | X

0,+3

120

160

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. Pipeline System Timing

200

0, +5

¥6C9INOIN



MCM6294

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6294 X XX

Motorola Memory Prefix —"—‘——‘———j,— —[—_ Speed (25=25 ns, 30=30 ns, i

',

35=35 ns)
-Part Number
Package (P = Plastic DIP,
J =Plastic SOJ)
Full Part Numbers —MCM6294P25 MCM6294J25
MCM6294P30 MCM6294J30

MCM6294P35 MCM6294J35

|
MOTOROLA MEMORY DATA
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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

silicon-gate CMOS (HCMOS I1I) 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 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 (A0-A13), data (D0-D3), 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 (G) provides asynchronous bus control for common 1/0 or bank

switch applications.

Wirite 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

400-mil, 28-pin plastic SOJ package.
® Single 5V +10% Power Supply

Fast Access and Cycle Times: 25/30/35 ns Max
Address, Data Input, and W Registers On-Chip
Transparent Output Latch for Access Within the Same Cycle
Output Enable for Asynchronous Bus Control

Internally Self-Timed Write Pulse Generation
Separate Data Input and Data Output Pins
High Board Density SOJ Package Available

[}
[}
[ )
°
® High Output Drive Capability
[}
[
[ ]
[ ]

Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data

Cache, or Cache Tag

BLOCK DIAGRAM

16K x 4

Vssa

A0-A13 Anunsss1
r—
TR Row MEMORY MATRIX Yee
DECODERS 128 ROWS x & Vgg
D0-D3 DATA 512 COLUMNS
REGISTERS 3
w |l
— E"ﬂ;& H | _COWMN 1D _ _
COLUMN | OUTPUT
_ﬁlﬂ& DECODERS |yl LATCHES
X cLOCK
INPUT
8 OUTPUT
T EnaBLE
BUFFER
This d fi

ao

i

a2

a3

MOTOROLA MEMORY DATA
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C PACKAGE
CERAMIC
CASE 733B

J PACKAGE
PLASTIC
CASE 810

PIN ASSIGNMENT

A1 e 28 [Ivee
A6l]2 27 [1A4
a7l s 26 [1A3
Aaﬂ 4 25 [1A2
asfls 24 [1a1
aofl e 23 {la0
Ay 22103
m2l s 21 floz
a3l e 20103
poff 10 19 [1a2
D1 N 18 fla1
6012 17 lao
k[ 13 16 W
Vss[ 14 15 ]Vssu*

*For minimum cycle/low noise
applications, Vggq should be
isolated from Vgs.

PIN NAMES
AO-A13. .. ...... Address Inputs
W... oo Write Enable
G.ovvie Output Enable
DO-D3........... Data Inputs
Q-Q3.......... Data Outputs
K.oooooooooooo. Clock Input
vee - oo +5 V Power Supply
VS v v Ground
Vgsq -+ - - - Output Buffer Ground

on a product under development. Motorola reserves the right to change or discontinue this product without notice.




MCM6295

TRUTH TABLE

w Operation Qo0-Q3
L Wirite 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 Vgs=Vsgq=0 V)
Rating Symbol Value Unit
Power Supply Voltage Vece -0.5t0 +7.0 v
Voltage Relative to Vgg/Vggq for Any Vin, Vout | =0.5to Vgc+05] V
Pin Except Vcc
Output Current (per 1/0) lout +20 mA
Power Dissipation (Tp =25°C) Pp 1.0 w
Temperature Under Bias Thias —10to +85 °C
Operating Temperature Ta Oto +70 °C
Storage Temperature Plastic Tstg -55to +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
(Vcc=5.0V £10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg=Vggsq=0 V)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 v
Input High Voltage VIH 2.0 — Vec+0.3 \
Input Low Voltage Y -0.5% — 0.8 \
*V|L (min)= -0.5 V dc; V)L (min)= —3.0 V ac (pulse width <20 ns)
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) likg(l) - +1.0 A
Output Leakage Current (G=Vjy, Vout=0 to Vcc) likg(0) — +1.0 7.
DC Supply Current (G=Vj(, Vin=V|L or V|y, loyt=0) Icc — 20 mA
AC Supply Current (G=V][, loyt=0 mA) Icca - 120 mA
Output Low Voltage (Igi =12.0 mA) VoL — 0.4 \
Output High Voltage (IgH = — 10.0 mA) VoH 24 — \

CAPACITANCE (f=1.0 MHz, dV=3.0 V, Tp =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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MCM6295

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

Input Timing Measurement Reference Level . . ... ... .. 1.5V Output Timing Measurement Reference Level . . ... .. .. 1.5V
Input Pulse Levels . . .. ................... 0to3.0V Output Load. . . ....... See Figure 1A Unless Otherwise Noted
Input Rise/Fall Time . . ... .................... 5ns

READ CYCLE (See Note 1)

MCM6295-25 MCM6295-30 MCM6295-35
Parameter Symbol Unit Notes
Min Max Min Max Min Max
Read Cycle Time tKHKH 25 — 30 — 35 — ns 2
Clock Access Time tKHQV — 25 — 30 — 35 ns 4,6
Data Valid from Clock Low tKLQV — 10 — 13 — 15 ns 5,6
Output Hold from Clock Low tKLAX 0 — 0 — 0 — ns 3,6
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 tGHQZ — 10 — 13 — 15 ns 7
G Low to Q Active tGLQX 0 — 0 — 0 — ns 7
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.
. All read cycle timing is referenced from K or from G.
. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested.
. For Read Cycle 1 timing, clock high pulse width <(txHqQv —tkLQV)-
. For Read Cycle 2 timing, clock high pulse width =(txHQv —tkLQV)-
. K must be at a low level for outputs to transition.
. At any given voltage and temperature, tGHQZ max is less than tGLqx min, both for a given device and from device to device.

NOOA~rWN

AC TEST LOADS
+5V +5YV
305 305
1} 1]
130 130 pF 130 5 pF
(INCLUDING (INCLUDING
SCOPE AND JIG) SCOPE AND JIG)
Figure 1A Figure 1B

-‘MOTOROLA MEMORY DATA

5-38



MCM6295

READ CYCLE 1 (See Note 1)

[&——— tKHKL IKLKH ——

l———— KK ———————————>

| tAVKH
—> tKHAX

A (ADDRESS) "nm At XXX XXXXXX}

e tWHKH
—» |<—tknwx

"L /77 NN

' l 16LOX
SO o0z l‘-
KLax—> tGLav
20-03 PREVIOUS HIGH Z 0, Ot

READ CYCLE 2 (See Note 2)

[]]

!
|
(

of

A (ADDRESS)

QUAXXXXAXXIAAX

,4— .
[ R \\\\\}I\\\\\\\\

KLav —>| tKLav
PREVIOUS HIGH Z 0y (]
NOTES:

1. For Read Cycle 1 timing, clock high pulse width <(txHqQv —tkLQV)-
2. For Read Cycle 2 timing, clock high pulse width =(tkHqv —tkLav)-

ao-a3
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WRITE CYCLE (W 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=V ) tKLQZ — 10 — 13 — 15 ns 3
G High to Q High Z tGHQZ - 10 - 13 - 15 ns 4
Setup Times for: A tAVKH 5 - 5 — 5 - ns

W twikH

D | tovkH
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.
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.

——— KHKL tKLKH ———>]
S S
- tKHKH >
G
tKHAX
A (ADDRESS) (XXXXX Apt1
tKHDX
—— tKHWX
v TIIIIIIIIN L1y
e—— iz
00-03 PREVIOUS DATA HIGH Z

L ________________________________________________________________|
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. 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 MCMB6295 offers transparent output operation, which
allows output data access within the same tKxHKH cycle. This
feature lends itself well to applications requiring RAM data to

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 1/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.

SYSTEM 14
ADDRESSES 7 %
SYSTEM 14 _ 14 . 14 14
CLOCK
\
A0-A13 A0-A13 A0-A13 AD-A13
K K K K
*—1G *—4 G * —T [ *—»G
MCM6295 MCM6295 MCM6295 MCM6295
*— 7 *—> W *— W
D0-D3 D0-D3 D0-D3 D0-D3
4 4 4 4
10-03 Q0-a3 Q0-03 Q0-a3
SYSTEM
DATA 16
|N 7 et 7 A 4
14 4 ( A4
OUTPUT _ 16 y
DATA
BUS

*From read/write controller.

Figure 2. Typical Configuration for a 16-Bit Bus
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(4"}

Viva AHOW3IN VI0HOLOW

SYSTEM-GENERATED
SIGNALS

SYSTEM CLOCK

ADDRESS

CONTROL

WRITE DATA

MCM6295 CONTROL
AND OUTPUT SIGNALS

K (CLOCK)

W (WRITE ENABLE)

G (OUTPUT ENABLE)

Q0-03 (DATA OUT)

NOTES:

1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock.

80 100

120

160

200

240

SR

X
X

e
XXX

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

g S s I s 1 s O 8
——-'— WRITE CYCLE + READ CYCLE 1L R % R { W } R J'

\\ /Y NN /2 \)
Ut 1 Up+2 [ )_____@ 0,+5
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 625 X XX

Motorola Memory Prefix —j —I—————— Speed (256=25 ns, 30=30 ns,

35=35 ns)
Part Number
Package (C = Ceramic DIP,
J =Plastic SOJ)
Full Part Numbers—MCM6295C25 MCM6295J25
MCM6295C30 MCM6295J30
MCM6295C35 MCM6295J35

|
MOTOROLA MEMORY DATA
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MOTOROLA
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 Iil) 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.

Th