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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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SELECTOR GUIDE

MOS/CMOS CMOS Dynamic RAM Modules
(+5V, 0 to 70°C; 30-Lead SIMM Package)
. Organization Part Number Ac(coss Ti';“ Pins
MOS/CMOS Dynamic RAMs e ns max
Mx MCM81000S80 80 30
0
(+5V, 010 70°C) MCMB81000S10 100 30
Organizstion Part Number | A96%88 THMe | ping Mx9 | MCM91000S80 80 30
ne max MCM91000S10 100 30
64K x4 MCM41464AP10  (P) 100 18
MCM41464AP12  (P) ii%zo 18
MCM41464AP15 (P) | o 18 MOS Static RAMs
256K x 1 MCM6256BP10 R @500 16 + to 70°
MCM62563P12-»§;;§£: 20 16 (+5V, 0 o
MCM6256BP16 J‘Q 150 16 Organization Part Number At(:cm Tu’no Pins
MCM62578P16)™ (N) 100 16 ns max
MCM62578P12 (N 120 16 2K x8 MCM2018AN35 35 24
MCM6257BP15  (N) 150 16 MCM2018AN45 45 2
256K x4 MCM514256AP70 (P)# 70 20
MCMS514256AP80 (P} 80 20 R
MCM514256AP10 (P} 100 20 CMOS Static RAMs
MCM514256AJ70 (P¥ 70 20/26 (+5V, 0 to 70°C unless otherwise noted)
MCMB514256AJ80 (P¥¥ 80 20/26 ry p=
MCM514256AJ10 (P 100 20/26 Organization Part Number ‘:""‘“. max',"‘ Pins
MCM514256AZ70 (PM# 70 20
MCM514256A280 (P 80 2 4K x4 MCM1423P45§%3 @ 40 20
MCM514256A210_(PI# 100 20 IMS1423P 455 @% 140 2
MCM514258AP70 (S 70 20 MCME168P f 20
MCMS514258AP80  (S) 80 20 MCMB16ePSS é’{i* %@%@& 2
MCM514258AP10 (S) 100 20 MCME168P70 2
MCMS514258AJ70  S) 70 20/26 MCM6268P20 20 20
MCM514258AJ80 (S) 80 20/26 MCM6268P25 25 20
MCM514258AJ10 (S) 100 20/26 mngx 35 g
MCM514258AZ70 () 70 20 M6268 4%
MCM514258AZ80 () 80 20 MCM6268P55 55 2
MCM514258A210 (S) 100 20 MCM6269P25 (1) 25 20
Mx1 MCM511000AP70 (P 70 18 MCM6269P35 (1) % 2
MCMS511000AP80 (P)# 80 18 MCM6270P20 20 2
MCMS11000AP10 (P} 100 18 MCM6270P25 25 2
MCMS511000AJ70 (P} 70 20/26 MCM6270P35 3% 2
MCM511000AJ80 (P}# 80 20/26 MCM6270J20 20 24
MCM511000AJ10 (P}# 100 20/26 MCM6270J25 25 24
MCMS511000AZ70 (PI# 70 2 MCM6270J35 3% 2
MCM511000AZ80 (P1# 80 20 8Kx8 MCM6064P10 100 28
MCMS511000AZ10 (P 100 20 MCM6064P12 120 28
MCM511001AP70 (N) 70 18 MCMB0L64P10 100 28
MCM511001AP80  (N) 80 18 MCM60L64P12 120 28
MCM511001AP10 (N} 100 18 MCM6164C45 25 28
MCM511001AJ70  (N) 70 20/26 MCM6164C55 85 28
MCM511001AJ80 (N} 80 20/26 MCM61L64C45 45 28
MCM511001AJ10 (N 100 20/26 MCM61L64C55 55 28
MCM511001AZ70 (N} 70 20 MCM6164CC55  (2) 55 28
MCM511001A280 (N 80 20 MCM6164CC70 () 70 28
(N)
MCM511001AZ10 100 20 NICMO204P 2™ = =
MCM511002AP70 (S) 70 18 MCM6264P30 30 28
MCM511002AP80  (S) 80 18 MCM6264P35 35 28
MCM511002AP10  (S) 100 18 MCM6264P45 45 28
MCM511002AJ70 (S) 70 20/26 MCM6264P55 55 28
MCM511002AJ80 (S 80 20/26 MCM6264J25* 25 28
MCM511002AJ10  (S) 100 20/26 MCM6264J30 30 28
MCMS511002AZ70  (S) 70 20 MCM6264J35 35 28
MCM511002A280 (S) 80 20 MCM6264J45 35 28
MCM511002AZ10  (S) 100 20 MCM6264J55 55 28
(Continued)
(P) Page Mode #Low power version available; *To be introduced
(N) Nibble Mode order by MCMSIL. . . (1) Fast chip select version
(S) Static Column (2) Industrial temperature range, —40 to 85°C
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SELECTOR GUIDE (Continued)

CMOS Static RAMs (Continued) Synchronous Static RAMs
+5V, 0 to 70°C unless otherwise n
Organization Part Number Access Time Pins { c otherwise noted)
(ns max) Access Time
16K x4 MCM6288P15% 5 2 Organization Part Number (ns max) Pins
MCM6288P20* 2 2 16Kx4 | MCMG292P25* % 28
MCM6288P25 25 2 *
MCM6292P30 30 28
MCM6288P30 30 22 MOMB292P35%* 35 P
MCM6288P35 35 2 "
MCM6288P45 e 2 MCM6292.25 % 2
ram MCM6292J30* 30 28
MCMWP‘W* P 15 24 MCM6292J35* 35 28
MCM6290P20 o 20 24 MCM6253P20% 2 28
MCM6290P25 ) 25 24 .
MCM6293P25 25 28
MCME290P30 (31 %0 2 MCM6293P30% 30 28
MCM6290P35 (3 35 24 .
MCM6290P45 () 45 24 MCM6293.120* 20 28
MCM6290J15%  (3) 15 24 ,\Mdgmmm ,ﬁ* ﬁ z
MCM6290J20%  (3) 20 24
MCM62%0J25 3 25 24 MCM6294P20* 20 28
MCM6290J30 (3 30 24 MCM6294P25 25 28
MCM6290435 3 35 24 MCM6294P30 30 28
MCM6290J45 (3 45 24 MCM6294J20% 20 28
64K x 1 MCM6287P15 15 2 MCM6294.25 25 28
MCME287P20 2 » MCM6294.30 30 28
MCM6287P25 25 2 MCM6295P25 25 28
MCM6287P35 35 2 MCM6295P30 30 28
MCM6287J15 15 24 MCM6295P35 35 28
MCM6287.J20 20 24 MCM6295.25 25 28
MCM6287.J25 25 24 MCM6295.30 30 28
MCM6287.35 35 24 MCM6295J35 35 28
32K x8 MCM60256AP85 85 28 4K x 10 MCM62963FN20* 20 “%
MCM60256AP10 100 28 MCM62963FN25* 25 a4
MCM60256AP12 120 28 MCM62963FN30* 30 4
MCMB0L256AP85 8 28 MCM62964FN20* 20 24
MCM60L256AP10 100 28 MCM62964FN25* 2% a4
MCMB60L256AP12 120 28 MCM62964FN30* 30 a4
MCM60256APC10 (2) 100 24 MCM62965FN25* 25 24
MCM6206P20* 20 28 MCM62965FN30* 30 4
MCM6206P25* 25 28 MCM62965FN356* 35 a4
MCM6206P35* 35 28 4K x 12 MCM62973FN20* 20 44
MCM6206P45* 45 28 MCM62973FN25%* 25 a4
MCM6206J20* 20 28 MCM62973FN30* 30 a4
MCM6206J25*% 2 28 MCM62974FN20* 20 44
MCM6206.35* 35 28 MCMB2974FN25* 25 4
MCM6206J45* 45 28 MCM62974FN30* 30 4
32K x9 MCM6205P20* 20 32 MCM62975FN25%* 25 44
MCM6205P25* 25 32 MCM62975FN30* 30 a4
MCM6205J20% 20 32 MCM62975FN35* 35 a4
MCM6205)25% 25 32
64K x 4 MCM6208P20* 20 24
MCM6208P25* 2 2 CMOS Dual Port RAM
MCM6208J20% 20 24 (+5V, 0 to 70°C)
MCM6208.J25% 25 24 r——
Mcmmpzo: 20 28 Organization Part Number (ns max) Pins
MCMe209p25 % e 2568 MCMBBHC3AL 260 20
MCM6209.20 2 2 MCMBBHC34P 240 40
MCM6209.25* 25 28
256K x 1 MCM6207P20* 20 24
MCM6207P25% 25 24 CMOS EEPROMT
MCM6207J20% 20 24 o
MOME07128% pot % (+5V, 0 to 70°C)
128K x 8 MCM6226P30%* 30 32 Organization Part Number Accs:s ,'I1 ™e | Pins
MCM6226J30%* 30 32 s
256K x 4 MCM6228P25* 2 28 256 x8 MCM2814P 35 8
MCM6228.25* 25 28 tAvailable in Europe only.

*To be introduced
(2) Industrial temperature range, —40 to 85°C
(3) Output enable version
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Cache Tag RAMs
(+5V, 0 to 70°C unless otherwise noted)

SELECTOR GUIDE (Continued)

Address to
Organization Part Number Match Time Pins
" (ns max)

4K x4 MCM62350P20* 20 24
MCM62350P22* 2 24
MCM62350P25 25 24
MCM62350P30 30 24
MCM62350J20* 20 24
MCM62350J22* 2 24
MCM62350J25 25 24
MCM62350J30 30 24
MCM62351P20* 20 24
MCM62351P22* 22 24
MCM62351P25 25 24
MCM62351P30 30 24
MCM62351J20% 20 24
MCM62351J22% 22 24
MCM62351J25 25 24
MCM62351J30 30 24
MCM4180P20* 20 2
MCM4180P22%* 22 2
MCM4180P25 25 22
MCM4180P30 30 22
MCM5180J20% 20 24
MCM4180J22* 22 24
MCM4180J25 25 24
MCM4180J30 30 24

*To be introduced

CMOS Static RAMs
(+5V, —55 to 125°C)

MILITARY PRODUCTS

Organization

Part Number

Access Time
(ns max)

Pins

4K x4

6168-55/BRAJC
6168-55/BUAJC
6168-70/BRAJC
6168-70/BUAJC

6268-35/BRAJC
6268-35/BUAJC
6268-45/BRAJC
6268-45/BUAJC

8Kx8

6164-55/BXAJC
6164-55/BUAJC
6164-70/BXAJC
6164-70/BUAJC

16K x4

6288-35/BXAJC
6288-35/BUAJC
6288-45/BXAJC
6288-45/BUAJC

64K x 1

6287-35/BXAJC
6287-35/BUAJC
6287-45/BXAJC
6287-45/BUAJC

32K x8

6206-45/BXAJC*
6206-55/BXAJC*
6206-70/BXAJC*

3G EERBEE LRSI RREHEER|SII AR

BEBINNNRNINN NN RBBE 888888

MECL
RAMs
(0 to 75°C)-
Access Time .
Organization Part Number (ns max) Pins
8x2 MCM10143 15.3 24
16x4 MCM10145 15 16
16x4 MC10H145 6 16
64x1 MCM10148 15 16
128x1 MCM10147 15 16
256 % 1 MCM10144 26 16
256 x 1 MCM10152 15 16
1024 x1 MCM10146 29 16
PROMs
(0 to 75°C)
Access Time "
Organization Part Number Pins
(ns max)
32x8 MCM10139 20 16
256 x 4 MCM10148-10 10 16
256 x4 MCM10149-25 25 16
CAM
(0 to 75°C)
Organization Part Number clate Time Pins
(ns max)
8x2 MCM10H155 7 18
CMOS Cache Tag RAMs
(+5V, —55 to 125°C)
L Access Time
Organization Part Number (ns max) Pins
4K x4 4180-35/BXAJC* 35 2
4180-45/BXAJC* 45 22
TTL RAMs
(+5V, —55 to 125°C)
Organization Part Number Access Time Pins
(ns max)
256K x 4 93422/BWAJC 60 22
93L422/BWAJC 75 22
93L422A/BWAJC 55 2
1024 x 1 93415/BEAJC 45 16
93415/BFAJC 45 16
93425/BEAJC 45 16
93425/BFAJC 45 16

*To be introduced
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MOS Dynamic RAM Cross Reference

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 DRAMs (Continued)

Competition Competition
Motorola L Motorola .
Part Part Number Organization Part Part Number Organization
Number Number
AM90C255 MCM62568 256K x 1 TMS4256 MCM6256B 256K x 1
AMBS0C256 MCM62568 256K x 1 TMS4C1024 | MCM511000A Mx1
HM50464 MCMA41464 64K x4 TMS4C1025 | MCM511001A Mx1
HM511000 MCMEG11000A MMx1 TMS4C1027 | MCM511002A MMx1
HM511001 MCMB11001A 1MMx1 TMS44C256 | MCM514256A 256K x 4
HM511002 MCMB511002A MMx1 TMS44C257 | MCMb614258A 256K x 4
HM51256 MCM6256B 256K x 1 TMS4464 MCM41464 64K x4
HM51266L MCM6256B 256K x1° 1PD41256 MCMe6256B 256K x 1
HY51C100 MCMS511000A 1MMx1 1PD41464 MCM41464 64K x4
HY51C256 MCM6256B 256K x 1 #PD421000 MCM511000A Mx1
HY51C464 MCM41464 64K x4 1PD421001 MCMS511001A MMx1
HY51256L MCM6256B 256K x 1 1#PD421002 MCM511002A MMx1
HY51464 MCM41464 64K x4
KM41256A MCM62568B 256K x 1
LH21256 MCM6256B 256K x 1
LH2464 MCM41464 BaK x4 MOS Static RAM Cross Referenc
LH2465 MCM41464 64K x4 o @ e
LH64256 MCMS514256A 256K x 4
LH65257 MCM514268A 256K x4 Part Motorola Organization
M41256N MCM6256B 256K x 1 Number Part Number 9
M41256P MCMe62568 256K x 1 Am2168 MCM1423/6268/IMS1423 4K x4
M441024K MCMb514258A 256K x 4 Am2169 MCM6269 4K x4
M441024P MCM514256A 256K x 4 Am9128 MCM2018A 2K x8
M5M4C1000 | MCMB11000A MMx1 ‘| AmosC164 MCM6288 16K x4
M5M4C1001 | MCM511001A MMx1 Am99C165 MCM6290 16K x4
M5M4C1002 | MCM511002A Mx1 Am99C641 MCMe287 64K x 1
M5M44C256 | MCMG514256A 256K x 4 Am99C68 MCM1423/6268 4K x4
M5M44C258 | MCMb514258A 256K x 4 Am99C88 MCM6164/61L64/6264 8K x8
M5M4464 MCM41464 64K x4 Am99C88 MCM6064/60L64 8Kx8
MB81256 MCM6256B 256K x 1 Am99C88L MCM6164/61L64/6264 8Kx8
MB81464 MCM41464 64K x4 Am99L68 MCM1423/6268 4K x4
MN41256 MCMé62568 256K x 1 CDM62256 MCM60256A/60L256A 32K x8
MSM41000 MCM511000A Mx1 CDM6264 MCM6064/60L64 8Kx8
MSM41001 MCM511001A MMx1 CXK5464 MCMeé288 16K x4
MSM41004 MCMG514256A 256K x 4 CXK5814 MCM2018A 2K x8
MSM41005 MCMG514268A 256K x 4 CXK58256 MCM6206 32K x8
MSM41256 MCM6256B 256K x 1 CXK5864 MCM6164/61L64/6264 8K x8
MSM41464 MCM41464 64K x4 CXK5865 MCM6164/61L64/6264 8Kx8
MT1256 MCM6256B 256K x 1 CY7C128 MCM2018A ) 2K x8
MT4064 MCMA41464 64K x 4 CY7C164 MCMe6288 16K x4
TC511000 MCMBG11000A MMx1 Cy7C166 MCM6290 16K x4
TC511001 MCMS511001A MMx1 CY7C168 MCM6268 4K x4
TC511002 MCM511002A 1MMx1 CY7C169 MCM6269 4K x4
TMM41256 MCM6256B 256K x 1 CY7C185 MCM6264 8K x8
TMM41464A | MCMA41464 64K x4 CYC7186 MCM6164/61L64 8K x8
Continued
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CROSS REFERENCE (Continued)

MOS SRAMs (Continued)

Part Motorola | Organization Part Matorola Organization
Number Part Number 9 Number Part Number 9
CY7C187 MCM6287 - - 64Kx1 | IMS1600 MCMe287 64K x 1
CY7C197 MCM6207 256K x 1 IMS1601 MCMe287 64K x 1
CY7C198 MCM6206 32K x8 IMS1620 MCM6288 16K x4
F1600 MCMme287 64K x 1 IMS1624 MCM6290 16K x4
F1620/F1621 | MCM6288 16K x4 IMS1630 MCM6164/61L64/6264 8Kx8
F1622 MCM6290 16K x4 KM6264 MCM6064 " 8Kx8
GM76C83 MCMG6064/60L64 8Kx8 LH52251 MCM6207 256K x 1
HM3-65768 MCMe6268 4K x4 MB61C71A MCMme287 64K x 1
HM3-65787 MCMe287 64K x 1 | MB81C68 | MCM6268 4K x4
HM3-65788 MCM6288 16K x4 MB81C68A MCM6268 . 4K x4
‘| HmM6168H MCM6268 o 4K x4 MB81C68W | MCM6268 4K x4
HM6168HL MCM6268 ‘ 4K x4 MB81C69A MCMe6269 4K x4
HM62256 MCMB0256A /60L.256A 32K x8 MB81C71 MCMe6287 64K x 1
HM6264 MCMG6164/61L64/6064/6264 8Kx8 MB81C74 MCMe6288 . 16K x4
HM6264L MCM®6164/61L64/60L64/6264 8Kx8. MB81C78 MCM6164/61L64/6264 - 8Kx8
HM6268 MCMe6268 4K x4 MB8128 MCM2018A 2K x8
HM6268L MCMe6268 4K x4 MB8168 ‘| MCMm6268 4K x4
HM6287 MCMe6287 64K x 1 MB8171 MCMé6287 64K x 1
HM6287L MCMe287 64K x 1 MB8416A MCM2018A 2K x8
HM-6516 MCM2018A 2K x8 MB8416A-L | MCM2018A 2K x8
HM-65162 MCM2018A 2K x8 MB8417A MCM2018A 2K x8
HM-65172 | MCM2018A 2K x8 MB8417A-L | MCM2018A 2K x8
HM65681 MCMe6268 4K x4 MB8418A MCM2018A 2K x8
HM65768 MCM6268 4K x4 MB8418A-L MCM2018A 2K x8 .
HM6788 MCMe6288 16K x4 MB84256 MCM60256A 32K x 8
HM6789 MCM6290 16K x 4 MB8464 MCM6064/60L64 8Kx8
HM8832 MCMB60256A 32K x8 MB8464-L | MCM60L64 8Kx8
HY2116 MCM2018A 2K x8 MK41H68 MCMe6268 4K x4
| HY61C16 MCM2018A 2K x8 MK41H69 MCM6269 4K x4
HY61C68 MCM6268 4K x4 MK41H80 MCMA4180 4K x4
HY61C68L MCM6268 4K x4 MK4802 MCM2018A 2K x8
HY6116 MCM2018A 2K x8 MSM2128 MCM2018A 2K x8
HY62C64 MCM6164/61L64/6264 8Kx8 - MSM5128 MCM2018A 2K x8
HY62C87 MCMe6287 64K x1 - MSM5165 MCM6064/60L64 8Kx8
‘| Hy62C88 MCMe6288 16K x4 MSM5165L MCM6064/60L.64 8Kx8
HY63C256 MCMe6206 32K x8 MSM5257 MCM6207 ) 256K x 1
IDT6116L MCM2018A 2K x8 ‘| Msé168 MCM6268 4K x4
IDT6116S MCM2018A 2K'x8 MS6264 MCM6164/61L64/6264 8Kx8
IDT6168L MCM6268 4K x4 MS6264L MCMeé1L64 8Kx8
IDT6168LA MCM6268 o 4K x4 MS6287 MCMe6287 64K x 1
IDT6168S MCM1423 4K x4 MS6288 MCMeé288 16K x4
IDT6168SA MCM6268 4K x4 M5M21C68 MCM6268 4K x4
IDT6169SA MCMe6269 4K x4 M5M5116 MCM2018A 2K x8
IDT71256L | MCMB0L256A 32K x8 M5M5117 MCM2018A 2K x8
IDT71256S MCMG60256A 32K x8 M5M5118 MCM2018A 2Kx8
IDT7164L MCMG61L64/60L64 8K x8 M5M5165 MCM6164/61L64/6264 8Kx8
IDT7164S MCMG6164/6084/6264 8Kx8 M5M5165-L MCM6164/61L64/6264 8Kx8
IDT7187L MCMe287 : 64K x 1 M5M5178P MCM6264 . 8Kx8 |
IDT71878 MCMe287 64K x 1 M5M5187 MCMe287 64K x 1
IDT7188L MCMe6288 16K x4 M5M5188 MCMe288 16K x4
IDT71888 MCMe288 16K x4 ;| M5M5189 MCM6290 16K x4
IDT7198L MCM6290 16K x4 MT5C2561 MCMe6207 256K x 1
IDT7198S MCM6290 16K x 4" MT5C2568 MCM6206 32K %8
IDT71256 MCM6206 32K x8 NMC2116 MCM2018A - 2Kx8
IDT71267S MCM6207 256K x 1 NMC6164 MCM6164/61L64/6264 . 8Kx8
IDT8M864L MCM60L64 8K x8 NMC6164L MCMB6164/61L64/6264 8Kx8
IMS1420 MCM6268 4K x4 P4C164 MCMe6264 8Kx8
IMS1420L MCMe268 4K x4 P4C168 MCMe6268 4K x4
IMS1421 MCMe6269 4K x4 P4C187 MCMe287 64K x 1
IMS1423 MCM6268 4K x4 P4C188 MCM6288 16K x4
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MOS SRAMs (Continued)

CROSS REFERENCE (Continued)

Part Motorola .
Number Part Number Organization

P4C198 MCM6290 16K x 4
P4C1257 MCM6207 256K x 1
PS6168 MCM6268 4K x4
SCM21C16 MCM2018A 2K x8
SCM6116 MCM2018A 2K x8
SCM6116L MCM2018A 2K x8
SMJ5517 MCM2018A 2Kx8
SRM2016 MCM2018A 2Kx8
SRM20256 MCM60256A 32K x8
SRM2064 MCM6064/60L64 8K x8
SRM2261 MCmMme287 64K x 1
SRM2264 MCM6164/61L64/6064/60L64 8Kx8
SRM2268 MCM6268 4K x4
SRM2274 MCMe288 16K x4
SRM2275H MCM6290 16K x4
SR16K4 MCM6268 4K x4
SR64E4 MCM6290 16K x4
SR64K1 MCMeé6287 64K x 1
SR64K4 MCMeé288 16K x4
SR64K8 MCM6164/61L64/6264 8Kx8
SSL4180 MCM4180 4K x4
SSM6168 MCM6268 4K x4
SSM6170 MCM6270 4K x4
SSM7164 MCM6264 8Kx8
SSM7166 MCM6290 16K x4
SSM7188 MCM6288 16K x4
SSM7192 MCM6292 16K x4
SSM7193 MCM6293 16K x4
SSM7194 MCM6294 16K x4
SSM7195 MCM6235 16K x4
STC2168 MCM6268 4K x4
STC2168L MCMe6268 4K x4
STC2168M MCM6268 4K x4
STC6264 MCM6064/60L64 8K x8
S6516 MCM2018A 2K x8
TC55178 MCM2018A 2K x8
TC5517B-L MCM2018A 2K x8
TC5518C MCM2018A 2K x8
TC5518C-L MCM2018A 2K x8
TC55257 MCM60256 32K x8
TCB5257L MCMG60L256A 32K %8
TC55416 MCMeé288 16K x4
TC55417 MCM6290 16K x4
TC5561 MCMeé287 64K x 1
TC5562 MCMe6287 64K x 1

Part Motorola .
Number Part Number Organization
TC5565 MCM6064/601.64 8Kx8
TC5565-L MCM6064/60L64 8Kx8
TMM2015A MCM2018A 2K x8
TMM2016 MCM2018A 2K x8
TMM2016A MCM2018A 2Kx8
TMM2018 MCM2018A 2K x8
TMM2019 MCM2018A 2Kx8
TMM2063 MCM6064/60L64 8Kx8
TMM2064 MCM6064/60L.64 8Kx8
TMM2068 MCM6268 4K x4
TMM2088 MCM6164/61L64/6264 8Kx8
TMS4016 MCM2018A 2K x8
um2128 MCM2018A 2K x8
UM2129 MCM2016H 2K x8
UM6116 MCM2018A 2K x8
UM6168 MCM6268 4K x4
uPD4016 MCM2018A 2K x8
uPD4168 MCM6064 8Kx8
1PD42832 MCM60256A 32K x8
uPD4314 MCM6268 4K x4
1PD43256 MCMB60256A 32K x8
uPD43257-L. | MCMB0L256A 32K x8
uPD4361 MCMé6287 64K x 1
nPD4362 MCM6288 16K x4
1PDA4364 MCM6164/61L64/6264 8Kx8
1PD4364L MCM6064/60L64 8K x8
rPD446 MCM2018A 2K x8
pPD4464 MCM6064/60L64 8Kx8
1PD449 MCM2018A 2K x8
VT20C68 MCM6268 4K x4
VT20C69 MCM6269 4K x4
VT64KS4 MCM6288 16K x4
VT65KS4 MCM6290 16K x4
V61C62 MCMe6288 16K x4
V61C68 MCMe 4K x4
V62C64 MCM6164/61L64/6264 8Kx8
51C68 MCM6268 4K x4
51C69 MCM6269 4K x4
8808CL MCM60L64 8K x8
8832C MCMG60256A 32K x8
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MOS Dynamic RAMs n

MCM62568 256K x 1, 100/120/150 ns, Page Mode, NMOS ................ 23
MCM62578 256K x 1, 100/120/150 ns, Nibble Mode, NMOS .............. 2-15
MCM41464A 64K x4, 100/120/150 ns, Page Mode, NMOS ................. 2-27
MCM511000A, 1M x 1, 70/80/100 ns, Page Mode, CMOS ................... 2-39

MCM51L1000A 1M x 1, 70/80/100 ns, Page Mode, CMOS, Lower Power ...... 2-39
MCM511001A 1M x 1, 70/80/100 ns, Nibble Mode, CMOS .................. 2-64
MCM511002A 1M x 1, 70/80/100 ns, Static Column, CMOS ................. 2-69
MCMb514256A, 256K x4, 70/80/100 ns, Fast Page Mode, CMOS .............. 2-84

MCMB51L4256A 256K x 4, 70/80/100 ns, Fast Page Mode, CMOS, Lower Power 2-84
MCMb514258A 256K x 4, 70/80/100 ns, Static Column, CMOS ............... 299

MCM81000 1M x 8 DRAM Module, 80/100 ns, Fast Page Mode, CMOS .... 2-114
MCM91000 1M x9 DRAM Module, 80/100 ns, Fast Page Mode, CMOS .... 2-116

MOTOROLA MEMORY DATA
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MOS/CMOS Dynamic RAMs
{(+5V, 0to 70°C)

Access Time

Organization Part Number (ns max) Pins
64K x4 MCM41464AP10  (P) 100 18
MCM41464AP12  (P) 120 18
MCM41464AP15  (P) %@150 18

256K x 1 MCM6256BP10 o 16
Mcmezssamz%@( )*? 120 16
MCM6256BP1§ © 4P 150 16
MCM62578P10 L3 "IN) 100 16
mcme2s78P12 (N 120 16
MCM62578P15  (N) 150 16

256K x 4 MCM514256AP70 (P 70 20
MCM514256AP80 (PH 80 20
MCM514256AP10 (P)# 100 20
MCM514256AJ70 (PI¥ 70 20/26
MCM514256AJ80 (P 80 20/26
MCM514256AJ10 (P# 100 20/26
MCM514256AZ70 (P 70 20
MCM514256A280 (P)# 80 20
MCM514256A210 (Pi# 100 20
MCM514258AP70 (S) 70 20
MCM514258AP80 (S) 80 20
MCMS514258AP10 (S) 100 20
MCM514258AJ70  (S) 70 20/26
MCM514258AJ80 (S) 80 20/26
MCM514258AJ10 (S! 100 20/26
MCM514268A770 (S) 70 20
MCM514258A280 (S) 80 20
MCM514258A210 (S) 100 20

Access Time
Organization Part Number 17" (ns max) Pins
MMx1 'MCM511000AP70 (P)# 70 18
C MCM511000AP80 (PM¥ 80 18
MCM511000AP10 (P#¥ 100 18
MCM511000AJ70 (P1¥ 70 20/26
‘| MCM511000AJ80 (P}# 80 20/26
MCM511000AJ10 (P 100 20/26
MCMB511000AZ70 (P} 70 20
MCMB511000AZ80 (P¥ 80 20
MCMS511000AZ10 (P’ 100 20
MCM511001AP70 (N} 70 18
MCMG511001AP80 (N} 80 18
MCM511001AP10 (N) 100 18
MCM511001AJ70 (N) . 70 20/26
MCMS511001AJ80 (N 80 20/26
MCM511001AJ10 (N 100 20/26
MCMS511001AZ70  (N) 70 20
MCM511001Az80 (N} 80 20
MCM511001AZ10 (N 100 20
MCMS11002AP70 (S) 70 18
MCM511002AP80 (S) 80 18
MCM511002AP10  (S) 100 18
MCM511002AJ70 (S) 70 20/26
MCMS511002AJ80 (S) 80 20/26
MCMS511002AJ10  (S) 100 20/26
MCM511002AZ70 (S) 70 20
MCMS511002AZ80 (S) 80 20
MCMS511002A210  (S) 100 20

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

CMOS Dynamic RAM Modules
(+5V, 0 to 70°C; 30-Lead SIMM Package)

#Low power version available;

order by MCMSI1L. . .

Organization Part Number Ac‘::";:("m Pins
1Mx8 MCM81000S80 80 30
MCM81000S10 100 30

1Mx9 MCM31000S80 80 30
MCM91000S10 100 30
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

MCM6256B

256K-Bit Dynamic RAM

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

By multiplexing row and column address inputs, the MCM6256B requires only nine P PACKAGE
address lines and permits packaging in standard 16-pin 300 mil wide dual-in-line packages. PLASTIC
Complete address decoding is done on-chip with address latches incorporated. Data out CASE 648D

(Q) is controlled by CAS allowing greater system flexibility. )
The MCM6256B features ““page mode”” which allows random column accesses of the
512 bits within the selected row.

® Organized as 262,144 Words of 1 Bit PIN ASSIGNMENT

® Single +5 Volt Operation (+10%)
® Maximum Access Time: MCM6256B-10 =100 ns 16 fIVss
MCM6256B-12= 120 ns 15 Nexs
MCM6256B-15 = 150 ns :
® Low Power Dissipation: MCM6256B-10 =440 mW Maximum (Active) 14fla
MCM6256B-12 =396 mW Maximum (Active) 13 [lae
MCM6256B-15 = 358 mW Maximum (Active) 12 [1A3
28 mW Maximum (Standby) 11 [1as
® Three-State Data Output
® Early-Write Common 1/0 Capability 10 {145
® 256 Cycle, 4 ms Refresh 9 [la7
® RAS-Only Refresh Mode
® CAS Before RAS Refresh
® Hidden Refresh
® Page Mode Capability, PIN NAMES
g A0-A8 ........... Address Input
D.. Data in
BLOCK DIAGRAM , Q.. e e Data Out
= . ’ Wi Read/Write Input
w N DATAWN [ D RS ........ Row Address Strobe
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MCMé6256B

ABSOLUTE MAXIMUM RATINGS (See Note)

S This device contains circuitry to protect the
Rating bol Value Unit inputs against damage due to high static
Power Supply Voltage Vce -1to +7 A" voltages or electric fields; however, it is ad-
Voltage Relative to Vgg for Any Pin Except Vee | Vin Vout| —1t0 +7 | V vised that normal precautions be taken to

avoid application of any voltage higher than

Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 600 | mw ance circuit. *
Operating Temperature Range TA Oto +70 | °C
Storage Temperature Range Ts_tg —55t0 +150 | °C
NOTE: Permanent devnoe damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. Fi ion should be restricted to RECOMMENDED OPER-

ATING CONDITIONS Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voitage (Operating Voltage Range) Vee 4.5 5.0 5.5 \' 1
Vss 0 0 0 \ 1
Logic 1 Voltage, All Inputs VIH 24 - 6.5 A 1
Logic 0 Voltage, All inputs ViL -1.0 — 0.8 Vv 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM6256B-10, trc =190 ns - 80
MCM6256B-12, trc =220 ns — 72
MCM6256B-15, trc =260 ns — 65
Ve Power Supply Current (Standby) (RAS = CAS = V) Icc2 - 5.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS = Viy) Icc3 mA 2
MCM6256B-10, trc =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
MCM6256B-10, tpc =100 ns -
MCM6256B-12, tpc =120 ns -
MCM6256B-15, tpc =145 ns ) -

8RS

Vcc Power Supply Current During CAS Before RAS Refresh Iccs mA 2

MCM6256B-10, trc =190 ns - 70

MCM6256B-12, trc =220 ns — 62

MCM6256B-15, tgc =260 ns ’ — 55
Input Leakage Current (Vgg<Vin<Vce) likg(l) -10 10 pA
Output Leakage Current (CAS at Logic 1, Vgs <Vout<Veg) Mo) -10 10 KA
Output Logic 1 Voltage (loyt= —5 mA) ) : VOH 2.4 — \
Output Logic 0 Voltage (lg,t=4.2 mA) ] VoL — 0.4 \

CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc =5V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbot 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 voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; maxlmum current is measured at the fastest cycle rate with the output open.
3. Capacitance measured with a Boonton Meter or effective Iculated from the ion: C=1At/AV.
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MCM6256B

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 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 | 4,5
Read-Write Cycle Time tRELREL | tRWC 200 - 240 — 285 - ns | 45
Read-Modify-Write Cycle Time tRELREL | tRMW 220 - 260 - 310 - 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 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 |10000| 60 [10,000| 76 | 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 16 - 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| tRgLAX tAR 70 — 85 — 105 — ns —
Transition Time (Rise and Fall) T 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 | tcEqwx | tRCH 0 — 0 — 0 — ns | 11
Read Command Hold Time Referenced to RAS | tReqwx | 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 — 1056 — ns —
Write Command Pulse Width TWLWH twp 20 - 25 - 30 — ns —
Write Command to RAS Lead Time tWLREH | tRWL 25 — 35 — 45 — ns —
Write Command to CAS Lead Time WLCEH | 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. 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 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 Vj_and V|y) in a monotonic manner.
4. The specifications for tgc (min) and tgpmwy (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C <Tp <70°C) is assured.
5. AC measurements tT=5.0 ns.
6. Assumes that tRcp <trcD (max).
7. Measured with a current load equivalent to 2 TTL (—200 gA, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0Vand Vg =0.8 V.
8. Assumes that tcp =trcp (max).
9. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
10. Operation within the tgcp (max) limit ensures that tgac (max) can be met. trep (max) is specified as a reference point only; if trcp is
greater than the specified tcp (max) limit, then access time is controlled exclusively by tcaC.
11. Either tRrH or tRCH must be satisfied for a read cycle.
12. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.
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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 — ns 13
CAS to Write Delay tceewl | towp 30 - 40 - 50 - ns | 13
RAS to Write Delay tRELWL | tRWD 80 - 100 - 125 - ns | 13
CAS Hold Time : tRELCEH | tCSH 100 — 120 — 150 — ns —

" | CAS Precharge Time tCEHCEL | tCPN 15 — 20 -~ 25 - ns | —

" | CAS Precharge Time (Page Mode Cycle Only) | tcgHCEL | 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 | tretcEH | 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 icti g They are included in the data sheet as electrical charactanstlcs only; if

twcs twcs (min), the cycle is an early wnte cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tcwp=tcwp (min) and tRwp =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
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WRITE CYCLE TIMING
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PAGE MODE READ CYCLE
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PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE
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HIDDEN REFRESH CYCLE (READ) .
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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 “tRcD,”” which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up his external addresses into the RAM. These conditions
have to be met for normal read or write cycles. This initial
portion of the cycle accomplishes the normal addressing of
the device. There are, however, two other variations in ad-
dressing the 256K RAM, one is called the RAS only refresh
cycle (described later) where an 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 Vjy to the V) level.
The CAS 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 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 tgrcp maximum specification
for an access (data valid) from the RAS clock edge to be

guaranteed (tRAC). If the tRCD maximum condition is not *

met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
specification has been met and defines the tRCD minimum
specification. The time difference between tgcp minimumand
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 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 (Vi 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 (tcyy) 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).

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 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| 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 tcWD
time, depending upon the application. This results in starting
a write operation to the selected cell even before data out
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occurs. The minimum specification on 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 512 column locations on a given row. 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 (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 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 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| 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.

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

tAs \

0 = HIGH Z ——(

N/ /T
S~
).

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle
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MCM6256B

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6256B X XX
208

~ Motorola Memory Prefix ——:]— -]_— Speed (10=100ns, 12=120ns, 15=150ns)

Part Number - Package (P = Plastic)

Full Part Numbers —MCM6256BP10
'MCM6256BP12
MCM6256BP15

MOTOROLA MEMORY DATA
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

256K x 1 Nibble Mode Dynamic
RAM

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

By muiltiplexing 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
MCM6257B-15= 150 ns
® Low Power Dissipation: MCM6257B-10 =440 mW Maximum (Active)
MCM6257B-12 =396 mW Maximum (Active)
MCM6257B-15 =358 mW Maximum (Active)
28 mW Maximum (Standby)
Three-State Data Output
Early-Write Common |/O Capability
256 Cycle, 4 ms Refresh
CAS Before RAS and RAS-Only Refresh Mo
Hidden Refresh '
Fast Nibble Mode Access and

BLOCK DIAGRAM

w N\ DATAIN [0
BUFFER
NO. 2 CLOCK
_ DATA OUT >
TAS——————>{ GENERATOR [ | o | e
Y v l y
OLUMN
0 N\ :nnnsss 3 COLUMN NIBBLE
— H
i V| surrers @ > DECODER SELECTOR
A2~ T
mermest 1 || 0000 Fo-n-d
i 5] contouen [ 1024 g .
A5—>] [ countea @ v
AG—> )
AT Y| Row AoDRESS IO GATING
A8~ BUFFERS (9) il Y Y Ve
z & 1024 v
f ] Vg5
=2
(=]
NO. 1 CLOCK T MEMORY
RAS ——————»1 256
hs GENERATOR H ARRAY

MCM6257B

P PACKAGE
PLASTIC
CASE 648D

PIN ASSIGNMENT

Asfj1 e 16 [Ivgs

2 15 [ITAS

3 14 fla

4 13 [16

5 1213

6 1 [1A4

7 10 [1As

8 9fla7

PIN NAMES
AO-A8 ........... Address Input
D.. i Data In
Q... i Data Out
W............ Read/Write Input
RAS ........ Row Address Strobe
CAS ...... Column Address Strobe
VEC v v vvvvneevns Power (+5 V)
Vs§ ..t Ground

MOTOROLA MEMORY DATA
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MCMé6257B

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to protect the

Rating : Symbol Value Unit inputs against damage due to high static
Power Supply Voltage Vee —1to +7 v voltages or electric fields; however, it is ad-
" " vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except VcC | Vin, Vout| —1to +7 \4 avoid application of any voltage higher than
Data Out Current - lout 50 mA maximym rated voltages to this high-imped-
Power Dissipation Pp 600 mw |  ance cirouit.
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range ng -551t0 +150 | °C
NOTE: Permanent devnca damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. F ion should be restricted to RECOMMENDED OPER-
ATING CONDITIONS Exposureto higher than ded voltages for ded

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 5.0 556 | V 1
| vss 0 0 0 \ 1
Input High Voltage, All Inputs ViH 24 — 6.5 \4 1
Input Low Voltage, All Inputs ViL -1.0 — 0.8 \Z 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current lcct mA 2
MCM6257B-10, trc =190 ns : - 80
MCM6257B-12, trc =220 ns - 72
. MCM62578B-15, tgc =260 ns — 65
Ve Power Supply Current (Standby) (RAS =CAS = V) lcc2 — 5.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V) Icc3 mA 2
MCM6257B-10, trc =190 ns - 70
MCM6257B-12, trc =220 ns . - 62
MCM6257B-15, trc =260 ns — 55
Ve Power Supply Current During Nibble Mode Cycle (RAS = V||__) Icca mA 2
MCM6257B-10, tyc =50 ns - 50
MCM6257B-12, tyc =60 ns - 48
MCM6257B-15, tyc =70 ns - 45
Vcc Power Supply Current During CAS Before RAS Refresh Iccs mA 2
MCM62578-10, trc =190 ns - 70
MCM6257B-12, tgc =220 ns - 62
MCM6257B-15, tgc =260 ns - 55
Input Leakage Current (Vgg <Vih<Vce) lika(h) -10 10 A
Output Leakage Current (CAS at Logic 1, V§s <Vout<Vee) likg(0) -10 10 rA
Output High Voltage (g = —5 mA) VoH 1 2.4 — \
Output Low Voltage (Ig =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol 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 voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; { current is Ir d at the fastest cycle rate with the output open.

3. Capacitance measured with a Boonton Meter or effective capaci Iculated from the tion: C=IAt/AV.

MOTOROLA MEMORY DATA
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MCM6257B

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 5)

Symbol MCM6257B-10 | MCM6257B-12 | MCM6257B-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-Write Cycle Time tRELREL tRWC 200 — 240 - 285 - 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 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 | tRgLAX tAR 70 — 85 — 105 — 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 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 tWLWH 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 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.
2.
3.

4.

No o

1.
12

ViH min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .
An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

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

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

. AC measurements t7=5.0 ns.
. Assumes that trcp <tgrcp (max).
. Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at

VOH=2.0Vand 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.
. Operation within the trcp (max) limit ensures that tgac (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.

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

These p are refi d to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

MOTOROLA MEMORY DATA
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MCMé6257B

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 tWCs 0 — 0 — 0 — ns 13
CAS to Write Delay tCELWL | tcwDd 30 — 40 — 50 — | ns| 13
RAS to Write Delay tRELWL tRWD 80 ° — 100 — 125 — ns 13
CAS Hold Time tRELCEH tCSH 100 — 120 — 150 — ns -
CAS Precharge Time tCEHCEL |  tCPN 15 - 20 — 25 — ns | —
Nibble Mode Cycle Time tCEHCEH tNC 50 - 60 — 70 — ns —
Nibble Mode Read-Write/Read-Modify-Write | tCcEHCEH | tNRWC 75 — 920 - 105 - ns -
Cycle Time
Nibble Mode Access Time tCELGV | 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 | tNWRSH | 40 — 45 — 50 — ns | —
Nibble Mode CAS to Write Delay Time tcELwH | tNewp | 25 - 30 — 40 — ns | —
Nibble Mode Write Command to CAS Lead Time | twiCEH | 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 ) - 50 - 60 - ns | —
Counter Test
NOTES:
13. twcs. tcwb. and tgwp are not restrictive op g p 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) and tRwp=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

tRC >
< tRAS
— [ME—————— tp\ g ——————
— V- - \
AAS : K
- S 1?
tCSH > [€E——tRp ——
[&——— tRcD < tRSH €— tcRP —3>
t
oS ViH— \ CAS
V-
tRAH ai—
tASR <—b| tAsCc > [ & tCAH >
aooResses VM ROW | cowmn )
Vi — ADDRESS ADDRESS
1
&~ tRRH
tRCS 1€ > tRC;I.l"
— V- .
w
[E——— tCAC —————
tRAC > €= tOFF
Vou - W, VALID
aoaoun HiGH Z A DATA
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MCMé6257B

WRITE CYCLE TIMING

tRC >
< RAS >
RAS Vi = 384—— tAR —————> N
ViL- "
< RS ——————— tRp —>
tCSH
[<——— tRCD > tcAs > <— tcRp —>
= VK- A X
CAS Vi - - . ]
A {
tRAH €——1CPN
Z%{- ] tasc > 1 tCAH
ViH = ROW COLUMN Y m@(
ADDRESSES
ViL- k__ADDRESS 4 Y| ADDRESS .4
< towL
twes > [€ tweH ]
L. e A NS SOOI
W
VL= ~

poATAN)  VHT m
ViL-

VoH -
VoL -

Q (DATA OUT) HIGH Z

READ-WRITE/READ-MODIFY-WRITE CYCLE

TRWC oF tRMW

s T D tRAS
tRp —>>1
l€—tCRP | I
CAS A
[€— tcPN —:l
ADDRESSES ><XX
w
<€ tOFF
[ tcac —>
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L lHAc P
tos J"’l € DH
- —
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MCMé6257B

NIBBLE MODE READ CYCLE

- tRAS > a'fif
V=" K je—tR—> :
m N
L - tCSH >
—— tNG ——> NRRSH —
e— tRCD —>tee- 1CAS —>] NC
Vin - \ e
ws /
tNCP
— [-INCAS
ViH—- A
ADDRESSES
ViL-
I

Vau -
0 (DATA QUT) v“"
o= RRH

—TT

= ViH-
W
ViL-

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

-« tRAS >
Yy AR >
RAS Y-
A
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TRCD—Ift— 1CAS —3> e — l«—NWRSH
s M /
iL - tRAH—$ r—E
tcAH f— tNCAS ’
t I
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MCM6257B

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

RAS
__ Vy- - tag —>
RAS \
- B3 tRp
l—— 1CSH ———» NRWC NWRSH
y e—1RCD AS o
__ Vm- .
Ty 7 |\
tASR -3} taes tep
'"AH 'm:As
Vin— W
ADDRESSES
ViL- ADD -V
two ﬂ"l‘tCWL -»—lq—tm;m T~ I
te—— TRWD — | twp | NCWD
Vi - | - Wp tRWL
W [ ﬁ\ N
Vi — p
DSy |t
toH
V
D (DATA IN) v'" Z
IL—
tCAC e turr’*l ‘:II tNCAC
la—— tRAC —>
o oata ooy VR VALID by g7 VALID VALID
VoL - DATA DATA DATA DATA

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

1RC:

— V- X le—— —— tppg———————————>]
7S H S RAS V

ViL -
[— tRp ——>
— tRAH —>}
tASR —
Vi —
ADDRESSES 'H \/ V V'V \/\/ VVVVVVVVVVY
sses '~ OO row amsses HOOOOOOOOOOOOOTOONKKK
CAS-BEFORE RAS REFRESH CYCLE
(W, D, and A0-A8 are Don’t Care)
- tRC— >
l—— tRp ——| RAS—
Viy —
w ) N N\
* [~ tRPC
- tCSR
1CPN ——>> - 1CHR
ViH—
o Vi - j \
—— lat——toFF
Vo—- ——
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MCM6257B

HIDDEN REFRESH CYCLE (READ)
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|- thP-
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X-————mks%\_

[—{CHR
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OO OO OO OO OO0
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MCM6257B

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS
VL= ASH | P
fCSR tpT -
o W _\ L— 1CHR e——— tgas ———|
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. tCAH
W~ TOLUMN
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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 Vjy to the V| level.
The CAS clock must also make a transition from Vjy to the
ViL level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock

must be active before or at the tycp maximum specification

for an access (data valid) from the RAS clock edge to be
guaranteed (tgac): If the tRcp maximum condition is not
met, the access (tcAC) from the TAS 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 trcp minimum and
tRCD maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

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

Data out is not latched and is valid as long as the CAS clock
is active; the output will switch to the three-state mode when
the CAS clock goes inactive. To perform a read cycle, the
write (W) input must be held at the V) level froni 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 (Vj_ 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 (tcwy) 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).

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 tcwL and
tRWL must be satisfied before terminating this cycle. The
difference between an early write cycle and a late write cycle
is that in a late write cycle the write (W) clock can occur much

" later in time with respect to the active transition of the CAS

clock. This time could be as long as 10 microseconds —
[tRWL *+tRP +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 Vj level until the read
data occurs at the device access time (tRaAC). 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 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 tcywp 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 CAS8 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|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| 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 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.

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 A

VALID DATA-QUT

=~ \_ /W /. /T
N\ ya
—_ D

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—MCM62578P10
MCM6257BP12
MCMB62578P15
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m SEMICONDUCTOR

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 column 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 tl
256 bits within the selected row.

® Organized as 65,536 Words of 4 Bits

® Single +5 Volt Operation ( + 10%)

® Maximum Access Time: MCM41464A-10=100 ns
MCM41464A-12=120
MCM41464A-15=

® Low Power Dissipation: MCM41464. A4

-Write Common /0 Capability
 Cycle, 4 ms Refresh

S Before RAS Refresh Mode
idden Refresh

AS-Only Refresh Mode

'age Mode Capability

3

|

z9

2|

)

BLOCK DIAGRAM

) D00-D03
W = DAAIN [t
BUFFER il
_ N0.2 ciock [ | DATAOUT
—] §
TAS GENERATOR [* BUFFER §
A cowmn 5> cowmn
ADDRESS DECODER
20— Y1 BurFers (8)
Al ; REFRESH
A2 —— £ [ 2663
o [BL] conTRoLLER/ S
P COUNTER (8
M —> SENSE AMP |
A6 ——> ROW ADDRESS 10 GATG -
A7 —— & BUFFERS (8) ! Yee
) = § 256 x4
I 5 e
| !  Memoay
S | NO.1Clock [ | 1256 ARRAY
™1 Generator - | 256 256x4

P PACKAGE
PLASTIC
CASE 707

PIN ASSIGNMENT

PIN NAMES
AGA7 ..o Address Input
DQO-DA3 ....... Data Input/Output
G...o.. . . Output Enable
W...ooooo... Read/Write Input
RAS ........ Row Address Strobe
TAS ...... Column Address Strobe
VCC v v vvveinens Power (+5 V)
VES v v Ground

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

Rating Symbol Value Unit
Power Supply Voltage Vee -1t0 +7 Y
Voltage Re,laﬁve to Vgg for Any Pin Except Vcc | Vin Vout -1to+7 | V
Data Out Current ' lout 50 mA
Power Dissipation . Pp 600 mwW
Operating Temperature Range TA ~0to +70 °C
Storage Temperature Range Tstg -55t0 +150.| °C

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

periods of time could affect device 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) Vece 4.5 5.0 5.5 v 1
Vgs 0 0 0 \ 1
Input High Voltage, All Inputs ViH 2.4 — 6.5 \ 1
Input Low Voltage, All Inputs V|L -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
MCM41464A-12, trc =220 ns - 72
MCM41464A-15, trc =260 ns — 65
Ve Power Supply Current (Standby) (RAS = CAS =V}4) lcc2 - 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, trc =220 ns - 62
MCM41464A-15, tgc =260 ns - 55
Vcc 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
Vcc Power Supply Current During CAS Before RAS Refresh Iccs mA 2
MCM41464A-10, trc =190 ns - 70
MCM41464A-12, trc =220 ns - 62
MCM41464A-15, tgrc =260 ns - 55
Input Leakage Current (Vgg <Vjn,<Vcc) lkg(1) -10 10 pA
Output Leakage Current (CAS at Logic 1, Vgs <Vout<Vcc) lka(0) -10 10 pA
Output High Voltage (lo4= —5 mA) VoH 24 — vV
Output Low Voltage (lgi =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 AO-A7, D Cin "5 pF 3
RAS, CAS, W 7 pF 3
Output Capacitance (CAS = V|4 to Disable Output) Q Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgs.

2. Current is a function of cycle rate and output loading; 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 5)

Symbol MCM41464A-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 | 45
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 7% | ns | 10
Row Address Setup Time tAVREL tASR 0 -~ 0 - 0 - ns -
Row Address Hold Time tRELAX | 'RAH 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 | tRgl AX tAR 70 — 85 — 110 — 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 tCEHWX | tRCH 0 — 0 — 0 — ns 11
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 | tRetwH | tWCR 80 — 95 — 120 — ns —
Write Command Pulse Width TWLWH tWwWp 30 — 35 — 45 — ns —
Write Command to RAS Lead Time tWLREH | tRWL | 30 - 35 - 45 - ns | —
Write Command to CAS Lead Time twiceH | towL | 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 | DHR 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.
2.
3.

4.

V|H min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and Vi .
An initial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

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

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

. AC measurements tT=5.0 ns.
. 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 Vo =0.8 V.

. Assumes that tRcp =tRcp (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 trcp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if trcp is

greater than the specified tRCp (max) limit, then access time is controlled exclusively by tCAC.

. Either tRrH or tRCcH must be satisfied for a read cycle.
. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-

write cycles.
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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

Write Command Setup Time tWLCEL | twCs 0 — 0 - 0 - ns 13
CAS to Write Delay tcetwL | towp | 85 - 100 — 120 - ns | 13
RAS to Write Delay i tRELWL | tRWD | 135 — 160 — 195 - ns | 13
CAS Hold Time tRELCEH | tCSH 100 — 120 — 150 — ns —
CAS Precharge Time tcEHCEL| tcen | 20 — 20 ~ 25 —- | ns | —
CAS Precharge Time (Page Mode Cycie Only) | tCEHCEL tcp 40 — 50 - 60 - ns -
Page Mode-Cycle Time tCELCEL tpC 100 — 120 — 145 — ns —
G Access Time tgLav | 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 |  'GH 25 — 30 -~ 40 - ns | —
RAS Hold Time Referenced to G tGLREH | tROH 10 - 10 ~ 10 — ns | —
CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 30 — 30 - 30 - ns -
CAS Setup Time for CAS Before RAS Refresh | treiceL | tCsR 10 — 10 - 10 - ns | —
CAS Precharge to CAS Active Time tREHCEL | tRPC 0 — 0 ~ 0 - | ns | —
CAS Precharge Time for CAS Before RAS tCEHCEL| tCPT 20 — 50 — 60 - ns | —
Counter Test . :
NOTES:

13. twcs. tcwD. and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if
twes =twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tcwp=tcwp (min) and 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
tRe
e tRAS : je——— thp——»
—_—
S vvm - xq—-————- "R ———— Z
-
: ‘ 1CSH :
tRP e—— tRCD - 1RSH > le—————— 10PN —————»]
_ - 1CAS ————>
w /
tRAH
tASR F;:-H tCAH

ADDRESSES VM ROW COLUMN
iL- ADDRESS ADDRESS

%S

RCH
RCS— . 1RRH

= V-
W

- - ROH

e tGA -]
YiL-
tCAC—— — fat—t0FF
le—————— A ————————] | ———167 ——>]
Vou - .
000-003 VoL - HIGH Z { VALID DATA QUT
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WRITE CYCLE (EARLY WRITE)

tRC >
jfe————— tppAs———————— tRp———
—_————
S \CH- s<————tm——u \
([
teSH
tcnp—t<—>- l———1RCD > tRSH ft————— 1PN ——————
v tCAS ———
w W/, ) /
- —
tASR— ASC> f— CAH
Vig —
ADDRESSES ROW COLUMN )<><><
iL- ADDRESS ) ADDRESS
tCwL
twes tWeH ]
1
B Wp
ViL—-
- tWCR
TRWL ——————————
ViL-
fe—————— DR
tps — |e—tDH-
Da0-D03 Yin= J vaup oata N HIGH
.| £
ViL- Y
WRITE CYCLE (G CONTROLLED WRITE)
tRC
tRAS | tRp
[ tAR ———————
— Viy-— '
RAS \
ViL-
- - tCSH
l«——tRCD >l tRSH > .
f——————— t(opN —————>]
1CRP | toAs———> CPN
Viy —
= _ /) / \_
'RAH |e— —> la—tCAH
tASR—{ e tASC .
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ADDRESSES - XXX»I ADDRESS ADDRESS ;«XXXN XX)OOOQ(XY\X -
[
tewL—
tRWL
— twp
Viy —
" XAX XXX XXXXAX KK
ViL-

XXOXCKKXXXXXXXXKXD
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* - XARAXKXXAM

Vi —
oaooas M
ViL-

60—

NKXXXXXXXXXXKXAXKND

R —1tDS
ft— tDH —>>
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DATA-IN
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READ-MODIFY-WRITE CYCLE

tRMW
tRAS 1Rp >
R >
ViH- 3
ViL-
tCSH
tRCD tRSH
—>| 4— tcRp \ 1cAS tceN
ms M [
ViL- _f
lnsn—lum—P = tASC = o
AooREsses VM [~ Row ] COLUMN XXXXXXXXXX\
ViL - ADDRESS ADDRESS /
I WD e {CWL—]
1RWD — le—— tRWL ——>]
l— typ
= Vin— S
[}
iL-
¢ le—tGA
Vin - J
s XXXXXX XXX XXX K)&
ViL-
! 6D [ tDH
[—{CAC -} ft— tpg
[ tAc———» 6z f—
oaooaz THVOH = F—Vat VALID
ViLNgy — DATA-QUT DATAIN
PAGE MODE READ CYCLE
tRAS »| |etrp
- ViH - ﬁxc——tm——-——b
V-
tcRp tPC
e~ tRCD > - tCp CPN
" tCAS:
W= Z S
ViL— )
teSH
— LICAH  tASC
Vin- TOLUMN COLUMN
ADDRESSES y — ADDRESS O foosess )
- tReH
= ViH-—
iL- lw
— tRCH RRH
tGA jt— E l—1GA ] [ t5A
" XXX ), 40000
VIL_ T T 4 7 T
1CAC 10FF  ftCACE— t0FF tcAC Lb—tm:p
- tRAC t62 6z - 162
Vou - £ v FVALD ) )
bao0es voL— N DATA-OUT ,Z-—f DATA-UT DATA-0UT E -

MOTOROLA MEMORY. DATA

2-32



MCM41464A

PAGE MODE WRITE CYCLE

- tRAS aliniis

- — l——— tAR —————
RAS
ViL- fLC
77
1CRP o — ]

k——tRCD— Id—'CP > |<-‘CPN-—|

Vin- 1CAS — ! f 84— tcAS ——V——-/ e tcAS—n] /
s /‘ LY
V- L tASR
tASC e ft—{-1CAH CAH
tRAH— tASC tasc tCAH
Vin- ROW TOLOMN TOLUMN TOLOMN
ADDRESSES . - ADD ADDRESS m& ADDRESS ADDRESS
- 1CSH > .
o — L towL—> 'M >
WeH WCH AL ——]
Vit twp —t - twp —> e tWC
" ™ QOOCKON OONF
ELd I
— tGH —bl I-— GH e l‘— 1GH

ViL-

DHR l-—tsn
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RS

DQ0-003

ADDRESSES

DQo-0a3

CAS BEFORE RAS REFRESH CYCLE

(W, G, and A0-A7 are Don’t Care)

RC L.
S tRAS le——— tRp ——
Vin-
iL- / Z
lt— tRPC —3>] 1 ___J
CSR RPC
CPN j@—— 'CHR ——ﬂ j————— 1CPN—————]
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—> toFF
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Vo HIGH Z
—
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RC R >
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—_—
Vin- \
ViL-
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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 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 Vjy to the Vj_ level.
The CAS clock must also make a transition from V|H to the
V| level at the specified trcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the 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 (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 tyycg time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data in are referenced to the active transition of the CAS clock
edge. There are two important parameters with respect to the
write cycle: the column strobe to write lead time (tcwy) and
the row strobe to write lead time (tryw|). 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 tycs 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]. _

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

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

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

MEMORY CYCLE

REFRESH 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 (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 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.

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.

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

RAS

AS

I A VA WA

Vs

0Q0-DA3 ——HIGH Z -——(

VALID DATA-OUT

>___

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

MCM 4M84A X XX

Motorola Memory Prefix —————,_ —L——Smd— 10=100'ns, 12=120 ns,

156=150 ns
Part Number

Package—P = Plastic

Full Part Numbers—MCM41464AP10
MCM41464AP12
MCM41464AP15
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

Advance Information MCM51L1000A 2
-
1M x1 CMOS Dynamic RAM
The MCM511000A is a 1.0 CMOS high-speed, dynamic random access memory. It is P PACKAGE
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process PLASTIC
technology. Advanced circuit design and fine line processing provide high performance, CASE 707A
improved reliability, and low cost.
The MCM511000A requires only 10 address lines; row and column address inputs are
multiplexed. The device is packaged in a standard 300-mil dual-in-fine plastic package J PACKAGE
(DIP), a 300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). PLASTIC
SMALL OUTLINE
® Three-State Data Output CASE 822
® Early-Write Common |I/0 Capability
® Fast Page Mode Capability
® Test Mode Capability N\ Z PACKAGE
® TTL-Compatible Inputs and Output PLASTIC
® RAS Only Refresh ZIG-ZAG IN-LINE
® CAS Before RAS Refresh CASE 836
® Hidden Refresh
® 512 Cycle Refresh: MCM511000A =8 ms
MCM51L1000A =64 ms ) ) ) ) PIN NAMES
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection AOAS ‘Address Input
® Fast Access Time (tRAC): > T Data Input
MCMS511000A-70 and MCM51L1000A-70 =70 ns (Max) Q..o Data Output
MCMS511000A-80 and MCM51L1000A-80 =80 ns (Max) W. oo Read/Write Enable
MCM511000A-10 and MCM51L1000A-10= 100 ns (Max) RAS ........ Row Address Strobe
® Low Active Power Dissipation: CAS ...... Column Address Strobe
MCM511000A-70 and MCM51L.1000A-70 =440 mW (Max) VEC v vvmeneeenn Power (+5 V)
MCM511000A-80 and MCM511.1000A-80 =385 mW (Max) VES « oo Ground
MCMS511000A-10 and MCM51L1000A-10 =330 mW (Max) TR ERREE Test Function Enable
® Low Standby Power Dissipation: ) NC............. No Connection
MCM511000A and MCM51L1000A =11 mW (Max, TTL Levels)
MCM511000A =5.5 mW (Max, CMOS Levels)
MCM51L1000A=1.1 mW (Max, CMOS Levels) 21G-2AG IN-LINE
1
A8 | ==l
SMALL OUTLINE . 1 2| exs
|
Q ==
DUAL-IN-LINE ot 1 26 [lvgs 5 19=[Vss
. Dl==I"
o1 e 18 flvsg LK sl AL
PIN w2 17l RAS[] 3 24 [ITAS . RS =7=: 8
ASSIGNMENT m[ 3 18 um TF[ 4 23 ]"c " —9-::: TF
T4 15 [1a9 neQ s 2[lne e
nofls 14 [1A8 Ao il
mlls 13[1a7 N “
a2l 7 12 ﬂAs Aﬂt 9 181a8 15::: A3
a3ls 1fias Al 10 Ly Yoo AL W
veell o 101 a2l 11 16 [1a6 as [ 1L "
A3f] 12 15145 1915|468
veel] 13 nm A7 oo

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

MOTOROLA MEMORY DATA

2-39



MCM511000A*MCM51L1000A

BLOCK DIAGRAM

— 1
TAS ——4
" W [0

#2 CLOCK - H

GENERATOR  |a—

‘ >
TF | DATA OUT Q
- coim | BuFFER >
>  ooRess [
A0 : . BurERS (10 COLUMN
A 'F — DECODER
A2 — ™ contRoLER | ) SENSE AMP
A3 — 1 110 GATING
ha REFRESH ] )
A5 ——| COUNTER (9) 2048
AG. — se e
A7 — J\/l v
28 L ROW ——
— .
29— suﬁ::g?m ROW | o |  Memory .
I __I DECODER | .=, | ARRAY

[T T R—————

#1 CLOCK

GENERATOR

ABSOLUTE MAXIMUM RATINGS (See Note)

SUBSTRATE BIAS [ V((

GENERATOR  fet— Vgg

Rating Symbol Value Unit
Power Supply Voltage Vee -1to +7 \'
Voltage Relative to Vgg for Any Pin Except VeC | Vin, Vout| —1to +7 \
Test Function Input Voltage Vin(TF) | —1to +106]| V
Data Out Current lout 50 mA
Power Dissipation Pp 600 mw
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tj“g -55t0 +150| °C

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

ded. F A

Aad vl

P should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than

dad

periods of time could affect device reliability.

£
ges for

This device contains circuitry to protect the
inputs against damage due to high static

Itages or electric fields; h , itis ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated volitages to this high-imped-
ance circuit.
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MCM511000A ¢ MCM51L1000A

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \" 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 — 6.5 Vv 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
Test Function Input Low Voltage VIL (TF) -1.0 - Vec+1.0 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
V¢ Power Supply Current Icct mA 2
MCM511000A-70 and MCM51L1000A-70, trc =130 ns - 80
MCM511000A-80 and MCM51L1000A-80, trc =150 ns — 70
MCM511000A-10 and MCM51L1000A-10, trc =180 ns = 60
V¢ Power Supply Current (Standby) (RAS =CAS =V|y) Icc2 - 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (EA§=V|H) Icc3 mA 2
MCM511000A-70 and MCM51L1000A-70, trc =130 ns - 80
MCM511000A-80 and MCM51L1000A-80, trc = 150 ns - 70
MCM511000A-10 and MCM51L1000A-10, trc =180 ns = 60
Vcc Power Supply Current During Fast Page Mode Cycle (RAS =V ) Icca mA 2
MCM511000A-70 and MCM51L1000A-70, tpc =40 ns - 60
MCM511000A-80 and MCM51L1000A-80, tpc =45 ns . - 50
MCM511000A-10 and MCM51L1000A-10, tpc =55 ns — 40
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—-0.2V) MCM511000A Iccs - 1.0 mA
MCM51L1000A — 200 A
Ve Power Supply Current During TAS Before RAS Refresh Cycle Icce mA 2
MCM511000A-70 and MCM51L1000A-70, trc =130 ns - 80
MCM511000A-80 and MCM51L1000A-80, tgc = 150 ns - 70
MCM511000A-10 and MCM51L1000A-10, trc =180 ns - 60
Vcc Power Supply Current, Battery Backup Mode—MCM51L1000A only lccy - 200 pA
(tRc =125 ps; tRAs =1 ps min; CAS =TAS Before RAS Cycle or 0.2 V; A0-A9, W,
D=Vge-02Vor0.2V)
Input Leakage Current (Except TF) (0 V<Vj,<6.5 V) Yikg(l) -10 10 rA
Input Leakage Current (TF) (0 V<Vjn(TF)=Vcc+0.5 V) lkg(1) -10 10 pA
Output Leakage Current (CAS =V, 0 V<Vq1=<5.5 V) likg(O) -10 10 A
Test Function Input Current (Vcc +4.5 V=<Vjn(TF)<10.5 V) lin(TF) — 1 mA
Output High Voltage (lgy = —5 mA) VOH 2.4 - Vv
Output Low Voltage (Ig| =4.2 mA) VoL - 0.4 \"
CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO0-A9, D Cin 5 pF 3
RAS, CAS, W, TF 7 pF 3
Output Capacitance (CAS = V| to Disable Output) Q Cout 7 pF 3
NOTES:
1. All voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; il current is d at the fastest cycle rate with the output open.
3. Capacitance measured with a B Meter or effecti paci lculated from the equation: C=IAt/AV.
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MCM511000A* MCM51L1000A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=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 MCMBE11000A-70 | MCM511000A-80 | MCMS511000A-10
Parameter Y MCM51L1000A-70| MCMS51L1000A-80| MCMB1L1000A-10| ynit [ Notes
Standard|Alternate| Min Max | Min Max | Min Max
Random Read or Write Cycle Time tRELREL tRC 130 — 150 = 180 - ns 6
Read-Write Cycle Time tRELREL| tRWC 155 — 175 — 210 — ns [
Page Mode Cycle Time tCELCEL| tpc | 40 — 45 — 55 - ns
Page Mode Read-Write Cycle Time tCELCEL | tPRWC 65 — 70 — 85 — ns
Access Time from RAS tRELQV | tRAC - 70 - 80 - 100 ns | 7,8
Access Time from CAS tceLav | tcac — 20 - 20 - 25 [ns |79
Access Time from Column Address tavQv tAA - 35 - 40 - 50 ns | 7,10
Access Time from Precharge CAS tCEHQV | tCPA — 35 — 40 - 50 |ns| 7
CAS to Output in Low-Z tCELQX toLz 0 — 0 — 0 - ns 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns | 1
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 - 60 - 70 — ns
RAS Pulse Width tRELREH| tRAS 70 10,000 [ 80 10,000 | 100 10,000 | ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 100,000 80 100,000 100 | 100,000| ns
RAS Hold Time tCELREH | 'RSH 20 — 20 — 25 - ns
CAS Hold Time tRELCEH | tCSH 70 — 80 — 100 - ns
CAS Pulse Width tCELCEH| tCAS 20 10,000 | 20 10,000 | 25 10,000 | ns
RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns | 12
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 |[ns | 13
CAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 5 — | ns
CAS Precharge Time (Page Mode Cycle Only) | tceHCEL| tcp 10 — 10 — 10 - ns
Row Address Setup Time tAVREL tASR 0 - 0 - 0 - ns
Row Address Hold Time tRELAX | tRAH 10 — 10 — 15 - ns
Column Address Setup Time tAVCEL | tASC 0 — 0 - 0 - ns
Column Address Hold Time tCELAX | tCAH 15 - 15 - 20 - ns
Column Address Hold Time Referenced to RAS | tRel AX tAR 55 - 60 — 75 - ns
Column Address to RAS Lead Time tAVREH | tRAL 35 - 40 - 50 — ns
) (continued)
NOTES: .
1. V|H min and V|| max are reference levels for measuring timing of input sngnals Transition times are measured between Vi and Vj_.
2. An initial pause of 200 us is ired after po p foll d 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.
4. AC measurements tT=5.0 ns.
5. TF pin must be at V)_or open if not used.
6. The specifications for trc (min) and tryw (min) are used only to indicate cycle time at which proper op over the full temp.
range (0°C <Tp <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (-200 #A, +4 mA) loads and 100 pF with the data output trip points set at
VOH=2.0Vand Vg =0.8 V.
8. Assumes that tRcp <trcD (max).
9. Assumes that tcp =trep (max).
10. Assumes that tRAD ZtRAD (max).
11. toFf (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voitage levels.
12. Operation within the tgcp (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-
13. Operation within the tRAp (max) limit ensures that tRac (max) can be met. tRAD (max) is specified as a reference point only; if trap is

greater than the specified tRAp (max), then access time is controlled exclusively by taa.
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MCM511000A* MCM51L1000A

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

Symbol MCM511000A-70 | MCM611000A-80 | MCM511000A-10
Parameter MCMS51L1000A-70| MCMG1L1000A-80| MCM51L1000A-10| Unit | Notes
Standard|Alternate| Min Max | Min Max | Min Max
Read Command Setup Time tWHCEL | tRCS 0 — 0 — 0 — ns
Read C vd Hold Time Ref d to CAS |tceHwx| tRCH 0 - 0 - 0 - ns | 14
Read C: d Hold Time Ref d to RAS |tReHWX | tRRH 0 - 0 - 0 — ns | 14
Write Ci d Hold Time Refi d to CAS | tcELWH | tWCH 15 — 15 - 20 — ns
Write Ci d Hold Time Refi d to RAS | tRetwH | tweR 55 - 60 — 75 — ns
Wirite Command Pulse Width TWLWH WP 15 - 15 — 20 — ns :
Write Command to RAS Lead Time TWLREH | tRWL 20 — 20 — 25 — ns |
Write Command to CAS Lead Time WLCEH | tcwL 20 -~ 20 — 25 — ns |
Data in Setup Time tDVCEL tps 0 - 0 -~ 0 - ns | 15
Data in Hold Time tCELDX tDH 15 - 15 — 20 — ns | 15
Data in Hold Time Referenced to RAS tRELDX | tDHR 55 - 60 - 75 - ns
Refresh Period MCMS511000A| trvRV | tRFSH - 8 - 8 - 8 ms
MCMB51L1000A — 64 — 64 — 64
Write Command Setup Time tWLCEL | twces 0 - 0 - = ns | 16 |
CAS to Write Delay tCELWL | tCWD 20 - 20 - 25 - ns | 16 |
RAS to Write Delay tRELWL | tRWD 70 - 80 - 100 — ns | 16 ‘}
Column Address to Write Delay Time tAVWL | tAwD 35 - 40 - 50 — ns | 16 !
TAS 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 Pracharge Time for CAS Before RAS tCEHCEL| tCPT 40 - 40 - 50 — | ns
Counter Test
CAS Precharge Time tCEHCEL| tCPN 10 — 10 — 15 — ns
Test Mode Enable Setup Time Referenced to tTEHREL| tTES 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tREHTEL | tTEHR 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tCEHTEL | tTEHC 0 - 0 -~ 0 - ns
CAS
NOTES:

14. 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. tcwbD. and tawp are not icti They are included in the data sheet as electrical characteristics
only; if twcs =twcs (min), the cycle is an early wrlte 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 =tAwD (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.
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MCM511000A*MCM51L1000A
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MCM511000A s MCM51L1000A

READ-WRITE CYCLE
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MCM511000A* MCM51L1000A

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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" . . |——— tP{ ——]
r— RCD ———— 0P > tpta—m| | tRSH
. Jetice tcAS tCASHt— tCASHa—m |4 tcPN
w . ] N /NN
ViL—-
|le———taR 1 > - 1RAL ——>
RAH ’ WSC—»| | et ICAH
tASR-3|  fet— IASC-3 [ [EB1-tCAH tASC—> = tCAH
ADDRESSES Yin = ROW COLUMN COLUMN A~ coLumn
Vi - ADDRESS  ADDRESS ADDRESS ADDRESS
[ 1RAD —>>1 . WCS—»y e |3 TWCH
- tWCR
WeS —a—> >1-tweH wWes»-| | > tWCH
.. TN TN TIOO00K
W
ViL
DS —» |& (> 1DH
tos > toH tos-»| e ta—}-ton
ViH L
D (DATA IN) VALID DATA VALID DATA VALID DATA
ViL—
- | Id———tnun————b ‘
oH~ .
Q (DATA OUT) HIGH Z
VoL -
‘ FAST PAGE MODE READ-WRITE CYCLE ®
Vi - —— -
— 1 T
S \ RASP
ViL-
- CSH l«——tRSH—
{—tCRP . u——tinc—T_f a—tCAS—3>] tCPN—]
R —— - toas > Pl fa—tcas—| [«
s Vig—
" \ \ /7
-~ -
tasR—»] —  tASC—] - tASC -] L tased b »
o thm | CAH-e—> 1CAH— »H-tcAN
Vin- :
ROW - COLUMN . " COLUMN COLUMN
ADDRESSES vy - ADDRESS >®§ ADDRESS ADDRESS ADDRESS
«—tRAD—> tcwD ——I »<-tcwnL‘ _J*mwn' 1
tRCS — lf-towt - —HtowL - 1oWL
 J—tawp-> " tawp—>~ e taWp—> H—tnm-i-l
I vawa - "
ViL— -
. twp e twpA H  twp - f—
¢ 'H_W tpS —p! tps
" DM |- toH
= 7 VALID VALID YN NN/
D (DATA IN) - DATA DATA A‘A’A‘A’A
- —_—:‘ - 117 l—_:i -t0L2
1CAC e | tCAC
e tpp T 17
Vou- l———1RAC ——tcpA r——1cpA
@ (DATA OUT) : VALID [T VALID
VoL - DATA - oata _ff \ DATA E
O —]  |— tofF —»  fe— toFF—|  |a—
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RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)

fRC

| €&——— tRp———>]

V- AS 7 \_

VIL—'BRP <> tRPC
_ Vm-
viL- —_Z:
tRAH
Viy —
o T e KOO0 KX KXK XXX XXX KKXKXK

|
|

o)
ol

< —tASR

Vou -
Q (DATA OUT) HIGH Z
VoL -
CAS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)
- RC
. A—
ViH— e—— 1RAS
RS Vi - \ f \
thpC —>
1CSR <
ICPN — |—— teHR ———
_ Vm-
oS / \
ViL -
1oFF
Vpy - ———————
Q (DATA 0UT) E— HIGH Z
VoL — ——— A
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HIDDEN REFRESH CYCLE (READ)

< 'RC - et 1RAS ]
tRAS [— tRp—>
L —
. A\ /S
ViL— )
tcRp
[&———tRCD ———»|=—tRSH 3~ L——-————tcun-——» |——tcPN
Vin -
m ] \
Vi -
<«—1RAD RAL—>
[e————1aR >
o A fe— |- tCAH >
v * tASR— “'0— — ‘)-‘Asc
=
ROW COLUMN
ADDRESSES . _®§ ADDRESS X ADDRESS
I tncs——| — — ]<—tnnu l
ViH— A}
" NUAXXHUXIIIIHIXXXA,
Vi - - tcac
- tAN —3
le—————1RAC toFF—> |e—
VoH -
0 (DATA OUT) VALID DATA }—-—
VoL -
torz—>
HIDDEN REFRESH CYCLE (WRITE)
- tRC > .
RAS [ ] 11—
Vi — ——
V- b B
<-‘—1IJRP |e——tcpN——>]
[————1RCD ———>><-1RSH > l————— {CHR—————»|
~ Vm-
w7 \
Vy —
* tRAD 1AR
tsho] e tasoom]
tRAH -] -——
ViH—
ROW COLUMN
[ e————twg !
RWL——>]
ViH— = tWCH 3
w -
VL=
- WP ———
tDH ——]
ViH— =
D (DATA IN) VALID DATA
L=
fe——— o
V —
0 (DATA OUT) HIGH Z
VoL -
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

|
|

— V'H‘—ﬁ\

ViL-

tRAS > | tRP
|«——————1RSH ———NZ

tCSR—ft—>|  |— tCHR —— tepT—» | €——— 10AS ———]

o)
b3
ol

= N

ViL-

\

tASC »| [ ICAH —>

ik =
wass S OOOOORN_ it
ViL-

READ CYCLE
VoH—

Q (DATA OUT) HIGH Z VALID DATA

|<«— 1CAC —|

tRAL
thy —» e 10|FF—>‘

AA

VoL -

|<' RCS oz L—#—‘HRH

— Vm-
"1 SIS
ViL-

WRITE CYCLE

| tRCH —»=

VoH -
Q (DATA OUT) HIGH Z -
VoL - RWL >
- tcwL >
Vit - [ tWCS |  ft— TWCH—>]
W - WP ——
ViL—
| 1DS —| |<— tDH —> I |
Vi - '
ViL— A
L—‘CAC —>
READ-WRITE CYCLE
teLz - I'OFF —
VoH -
Q (DATA OUT) HIGH Z VALID DATA
VoL -
tAA » <-tcm->|
< tAwp ———>| je—tRwL
VIH— 3
" XU s o \
[€«—ICWD—>{ |a—>1—tWpP
Vin— J
D (DATA IN) VALID DATA MOOOOOO

ViL-

tos —H——-»l |<—->—th
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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 1M RAM, one is called the RAS only refresh
cycle (described later) where a 9-bit row address field is pre-
sented on the input pins and latched by the RAS clock. The
most significant bit on Row Address A9 is not required for
refresh. The other variation, which is called page mode, allows
the user to column access all 1024 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|y 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 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 (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 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 tyCs 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 (tryy( ). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at V)L level).

It is also possible to perform a late write cycle. For this cycle
the write clock is activated after the CAS goes low which is
beyond tyycs 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 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|4 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 tcwD
time, depending upon the application. This results in starting
a write operation to the selected cell even before data out
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occurs. The minimum specification on towp 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 all 1024 column locations on a selected row. Page access
(tcAC) is typically half the regular RAS clock access (tRAC)
on the Motorola 1M dynamic RAM. Page mode operation
consists of holding the RAS clock active while cycling the CAS
clock to access the column locations determined by the 10-
bit column address field.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the col-
umn address and CAS clock. From the timing illustrated, the
initial cycle is a normal read or write cycle, that has been
previously described, followed by the shorter CAS cycles
(tpc). The CAS cycle time (tpc) consists of the CAS clock
active time (tcas), and CAS clock precharge time (tcp) and
two transitions. In 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 8 milliseconds for MCM511000A (64 milliseconds for
MCMS51L1000A). This is accomplished by sequentially cycling
through the 512 row address locations every 8 milliseconds
for MCM511000A (64 milliseconds for MCM51L1000A), (i.e.,
at least one row every 15.6 microseconds for MCM511000A,
or 124.8 microseconds for MCM51L1000A). A normal read or
write operation to the RAM will also refresh all the bits (2048)
associated with the particular row(s) decoded.

RAS-Only Refresh

In this refresh method, the system must perform a RAS-
only cycle on 512 row addresses every 8 milliseconds for
MCM511000A (64 milliseconds for MCM51L1000A). 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 row address to be refreshed. Externally
applied addresses are ignored during the automatic refresh
cycle. If the output buffer was off before the automatic refresh
cycle, the output will stay in the high impedance state. If the
output was enabled by CAS in the previous cycle, the data
out will be maintained during the automatic refresh cycle as
long as CAS is held active (hidden refresh).

Hidden Refresh

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

CAS BEFORE RAS REFRESH COUNTER TEST

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

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

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

2. Select a column address, read “0” out and write “1” into
the cell by performing CAS before RAS refresh counter
test, read-write cycle. Repeat this operation 512 times.

3. Read “1”s (normal read mode), which were written at
step 2.

4. Using the same column as in step 2, read “1"" out and
write “0” into the cell by performing CAS before RAS
refresh counter test, read-write cycle. Repeat this
operation 512 times.

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

6. Repeat steps 1 to 5 using complement data.

REFRESH CYCLE

CAS

Q = HIGH-Z —

VALID DATA-QUT

= N/ /Y -
N
—

e
Da

Figure 1. Hidden Refresh Cycle
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TEST MODE

Internal organization of this device (256K x 4) allows it to be
tested as if it were a 256K x 1 DRAM. Only nine of the ten
addresses (A0-A8) are used in test mode; A9 is internally
disabled. A test mode write cycle writes data, D (data in), to
a bit in each of the four 256K x 1 blocks (B0-B3), in parallel.
A test mode read cycle reads a bit in each of the four blocks.
If data is the same in all four bits, Q (data out) is the same as
the data in each bit. If data is not the same in all four bits, Q
is high Z. See truth table and block diagram.

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

“‘Super voltage” =Vcc+4.5V
where
4.5 V<Vcc <5.5 V and maximum voltage=10.5 V.

A9 is ignored in test mode. In normal operation, the “TF"

pin must either be connected to V), or left open.

Test Mode Truth Table

D B0 B1 B2 B3 Q
0 0 0 0 0 0
1 1 1 1 1 1
- Any Other High-Z
TEST MODE CYCLE
_ Vm-
RAS
Y= - trewc
_ Vm-
CAS
ViL-
Je—— tTES ——» | €«—— tTEHR —
VIK(TF) - TEHR

" LY
Vil -

TEST FUNCTION BLOCK DIAGRAM

256K
BLOCK

o: W NORMAL
—O

Ae. By

L

0
TF

B0

Ay, Ay

256K
BLOCK
B1

256K
BLOCK
B2.

Ac Ay
NORMAL

—H

256K

BLOCK
83
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ORDERING INFORMATION
(Order by Full Part Number)

MCM  511000A

or 51L1000A X XX

Motorola Memory Prefix ———————I

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

Part Number

Full Part Numbers — MCM511000AP70
MCM511000AP80
MCM511000AP10

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

MCM511000AJ70  MCM511000AZ70
MCM511000AJ80  MCM511000AZ80
MCM511000AJ10  MCM511000AZ10

MCM51L1000AP70  MCMS51L1000AJ70 MCM51L1000AZ70
MCM51L1000AP80  MCM51L1000AJ80 MCM51L1000AZ80
MCMB51L1000AP10  MCM51L1000AJ10 MCM51L1000AZ10
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mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information
1M x1 CMOS Dynamic RAM

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

access of up to 4 bits of data.

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

Three-State Data Output
Early-Write Common |/0O Capability
Fast Nibble Mode Capability

Test Mode Capability
TTL-Compatible Inputs and Output
RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

512 Cycle, 8 ms Refresh

Fast Access Time (tRac): MCM511001A-70=70 ns (Maximum)
MCM511001A-80 =80 ns (Maximum)
MCM511001A-10=100 ns (Maximum)

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

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

Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection

MCM511001A

P PACKAGE
PLASTIC
CASE 707A
J PACKAGE
PLASTIC
SMALL OUTLINE
CASE
Z PACKAGE
PLASTIC
ZIG-ZAG IN-LINE
CASE 836
PIN NAMES
AO-A9 . .......... Address Input
D.... . Data Input
Q............... Data Output
W. .. ... Read/Write Enable
RAS . ....... Row Address Strobe
TAS ...... Column Address Strobe
VEC « v vve e Power (+5 V)
VeS - v oo Ground
TR .o Test Function Enable
NC............. No Connection

SMALL OUTLINE
DUAL-IN-LINE o1 26 [Ivss
of1e 18 [Ivss W2 2 flo
PIN Wi 2 17 RAS[] 3 24 Dm
ASSIGNMENT sl 3 16 [JTAS TEQ 4 23[INC
Tra 4 15[ A9 nel s 2219
Aol 5 14 [1A8
Al e 13 A7
a2f] 7 12188 Aofl s 18 [148
nls 11 [A5 A1E 10 17 [1A7
veel] 8 10124 A2 1 16 [1 A6
A3[] 12 15 [1A5
vecl] 13 14 [1A4

ZIG-ZAG IN-LINE

A9

e

"
g Tl
11,
WS
[x]
ol

I M m
e Y e
m "
u®

NC

-

=
[
1o

A

n—
1

Al

1=
nes

A2

e
[[Rad

A3

1=
nen

Vee

1=
Ho»

A4

=
=~

A5

=
1o

A6

=
ne

A7

1)
ne

A8

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

P
[ — “| oatAN 0
#2 CLOCK [ BUFFER
GENERATOR [«—
Y Lo
TF DATA OUT
BUFFER
)
NIBBLE
[ COLUMN o 5| SELECTOR
ADDRESS 1
A0 —] BUFFERS (10) COLUMN
Al — DECODER
A2 REFRESH
CONTROLLER | SENSE AMP
A3 — 1/0 GATING
A4 —
REFRESH 4
A5 — COUNTER (9) .2 E‘f
A6 —
w—] 7 :
A8 ROW ROW | o | MEMORY
] ADDRESS DECODER| 535|  ARRAY
A3 — BUFFERS (10),
A SUBSTRATE }e— Vg
s #1 CLOCK BIAS  la—Vgg
GENERATOR | GENERATOR |
ABSOLUTE MAXIMUM RATINGS (See Note)
N This device contains circuitry to protect the
Symbol Valus Unit inputs against damage due to high static
Power Supply Voltage Vee -1to +7 \s voltages or electric fields; however, it is ad-
" " ) — + [V vised that normal precautions be taken to
Voltage Relative to Vgg for Any Pin Except Vcc | Vin Vout 1to +7 avoid application of any voltage higher than
Test Function Input Voltage Vin(TF) | —1to +10.5 Vv i rated vol 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 ng —-55t0 +150 | °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
peration should be restricted to RECOMMENDED OPER-

ded. Functional

ATING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc=5.0V +10%, Tao=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) : Vee 4.5 5.0 5.5 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 - 6.5 \% 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 \ 1
Test Function Input High Voltage ViH (TF) | Vec+4.5 - 10.5 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
V¢ Power Supply Current Icct mA 2
MCMS511001A-70, trc =130 ns - 80
MCM511001A-80, trc = 150 ns - 70
MCM511001A-10, trc =180 ns - 60
Vcc Power Supply Current (Standby) (RAS =CAS =V|y) . Icc2 — 2.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS =V|) lccs mA 2
MCM511001A-70, trc =130 ns - 80
MCM511001A-80, trg =150 ns : - 70
MCM511001A-10, tgc =180 ns — 60
Ve Power Supply Current During Nibble Mode Cycle (RAS =V ) Icca mA 2
MCM511001A-70, tNc =35 ns - 60
MCM511001A-80, tnyc =35 ns - 50
- MCM511001A-10, tyc =40 ns ) ) — 40
Ve Power Supply Current (Standby) (RAS=CAS=Vcc—0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM511001A-70, trc =130 ns — 80
MCM511001A-80, trc = 150 ns - 70
MCM511001A-10, trc =180 ns - 60
Input Leakage Current (Except TF) (0 V<Vj,<6.5V) IM) -10 10 pA
Input Leakage Current (TF) (0 V<VijnTF)<Vcc+0.5 V) likg(l) -10 10 rA
Output Leakage Current (CAS =V}, 0 V<Vgyut=<5.5 V) likg(0) -10 10 yA
Test Function Input Current (Vo +4.6 V=Vjp(TF)<10.5 V) lin(TF) - | 1 mA
Output High Voltage (Igy = —5 mA) VoH 2.4 - \
Output Low Voltage (g =4.2 mA) ) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vg =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| 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; maxlmum current is measured at the fastest cycle rate with the output open.
3. Capacitance measured with a Boonton Meter or effecti lculated from the ion: 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, 4, and 5)

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

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

Nibble Mode Read-Write Cycle Time tCEHCEH | tNRMW 55 — 55 — 65 — ns
Access Time from RAS tRELQV | tRAC — 70 — 80 — 100 [ns | 7,8
Access Time from CAS tceLav | tcac — 20 - 20 — 25 [ns| 79
Access Time from Column Address tavav tAA 35 40 — 50 ns | 7,10
‘Nibble Mode Access Time tCELQV | tNCAC - 15 - 15 - 20 ns 7
CAS to Output in Low-Z tCELQX | tclLz 0 — 0 — 0 — |ns| 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns | N
Transition Time (Rise and Fall) T tT 3 50 3 50 3 50 ns

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

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

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

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

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

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

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

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

Row Address Hold Time tRELAX | tRAH 10 - 10 - 15 - ns
Column Address Setup Time tAVCEL tASC 0 - 0 - 0 - ns
Column Address Hold Time tCELAX | tCAH 15 - 15 - 20 - ns
Column Address Hold Time Referenced to RAS | tRg| AX tAR 55 - 60 - 75 - ns
Column Address to RAS Lead Time tAVREH | tRAL 35 - 40 - 50 - ns

(continued)

NOTES:
1. V|4 min and V| max are reference levels for measuring timing of input signals. Transition times are measured between Vi and Vj.
2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transmit between Vi and V) (or between V_and VjH) in a monotonic manner.
4. AC measurements tT=5.0 ns.
5. The TF pin must be at Vj_ 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 <TA <70°C) is assured.
7. Measured with a current load equivalent to 2 TTL (—200 A, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.
8. Assumes that trcp <trcp (max).
9. Assumes that trcp =trcD (max).
10. Assumes that tRap ZtRAD (max).
11. tofF (max) defines the time at which the output achieves the open circuit and is not ref d to output voltage levels.
12. Operation within the tgcp (max) limit ensures that tRoc (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 trap (max) limit ensures that tRac (max) can be met. tRap (max) is specified as a reference point only; if tRap is
greater than the specified tRoAp (max), then access time is controlled exclusively by taA.

Liet

MOTOROLA MEMORY DATA



MCM511001A

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

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

Read Command Setup Time, tWHCEL | tRCS 0 — 0 — 0 — ns
Read C d Hold Time Refi d to CAS | tcEHWX | tRCH 0 - 0 - .0 — ns | 14
Read C. d Hold Time F d to RAS [trReHwx | tRRH 0 - 0 - 0 — | ns| 14
Write C d Hold Time Ref dtoCAS [tcewH | twen | 18 | — | 15 - 20 — |ns
Write C d Hold Time Refi d to RAS | tRetwH | twcr 65 = 60 - 75 - ns
Wirite Command Pulse Width WLWH twp 15 — 15 - | 20 — ns
Write Command to RAS Lead Time tWLREH | tRWL 20 — 20 — 25 — | ns
Write Command to CAS Lead Time WLCEH | tCcwL 20 - 20 - 25 - | ns
Data in Setup Time tovceL | tDs 0 - 0 — 0 — |'ns| 15
Data in Hold Time tCELDX tDH 15 — 15 - 20 — ns | 15
Data in Hold Time Referenced to RAS tRELDX | tDHR 55 - 60 - 75 - ns
Refresh Period tRVRV | tRFSH - 8 — 8 - 8 ms
Write Command Setup Time tWLCEL | twcCs 0 — 0 - 0 — | ns| 16
CAS to Write Delay tcELWL | tcwp 20 — 20 — 25 — | ns| 16
RAS to Write Delay tRELWL | tRWD 70 — 80 — 100 — | ns| 16
Column Address to Write Delay Time tavwL | tawp 35 - 40 - 50 - ns | 16
CAS Setup Time for CAS Before RAS Refresh | tReLCEL | tCSR 10 — 10 — 10 — | ns
CAS Hold Time for CAS Before RAS Refresh | tReLCEH| tCHR 30 — 30 - 30 — ns
RAS Precharge to CAS Active Time tREHCEL| tRPC 0 - 0 — 0 — | ns
CAS Precharge Time for CAS Before RAS tCEHCEL| tcPT 40 - 40 - — | ns
Counter Test !
Nibble Mode Pulse Width tCELCEH| tNCAS | 15 — 15 - 20, — | ns
Nibble Mode CAS Precharge Time tCEHCEL| tNCP 10 — 10 = 10 - ns
Nibble Mode RAS Hold Time tCELREH| tNRSH 15 — 15 — 20 — | ns
Nibble Mode TAS to Write Delay Time tCELWL | tNewD | 15 — 15 — 20 - ns
Nibble Mode Write Command to RAS Lead tWLREH | tNRWL | 15 - 15 - 20 - ns
Time
Nibble Mode Write Command to CAS Lead tWLCEH | tnewL | 15 — 15 - 20 — | ns
Time .
Test Mode Enable Setup Time Referenced to tTEHREL| tTES 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to tREHTEL| tTEHR 0 - 0 - 0 - ns
RAS .
Test Mode Enable Hold Time Referenced to tCEHTEL | tTEHC 0 - 0 - 0 - ns
CAS
NOTES:

14, Enter tRRH Or fRCH mus‘t be sausfied for a raad cycle.

15. These p to CAS & g edge in random write cycles and to W leading edge in delayod write or read-modify-write

cles.
16. mcs, tRWD. tcwD. and tawp are not icti They are included in the data sheet as electrical characteristics

only; if tyycs =twcs (min), the cycle is an early wme cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp =tcwp (min), tRwp =trwD (min), and tawp =tawp (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.
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ViH -

Ed
ol

ADDRESSES

Vig -

=

ViL-

VoH -
0 (DATA OUT)
VoL -

RAS

ADDRESSES

=|

Vin—
D (DATA IN)
ViL-

VoH -
0 (DATA OUT)
VoL -

A

READ CYCLE
B tﬂc >
| ————tRp ————
- tRAS >
- tCSH - tCPN
tcRp —r—> tRCD tRSH > t{CRP—1—>>
_/ [ Y /|
< AR -
F——1RAD tRAL >
tASR—  feg— tASC - l-tgAH -
ROW COLUMN
ADDRESS ADDRESS A
< tRAH 3> RCH
1RCS Tbl l— - RRH
Y L— teAC—]
> ™ -
1012 —ft—> tOFF >
tRAC >
HIGH Z j;w VALID DATA }-——-
EARLY WRITE CYCLE
- tnc >
tRp ————]
_._ﬁ& » thas > N
l&———1RCD ———-—ﬂd——tnsu R 1CPN—>]
tCcRP :[-— - CSH CRP >
r \4—— teAs —
- "R —
l—— tRAD— >} tRAL
TASR - | — tASC —> 1CAH -]
ROW COLUMN
ADDRESS ADDRESS .
tRAH > - 'cwn————»l
twes ——— twCH——
tRWL ]
WCR >
tps—{ |l lt—tpH —>]
,lL DHR -
HIGH Z
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READ-WRITE CYCLE

- tRWC
—— 1RAS > tRP ————>>
V|H - ——
m TN AU
b | tRgY ————
[t—————tRCD————>| — tRWL—] tCPN—]
v —>1 l— tcrp [————1CAS — ICRP |—
-
= S O\ N\
ViL-
- tCSH >
4'———-‘An — [ tCWL—~
—RAD > RAL.
. tasp—| l— Ot > |—tcan—>]
W= . -
ROW COLUMN
tRAH - tAWD
< tRWD >
[e— tCWp —>| | twp
Vih -
v N
ViL-
tRCS 1ps
l— tDH —>>]
ViH— =
D (DATA IN) VALID DATA
ViL-
| e tCAC |
tAA ’( +—t0FF
tRAC >
Vo -
0 (DATA OUT) HIGH Z VALID DATA
VoL -
oLz —»
NIBBLE MODE READ CYCLE
- tRAS > tRp
Vin— le——1taR
v -
N [ &——1CSH > ) .
—> —{CRP je—— NG —7 NRSH—}= >
Vm lt—— tRCp— -t tCAS—P>
s RAD > \ Z \ / \ /
Vi -
tRAH [
—»  |—tCAH < NCAS
tASR—>| hdt— | —| |- tASC NCP
Vi~
iL -
_L!dmc—
tcLz |<—
Y AL >
Vou -
0 (DATA OUT) HIGH Z
VoL -
e tAA —>]
tRCS l— tRCH—»
iL -
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NIBBLE MODE WRITE CYCLE (EARLY WRITE)

- .HRO > 'HP
_ Vm- ——'-'34__(‘“——-»
RAS y
ViL-
le——tcsH
B v -~ »— INRSH
| — tRCD—e— toAS—] —————
ViH— '
tAS P Z
V- / RAD
tRAH - < (CAH
L tasn tNeP
. - tasc INCAS
H—
ROW COLUMN /
ADDRESSES y DDRESS] ADDRE ><><XX
-
|e——twer >
tWes— |— N
—

nowL>
—twes
tWCH > tWCH INRWL—>
_ Vm- mm
w
ViL— ! ; 3
[— WP
<—-—tcw1—>]
ViH—
VALID VALID VALID VALID
Rt
r—tuu la— tDH

[——— tDHR———}
VoH—
0 (DATA OUT) HIGH Z
VoL -
NIBBLE MODE READ-WRITE CYCLE
- tRAS: R
- Vlu——ﬁ\<——un—>
RAS
iL- ™
- <:__———-tcsu > |— tNRMW
— tRCD: 1CAS~—1 <—tNRSH-
Vin-— r e
o \ /|
Vi - .
e INCAS
INCP
ViH—
ADDRESSES
ViL—
—.l tcwL  |—> L—‘ucvn tNewL
—{ |4 INCWD
Vi - twp — twp INRWL.
w
ViL- tAWD >\ w
fCWD—  [4— tos
DS+ bt—

4 tpH tDH
Vig —
D (DATA IN) VII_ DATA e ’x e ’X"X‘XQX‘X‘X

1cA;c‘i|-—>‘ _.I — |—tncac

n TAA—> [—1OFF
[—1RAC:
Von -
VALID VALID VALID VALID
—_ - >__< >_____
@ {DATA OUT) Voo - HieH Z DATA ] DATA Hﬂm DATA
1017 —] |e—
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ViH-

RAS
ViL-

ViH—
tAsS
ViL-

Vin—
A0 TO A8

ViL-
Vo —

Q (DATA 0UT)
VoL -

Vih—

RAS ONLY REFRESH CYCLE

(W and A9 are Don’t Care)

tRC
|——— tRp————
‘AARS bl Z
tCRP RPC
—> L‘ ASR
TRAH
ROW
ADDRESS

HIGH Z

A

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

RC
e

RAS
S iL -_4;
tRPC —>

ViH—

1Y 7
ViL-

Vi
Q (DATA 0UT)

VoL - ———

CSR

RAS

CPN

tOFF

OH——

I&—— {CHR ——

L |

HIGH Z
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HIDDEN REFRESH CYCLE (READ)

[ tRAS —>
| ————tRAS ————— |  |=—tpp—>
I e
s \
ViL—
<1—1CRP
l&———tRCD ——fa—tRSH l#————tCHR—————»| j——1CPN
ViH -
w,  / N
ViL-
l—tRAD : tRAL—>
| — AR
—1> tRAH |— - tCAH
" tasp | ht— —»!  |e—tasc
-
ROW COLUMN
ADDRESSES Y _®< ADDRESS >®< ADDRESS
| tﬁcs—b' ld--—- —-Pl I‘—‘RRH I
ViL—- - »t—CAC
1 1AN —>
e tRac > topF—! o
VoH -
0 (DATA OUT) HIGH Z VALID DATA
VoL -
toLz —
HIDDEN REFRESH CYCLE (WRITE)
- R >
- tRAS e B R ——
Vi — =
W N /N /
i - r
- 1CRP |e——topN—
[€&———tRCD ———>{<-tRSH -] CHR
Vin-
e tRAD AR e
l—— RAD —>> RAL:
'Asn-»' e — tASC -
. tRAH le— AN
W=
ROW COLUMN
ADDRESSES . ADDRESS ADDRESS
[e——WCR—
tRWL—>{
_ V- & tWCH -3
Vi -
WP ———
tps
tDH—
VIH— c
je——tpp——————»]
VoH -
0 (DATA 0UT) HIGH Z
VoL -
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS > | /P
Vg
RAS \ l——— tRSH—————— Z
ViL— -
‘ 1CSR »| |e— ICHR——>] tePT—] | 1A ————]
V-
TAS \ \
iL- ] A
1ASC—ft—>| | ICAH —>]
Vig -
Vii- ADDRESS
l— ICAC —>>} l
i - tRAL
READ CYCLE < 1A ——»| <} toFr
VoH -
Q (DATA OUT) HIGH Z VALID DATA }—
VoL -
1
jetRes > | oz - tRRH
ViH-—
" SUOOXXXOKXRY
ViL= |€— tRCH —>|
WRITE CYCLE :
Vou -
0 (DATA 0UT) HIGH Z -
VoL - < RWL >
WL —————————]
Vi - [ tWCS»>{ [ — tWCH—]
W <

i SOOIV
Vip =

j- DS —»>{  |t— 1DH —| I |
ViH - .
D (DATA IN) VALID DATA
ViL—
[—tCAC —>>}
READ-WRITE CYCLE o1z < IWF
Von —
0 (DATA OUT) HIGH Z VALID DATA
VoL -
- 1WA ——> <-'cwt->|
tAwD ———| [e—tRwL
Vin - }
" XXX s \
[—ICWD—| | twp

O NN NN LN (D AN

Vi -

tns L—’—‘DH
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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 1M RAM, one is called the RAS only refresh
cycle (described later) where a 9-bit row address field is pre-
sented on the input pins and latched by the RAS clock. The
most significant bit on Row Address A9 is not required for
refresh. The other variation, which is called nibble mode, al-
lows the user to access 4 bits serially. (See NIBBLE MODE
section.)

READ CYCLE

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

The memory read cycle begins with the row addresses valid
and the RAS clock transitioning from VIH to the Vj_ 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 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 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 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 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 (trywL). 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 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 VIH level until the read
data occurs at the device access time (tRAC). At this time the
write (W) clock is asserted. The data in is setup and held with
respect to the active edge of the write clock. The cycle de-
scribed assumes a zero modify time between read and write.

Another variation of the read-modify-write cycle is the read-
while-write cycle. For this cycle, tcwp plays an important
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role. A read-whil_e-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 sel d cell even before data out
occurs. The minimum specification on tcywp 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 to 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 CAS to be incremented inter-
nally while all other address bits are held constant and makes
the next nibble bit available for access.

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

REFRESH CYCLES .

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

RAS-Only Refresh

In this refresh method, the system must perform a RAS-
only cycle on 512 row addresses every 8 milliseconds. The
row addresses are latched in with the RAS clock, and the
associated internal row locations are refreshed. As the heading
implies, the CAS clock is not required and must be inactive
or at a ViH level.

- MEMORY CYCLE

REFRESH CYCLE

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|| and taking RAS
high and after a specified precharge period (tRp), executing
a CAS before RAS refresh cycle. (See Figure 1.)

CAS BEFORE RAS REFRESH COUNTER TEST

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

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

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

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

3. Read “1”’s (normal.read mode), which were written at
step 2.

4. Using the same column as in step 2, ﬂd 1" out and
write ““0” into the cell by performing CAS before RAS
refresh counter test, read-write cycle. Repeat this
operation 512 times.

5. Read “0"”s (normal read mode), which were written at
step 4.

6. Repeat steps 1 to. 5 using complement data.

REFRESH CYCLE

S S UV Ve §

s\

-

VALID DATA-OUT

>__

.0 = HIGH-Z —ﬂ

Figure 1. Hidden Refresh Cycle
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TEST MODE

Internal organization of this device (256K x 4) allows it to be
tested as if it were a 256K x 1 DRAM. Only nine of the ten
addresses (AO-A8) are used in test mode; A9 is internally
disabled. A test mode write cycle writes data, D (data in), to
a bit in each of the four 256K x 1 blocks (B0-B3), in parallel.
A test mode read cycle reads a bit in each of the four blocks.
If data is the same in all four bits, Q (data out) is the same as
the data in each bit. If data is not the same in all four bits, Q
is high Z. See truth table and block diagram.

Test mode can be used in any timing cycle except nibble
mode cycles. The test mode function is enabled by holding
the “TF" pin on “‘super voltage" for the specified period (tTES.
tTEHR, tTEHC: see TEST MODE CYCLE).

“Super voltage” =Vcc+4.5 V
where
4.5 V<Vcc <5.5 V and maximum voltage=10.5 V.

A9 is ignored in test mode. In normal operation, the “TF"

pin must either be connected to Vi, or left open.

Test Mode Truth Table
D BO B1 B2 B3 Q
0 0 0 0 0
1 1 1 1 1 1
- Any Other High-Z

TEST MODE CYCLE

_ Vm-
RAS
ViL= - tTEHC
V-
TAS
Vi -
J—— tTES —— <¢—— ITEHR —>

VIHTR) —
" wn-L X
ViL(e) -

TEST FUNCTION BLOCK DIAGRAM

Ay, A 256K
x 7y
—0  o—— BLOCK i I

oc\ NORMAL
————0

Ay Ay

L

—— 0
TF

NORMAL
————O
0 AN l
0

TF

1

80
A Ay
B
w5 256K
1»——0/01—' BLOCK | & Ao by
81
0
—e
_ c
Ay, A 256K
$—o M w3
B2
o 0
Ay AV 256K
L—o” o* Y ok |3 I

B3
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MCM511001A

ORDERING INFORMATION
(Order by Full Part Number)

MCM 511001A X . XX

Motorola Memory Prefix—————_-l_ _I————Speed (70=70 ns, 80=80 ns,

10=100 ns)

Part Number

p.

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

Full Part Numbers—MCM511001AP70  MCM511001AJ70  MCM511001AZ70
MCM511001AP80  MCM511001AJ80  MCM511001AZ80
MCM511001AP10 MCM511001AJ10 MCM511001AZ10
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

Advance Information
-
1M x1 CMOS Dynamic RAM P PACKAGE
CASE 707A
The MCM511002A is a 1.0p 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 PLASTIC
be accessed upon the column address transition when RAS and CS are held low, similar SMALL OUTLINE
to static RAM operation. CASE
The MCM511002A requires only 10 address lines; row and column address inputs are
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package
(DIP), a 300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). z:f:s""“gi
® Three-State Data Output Z1G-ZAG IN-LINE
® Early-Write Common 1/0 Capability CASE 836
@ Static Column Mode Capability
® Test Mode Capability
® TTL-Compatible Inputs and Output PIN NAMES
@ RAS Only Refresh
@ TS Before RAS Refresh 30~A9 ........... Add[;:: :nput
o ) 5 J S, nput
® Hidden Refresh Q... i Data Output
® 512 Cycle, 8 ms Refresh W 'oiiiaenn Read/Write Enable
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection RAS ........ Row Address Strobe
® Fast Access Time (tRaC): MCM511002A-70=70 ns (Maximum) CS . Chip Select
MCM511002A-80 =80 ns (Maximum) VEC v v eeve Power (+5 V)
MCM511002A-10=100 ns (Maximum) Ves o - Ground
® Low Active Power Dissipation: MCM511002A-70 =440 mW (Maximum) TR .o Test Function Enable
MCM511002A-80 =385 mW (Maximum) NC............. No Connection
MCM511002A-10 =330 mW (Maximum)
® Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels)
5.5 mW (Maximum, CMOS Levels)
. ZIG-ZAG IN-LINE
1
A9]==! 2
SMALL OUTLINE [
a ==
DUAL-IN-LINE 5 195|Vss
D]==!
; 1&g
P Al
PIN Bl A
ASSIGNMENT el
118 ng
no|iL!
112
1==j A1
13
A2]==!
114 43
voe | 18!
CC1==i1g
1=22| A4
as | L
1181 g
191
A7 =z 20
|S5] A8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM511002A

BLOCK DIAGRAM

)
s - Y . ‘
, DATAIN - | 'p
#2 CLOCK BUFFER
GENERATOR  jeg—r L.
TF ? DATA OUT -0
> BUFFER
COLUMN I_"
. >  ADDRESS
A0 BUFFERS (10) COLUMN
Al DECODER
A2 REFRESH e’
CONTROLLER SENSE AMP
A3 — ‘ 1/0 GATING
A —
REFRESH .
A5 ——f COUNTER (9) 2048
A6 coe
A7 — [\/I et—
.
A8 —] Ll now ROW | MEMORY
20 eu/;l:nniss DECODER 5;2 ARRAY
— ERS (10)
A )
s #1 cLOCK SUBSTRATE BIAS [<— V¢
GENERATOR GENERATOR  }et— Vg5
ABSOLUTE MAXIMUM RATINGS (See Note)
This device contains circuitry to protect the
Rating Symbol | Value | Unit inputs against damage due to high static
Power Supply Voltage vee —-1to +7 \ Itages or electric fields; h , itis ad-
. vised that normal precautions be taken to
V, - v d
Voltage Re.latwe to Vgg for Any Pin Except Vcc | Vin. Vout 1to +7 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 °Cc
Storage Temperature Range Tstg —-65t0 +150 | °C

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

tod E '
F

Adad valt:

p should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than

dad

periods of time could affect device reliability.

ges for
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MCM511002A

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
Logic High Voltage, All Inputs ViH 24 - 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 - 0.8 v 1
Test Function Input High Voltage ViH (TF) | Vcc+4.5 - 10.5 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Icct mA 2
MCM511002A-70, trc =130 ns - 80
MCM511002A-80, tgc =150 ns - 70
MCM511002A-10, tgc =180 ns — 60
V¢ Power Supply Current (Standby) (RAS =TS =V)y) Icc2 - 2.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CS=V)y) Icc3 mA 2
MCM511002A-70, trc =130 ns - 80
MCM511002A-80, trc =150 ns - 70
MCM511002A-10, trc =180 ns - 60
Vcc Power Supply Current During Static Column Mode:Cycle (RAS=CS=V)) Icca mA 2
MCM511002A-70, tgc =40 ns - 60
MCM511002A-80, tgc =45 ns - 50
MCM511002A-10, tgc =50 ns — 40
Vg Power Supply Current (Standby) (RAS=CS=Vcc—-0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CS Before RAS Refresh Cycle Iccs mA 2
MCM511002A-70, trc =130 ns - 80
MCM511002A-80, tgc =150 ns - 70
MCM511002A-10, trc =180 ns — 60
Input Leakage Current (Except TF) (0 V<V;j,<6.5 V) I'_'SQ.") -10 10 pA
Input Leakage Current (TF) (0 V=Vin(TF)sVcc+0.5 V) lika(l) -10 10 rA
Output Leakage Current (CS =V}, 0 V<V,;1<5.5 V) likg(0) -10 10 A
Test Function Input Current (Vcc+4.5 V=Vjp(TF)<10.5V) lin(TF) - 1 mA
Output High Voltage (IpH = —5 mA) VoH 24 - \"
Output Low Voltage (Ig| =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Voc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO0-A9, D Cin 5 pF 3
RAS,CS, W, TF 7 pF 3
Output Capacitance (CS=V|y to Disable Output) Q Cout 7 pF 3
NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; i current is d at the fastest cycle rate with the output open.
3. Capaci d with a B Meter or effective capacitance calculated from the equation: C=I1At/AV.
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MCM511002A

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 MCM6511002A-70 | MCM511002A-80 | MCM511002A-10
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 130 - 150 - 180 - ns 6
Read-Write Cycle Time tRELREL | tRWC 155 - 155 — 210 - ns| 6
Static Column Mode Cycle Time tAVAV tsc 40 — 45 - 50 = ns
Static Column Mode Read-Write Cycle Time tavav | tsrwce 70 — 80 — 100 — ns
Access Time from RAS tRELQV | tRAC — 70 — 80 — 100 [ ns |78
Access Time from TS tceLQv | tCAC — 20 — 20 — 2% |ns|79
Access Time from Column Address tAVQV tAA = 35 - 40 - 50 ns | 7,10
Access Time from Last Write twLav | tAlW - 65 - 75 — 95 ns |7, 11
CS to Output in Low-Z tCELQX | tcLz 0 — 0 — 0 — |ns| 7
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 20 ns | 12
Data Out Hold from Address Change tAXQX | tAOH 5 - 5 - 5 - ns
Data Out Enable from Write twHav | tow - 20 = 20 — 25 ns
Data Out Hold from Write twHQX | twoH 0 - 0 — 0 — ns
Transition Time (Rise and Fall) T tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 — 60 — 70 — | ns
RAS Pulse Width tRELREH| tRAS 70 10,000 80 10,000 100 10,000 | ns
RAS Pulse Width (Static Column Mode) tRELREH | tRASC 70 100,000 80 100,000 | 100 | 100,000| ns
RAS Hold Time tCELREH| tRSH 20 — 20 — 25 — | ns
CS Hold Time tRELCEH | tCSH 70 — 80 — 100 — | ns
CS Pulse Width tCELCEH| tcs 20 10,000 20 10,000 25 10,000 | ns
TS Pulse Width (Static Column Mode) tCELCEH| tcsc 20 100,000 20 100,000 25 100,000 | ns
RAS to TS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 [ ns| 13
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 |ns| 14
TS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 5 — ns
TS Precharge Time (Static Column Mode tCEHCEL| tcp 10 - 10 - 10 - ns
Cycle Only)
Row Address Setup Time tAVREL | tASR 0 - 0 - 0 — ns
Row Address Hold Time tRELAX | tRAH 10 — 10 - 15 — ns
(continued)
NOTES:
1. VjH min and V. max are reference levels for measuring timing of input signals. Transition times are measured between V|4 and VL.
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V)_ (or between V|i_and Vjy) 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 A, +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 tycp <trcp (max).
9. Assumes that tgcp =trcp (max).
10. Assumes that tRAD =tRAD (max), and/or tywAD =tLWAD (max).
11. Assumes that tywap <t WAD (max).
12. tofFF (max) defines the time at which the output achieves the open circuit condition and is not ref d to output voltage levels.
13. Operation within the tgcp (max) limit ensures that tgac (max) can be met. tgrcp (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 tRap (max) limit ensures that tgac (max) can be met. trap (max) is specified as a reference point only; if tRap is

greater than the specified traop (max), then access time is controlled exclusively by taA.
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MCM511002A

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

Symbol MCM511002A-70 | MCM511002A-80 | MCM511002A-10
Parameter Unit|Notes
Standard|Alternate| Min Max Min Max Min Max
Column Address Setup Time tAVCEL tASC 0 - 0 - 0 — ns
Column Address Hold Time tCELAX | tCAH 15 - 15 - 20 - ns
Write Address Hold Time Referenced to RAS | tReLAX | tAWR 55 - 60 — 75 - ns
Column Address Hold Time Referenced to tRELAX tAR 80 - 920 - 115 - ns
RAS
Column Address to RAS Lead Time tAVREH | tRAL 35 - 40 - 50 - ns
Column Address Hold Time Referenced to tREHAX tAH 5 - 5 — 10 - ns 15
RAS High
Write Command to CS Lead Time tWLCEH | tcwL 20 - 20 — 25 — ns
Last Write to Column Address Delay Time tWLAV | tLWAD 20 30 20 35 25 45 ns | 16
Last Write to Column Address Hold Time tWLAX | tAHLW 65 — 75 — 95 — ns
Read Command Setup Time tWHCEL | tRCS 0 — 0 — 0 — ns
Read Command Hold Time tCEHWX | tRCH 0 — 0 — 0 — ns | 17
Read Cc d Hold Time Ref d to tREHWX | tRRH 0 - 0 - 0 - ns [ 17
RAS
Write Command Hold Time tCELWX | tWCH 15 - 15 - 20 - ns | 18
Write Ci d Hold Time Ref d to tRELWH | tWCR 55 - 60 - 75 - ns
RAS
Write Command Pulse Width tWLWH twp 15 — 15 - 20 - ns
Write Command Inactive Time TWHWL twi 10 — 10 — 10 — ns
Write Command to RAS Lead Time tWLREH | tRWL 20 — 20 — 25 = ns
Data In Setup Time tDVCEL tps 0 — 0 — 0 — ns | 19
Data In Hold Time tCELDX tDH 15 — 15 — 20 - ns | 19
Data In Hold Time Referenced to RAS tRELDX | tDHR 55 - 60 - 75 - ns
Refresh Period tRVRV | tRFSH — 8 - 8 - 8 ms
Write Command Setup Time (Output Data tWLCEL | twcs 0 — 0 - 0 - ns | 18
Disable)
TS to Write Delay tceLwL | tcwp 20 - 20 - 25 - ns | 18
RAS to Write Delay tRELWL | tRWD 70 — 80 — 100 — ns | 18
Column Address to Write Delay Time tAVWL | tAawD 35 — 40 — 50 — ns | 18
S Setup Time for CS Before RAS Refresh | treLCEL| tcsr 10 - 10 - 10 - ns
TS Hold Time for TS Before RAS Refresh tRELCEH| tCHR 30 — 30 — 30 — ns
CS Precharge to CS Active Time tREHCEL| tRPC 0 — 0 — 0 - ns
CS Pracharge Time for CS Before RAS tCEHCEL| tCPT 40 - 40 - 50 — ns
Counter Test
S Precharge Time tCEHCEL| tCPN 10 - 10 — 15 — ns
Test Mode Enable Setup Time Referenced to | tTEHREL | tTES 0 - 0 - 0 - ns
RAS
Test Mode Enable Hold Time Referenced to | tREHTEL| tTEHR 0 — 0 - 0 — ns
RAS
Test Mode Enable Hold Time Referenced to | tCEHTEL | tTEHC 0 - (] - 0 - ns
CAS
NOTES:
15. taH is time required to latch col dd

16. Operation within the ty WAD limit ensures that ta|yw can be met. t)wap (max) is specified as a reference point only; if ty WAD is greater
than the specified tp\ywap (max) limit, then access time is controlled exclusively by taA.

17. Either tRrH or tRCH must be satisfied for a read cycle.

18. twCs. tWCH. tRWD. tcwD. and tawp are not icti ing p They are included in the data sheet as electrical
characteristics only. If twcs=twcs (min) and twcH =twcH (mm) the cycle is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout the entire cycle; if trywp=trwp (min), tcwp =tcwp (min), and tawp =tawp (min), the
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminate.

19. These p are refi d 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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MCM511002A

READ CYCLE
- tRC - >
RP- >
. ViH d RAS »>
RAS | W
Vi -
e - —tCSH >
SR  |— tASC—] . tAH >
tRAH tRAL ——————————>]
ViH— L
ROW COLUMN
ADDRESSES e ADDRESS ?@X»( ADDRESS
- 1 a
tCRP-d—PI [ €&———1RAD— RSH: Lag *'BRP—’I
< RCD
VIH— - cs >
5 \ /
ViL— -t tRCH
FtRCS—>] RRH
w
ViL [e—tCAC—
- AR~ OFF—a—>
< tRAC
Vou—
Q (DATA OUT) HIGH Z VALID DATA
Vo —
o - tCLZ
EARLY WRITE CYCLE
- Re
|<-—‘RP—>
ViIH— L tRAS — > -
m \ i \
Vi —
i - tAWR >
. < 1CSH >
| tRAH—>]
TSR]  |4—
Vin-—
ROW COLUMN /
|—tCAH—>
‘RAD——T—-D- |————RSH > @
F—N—tcnp : ASC '1— RP ——————————
ViH- e—— 105 ——
ViL— l«——RCD
" tewL >
- tWCR
- tRWL .
Vig— twes
Yo —
L P - ‘
[e—1pH
Vin-
M-
|
|- 'DHR
VoH -
Q (DATA OUT) HIGH Z
VoL - .
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MCM511002A

READ-WRITE CYCLE

- tRWC
|<——-'RP—->
ViH— - tRAS
- N
-
tRAH [e—tRWL —>
< tASR tCAH— [
ViH—
Vi -
* - tRCD J
l———1tRAD >l tRAL >|
tCRP tASC—] |- |e—tCRP—>
ViH— , \ tcs /
ts
Vi - tacs —fe
| | t——tcwp —»
- tAWD - oW ———>
- tRWD
Vin— { e twp—>
¥ SAXXXXXXX \ XXXXXXXKAK
-
- 1CSH :'.
e t0S toH
ViH—
vy -
* toac—e—> L
Feeftan—>- tWoH>]
le————tRaC » [e——tAOH—>]  |~a—10FF 3>
VoH -
0 (DATA OUT) HIGH Z VALID DATA }—
Vo —
o —> tcLz
STATIC COLUMN MODE READ CYCLE .
e—tRP—
™ L | tRASC »>
e /
ViL-
- -tASR —» |e—tan
»—tRAH tsC >l 1sC N RAL >
ViH—
ROW COLUMN COLUMN COLUMN
ADDRESSES Vi ADDRESS ADDRESS ADDRESS ADDRESS
tRAD
g tasc ’ +-'cnr—4
- tAR > tcr~-| f——tRSH—
ViH— - ¢S [e—1CSC —by
ts
ViL- tRCS J 1RRH
[<«——————1RCD > — tRCH et~ tRCH-»1
- 1CSH > -tRCS
_m —-l
(]
- tAA t—}-tAp —>] M
tcac > [ toFF -
<A — - tOFF -3 - 1CAC>
- tRAC —>-tAOH
Vou -
VALID VALID VALID
Q (DATA 0UT) . HIGH Z e VALD >_ VALD
toLZ— 0Lz —
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MCM511002A

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) (A)
. f—1rP—>
Vin— - RASC

s , /

ViL-

AH | tRAL———>

> -tASR |<-——tcm
VIH— -
ROW COLUMN COLUMN COLUMN
ADDRESSES Vie— " ADDRESS ADDRESS ><X>< ADDRESS ADDRESS m

tAWR t—— tCP—} tRSH—>=]
tasc
l€———tRAD——>>] - 8¢ ——> r——tCRP———P
ViH— w
s
ViL—- 0. >
tRCD > \ﬁ{—mu towL
- tWCS
twes—] | L twi e——tRWL—>
Vin— ks
W . ‘
V- < DHR I
—fl  |—1py
tps—te ‘
V- \/ \VAVAVAVAVAVAV
RO OTOTOTOLALOLALN Y 0 T 016 ) L0000
- ; A\ JAVAVAVAVAVAVAY
VoH -
0 (DATA 0UT) HIGH Z
VoL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) (B)

RP->]
VIH— » . | L
RAS RASC \
ViL-
tASR —»] -
tRAH |<—>—tcm
ADDRESSES Vi ROW COLUMN COLUMN COLUMN
Vi— ADDRESS ADDRESS ADDRESS ADDRESS
tAWR ) |- tcp—>-
tASC— et -« tASC tcp
l—tRAD—1 P t0SC (CSC+——> 1RSH
_ Vm- —
[
ViL— )
t l«———1RCD CWLR~
tRWL—
twes—]
_ V- <
W \
ViL-
l————toHR—
tps —»| —
Vin-
ViL—
Von - )
Q (DATA OUT) HIGH Z
VoL -
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MCM511002A

STATIC COLUMN MODE READ-WRITE CYCLE

E— tRP —
Vi — tRASC
__ Vi >
\ / \
vy -
5 ASR . B . ||| [ —
CAH —
- tRAH ‘.' ld-—‘RWl. —-—-‘P‘
Vig—
aooResses ROW COLUMN COLUMN
Vii— ADDRESS Y ADDRESS " ADDRESS
tSC—{  ju— |
«——1RAD —> tSRWC tcRP >
| 1LWAD ——
_ V- tCWD —
s /|
ViL— tRCS
&—TAWD —3>1 [e——1CWL —»l
- tRWD
lat—{twp <—tAwn—-|
_ Vm- —
L \ N
ViL—-
tps ‘
n——tﬁcn——bl toH
|
Vin—
VALID
D (DATA IN) . DATA
1CAC—ft—>] WOH b taa—»
b tan—> L—tAuH fow—s
tRAC e tyy————» 10FF——
Vo -
0 (DATA 0UT) . HIGH 2 @< VALID DATA VALID DATA X g g g
o to1z—m
V- STATIC COLUMN MODE READ/WRITE MIXED CYCLE
RAS
ViL-
t— tRCD —>]
tASR *—»‘-tﬁm
" > |=tRat
H-
ADDRESSES COLUMN COLUMN COLUMN
V- / ADDRESS ADDRESS L ADDRESS
nowj TAWR —————— - ts¢ - ﬁ-tcm-b
ADDRESS
- |etasc tcp
_ V- tcsc >
= N
ViL-
le——WCR —> — |<~-1Awn
Vin- twes — typ—>>]
" \ /
ViL—-
tps—3>] [ LWAD > |~ tDH-2
~> tDH j— -»1 tos
ViH-
D (DATA IN) VALID DATA VALID DATA
ViL-
]
|- DHR > tcAc—k——‘ L I‘—‘M—b
AR —1 tAGH > TWOH>{
VoH -
Q (DATA 0UT) HIGH Z % VALID DATA VALID DATA x
VoL -
tALW
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MCMb511002A

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

R -
|———— tpp——]
_ Vin-— 1RAS: >
RAS
ViL— ‘ ] .
tCRP ' ) > tRPC
Vin-
5" T
i -
— Iy tASR
) “ 1RAH
IH—
ROW
AO TO A8
Vi ADDRESS
L=
Von -
Q (DATA OUT) HIGH Z
VoL - o
CS BEFORE RAS REFRESH CYCLE
(W and A0 to A9 are Don’t Care)
- 1RC
Vin- b tRAS
S -_/L_ .
tRPC —
teSR >
tCPN —f > CHR
_ Vm-
cs . /-
ViL-
10FF
Vo — =
0 (DATA OUT) E HIGH 2

VoL~ — e e
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MCM511002A

HIDDEN REFRESH CYCLE (READ)

< tRC >l tRC >
| tRP Iﬂ‘ tRP-3
Vi — =y le————1RAS - tRAS
RAS /
ViL—
|«——1tRCD —>}t——tRSH ——=
[4—tCRP
- AR [&——1tCHR——»| |&————1CRP————— >

V- _.l
[ ]
Vi - —t l-—mau

—»|  [&-tASC

> |af-tASR 4 fe—tay
<!RAD-P}e tRAL————»»
ViH-
ADDRESSES ';g‘g COLUMN ADDRESS
ViL-

|tncs—>| |4i— — ]<—lnnu |

V- |e—tCAC —1
- tAA ——>
tRAC OFF—>  (&—

=|

VoH -
Q (DATA OUT) HIGH Z VALID DATA
VoL - .
0Lz~
HIDDEN REFRESH CYCLE (WRITE)
< tRC tRC
le—— tRAS——————» tRP—~ RP->
Yy ——f f—— thR—— - tRAS >
s N ' \
ViL-
—tCRP
he—1RCD —f 1RSH —» l«——{CHR ———>» I<———‘CRP-—>

-
5 /S e /

ADDRESSES

I twes —

w
ViL-
tns 4I toH

ViH-

D (DATA IN) ‘ VALID
Vi - DATA

le——toR———
VoH -
Q (DATA 0UT) HIGH Z

VoL -
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MCM511002A

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS le—tRP —>>]
V| — =y - tRSH
RAS
ViL-
1CSR: 1cPT tCRP >
Vi - [——tCHR ——| l——— 1§ ————»]
ViL—
WS |w— [ tAH
Vin-
COLUMN
tRAL
< [T E—
READ CYCLE —1CAC—» topp_h
Vou-— -
Q (DATA OUT) HIGH Z VALID DATA
VoL— - -
'ncs—lq—» tcLz tRRH
~ Vm- I‘_
" OOOXKKXXXXXXXXN
tASC l— l— tRCH
- 1
WRITE CYCLE . CAH
H—
ADDRESSES ><>< COLUMN
o ADDRESS Y
L
RWL
Vou -
0 (DATA OUT) HIGH Z
Yo - 1CwL
WS —f - WCH
ViH— twp
w
ViL-
tps —» [
le—tpH —>l
ViH—
ViL-
READ-WRITE CYCLE ‘Asc—<—-| 'cm—-id—b
Vin-
ViL—-
tA—» —»
[e— 1CAC—>
Vou -
0 (DATA 0UT) HIGH Z VALID DATA
Vpi —
o tRCS . 017 |je—tCWL m—wT'
AWD —
j— tCWD —>] -
Vin- < twp—>1
w
ViL-
10§
< DY
Vi
OO0 XX
o XXX I XX HXXKXKXAXHN y
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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 1M 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 mode, allows the user to column
access the 1024 bits within a selected row. (See STATIC COL-
UMN 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|y to the Vj_ level.
The CS clock must also make a transition from Vi to the Vj_
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 tRCD maximum condition is not
met, the access {tcAC) from the CS clock active transition
will determine read access time. The external CS signal is
ignored until an internal RAS signal is available. This gating
feature on the CS clock will allow the external CS signal to
become active as soon as the row address hold time (tRAH)
specification has been met and defines the 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 CS clock.

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

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

Data out is not latched and is valid as long as the TS 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 (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 CS 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 CS clock
edge. There are two important parameters with respect to the
write cycle: the column strobe to write lead time (tcyL) 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 Vji_ 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 tcwL and
tRWL must be satisfied before terminating this cycle. The
difference between an early write cycle and a late write cycle
is that in a late write cycle the write (W) clock can occur much
later in time with respect to the active transition of the CS
clock. This time could be as long as 10 microseconds —
[tRwL +tRp +2tT1.

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| 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 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 tcwp 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 (3
low, and selecting the column location determined by the 10-
bit column address field.

The static column cycle i is always initiated with a row address
being provided and latched by the RAS clock, followed by a
column address and TS clock, as in a normal read or write
cycle. Subsequent column addresses are accessed at a higher
speed (taAA, 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 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 refresh all the
bits (2048) associated with the pamcuIar row decoded.

RAS-OnIy Refresh

In this refresh method, the system must perform a RAS-
only cycle on 512 row addresses every 8 milliseconds. The
row addresses are latched in with the RAS clock, and the
associated internal row locations are refreshed. As the heading
implies, the CS clock is not required and must be inactive or
at a ViH level.

.CS Before RAS Refresh

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

MEMORY CYCLE

REFRESH CYCLE

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)i and taking RAS
high and after a specified precharge period (tRp), executing
aCsS bsforemmfmshcyde (See Figure 1.)

CS BEFORE RAS REFRESH COUNTER TEST

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

Theteaeanbeperfonnedonivaﬂerammlmumofaﬁ
before RAS initialization cvdes The test procedure is as
follows:

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

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

3. Read “1"s (normal read mode), which were written at
step 2.

4. Using the same column as in step 2, read ““1” out and
write “0” into the cell by performing CS before RAS
refresh counter test, read-write cycle. Repeat this
operation 512 times.

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

6. Repeat steps 1 to 5 using complement data.

TEST MODE

Internal organization of this device (256K x 4) allows it to be
tested as if it were a 256K x 1 DRAM. Only nine of the ten
addresses (A0-A8) are used in test mode; A9 is internally
disabled. A test mode write cycle writes data, D (data in), to
-a bit in each of the four 266K x 1 blocks (B0-B3), in parallel.
A test mode read cycle reads a bit in each of the four blocks.
If data is the same in all four bits, Q (data out) is the same as
the data in each bit. If data is not the same in all four bits, Q
is high Z. See truth table and block diagram.

Test mode can be used in any timing cycle, including page
mode cycles. The test mode function is enabled by holding

REFRESH CYCLE

Q — HIGH-Z —]

VALID DATA-QUT

N\ | |
e

f...
)_

Figure 1. Hidden Refresh Cycle -
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the “TF” pin on “super voltage’ for the specified period (tTES,

tTEHR. tTEHC; see TEST MODE CYCLE). Test Mode Truth Table

D BO B1 B2 B3 Q
“‘Super voltage” =Vcc+4.5 V 0 0 0 0 0 0
where 1 1 1 1 1 1
4.5 V<Vcc <5.5 V and maximum voltage=10.5 V. - Any Other High-Z
A9 is ignored in test mode. In normal operation, the “TF"
pin must either be connected to V), or left open.
TEST MODE CYCLE
ViH—
RAS
ViL— |- tTEHC
ViH—-
[ \
V-
f—tres ——f r——tTEHR —

Vi —
"X
V-

TEST FUNCTION BLOCK DIAGRAM

Ag Ay I
00\ NORMAL I
—0
A _—0
256K
A Ay T
— o oM mox |4 |
B0 A a
Ay Ay

i 256K
4»——Aﬂ BLOCK = Ay, Ay

. B1 B NORMAL
———0
—e ———————O
i 256K |.C ——0

Ao
+—o M ok t

B2

" m ; [

B3

ORDERING INFORMATION
(Order by Full Part Number)

MCM 510024 X XX

Motorola Memory Preﬁx__—j— —|_—— Speed (70=70 ns, 80=80 ns,

10=100 ns)

Part Number

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

Full Part Numbers—MCM511002AP70  MCM511002AJ70  MCM511002AZ70
MCM511002AP80  MCMS511002AJ80  MCM511002AZ80
MCMS511002AP10 MCMS511002AJ10  MCM511002AZ10
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MOTOROLA
m SEMICONDUCTOR —
TECHNICAL DATA

Advance Information MCM51L4256A
y - :
256K x4 CMOS Dynamic RAM
The MCMb514256A is a 1.2y CMOS high-speed, dynamic random access memory. It is ' ?:ﬁf:.ﬁg E
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- CASE 738A
nology. Advanced circuit design and fine line processing provide high performance, im-
proved reliability, and low cost.
The MCM514256A requires only nine address lines; row and column address inputs are
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a J PACKAGE
300-mil J-lead small outline package (SOJ), and a 100-mil zig-zag in-line package (ZIP). SMALL OUTLINE
® Three-State Data Output CASE 822
® Fast Page Mode Capability
® TTL-Compatible Inputs and Output
® RAS Only Refresh
® CAS Before RAS Refresh N Z PACKAGE
® Hidden Refresh TN pLasTic
® 512 Cycle, 8 ms Refresh ZIG-ZAG IN-LINE
® Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection CASE 836A
® Fast Access Time (tRAC):
MCM514256A-70 and MCM51L4256A-70=70 ns (Max)
MCM514256A-80 and MCM51L4256A-80 =80 ns (Max) PIN NAMES
MCM514256A-10 and MCM51L4256A-10 =100 ns (Max) AOAS Add ;
® Low Active Power Dissipation: omoda """" Dm n mu:z::
MCMB514256A-70 and MCM51L4256A-70 =440 mW (Max) T, Ourput Enable
MCM514256A-80 and MCM51L4256A-80 =385 mW (Max) W.......... .. Read/Write Input
MCM514256A-10 and MCM51L4256A-10=330 mW (Max) RAS ........ Row Address Strobe
® Low Standby Power Dissipation: CTAS ...... Column Address Strobe
11 mW (Max), TTL Levels VGC «vvvveieens Power (+5 V)
5.5 mW (Max), CMOS Levels VS « v v v ii i Ground
NC............. No Connection
ZIG-ZAG IN-LINE
|
I :':I 2
SMALL OUTLINE 3 ::: s
DUAL-IN-LINE el B P
oo Iiss W
oaofj1 @ 20 flvgs o1 ] 003 » 7:=3= D00
PIN a1] 2 19 {loa3 w 1002 - Da1|== o -
ASSIGNMENT w3 18 [lonz S 1CAs T EI
S 4 17 [15A8 NC i ":l'é Ne
ncl 5 1615 ho il
Aolls 15 148 a2l
114
ml7 1uia A0 188 15| M
n2fl 8 13146 a 1A7 Y01 ™%116) g
A3lls 1215 A2 A6 A5 y::w
veel] 10 11[1as A3 45 o T
Vee [1A4 }EE A8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM514256A* MCMb51L4256 A

BLOCK DIAGRAM
_ D00-DO3
w N\ DATAIN  [%17 >
BUFFER = -
NO. 2 CLOCK »{  DATA OUT
———— =
LA GENERATOR [ ] »|  BurR [ g
5| coumn — COLUMN
ADDRESS I
AQ — Y] BUFFERS (9) 3,  DECODER
Al ——
A2 ———>
REFRESH @l |  To3cs
A3 — BT ] CONTROLLER/ 5124
A4 —> COUNTER (9)
:-2 —> SENSE AMP
A — ROW ADDRESS . 0 GATING
Ag — A\l BUFFERS (9) 9 | A_____}
& 512x4
— v o
i 2g ! MEMORY
— a r—-
w— ':;2}4 Lﬂi‘:’&" - 1512 ARRAY
A 512x512x4
SUBSTRATE | —— yo
BIAS
GENERATOR - \Vsg
ABSOLUTE MAXIMUM RATINGS (See Note)
N This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage du':y to high static
Power Supply Voltage Vee —1to +7 v ges or electric fields; h , itis ad-
Voltage Relative to Vgg for Any Pin Except Vcc | Vin, Vout| —1to +7 \ m M.. nor_mapral "yi utlgns b’:g:::&;:
Data Out Current lout 50 mA maximum rated voltages to this high-imped-
Power Dissipation Pp 1 w ance circuit.
Operating Temperature Range TA 0to +70 °Cc
Storage Temperature Range Ts_tg —-65t0 +150 | °C

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

dad

should be restricted to RECOMMENDED OPER-
ATING CONDITIONS Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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MCM514256A* MCM51L4256A

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

RECOMMENDED OPERATING CONDITIONS

‘Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \ 1
. Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 - 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 -— 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current lcct mA 2
MCMB514256A-70 and MCM51L4256A-70, trc = 130 ns - 80
MCM514256A-80 and MCM51L.4256A-80, trc =150 ns - 70
MCM514256A-10 and MCM51L4266A-10, tgc =180 ns - 60
Vgc Power Supply Current (Standby) (RAS =CAS = V) Icc2 — 2.0 mA
Vcc Power Supply Current During RAS only Refresh Cycles (CAS =V|) Iccs mA 2
MCM514256A-70 and MCM51L4256A-70, trc = 130 ns - 80
MCM514256A-80 and MCM51L4256A-80, trc = 150 ns —_ 70
MCM514256A-10 and MCM51L4256A-10, trc = 180 ns - 60
Ve Power Supply Current During Fast Page Mode Cycle (RAS=Vji) Icca mA 2
MCMB514256A-70 and MCM51L4266A-70, tpc =40 ns -_ 60
MCM514256A-80 and MCM51L4256A-80, tpc =46 ns —_ 50
MCM514256A-10 and MCM51L4256A-10, tpc =55 ns — 40
V¢ Power Supply Current (Standby) (RAS=CAS =Vgc-0.2 V) MCMB514256A Iccs - 1.0 mA
' MCM51L4256A - 200 rA
Vcc Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM514256A-70 and MCM51L4256A-70, trc =130 ns - 80
MCM514256A-80 and MCM51L.4266A-80, trc =160 ns - 70
MCM514256A-10 and MCM51L4256A-10, trc = 180 ns — 60
Ve Power Supply Current, Battery Backup Mode—MCMB51L4256A only Icc? - 200 wA
%ac=125 s; tRAS =1 us min; CAS =CAS Before RAS Cycle or 0.2 V; A0-A8, G,
, DQ0-DA3=V(e—0.2V or 0.2 V)
Input Leakage Current (0 V<Vj,<6.5 V) likg(l -10 10 uA
Output Leakage Current (CAS=Vjy, 0 VsVoy<5.5 V) likg(0) -10 10 pA
Output High Voltage (IoH = —5 mA) VOH 24 — v
Output Low Voltage (lp =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 AO0-A8 Cin 5 pF 3
G, RAS, CAS, W ) 7 pF 3
Output Capacitance (CAS =V 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; i 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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MCM514256A*MCMb51L4256A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=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 MCMG614256A-70 | MCMG614256A-80 | MCMb514256A-10
Parameter MCMBE1L4266A-70 | MCME1L4266A-80 | MCMB1L4266A-10| Unit |Notes
Standard|Alternate] Min Max Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 130 = 150 - 180 — ns 5
Read-Modify-Write Cycle Time tRELREL | tRMW 185 — 205 - 245 — ns 5
Fast Page Mode Cycle Time tCELCEL | tPC 40 — 45 - 55 - ns

Fast Page Mode Read-Modify-Write Cycle | tcELCEL | tPRMW 95 - 100 - 115 - ns

Time

Access Time from RAS tRELQV | tRAC — 70 - 80 — 100 | ns |67
Access Time from CAS tceLav | tcAC — 20 — 20 — 25 (ns |68
Access Time from Column Address tAvav tAA — 35 = 40 ~ 50 ns | 6,9
Access Time from Precharge CAS tcEHav | tcPa — 35 — 40 — 50 ns | 6
TAS to Output in Low-Z tceLax | tcz 0 — 0 — 0 — ns | 6
Output Buffer and Turn-Off Delay tCEHQZ |~ tOFF 0 20 0 20 0 20 ns | 10
Transition Time (Rise and Fall) tT tT 3 50 3 50 3 50 ns

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

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

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

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

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

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

RAS to CAS Delay Time tRELCEL | tRCD 20 50 20 60 25 75 ns | 1
RAS to Column Address Delay Time tRELAV | tRAD 15 36 15 40 20 50 |ns| 12
TAS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 10 — ns

CAS Pracharge Time ' tCEHCEL | tCPN 10 — 10 — 15 — ns

CAS Precharge Time (Page Mode Cycle | tcgHCEL| tcp 10 — 10 - 10 - ns

Only)

Row Address Setup Time tAVREL | tASR 0 = 0 — 0 = ns

Row Address Hold Time tRELAX | tRAH 10 - 10 - 15 — ns
Column Address Setup Time tAVCEL tASC 0 - 0 - 0 - ns
Column Address Hold Time tCELAX | tCAH 15 - 15 — 20 — ns
Column Address Hold Time Referenced to | tRELAX tAR 55 - 60 - 75 - ns

RAS .

Column Address to RAS Lead Time tAVREH | tRAL 35 — 4 - 50 — ns

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

2. An initial pause of 200 us is required after pt p foll d by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V) (or between V|| and V) in a monotonic manner. )
. AC measurements tT=>5.0 ns.
. The specifications for tgc (min) and tgpmyy (min) are used only to indicate cycle time at which proper op: over the full
range (0°C <Tp <70°C) is assured.
. 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 StRcD (max).
Assumes that trcp =tRrcp (max).
Assumes that tRaop =tRAD (max).
. toFF (max) and/or tgz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.
11. Operation within the trcp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tRcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.
12. Operation within the trAp (max) limit ensures that traC (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 taA.

[
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MCM514256A*MCM51L4256A

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

Symbol MCMBE14256A-70 | MCM614256A-80 | MCMG514256A-10
Parameter MCMB51L4266A-70 | MCM51L4256A-80 | MCMG1L4266A-10| Unit | Notes
Standard | Al 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 C d Hold Time Ref dto | tREHWX| tRRH 0 - 0 - 0 — |ns| 13
RAS
Write C d Hold Time R dto | tcELWH | tWCH 15 - 15 - 20 - ns
TAS
Write C d Hold Time Ref dto | tRetwH | tWCR 55 - 60 - 7% - ns
RAS
Write Command Pulse Width TWLWH twp 15 — 15 - 20 - ns
Write Command to RAS Lead Time tWLREH | tRWL 20 - 20 - 25 — ns
Write Command to CAS Lead Time tWLCEH | tcwL 20 - 20 — 25 — ns
Data in Setup Time tDVCEL tps 0 - 0 — 0 — ns | 14
Data in Hold Time tCELDX tDH 15 — 15 — 20 — ns | 14
Data in Hold Time Referenced to RAS tRELDX | tDHR 55 — 60 - 75 - ns
Refresh Period MCM514256A| trvRv | tRFSH - 8 - 8 - 8 |ms
MCM51L4256A - 64 - 64 — 64

Write Command Setup Time tWLCEL | twecs 0 - 0 - 0 - ns | 15
CAS to Write Delay tCELWL | tcwD 50 = 50 — 60 . — ns | 15
RAS to Write Delay tRELWL | tRWD 100 — 110 — 135 — ns | 15
Column Address to Write Delay Time tavwL | tawp | 65 - 70 - 8 — |ns| 18
CAS Setup Time for CAS Before RAS tRELCEL | tcsR | 10 - 10 - 10 - |ns
Refresh
TAS Hold Time for CAS Before RAS tRELCEH | tCHR 30 - 30 - 30 - ns
Refresh
RAS Precharge to m Active Time tREHCEL | tRPC 0 - 0 — 0 — ns
CAS Precharge Time for CAS Before RAS | tceHCEL| tcPT 40 - 40 - 50 - ns
Counter Test
RAS Hold Time Referenced to G tGLREH | tROH 10 - 10 — 20 — ns
G Access Time tgLQV tGA — 20 = 20 — 25 | ns
G to Data Delay tGLHDX tGD 20 — 20 - 25 — ns
Output Buffer Turn-Off Delay Time from G| tgHQz tGz 0 20 0 20 0 25 |ns| 10
G Command Hold Time TWLGL tGH 20 - 20 - 25 - ns
NOTES:

13. EltheftRRHortRCHmustbesatlsﬂedfOfamadcyde . )

14. These p are to CAS k g edge in random write cycles and to W leading edge in delayed write or read-modify-write

les.
15. mccs, tRWD. tCWD. and tawp are not icti They are included in the data sheet as electrical characteristics

only; if tyycs=twcs (min), the cycle is an early wiite cyde 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-modify-write cycle and the
data out will contain data read from the selected cell. lfneatherofmmofoondmonshsaﬁsﬁed theoondnlonofthedmout(at
access time) is indeterminate.
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READ CYCLE
tRe >
< tRAS »| | tRp———
Yy [ R
RAS \ \
ViL-
- tCSH
tCRP > tRCD >l tRSH |——tcRP——]
_ Vm- < tCAS ———
TAS \ /
ViL- [—tRAD ]
- tRAL >
tASR —jt—p> tASC—  |—
tRAH -3 | tCAH-3~
Vl - T
ADDRESSES Row COLUMN
Yy - ADDRESS ADDRESS A
- [ tRCH
tRCS - tRRH
V-
[}
iL- ———— tROH————>]
< taa >
- V- [ tgA i
; XXXXXXX
ViL-
[ tCAC—> lq—»— toFF
———————tRAC g7 ——
VoH -
DQ0-DA3 HIGH Z m VALID DATA QUT
VoL~ le—tc1z
WRITE CYCLE (EARLY WRITE)
- QR[: -
1RAS > 1RP
ViH— AR —————>
RAS ) W
iL— i
tCSH >
CRP l«———1RCD —l- tRSH |<— 1CRP—
VM- - I —
Y '\ \ / /"
ViL— tRAH —{»>
tRAL >
tASR > ASCo | tCAH
Vin- oW COLUMN
ADDRESSES - ADDRESS ADDRESS A
* tRAD
- oL >
twes > - twWeH
_Vim- twp >
" LR
ViL-
< tWeR
tRWL >
VK-
4
ViL-
f«—— | tomm >
DS— | - tpH >
ViH-
D00-003 - VALD DATA N [} HIGH 2
ViL-
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WRITE CYCLE (G CONTROLLED WRITE)

< - Re - >
- RAS - > tRP ———]
_ Vm- < AR
FAS ; \
ViL—
< tCSH >
CRP l——tRCD tRSH > <—— {CRP —— >
_ Vm- < cAs
CAS \ : /
Vi - e—tRAD —> "
i AL >
tASR > tASC—>| |
tRAH tCAH
Vib -
ROW COLUMN
ADDRESSES ZZX
V- ADDRESS ADDRESS 4

e —

F————— Ry —— .
Vi — —— typ —>}

" OCORQOOCROON,
ViL-

<—>i—- tGH

V-
G NXXXXQOOKHKXXXXX
Vi - 16D
|
ps

[— tpH—>
Vin -
ViL= -

READ-MODIFY-WRITE CYCLE

RMW
o < tRAS: > RP—>1
V- — [——— tAR ————— ]

3
"

ViL-

ol tosH >
[&—RCD > RSH >

|<->— CRP a B tCRP -14——

o Wm- 1cas
CAS f /
Vi -
-t tASR ASC
tRAH v o 1CAH
oonesses Row COLUMN
V- ADDRESS ) ADDRESS
" e tawp > e towL—>]
lt—tRAD —> 1CWD
RWD - l———— tRWL———>]
V- [ tWp
w
iL— AR —— ¥

UA

_ VW-
y /
ViL—-

[<—t6D
|t— tcac —
tRAC DS
162 fe—tpH —=
v, -
. DATA OUT DATA IN
VitVoL — — - e DATA | v
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FAST PAGE MODE READ CYCLE

RASP > tRp
ViH— tAR————
(\
Vi - { y
tCAP tpC [t—— tRSH —
r<——1RcD tep 1CRP
Vin— [— tCAS —> la— tops— )—_. l— 10AS—>>]
ViL— - tpAp >
1CSH - 1AL ———|
(RAHT. CAH tCAH tCAH
v tASR <F —>| [e—qtasc tASC tase
ADDRESSES e RoW COLUMN COLUMN TOLUMN
Vi - ADD ADDRESS ADDRESS ADDRESS
[
l‘—tncs B l*—tncs = l‘—tncs tRCH —> [—
v . tRCH — ’4-- 'ﬂ re I<+ )
w'm_ KXKKKY‘ “Q;f ) ﬂQ//P
- tRRH
tAn I"_‘ thA L——- tAA
1GA [— tGA ( tga
ViH- :
G
- [\
u ' i 102 '
e {CAC > {CAC: l-tCAC
F———"1RAC > tOFF o e
e g7 —>
VoH -
000-003 VALID
VgL - DATA OUT >

FAST PAGE MODE WRITE CYCLE

i RASP RP
_ V- —— [ tpg ——
AAS \
$
tcRP - [ > ‘ tRSH
|<—— tRCD+—>> tcp - —tCRP
_ Vm- t— 1CAS —> e— tCAS s—-.\ a— tcAs —>]
s j X &
ViL— —b‘ 4 tASR
- 1CSH TRAL
TRAH <—»—1CAH tCAH tCAH
v —> [*Tlsc — tasc |4 —>! 1ASC [
ADDRESSES W= ROW COLUMN COLUMN COLUMN
Vi ADD ADDRESS _J ADDRESS ADDRESS
tRAD- tow —] tow—>| towL—] |
TRWL
tWeS - l— WCS—t [g— tWCS —>] |4—
Vi — typ —] - twp —»=] e twp —>]
w
- 1 1)) A
‘ > tWCH tWeH tWeH
ps — tDH ns tDH
Vig —
ooz VALID VALID VALID
Vi - DATA IN DATA IN DATA IN
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

_ Vm- tRASP
RAS Z
ViL-
|€—————t g ] Rt
ft———— termw le———— tRSH—————]
<—RCD—> . - tcp tcp tCRP—3]
V- I f—— teAg —— fe——teas —— i | ——toas — EEEE——
\ \ 7\
tRAL
CAH - tcaH - tCAH
>[4 tasC —>{ |4—tasc
ADDRESSES COLUMN COLUMN
DORESS, ADDRESS,
TRWD————{ [ fe—tcwn—»] tRwL—»|
—> towL [— tCwWD —>
[— tCwD —> —>{ |4—tcwL — fowL
_ Vm-
" \
ViL— AWD ——m tAWD —1 < tAWD —]
f— tAA Wp—p twp— H — twp
1GA E tGA g t6A
Vin - J
9 )
- t
—tcPA e tcPa
16D l<—!en . 16D
— 1CAC tCACle— [0 CAC| |
162 ttaA 16z,
———1RAC| l4—tps tgz. tAA tps
> ety DS I—DH
ViHVoH -
000-003 \ \ \
VitVoL —
oL 1017 - T towz Ytz
VALID VALID VALD  VALID VALID VALID
DATAQUT  DATAIN DATA OUT DATA IN DATAOUT  DATAIN
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RAS ONLY REFRESH CYCLE
(W and G are Don’t Care)

tRC
| tRp———
f«———————————— RS
—_—
. Vip— /
RAS
ViL—
tcnp-—‘ *L— tRpC —> |<-
= . N/
CAS
Vi -
RAH la—
tASR—» [
ViR— ROW
ADDRESSES — ADDRESS
AS BEFORE RAS REFRESH CYCLE
(W. G, and A0-A8 are Don’t Care)
R
t——— 1RP ————} tRAS |t—— tRP ————>>
Vin-
s /
ViL- _J
1]
re—RPC— \cs RPC -
CPN - tCHR > je—tCPN——— ]
ViH— Z
ViL-
— lt— tOFF
VoH - R
000003 | \ HIGH Z
oL-
MOTOROLA MEMORY DATA

2-93




MCM514256A* MCM51L4256A

HIDDEN REFRESH CYCLE (READ)
2 - 1Re e tRC

| RAS———— > «—RP—] |<—mP—>
Vjy — —y e R ———>] - TRAS >
s \_
ViL—
tCRP la——tRCD — tRSH— le———1CHR |&———tcRP——>
Vin- -
oS \
ViL- - tRAD > |
—tcAH
Vin—
ADDRESSES ADDRESS

-»l L-t.ics - |<— tRRH

" KRR T RXX00KX

- tAn —>]

_ V- - 16A

3 N A
ViL-

_Jd—t(:Ac-v —>| — toFF

Lz
. | —————1RAC | l— G2 —>
Von -
000-003 { VALID DATA OUT
VoL - - ~

HIDDEN REFRESH CYCLE (WRITE)

tRe < tRe >
[e——————RA§ > 1Rp—> o tRp —
V- [———MR——> - tRAS
- [——tReD——| [———tCHR—>} Cee
; > e e tRs— ' ' | fe——trp—"
-
/) \
ViL- &~ tRAD—>]
tasR [ — tASC
| fe—tRaH —1CAH
ADDRESSES Vin= ROW >®<L—mm—- ’v‘v‘v’V‘V‘V‘V‘V’V’V V‘V‘V‘V‘V‘V V‘V‘V V‘V‘V v‘v
V- ADD ADDRESS AAAAAAAAAAAAAAAAAAAAAA‘AA
Vin- e ~ — twCH—>
XN
iL l
ViH
Vi -

<-tns->| |<-——fDH—->
o moomw X XXXXXXXXXXXXXXHIXAKIXHXX

l‘—— DHR ———————
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

ft— tRP—3»{
_ Vi — RAS P
RAS / \
ViL—
tCSR > tcpT —] tRSH
Vi — | ——1CHR— l——————————1CAS -
— iH
tAs V y
-
- tRAL
tASC |e—tcAH—]
ViH— COLUMN
tAA RRH
tRCS Hre
READ CYCLE le—toac—> s tRCH
vy -
t l — tROH
i tGA
~ Vm-
; A
ViL—
|<->—'0FF
[e-tcLz Gz —
VoH -
D003 v HIGH Z VALID DATA OUT
oL—
- RWL
WRITE CYCLE tEWL >
twes:
V- [——— tWeH——
v QOOOOOOOKXN OO
iL- | T
5 Vih -
ViL-
tps: a3 =|| i‘_tm‘—’ ‘
Viy —
£Q0-003 vI: HIGH Z VALID DATA IN J
: e I { (V') PRN— iy PR T
RCS e €— tRyL—>]
READ-MODIFY-WRITE CYCLE ' e cwp > | e

- QORRCXXXKY \

L—'AA —
| et
& ViH— /
ViL- 6D
tcac — tS
52— j—
1cL2 . 4 tpH
ViHNoH - VALD N
D00-003 VoL - HIGH Z \ / DATAIN Y
_/
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 y to proper d 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 “tRrcp,’’ 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 Vi to the Vj_ level.
The CAS clock must also make a transition from V| to the
V)L level at the specified tRCD timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the tRCD _maximum specification
for an access (data valid) from the RAS clock edge to be
guaranteed (tRAC). If the tRCD ‘maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (tRAH)
specification has been met and defines the 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, thﬂ_r_nust stay active
for the minimum (tRAS) period for the RAS clock and the

minimum (tcAs) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgrp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle. _
Data out is not latched and is valid as long as the CAS 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 (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 CAS clock
goes active at a minimum twCs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data in are referenced to the active transition of the CAS clock
edge. There are two important parameters with respect to the
write cycle: the column strobe to write lead time (tcw() and
the row strobe to write lead time (trw(). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at 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 twcs 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 +2tTl.

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)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.

MOTOROLA MEMORY DATA
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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 (tcas), and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write cycle, the conditions nor-
mal to that mode of operation will apply in the page mode
also. In practice, any combination of read, write and read-
modify-write cycles can be performed to suit a particular
application.

REFRESH CYCLES

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

RAS-Only Refresh

In this refresh method, the system must perform a RAS-
only cycle on 512 row addresses every 8 milliseconds. The row
addresses are latched in with the RAS clock, and the asso-
ciated internal row locations are refreshed. As the heading
implies, the CAS clock is not required and must be inactive
or at a ViH level.

CAS Before RAS Refresh

CAS before RAS refreshing available on the MCM514256A
offers an alternate refresh method. If CAS is held on low for

MEMORY CYCLE

REFRESH CYCLE

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 autc ically i d in preparation for the
next CAS before RAS refresh operation.

Hidden Refresh

An optional feature of the MCM514256A is that a 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 (tRp), executing
a CAS before RAS refresh cycle. (see Figure 1 below)

CAS BEFORE RAS REFRESH COUNTER TEST

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

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

1. Write a “’0"'s into all memory cells (normal write mode).
Select a column address, read ‘0"’ out and write 1"’ into
the cell by performing CAS before RAS refresh counter
test, read-write cycle. Repeat this operation 512 times.

3. Read “1”s (normal read mode), which were written at
step 2.

4. Using the same column as in step 2, read “‘1” out and
write /0" into the cell by performing CAS before RAS
refresh counter test, read-write cycle. Repeat this
operation 512 times.

5. Read ““0”s (normal read mode), which were written at
step 4.

6. Repeat steps 1 to 5 using complement data.

REFRESH CYCLE

DQ0-DQ3 —— HIGH Z 4

e U e
T\ Ve
—C >-

VALID DATA OUT

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

MCM 514256A or 51L4266A X XX

Motorola Memory Prefix ———, ' _r——— Speed (70=70 ns, 80=80 ns,

10=100 ns)

Part Number

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

Full Part Numbers—MCM514256AP70  MCM514256AJ70 MCM514256AZ70
MCMb514256AP80  MCM514256AJ80 MCM514256AZ80
MCMb514256AP10  MCMS514256AJ10 MCM514256AZ10

MCM51L4256AP70 MCM51L4256AJ70 MCM51L4256AZ70
MCM51L4256AP80 MCM51L4256AJ80 MCM51L4256AZ80
MCMS51L4256AP10 MCM51L4256AJ10 MCM51L4256AZ10
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

Advance Information
-
256K x4 CMOS Dynamic RAM

The MCM514258A is a 1.0 CMOS high-speed, dynamic random access memory. It is P PACKAGE
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- PLASTIC
nology. Advanced circuit design and fine line processing provide high performance, im- CASE 738A
proved reliability, and low cost.

The MCMb514258A requires only nine address lines; row and column address inputs are J PACKAGE
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a SMALL OUTLINE
300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). CASE 82
® Three-State Data Output
@ Static Column Mode Capability
® TTL-Compatible Inputs and Output 2 PACKAGE
® RAS Only Refresh : PLASTIC
® CS Before RAS Refresh ZIG-ZAG IN-LINE
® Hidden Refresh CASE
® 512 Cycle, 8 ms Refresh
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
® Fast Access Time (tRAC): PIN NAMES

MCM514258A-70=70 ns (Max) AO-A8 . .......... Address Input
MCMB14258A-80 =80 ns (Max) DQo-DA3 . ... .. Data Input/Output
MCM514258A-10= 100 ns (Max) G..vviin Outpu.t Enable
® Low Active Power Dissipation: _W_s ........... Read/Write Input
MCMS514258A-70 =440 mW (Max) RAS Row Address Strobe
MCM514258A-80 =385 mW (Max) Voo L et (18 )
MCMS514258A-10 =330 mW (Max) Ves oo i1l Ground
® Low Standby Power Dissipation: NC......ooovvnn No Connection
11 mW (Max), TTL Levels
5.5 mW (Max), CMOS Levels
ZIG-ZAG IN-LINE
T
[ :1:1
SMALL OUTLINE ] ::: TS
DUAL-IN-LINE Da2|== ,
- Doofj 1 26 [IVss 5= Da3
PIN oot O e oo} 2 25 [10a3 B By PP
oarff2 10 floaz Wil 24 fIoa2 our | |
ASSIGNMENT wil s 18[00z _ '8 W
- RAS[ 4 23[It8 - T
sl 4 17[1T8 nell s 2[i§ 18y
Nl s 16[18 A0 ;L: N
aofl e 15 [1A8 . 13_:== Al
mi7 14147 nol]s 18 [18 15:1‘% 3
L 13 [1ne arf 10 1717 Vee =g,
A3l 12188 a2l 1 16 [1n6 |
vec [ 10 L 312 15 [1A5 19:42 A8
veell 13 14 [1as o “}gg A8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
W Dao-ba3
N\ - DATA'IN T >
- J . BUFFER T
] NO. 2 CLOCK > DATA OUT
—_—_— t— =
& GENERATOR [ BUFFER [
COLUMN
N aooeess - |  COLUMN
A0 —— —y 195]  DECoDER
Al BUFFERS (9) -
R—>» | e Lo___ 4
A3 —> cuﬁgguszm 5124
— \
M COUNTER (9
A5 — SENsE AP |
Ag —> 110 GATING
A} —— ROW ADDRESS
A8 ———>] 2] BUFFERS (9) : A
[
v & 512x4
’ § § MEMOR :
Q Y
s ———————— oo i512]  anaa
1 512x512x4
SUBSTRATE
-
BIAS Yec
GENERATOR | <e—— vgg
ABSOLUTE MAXIMUM RATINGS (See Note)
" This device contains circuitry to protect the
Rating Symbol Value Unit mputs agamst damage due to high static
Power Supply Voltage Vee —-1to +7 \J or ic fields; h , itis ad-
Vi Relative to Vas for Any Pin Except V. Vi, V, “1to +7 Vv vised that normal precautions be taken to
oltage Vo To s Tor Any 7 “xcept ee in- “out ad avoid application of any voltage higher than
Data Out Current lout 50 mA imum rated voltages to this high-imped-
Power Dissipation Pp 1 w ance circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -65t0 +150 [ °C
NOTE: Permanent devloe damage may occur if ABSOLUTE MAXIMUM RATINGS are
ded. Fi ion should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposuretohlgherthan.wu. ded vol for ded

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voitage Range) Vece 4.5 5.0 5.5 v 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 24 - 6.5 \Y 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current Icct mA 2
MCM514258A-70, trc =130 ns - 80
MCM514258A-80, trc =150 ns - 70
MCM514268A-10, tRc =180 ns - 60
Ve Power Supply Current (Standby) (RAS=CS=V|y) Icc2 — 2.0 mA
V¢ Power Supply Current During RAS only Refresh Cycles (?:'§=V|H) Icc3 mA 2
MCM514258A-70, trc =130 ns - 80
MCM514258A-80, trc = 150 ns — 70
MCM514258A-10, trc =180 ns — 60
Vcc Power Supply Current During Static Column Mode Cycle (RAS=V)) lcca mA 2
MCM514258A-70, tgc =40 ns - 60
MCMB514268A-80, tgc =45 ns - 50
MCM514258A-10, tgc =55 ns - 40
Vce Power Supply Current (Standby) (RAS=CS=Vcc—-0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CS Before RAS Refresh Cycle Icce mA 2
MCMB514258A-70, trc =130 ns - 80
MCMB514268A-80, trc =150 ns - 70
MCMB514258A-10, trc =180 ns - 60
Input Leakage Current (0 V=Vj,<6.5 V) likg(l) -10 10 KA
Output Leakage Current (CS=V|H, 0 V=Vgut=<5.5 V) likg(0) -10 10 A
Output High Voltage (IpH= —5 mA) VOH 24 - v
Output Low Voltage (Ig| =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, C5, W 7 PF 3
Output Capacitance (CS=V|} to Disable Output) DQO-DQ3 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.

MOTOROLA MEMORY DATA

2-101



MCM514258A

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

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

Symbol MCM514258A-70 | MCM514258A-80 | MCM514258A-10
Parameter - - Unit|Notes
. Standard|Alternate| Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 130 — 150 — 180 - ns 5
Read-Modify-Write Cycle Time | tRELREL | tRMW 185 — 205 — 245 — ns 5
Static Column Mode Cycle Time tavav | tsc 40 - 45 — 55 — | ns
" | Static Column Mode Read-Modify-Write Cycle| tavav | tspmMw | 100 - 110 - 135 - ns
Time .
Access Time from RAS tReLav | trRAC - 70 - 80 -~ 100 | ns | 6,7
Access Time from TS tCELQV | tCAC — 25 — 25 — 30 |ns |68
Access Time from Column Address tAvav tAA — 35 - 40 — 50 ns |'6,9
Access Time from Last Write twLav | talw - 65 = 75 = 95 ns | 6,10
* | CS to Output in Low-Z : teeLaX |tz 0 — 0 - 0 — |ns| 6
Output Buffer and Turn-Off Delay tCEHQZ | tOFF 0 20 0 20 0 30 ns | 11
Output Data Hold Time from Column Address | taxax tAOH 5 - 5 - 5 - ns
Output Data Enable Time from Write twHQv | tow - 20 - 20 = 30 ns
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL| tRP 50 — 60 - 70 — ns
RAS Pulse Width tRELREH| tRAS 70 10,000 80 10,000 100 10,000 | ns
RAS Pulse Width (Static Column Mode) tRELREH | tRASC 70 100,000 80 100,000 | 100 | 100,000 ns
CS to RAS Hold Time tCELREH| tRSH 25 — 25 — 30 — ns
RAS to CS Hold Time ] tRELCEH| tcSH | 70 — 80 | - 100 .- ns
CS Pulse Width tCELCEH| tcs 25 10,000 25 10,000 30 10,000 | ns
TS Pulse Width (Static Column Mode) tCELCEH | tcSC 25 100,000 25 100,000 | 30 100,000 | ns
RAS to CS Delay Time : tRELCEL| tRCD | 20 | 45 2 55 % 70 |ns| 12
RAS to Column Address Delay Time tRELAV | tRAD 15 35 15 40 20 50 ns | 13
CS to RAS Precharge Time tCEHREL| tCRP 5 — 5 — 5 - ns
CS Precharge Time tCEHCEL| tCPN 10 - 10 — 15 — ns
CS Precharge Time (Static Column Mode) tCEHCEL tCcp 10 - 10 - 10 - ns
Row Address Setup Time tAVREL |. tASR 0 - 0 - 0 - ns
Row Address Hold Time tRELAX | tRAH 10 — 10 — 15 — ns
Column Address Setup Time : tAVCEL | tASC 0 - 0 — 0 — ns
Column Address Hold Time tCELAX | tCAH 15 — 15 - 20 — ns
Write Address Hold Time Ref d to RAS | tReLAX | tAWR 55 — 60 — 75 — ns
Column Address Hold Time Referenced to RAS | tRgLAX tAR 85 - 95 -~ 115 - ns
Column Address to RAS Lead Time tAVREH | tRAL 35 - 40 — 50 — ns
. {continued)
NOTES:
1. Vi4 min and V| max are ref levels for ing timing of input signals. Transition times are measured between Vi and V| .
2. An initial pause of 200 gs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

3.

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

. AC measurements tT=>5.0 ns.
. The specifications for tgc (min) and tg\yy (min) are used only to indicate cycle time at which proper operation over the full temp

range (0°C =T <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 Vo_=0.8 V.

. Assumes that trcp Strcp (max).

Assumes that trcp =tRrcp (max).
Assumes that tRop =tRAD (max).

. Assumes that ty wWAD <tLWAD (max).
. toff (max) and/or tgz define the time at which the output achieves the open circuit condition and is not ref d to output voltag

levels.

. Operation within the tgcp (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 trcp (max) limit, then access time is controlled exclusively by tcac-

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

greater than the specified tRap (max), then access time is controlled exclusively by tAA.
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MCM514258A

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

Symbol MCM514258A-70 | MCM514258A-80 | MCM514258A-10
Parameter Unit|Notes
Standard| Al Min Max Min Max Min Max

Column Address Hold Time Referenced to tREHAX tAH 10 - 10 - 10 - ns | 14
RAS

Last Write to Column Address Delay Time tWLAV | tLWAD 20 30 20 35 25 45 ns [ 15
Last Write to Column Address Hold Time tWLAX | tAHLW 65 - 75 - 95 - ns

g%ad Command Setup Time Referenced to tWHCEL | tRCS 0 - 0 - 0 - ns

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

Wirite Command Hold Time (Output Data tCEHWH | tWCH 15 - 15 - 20 — ns | 17
Disable) .

Wirite Command Hold Time Referenced to tRELWH | tWCR 55 - 60 — 75 - ns

RAS

Wirite Command Pulse Width tWLWH twp 15 ~ 15 - 20 - ns

Wirite Inactive Time WHWL twi 10 — 10 — 10 — ns

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

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

Data in Setup Time tDVCEL DS 0 - 0 — 0 — ns | 18
Data in Hold Time tCELDX tDH 15 - 15 — 20 - ns [ 18
Data in Hold Time Referenced to RAS tRELDX | tDHR 55 —~ 60 — 75 — ns
Refresh Period " * ’ tRVRV | tRFSH - 8 - 8 — 8 ms
Write Command Setup Time (Output Data tWLCEL | twecs 0 ~ 0 - 0 - ns | 17
Disable)
’C=§ to Write Delay (RMW Cycle) tCELWL | tcwD 55 — 55 — 65 — ns | 17
RAS to Write Delay (RMW Cycle) tRELWL | tRWD 100 - 110 ~ 135 - ns | 17
Column Address to Write Delay Time tAVWL | tawD 65 - 70 — 85 — ns | 17 |
E Setup Time for CS Before RAS Refresh | tcELREL | tCSR 10 — 10 - 10 — ns

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

RAS Precharge to TS Active Time tREHCEL| tRPC 0 — 0 - 0 — ns

CS Precharge Time for CS Before RAS tCEHCEL| tCPT 40 ~ 40 - 50 - ns
Counter Test

RAS Hold Time Referenced to G tGLREH | tROH 10 — 10 - 20 — | ns

G Access Time tgLav | tGA — 25 — 25 — 30 | ns

G to Data Delay tGHDX tGD 20 ~ 20 — 25 - ns
Output Buffer Turn-Off Delay Time from G tGHQZ tGz 0 20 0 20 0 25 ns | 1
G Command Hold Time TWLGL tGH 20 — 20 — 25 — 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|\ap (max) limit ensures that tapyy (max) can be met. tywap (max) is specified as a reference point
only; if tyWAD is greater than the specified twap (max) limit, then access time is controlled exclusively by taa.

16. Either tRrH or tRCH mMust be satisfied for a read cycle. )

17. tWCH. tWCS. tRWD. tCWD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if twCcs=twcs (min) and tywcH=twcH (min), the cycle is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout the entire cycle; if tcwp =tcwp (min), tRwp 2tRwp (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. Thelse p are ref d 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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MCM514258A

READ CYCLE
- tRC
- RAS: > |a——- gp——>
Vi — =
RS N
ViL-
CSH
CRP 4 | tR (D~ —————IRSH l——teRP—{
- ViH- f—— (S f
Vil — et f— tRAD—D]
tRAL
IASC—>] |
e tAH —>|
Vig -
ADDRESSES COLUMN ADDRESS
ViL- 1 |
AR >
| |=tRCH
tRES tRRH
_ V-
w
V- jt————— tROH———>
- tAA >
_ Vi - [~ tgA —>]
: A
ViL-
[—— teAC—> I 10FF
- RAC h——— tG7——>|
Vou - )
D0-D03 HIGH Z - VALID DATA OUT >———
VoL- fe—tc1z
WRITE C_YCLE (EARLY WRITE)
(G is Don’t Care)
1RC
1RAS > RP———
ViH- - TAWR — <
RAS \
ViL-
tCSH >
CRP —ft— RCD - tRSH r—fcnP—b'
_ Vm- T\ < tcs ———
S/ 7
ViL- tRAH — P
tASR ‘Asc->| lt— tCAH
Vin- ROW COLUMN
ADDRESSES V- ADDRESS ADDRESS
tRAD s tweH —>
wes wp
VM-
w
ViL-
- WCR
DHR
05—~ |- 1pH->
Vin-
000003 VALID DATA IN HIGH Z
ViL-
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MCM514258A

WRITE CYCLE (G CONTROLLED WRITE)

tRe
- tRAS tRp ———
V- ——j
- \ N
ViL-
- tesH
1CRP — 'Reo - tASH |a— tcRP ——~
ViH— —\ e————— (S
0
V- - tRAD
tASR > tRAH r—tcAH—>
Vi - FROW ]
ADDRESSES ADDRESS COLUMN ADDRESS
ViL -
le—t —-‘
asc—»| | M -
V- le— typ—>
w
iL-

<—>l— tgH
_ ViH- -
‘* NAXXXIXKIXIXUXKIXKX
ViL- 6D

tns

l— tpH —4

ViH—
00003 D————m VALID DATA IN
Vi -

READ-MODIFY-WRITE CYCLE
TRMW

tRAS L tRP —1
Vi — =
- \ \

Vi - o
l&———— tpep RSH

tCRP tcm’j‘——
ViH— "ﬁr tcs
s "/ 7
ViL—-
tASR fRAL
‘ tRAH | tASC ]*H—tcm

Vi—
ViL—-

tAWD ‘G—tcm—ﬂ
l— tRAD —> ————— ey ———————————
fRWD ——— tmm.—ﬂ
Vin- W
" .
ViL—- ‘ - y
_ Vm-
[
iL- Te—toac —>] 16D e—tpy —]
I‘———lmc tos
16z -
VinVon —
VALID VALID
Dao-pa3 HIGH Z
ViNoL - . ﬁ‘ DATA OUT y DATA IN
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MCM514258A

STATIC COLUMN MODE READ CYCLE

- tRASC »| |—tRp
ViH—
s /
Vit
<> RAH . I et
jt——— tSC ——— > jet—— 1S{ —— > ¢——— tRAL———>]
COLUMN COLUMN COLUMN
ADDRESSES ADDRESS | ADDRESS ADDRESS
tASC ~F—tcm’—>|
tAR > - tp ™ — tRSH—
Vig—- -10SC — l—1CSC:
2 \ / |
iL- F~ tRRH
lmncs-» -RCS tRCH
_ Vm-
" O
Vi -
tROH—
ViH—
: . A
CWie-
->| tGA - |
tcAC [ tGz >
fe— 1A —>
tRAC > tcac L—»—tnrr
Vou— .
D00-D03 HIGH Z VALID DATA
VoL -
toLz—»
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) (A)
(G is Don‘t Care)
- tRASC tRP—
_ Vm-
RS \_
Coi- 3
—— tRAD —>>
tASR g~
<> RAH ->| [~ 1CAH | t——— tRAL —
Vig —
aovresses T ROW COLUMN COLUMN COLUMN
Vi ADDRESS ADDRESS ADDRESS ADDRESS
[e———twR .lrr tcp— | «— tRSH—>]
tRED——— , tosc teRp——
ViH-—
ViL- o
wo 1SC —.‘L‘-‘VI - tCWL
U e B | cS
tWes GF tw tRWL—>
Vin- - typ—>1 | wes
W . . /
iL— ! Y
< tDHR
1 e tpy
tps
Vi~
pa00a3 VALID VALID VALID
Vi - DATA DATA DATA
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MCMb514258A

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) (B)
(G is Don’t Care)

P>
Vi —
S H tRASC R
Vi -
tASR —={ - .
- RAH '<—>—tcm [ tRAL——>
Vin -
ROW COLUMN COLUMN COLUMN
ADDRESSES V- ADDRESS ADDRESS ADDRESS >®< ADDRESS
| ————tawn > klcm»——l
ASC— e > tASC tcp
|—— tRAD —>1 o 1eSC tcse RSH
_ Vm-
[
ViL- ’
e theD > —»I 1sc O
tASC | tRwL—>
Wes—»] et twi twi
Vin -
w \ - 'WPAf\ [etWCH
ViL-
|¢———1pHR > WeS —{ le—
- tpH tDH
nS—» e —»{ latps
VinVon —
000-0Q3 W VALID DATA VALID DATA ) VALID DATA X><><><>O<><><
VitVoL - -

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

- tRASC — tRp—]
V-
RAS \
v

ADDRESSES COLUMN COLUMN
ADDRESS ADDRESS
- tasc tCAH-> |-— | ———————— tRAL——————— >

l€—tRAD tSRMW > ‘CRP—"—>-

- Vi -t WAD - RWL >
5 j
ViL—
[<—1RCD 'cwu—ﬂ r———tAWp ——— l
tAWD ———>] twp le— tCWL
_ Vm- )
w \ \ f
ViL-
- RwD m—tsu—hb'

o XXXX Lo~
‘GA-PI - 4‘_.l' AW —1> _A<—>|-tsu

tcﬁ- —> |e-152 TAA-D] 167
TAR -tps  le—tow
RAC [!DH-»1 r— tGA
ViHVoH —
ViVoL - ¢ DATA IN ~ DATA IN
tCLZ—m] VALID ™ VALID
DATA OUT DATA OUT
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

VIH- ——-\\ /_
ViL—-
[<—tRCD—>] tcp
Viy— ——tCSC
ViL- [~ tRAD —1
] | ————— i WAD—————>
SR |-t —»] tt-tASC
tRAH || [ teAH-»
V- L -
ROW COLUMN COLUMN COLUMN
ADDRESSES
V- ADDRESS ADDRESS ADDRESS @( ADDRESS @
[ tAWR > e tAWD—> tCAH
> [t twes
_ Vm- [ WP =
W \
ViL- T
|——1weR > >—1CAC —> AR
tALW 16D >
_ V- —»>1—1GA
" A
ViL—
l——1DHR > > Id— oLz DS e
‘ DS > [em—1tpH A fetagH ——l t6z L]
Vi -
ou000s IHVOH VALID VALID VALID SQXT
ViVoL - DATA IN DATA OUT DATA IN VA
]
———— WRITE i READ EAD—3>}—— WRITE —— |
VALID
DATA OUT
RAS ONLY REFRESH CYCLE
(W and G are Don’t Care)
tRC >
|———tgp ————
Vin- 1RAS >
RAS -
ViL-
tCRP tRPC
_ Vm-
w7
Vi —
t —»| le—tagR
“ - tRAH
-
ROW
ADDRESSES y ADDRESSES
-
CS BEFORE RAS REFRESH CYCLE
(W, G, and A0 to A8 are Don’t Care)
- RC
«—— tRp———
. ViH— ) - tRAS
RAS
ViL—-
tRPC
tCSR -
v CPN le—— teHR ——>
H— .
/
ViL-
tOFF
VoH - —
DQ0-D03 HIGH Z
VoL— —JK
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HIDDEN REFRESH CYCLE (READ)

tRC

f—— ‘RAS———W‘

|t— tRp—>>

Re
tRp

tRAS

la——1R

RAS

ADDRESSES

*—*—‘CHRW‘—‘CRF——’

-tq—» cﬂ— tRSH—
< tRAD >
L

n
tasc | taH
TRAL————>>
COLUMN
ADDRESS

l‘—tl!cs ol ‘4- RAH

QUUAXXXXXXXXX)

QOXXXX)

1A
Vi - t6A
[ tROH—>
ViL -
_’lq_tCAC-D —D‘ jt— toFF
toLz
y l«—————tRAC t6z
oH -
D00-D03 HIGH Z VALID DATA 0UT
VoL -
HIDDEN REFRESH CYCLE (WRITE)
RC 1RC -
[ ————————RAS§ ————— ] |<—tnp—> tpp —
V- tAWR ———>] [. - TRAS ———— \
RAS
ViL— i
&—— 1RCD —>| J———tCHR——
. > [toee [ tRSH—— f——tcRpP—
W=
5ot /
L=
tASR ASC
—tCAH
- COLOM \VAVAVAVAVAVAVAVaVaVAVAVAVAVAVAVAVAVAVAV,Y.
ADDRESSES Wy - ADDRESS 1@ ’A‘A‘A‘A‘A‘A‘A‘A‘A’A XIXOXOXXXXX XXX
[ | tWeH——————>]
TRWL ——>

D00-003
ViL-

*tns-bl |<—tnu—>

VALID DATA IN

|"— {DHR
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MCMb514258A

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

B tRAS |— tRp—|
__ Vin- -—\
ViL- \
- tRSH >
tgSR ld- tCPT—>] <1 tCRP——|
ViH= =\ ht—— 1GHR —— tcs
& ViL—- [
tASC . 1 Al [
READ CYCLE < RAL -
Vit = COLUMN
' RS [ tRRH
el
# - QOOOOOKXKY
V- |e———thon >
j— g,
< tAA > 4—{ RCH
_ Vg GA
§ ViL-
|<—|-*orr—>
- tCLZ '?z-——>
Vou —
oao0a3 O HIGH Z VALID DATA OUT
VoL -
t > t
WRITE CYCLE ASC e {CAH
Vin- COLUMN
Wes e |t ——————> I
= DOOOTOOXN "
ViL- | |
ViH-
g V: -
tnsaq-—-»' je——tDH—
Vig —
Q0003 v'" HIGH Z VALID DATA IN
-
READ-MODIFY-WRITE CYCLE tASC > CAH-> -
L AV V’V‘V v‘v v‘v V‘V’v’v COLUMN ' m
ADDRESSES . _ ‘A‘A XXXXXXXXX X) DRSS :
<—>|—'ncs wp -
W ViH—
YiL- l«——— towp > h
- WD —————»{ fe—sl-towt
tGA — RWL—
Vin—
ViL-
L_-tﬂn L
tCAC
VinVoH —
paoog3 O HIGH Z
ViLtNoL - i {
0Lz —
o DATA QUT
‘MOTOROLA MEMORY DATA
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DEVICE INITIALIZATION

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

ADDRESSING THE RAM

The 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 low)
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 a_c_!gressing
the RAM, the refresh modes (RAS only refresh; CS 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 begms with the row addresses valid
and the RAS clock transitioning from VIH to the V| level.
The TS clock must also make a transition from VjH to the Vy_
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 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 (tRAS) period for the RAS clock and the
minimum (tcs) period for the CS clock. The RAS clock must
stay inactive for the minimum (trp) time. The former is for
the completion of the cycle in progress, and the latter is for
the device internal circuitry to be precharged for the next active
cycle.

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

WRITE CYCLE

A wrrite 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 tywcs 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\yL) and
the row strobe to write lead time (tgyyL). 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).

Itis also possible to perform a late write cycle. For this cycie
the write clock is activated after the CS goes low which is
beyond tycs 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 V|H level until the read
data occurs at the device access time (tRAC). At this time the
write (W) clock is asserted. The data in is setup and held with
respect to the active edge of the write clock. The cycle de-
scribed assumes a zero modify time between read and write.
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MCM514258A

STATIC COLUMN MODE CYCLES

Output buffers are always on when the device is in the static
column mode and TS clock is not cycled, resulting in fewer
ients and simpler operation. The static column mode al-
lows faster access (taA) to any of the 512 column addresses
on a given row, typically at half the standard (traC) rate for
randomly performed operations. Static column mode opera-
tion consists. of changing column addresses while holding the
RAS and CS clocks active. A new column location can be
accessed with each static column cycle (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 (tpa), 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
implies, the CS clock is not required and must be inactive or
at a V|H level.

MEMORY CYCLE

CS Before RAS Refresh

CS before RAS refreshing available on the MCM514258A
offers an alternate refresh method. If CS 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 CS before RAS refresh operation.

Hidden Refresh.

An optional feature of the MCM514258A 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 TS at Vj_ 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 counter of this device can be tested
with a CS before RAS refresh counter test. This refresh
counter test is performed with a read-write operation. During
this test, the internal refresh counter generates the row ad-
dress, while the external address input supplies the column
address. The entire array is refreshed after 512 test cyc‘ves,_a;s
indicated by the check data written in each row. See CS
before RAS refresh counter test cycle timing diagram.

The test can be performed only after a minimum of 8 CS
before RAS initialization cycles. The test procedure is as
follows.

1.  Write a “0”'s into all memory cells (normal write mode).
Select a column address, read “0” out and write 1" into
‘the cell by perfomnng CS before RAS refresh counter

" test, read-write cycle. Repeat this operation 512 times.

3. Read “1”s (normal read mode), which were wntten at
step 2.

4. Using the same column as in step 2, read “1” out and
write “0” into the cell by performing CS before RAS
refresh counter test, read-write cycle. Repeat this
operation 512 times.

5. Read “0"s (normal read mode), which were written at
step 4. '

6. Repeat steps 1 to 5 using complement data.

REFRESH CYCLE REFRESH CYCLE

DQ0-D03 = HIGH Z

S U e WiVan
M\ 1
— b

VALID DATA OUT

Figure 1. Hidden Refresh Cycle
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MCM514258A

Motorola Memory Prefix

Part Number

ORDERING INFORMATION

(Order by Full Part Number)

MCM 51426884 X XX

Full Part Numbers—MCM514258AP70
MCM514258AP80
MCMb514258AP10

—I———-Speed (70=70 ns, 80=80 ns,

10=100 ns)

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

MCMb514258AJ70  MCM514258AZ70
MCMb514258AJ80 MCM514258AZ80
MCMb514258AJ10  MCM514258AZ10
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MOTOROLA
TECHNICAL DATA

Product Preview
1M x 8 Bit Dynamic Random
Access Memory Module

The MCM81000L and MCM81000S are 8M, dynamic random access memory
(DRAM) modules organized as 1,048,576 x 8 bits. The modules are 30-lead single-
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist-
ing of eight MCM511000 DRAMSs housed in a 20/26 J-lead small outline pack-
age (SOJ) and mounted on a substrate along with a 0.22 uF decoupling
capacitor mounted under each DRAM. The MCM511000 is a 1.0x CMOS high
speed, dynamic random access memory organized as 1,048,576 one-bit words
and fabricated with CMOS silicon-gate process technology.

Three-State Data Output
Early-Write Common 1/0 Capability
Fast Page Mode Capability
TTL-Compatible Inputs and Outputs
RAS Only Refresh
CAS Before RAS Refresh
Hidden Refresh
512 Cycle, 8 ms Refresh
Consists of Eight 1M DRAMSs and Eight 0.22 uF Decoupling Capacitors
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
Fast Access Time (tRaC):

MCMB81000-80 =80 ns (Max)

MCMB81000-10 =100 ns (Max)
Low Active Power Dissipation:

MCM81000-80=3.0 W (Max)

MCM81000-10=2.6 W (Max)
® Low Standby Power Dissipation:

TTL Levels =88 mW (Max)
___CMOS Levels=44 mW (Max)

® CAS Control for Eight Common 1/0 Lines
® Available in Edge Connector (MCM81000S) or Pin Connector (MCM81000L)

MCM81000S (SIMM)

1 1 1 1 1 1 1

O O
L L JL _JL ] [
iginiainininininininininini )| aimisininl ) | lim'a &l
1 30

This document contains information on a product under

R SEMICONDUCT O R /5

MCM81000

S SUFFIX
SIMM MODULE
CASE 839

30-PIN
SINGLE IN-LINE PACKAGE
(TOP VIEW, MCM81000S)

— ]
@)
Voo mp
B BB
% 0
Al (s;:l I
0ol BB
A2 1B
A3 81D
100
M (118
A5 (12)D
we ol |
A7 (153
po4 (160
A8 (17D
A9 (18)5
NC (19)(3
20) 5
W zn;l |
Vss (22)3
6 (23)
ol o) [ l
NC (26)D
Hs e
NC (zsf:' l
Ve (301
O
PIN NAMES
AO-A9 .............. Address Inputs
DQO-DQ7 . .......... Data Input/Output
CAS ........... Column Address Strobe
RAS .. iiiiiinnnn Row Address Strobe
W Read/Write Input
VEC + v voveeeien et Power (+5 V)
VES « v ittt Ground
NC.......iiiin No Connection

the right to change or discontinue this product without notice.
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MCM81000

FUNCTIONAL BLOCK DIAGRAM

o

DﬂD—L————D a —L——n OJ
—;>A0-A9 _:ym-m
—{ RAS — s

oa1 1 D a —-l Da5 f

AD-A9
RAS
tAs
W

)
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)
[TRST
i

Da2 1 D a —I Das J D Q -J

1
[TR/]
1
[TRS]

S

T
T
1

D03 1 D u—l no7 [ D u_j

T
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MOTOROLA
B SEMICONDU CT O /R /5
TECHNICAL DATA

MCM91000
Product Preview
- -
1M x 9 Bit Dynamic Random
Access Memory Module
The MCM91000L and MCM91000S are 9M, dynamic random access memory
(DRAM) modules organized as 1,048,576 x 9 bits. The modules are 30-lead single-
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist- S SUFFIX
ing of nine MCM511000 DRAMSs housed in a 20/26 J-lead small outline package SIMM MODULE
(SOJ) and mounted on a substrate along with a 0.22 uF decoupling capacitor CASE 839
mounted under each DRAM. The MCM511000 is a 1.0 CMOS high speed,
dynamic random access memory organized as 1,048,576 one-bit words and fab-
ricated with CMOS silicon-gate process technology. 30-PIN
1
. Lo e Data Ot ot SINGLE IN-LINE PACKAGE
y-Write Common 1/0 Capability (TOP VIEW, MCM81000S)
@ Fast Page Mode Capability ’
® TTL-Compatible Inputs and Outputs
® RAS Only Refresh O
@ CAS Before RAS Refresh v 1
® Hidden Refresh gg'% A |:,
® 512 Cycle, 8 ms Refresh AQ (4)
® Consists of Nine 1M DRAMs and Nine 0.22 uF Decoupling Capacitors m‘ﬂ (gg l:l
® Unlatched Data Out at Cycle End Allows Two Di ional Chip Selection A2
® Fast Access Time (tRAC): v;g {g; [:I
MCM91000-80 =80 ns (Max) iz (108
MCM81000-10= 100 ns (Max) [ I::j
® Low Active Power Dissipation: DQ3 3
MCM81000-80=3.5 W (Max) [
MCM91000-10=3.0 W (Max) bo4 [ D
® Low Standby Power Dissipation: :g g; ]
TTL Levels=99 mW (Max) D'dg ;g’ I:’
___CMOS Levels =50 mW (Max) ['] 1
® CAS Control for Eight Common 1/0 Lines Vss 2 [:
® CAS Control for Separate 1/0 Pair olg
® Available in Edge Connector (MCM91000S) or Pin Connector (MCM31000L) wr o E:‘
MCMS1000S (SIMM) ?gfg (§o£ I:I
— — = cc
O (@]
| 7 [ | L ~ PIN NAMES
l1lllll A S 1 IRINImI- LM URM inmiminl Illa)l A0-A9 ............... Addresslnputs
DQO-DQ7 . .......... Data Input/Qutput
D8 ....... ... ..., Data Input
MCM31000L {SIP) Q8 .o Data Output
CAS ........... Column Address Strobe
RAS ............. Row Address Strobe
o o W Read/Write Input
CASB........... Column Address Strobe
VEC + v v v veviiiie e Power (+5 V)
VES « v vt Ground
NC....... ... ... ... No Connection
1 30
This document contains information on a product under di the right to change or discontinue this product without notice.
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MCM91000

FUNCTIONAL BLOCK DIAGRAM

.

Dao ——1— D a —L—— D 1} \J
A0-A9 AC-A8
W ’_4 w
HH - H
Da1 l —D 1] d Das 1 D Q J
:> A0-A9 AC-A9
+— |—ms - Fms
—1CAS —{CAS
—w W

Da2 f )] (] —J Das .f —JD (] L—]
5 AO-AS :> A0-A9
— }—RAS | RS
—CAS —{CAS
—W —W

= Hi-
ba3 1 D a :l baz

¢

_-— ]
:> AD-A9 :> A0-A9
— Pl o~ Fms
—{TAS — TS
—1W — W
t+H | |+
AO-A9
l 08 1o o}—os
RAS * AC-A9
TAs RAS
TASE CAS
WRITE W
Vee "_' l_‘L
Vss
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General MOS Static RAMs H

MCM2018A 2Kx8,35/45ns, NMOS ......iiiiiiiiiiiiniercnnneennnns 33
MCM6064, 8K x8,100/120 ns, CMOS ... ...ciiiiiiiiiiiiiiieiiiiiennn 3-8
MCM60L64 8K x 8, 100/120 ns, CMOS, Lower Power ..........ccccvvunnn 3-8
MCM60256, 32K x8, 85/100/120 ns, CMOS ...ttt iiiiineennnn 3-14
MCM60L256 32K x 8, 85/100/120 ns, CMOS, Lower Power ................ 3-14
MCMB60256APC 32K x 8, 100 ns, CMOS, Industrial Temperature Range ......... 3-22
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MOS Static RAMs

(+5V, 0 to 70°C)
Organization Part Number Access Time Pins
(ns max)
2K x8 MCM2018AN35 35 24
MCM2018AN45 45 24
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
MCM60L64P10 100 28
MCM60L64P12 120 28
32K x8 MCM60256A P85 85 28
MCM60256AP10 100 28
MCM60256AP12 120 28
MCM60L256AP85 85 28
MCM60L256AP10 100 28
MCM60L256AP12 120 28
MCM60256APC10 (2) 100 24

(2) Industrial temperature range, —40 to 85°C
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MOTOROLA
mm SEMICONDUCTOR
TECHNICAL DATA

- -
Fast 16K Bit Static RAM
The MCM2018A is a 16,384 bit static random access memory organized as 2048
words by 8 bits, fabricated using Motorola’s high-performance silicon-gate MOS
(HMOS) technology. It uses an innovative design approach which combines the N PACKAGE
ease-of-use features of fully static operation (no external clocks or timing strobes PLASTIC
required) with the reduced standby power dissipation associated with clocked CASE 724
memories. To the user this means low standby power dissipation without the need
for address setup and hold times, nor reduced data rates due to cycle times that
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys-
tems, this high speed static RAM is intended for applications that demand superior PIN ASSIGNMENT
performance ang reliability.
Chip enable (E) controls the power-down feature. It is not a clock but rather a A7lj1 @ 24 flvge
chip control that affects power consumption. In less than a cycle time after E goes a6l 2 23 [1a8
high, the part automatically reduces its power requirements and remains in this sl 3 22 a9
low-power standby mode as long as E remains high. This feature provides signifi- =
cant system-level power savings. aalls 21 [Iw
The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the indus- A3lls 20 [I6
try standard JEDEC approved pinout. a2lls 19 [1a10
® Single +5 V Operation, +10% a7 18 0E
@ Fully Static: No Clock or Timing Strobe Required B
® Fast Access Time: MCM2018A-35=35 ns (Maximum) Aolfs 17 floor
MCM2018A-45 =45 ns (Maximum) paof s 16 [1oas
® Power Supply Current: 1356 mA Maximum (Active) pa1 [l 10 15 [100s
20 mA Maximum (Standby)
® Three-State Output oaz{f 11 14 floos
BLOCK DIAGRAM vssff 12 13 fIoas
A4 4 NS
A5 3 N _—— — PIN 24=Vgg
Lo—7M -
"o 2 ~ . PIN 12=Vgg PIN NAMES
1 N Lo— AO-A10. ... ............ Address Input
a1 L3————— ions | ® | MEORY waTRX DQO-DQ7 .. .. ....... Data Input/Output
A8 23 S 128x128 W Write Enable
A9 22 ~_“o—] o G Output Enable
19 ~ E .. Chip Enable
A10 VCC - v vv et +5 V Power Supply
¢ ] l VS t v it i Ground
9 I
Dao » B3 °
b COLUMN /0
po1 —12 T > s e ®
g1 I~ COLUMN DECODER
131N b2 INPUT
D03 8 7 6 5
w L — DATA
Da4 > CONTROL
s8I ! A0 A1 A2 A3
[ Ve < §
pog—1& ! > '
o7 17 N L<—e ° ' :
| P2 — ¥ o
D
i 18 1
s 20 CONTROL
W 21 LOGIC
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MCM2018A

MODE SELECTION

This device contains circuitry to protect the

Mode E G | W | VccCurrent | DO inputs against damage due to high static
Standb H X X 1 High Z voltages or electric fields; however, it is ad-
il - SB 9 vised that normal precautions be taken to
Read L L H \lec Q avoid application of any voltage higher than
3 maximum rated voltages to this high-
Write Cycle Lixjt lcc b impedance circuit.
ABSOLUTE MAXIMUM RATINGS (See Note)
: Rating Symbol Value Unit
Power Supply Voltage Vee -05to +7.0 \Y
Voltage on Any Pin With Respect to Vg Vin. Vout | —0.5t0 +7.0 \
DC Output Current lout +20. mA
Power Dissipation Pp 11 Watt
Temperature Under Bias Tbias —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
(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) Vce 4.5 5.0 5.5 \
1 vss 0 0 0 v
Input Voltage ViH 2.0 3.0 6.0 \
viL | -08%| o | o8 v
*The device will withstand undershoots to the —2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than
100% tested.
DC CHARACTERISTICS
Parameter Symbol Min Max Unit
Input Leakage Current (Vcc=5.5V, Vj,=GND to Vcc) lka(l) -1.0 1.0 rA
Output Leakage Current (E= V) or G=V|y, V};0=GND to Vcg) 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|H) Isg - 20 mA
Output Low Voltage (IgL = 8.0 mA) VoL - 0.4 \Z
Output High Voltage (o= —4.0 mA) VOoH 24 - \Z

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 Dg Cin 3 5 pF
E ' 5 7
1/0 Capacitance pa | Cyo 5 7 pF
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MCM2018A

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

InputPulseLlevels . ... .................. 0and 3.0V Input and Output Timing Measurement Reference Levels. . . 1.5V
InputRiseand Fall Times . . .. .................. 5ns Outputload. . . ..................... See Figure 1

READ CYCLE (See Note 1)

Symbol MCM2018A-35 | MCM2018A-45
Parameter Units | Notes
Standard | Alternate | Min | Max | Min | Max
Address Valid to Address Valid (Read Cycle Time) tAVAV tRC 35 - 45 - ns
Address Valid to Output Valid (Address Access Time) tavav tAC - 35 - 45 ns
Chip Enable Low to Chip Enable High (Read Cycle Time) tELEH tRC 35 - 45 - ns
Chip Enable Low to Output Valid (Chip Enable Access Time) tELQv tACS - 35 - 45 ns
Output Enable Low to Output Valid (Output Enable Access Time) tGLQVv toE - 20 - 20 ns
Chip Enable Low to Output Invalid (Chip Enable to Output Active) tELQX tcLz 5 - 5 - ns
Chip Enable High to Output High Z (Chip Disable to Output tEHQZ tCHZ 0 20 0 20 ns
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 tpu 0 - 0 - ns
Chip Enable High to Power Down tEHICCL tpD - 20 - 20 ns
NOTES:

1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition
between V) and V|H (or between Vjy4 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))

S tavav »!
A (ADDRESS) %

tavgy ——— >
e— tGLQV —> > L4174

G (OUTPUT ENABLE) N /

{GLOX —f—> tAxax

Q (DATA OUT) OUTPUT DATA VALID Xm——

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

- tELEN
 (CHIP ENABLE) 5‘( )f
«—— trLqy
tELOX —f— (—}—tenz
Q (DATA 0UT) QUTPUT DATA VALID /\
|€— teHiCCL
Veg SUPPLY
CURRENT
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MCM2018A

WRITE CYCLE (See Notes 1 and 2)

Parameter Symbol MCM2018A-35 | MCM2018A-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 - 0 | - ns

Address Valid to Chip Enable Low (Address Setup to Chip Enable) | taveL tas 0 - 0 - ns

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

Address Valid to Write High tAVWH taw 30 - 40 - ns 3
Write Low to Write High (Write Pulse Width) tWLWH twp 30 - 35 - ns

Write High to Address Don'’t Care (Address Hold After End of Write) | twHAX tWR 0 - 0 - ns 4
Write High to Output Don’t Care (Output Active After End of Write) | twHax | twLz 0 - 0 - ns 5
Write Low to Output High Z (Write Enable to Output Disable) twLaz 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 3,6
Output Enable High to Output High Z tGHOZ tOHZ 0 20 0 20 ns
NOTES: _

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

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

state.
. 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 nsmg edge of the signal that terminates the write.
tWHAX is measured from the earlier of, chip enable (E) or write enable (W) going hngh 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

.U‘:‘“

WRITE CYCLE 1 (W Controlled)

d tAvAV >
A (ADDRESS) X ){
|— tELWH > : TWHAX
| N\ ’/ // / ////
E (CHIP ENABLE
(P BUABLE) \ :\Ii 7 /
tavwL — > - WLWH >
@ 4
W (WRITE ENABLE) %&\ \\ Y
- tAVWH
G (OUTPUT ENABLE) /f : f f f :-/ \ E E 2\
> twiaz
—— toHoz —> i < WHoX ——>
XOOXXXXXXX
0 (DATA 0UT)
tDYWH ——— tWHDX
D (DATA IN) DATA IN VALID

MOTOROLA MEMORY DATA

3-6



MCM2018A

WRITE CYCLE 2 (E Controlled)

A (ADDRESS) )(

E (CHIP ENABLE) )

W (WRITE ENABLE) \\\\\

G (OUTPUT ENABLE) /

- tavAY »]
tAVEL >l tELWH > > tWHAX
R 7
e —1 ]
< tAVWH >
- twiaz
16HQZ —
HIGH IMPEDANCE N\ HIGH IMPEDANCE
Q (DATA OUT) )
toVWH ———>] tWHDX
DATA IN VALID

D (DATA IN)

Motorola Memory Prefix

5V
480

30 pF
255 (INCLUDING
SCOPE AND JIG)

Figure 1. Output Load

ORDERING INFORMATION
(Order by Full Part Number)

MCM 2018A X XX

—I_—-Speed (35=35 ns, 45=45 ns)

Part Number

Package (N =300-mil Plastic)

Full Part Numbers—MCM2018AN35
MCM2018AN45
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MOTOROLA
TECHNICAL DATA

Advance Information

8K x 8 Bit CMOS Static Random
Access Memory

The MCM6064 is a 65,536 bit low-power static random access memory organized as

8192 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design elimi-
nates the need for external clocks or timing strobes, while CMOS circuitry reduces power

consumption and provides greater reliability. The maximum operating current is 5 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 uA, with a
maximum of 100 xA. For MCM60L64 typical standby current is 1 gA. 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 Flexlblllty 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)

BLOCK DIAGRAM

LSB ...AS > I— -
I 3
A7 3 < Vee
a2 ROW MEMORY ARRAY | <€—— vgg
L8 siecr S (256 ROWS
A8 L3 |peconer 256 COLUMNS)
A9 3
AN 3
MSB....A10 3 -
T
D00 —— INPUT |—
£ (] oara SENSE AMP | f
[ SR
0a7 ?— CONTROL COLUMN SELECT]
DE
3]
£2 - LSB AD A1 A2 A3 A4 MSB
w A
5 il |

m SEMICONDUCTOR —

MCM6064
MCM60L64

P PACKAGE
PLASTIC
1 CASE 710

il

PIN ASSIGNMENT

Nc[1 e 28 [Ivge

a12[] 2 27 [IW

A7l 3 26 [1E2

asll4 25 [1A8

a5l 5 24 [1A9

Asll 6 23 [1a11

A3fl 7 2218

‘a2ll s 21 {1a10

afls 20 [IET

aof] 10 19 [1oa7

poof] 11 18 [Inas

o1 ] 12 17 [1oas

pa2[] 13 16 {1004

vssl 14 15 fIno3

PIN NAMES

AO-A12. . ... Address
W............ Write Enable
51, E2........... Chip Enable
G ........... Output Enable
DQoO-DQ7. . . .. Data Input/Output
veg--ee e e +5 V Power Supply
Veg. v v i 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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MCM6064 MCM60L64

TRUTH TABLE

— = — 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 IsB High Z voltages or electric fields; however, it is ad-

" vised that normal precautions be taken to

X L X X Not Selected lsB 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 v
Voltage to Any Pin with Respect to Vgg Vin Vout | —0.5to Vg +05| V
Power Dissipation (Tp =25°C) Pp 1.0 w
Temperature Under Bias Thias -10to +85 °C
Operating Temperature TA 0to +70 °C
Storage Temperature Tstg —55to +150 °Cc

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

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

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 v
Input High Volitage VIH 2.2 - Vec+0.3 \
Input Low Voltage viL -0.3% - 0.8 \

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

DC CHARACTERISTICS

Parameter Symbol Min Typ Max Unit
Input Leakage Current (All Inputs, Vi, =0 to Vcc) likg(l) - <0.01 +1.0 A
Output Leakage Current (E1=Vjy, E2=V), or G=V|Y, Vout=0 to Vcc) '!59!0) — <0.01 +1.0 pA
DC Supply Current (E1=V);, E2=V|y, Vin=V|y or VL) Icc — - 10 mA
AC Supply Current (ET=Vji, E2=V|y, Vin=V|H or V|L, lout=0) ) Icca mA
MCMB6064-10: tayay =100 ns - - 45
MCM6064-12: tayay = 120 ns — — 40
Standby Current (ET=V or E2=Vj; ) IsB1 - — 3.0 mA
Standby Current (E1=Vgc—0.2 or E2<0.2V)  MCM6064 IsB2 - 3 100 A
MCM60L64 — 1 30
Output Low Voltage (Ig=4.0 mA) VoL — — 0.4 \
Output High Voltage (I = — 1.0 mA) VoH 24 — — Vv
CAPACITANCE (Periodically Sampled Rather Than 100% Tésted)
Characteristic Symbol Min Max Unit
Input Capacitance (Vin=0V) All Inputs Except DQ Cin — 6 pF
1/0 Capacitance (V|;0=0 V) DQ Ci/0 - 8 pF

MOTOROLA MEMORY DATA

39



MCM6064° MCM60L64

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
InputRise/Fall Time . . ... ...........c.0uuun.. 5ns Cutputload. . . ... ................... See Figure 1
Input Timing Measurement Reference Levels. . . .. ... .. 1.5V

READ CYCLE (See Note 1)

MCM6064-10 MCM6064-12
Parameter Symbol | (b | MCMGOL6A10 | MCMBOLS412 | ynit | Notes
Min Max Min Max
Read Cycle Time tAVAV tRC 100 — 120 — ns —
Address Access Time taAvQv tAA - 100 - 120 ns -
ET Access Time tE1LQV tACT — 100 — 120 ns —
E2 Access Time tE2HQV tAC2 — 100 — 120 ns —
G Access Time tGLQV tOE — 50 — 60 ns —
Output Hold from Address Change tAXQX tOH 20 — 20 — ns -
Chip Enable to Output Low-Z tE1LQX, tE2HQX tcLz 10 — 10 — ns 2,3
Output Enable to Output Low-Z tGLQX toLz 5 — 5 — ns 2,3
Chip Enable to Output High-Z tE1HQZ, tE2L0Z tCHZ 0 35 0 40 ns 2,3
Output Enable to Output High-Z tGHQZ . tOHZ 0 35 0 40 ns 2,3

NOTES:
1. W is high at all times for read cycles.
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the
previous steady state voltage.

3. These p are p Iy pled and not 100% tested.
[ tavav |
| I
A (ADDRESS) X X
i |
|- tavav | bee—taxax >
T 1
£, E2 (CHIP ENABLE) X | X !
' f T +
1) 1)
| o Ezunv——j F=— tea1q; —>!
T )
§ (OUTPUT ENABLE) : sk | ]|{ |
| | |
| e toly ——— j—toHaz —»
] | | | R
0 (DATA 0UT) HGHZ + } { DATA VALID HER
|
| fe t6Lax —»|
e IOy
tE2HOX
50V
Ry =930
TEST POINT
N914B
100 pF* 24k igriand

*Includes jig capacitance. = =

Figure 1. AC Test Load

MOTOROLA MEMORY DATA
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MCM6064° MCM60L64

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

MCM6064-10 MCM6064-12
Parameter Symbol - A'tL ~ |_MCM60L64-10 MCM60L64-12 | ynit | Notes
i Min Max Min Max
Write Cycle Time TAVAV twe 100 — 120 — ns —
Address Setup Time tAVWL tAS 0 = 0 - ns -
Address Valid to End of Write tAVWH tAW 80 — 85 — ns —
Write Pulse Width TWLWH WP 60 — 70 — ns 2
Data Valid to End of Write tDVWH tDW 40 — 50 — ns —
Data Hold Time tWHDX tDH 0 — 0 — ns 3
Write Low to Output in High-Z twLQZ tWHZ 0 35 0 40 ns 4,5
Write High to Output Low-Z tWHQX twLz 5 — 5 — ns 4,5
Write Recovery Time tWHAX tWR 0 — 0 - ns -
NOTES: o _
1. ll 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. fW 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. These parameters are periodically sampled and not 100% tested.

r tavav —:
A (ADDRESS) X X
| |
'fﬁ > e—F— tnax
_ |
3] (cmnmam\; Sl; ; ; \ | /
i |
} t
sucmvemsm/f fl-/_ f f/ [ \ 5 } 5 5\
|
} e WLWH >|
T | ]
W (WRITE ENABLE) ; \ /l[
I
le— tayw, —>| e tovwH —>|<->l— WHDX
’ | —
D (DATA IN) DATA VALID : W
|
twiaz —e—n| > tWHOX

HIGH-Z | HIGH-Z |
Q (DATA OUT)

MOTOROLA MEMORY DATA

3-11




MCM6064 MCM60L64

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

MCM6064-10 MCM6064-12
Parameter Symbol Symbol | MCMEOLS410_ | MCMBOL&-12 | unit | Notes
Min Max Min Max
Write Cycle Time tAVAV twe 100 — 120 — ns . —
Address Setup Time tAVE1IL. tAVE2H tAS 0 - 0 — ns 2
Address Valid to End of Write ) tAVETH. tAVE2L tAW 80 - 85 - ns: 2
Chip Enable to End of Write tE1LETH. tE2HE2L tcW 80 — 85 — ns | 23
Data Valid to End of Write tDVE1H. tDVE2L tpw 40 — 50 - ns 2
Data Hold Time tETHDX. tE2LDX tDH 0 — 0 — ns - 2,4
Write Recovery Time tETHAX, tE2LAX tWR 0 — 0 — ns | 2,5
NOTES: ‘ L i _
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. ET and E2 timings are identical when E2 signals are inverted.

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

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

tAvav

Y

TAVETH tAVE2L

ET (CHIP ENABLE)

X

7

E2 (CHIP ENABLE)

—7’/__‘\'\“"‘

|
|
TAVEIL >l tEILETH > | ¢ > |__1£1mtx
[
tAVE2H tE2HE2L H tE2LAX

DL 1]
|

l|<_ tnvztu_>'<.>|,_ ETHDX

tDve2L 210X

e
|

A (ADDRESS) X
|
L
|
|
|
1
I
|
|
|
I
i

HIGH-
Q (DATA OUT) G2

MOTOROLA MEMORY DATA
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MCM6064° MCM60L64

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

Parameter Symbol Min Typ Max Unit
Vc for Data Retention (ET=Vcc—0.2 V or E2<0.2 V) VDR 2.0 — 5.5 \
Data Retention Current (E1=Vgc—0.2 or E2<0.2 V) IcCbR rA
MCM6064: Vec=3.0V - - 50
Vec=55V - - 100
MCM60L64: Vcc=3.0V - - 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 —————%=

45V 45V
vee ‘ Vpr=20V ]

l=&— tCDR —

— Z \ El=vpg-02V

E2 CONTROL ms 08V E2<02V

ORDERING INFORMATION
(Order by Full Part Number)

MCM 6064 o

Motorola Memory Prefix

60L64 X XX

—r———Speed (10=100 ns, 12=120 ns)

Part Number
(With L=Low Power Version)

Full Part Numbers —MCM6064P10 MCM60L64P10
MCM6064P12 MCM®60L64P12

Package (P = Plastic)

MOTOROLA M

3-
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MOTOROLA
EE SEMICONDUCT O R 5500
TECHNICAL DATA

Advance Information MCMG60L256A
- -
32K x 8 Bit CMOS Static Random
Access Memory
The MCMB60256A is a 262,144 bit low-power static random access memory organized as
32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design P PACKAGE
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces PLASTIC
power consumption and provides greater reliability. The operating current is 5 mA/MHz CASE 710
(typ) and the minimum cycle time is 85 ns.
Chip enable (E) controls the power-down feature. It is not a clock but rather a chip
control that affects power consumption. When E is a logic high, the part is placed in low
power standby mode. The maximum standby current for MCM60L256A is 2 pA
(TA=25°C). Chip enable also controls the data retention mode. Another control \ F PACKAGE
feature, output enable (G) allows access to the memory contents as fast as 45 ns g s0G
(MCM60256A-85). Thus the MCM60256A is suitable for use in various microprocessor CASE 751H
application systems where high speed, low power, and battery backup are required.
The MCM60256A is offered in a 600 mil, 28 pin plastic dual-in-line package as well as
the 330 mil, 28 pin plastic small outline gullwing package.
® Single 5V Supply, +10% PIN ASSIGNMENT
® 32K x 8 Organization
® Fully Static — No Clock or Timing Strobes Necessary AMafj1 e 28 [Ivee
® Low Power Dissipation—27.56 mW/MHz (Typical Active) a2l 2 270w
® Output Enable and Chip Enable Inputs for More System Design Flexibility and Low a7l 3 26 a1
Power Standby Mode
® Battery Backup Capability (MCMBOL256A) g 25 flag
® Data Retention Supply Voltage=2.0 V to 5.5 V A5 s 24 [1A9
©® All Inputs and Outputs Are TTL Compatible asfls 23 111
® Three State Outputs sl 7 218
® Fast Access Times: MCM60256A-85 and MCM60L256A-85 =85 ns (Max)
MCMB60256A-10 and MCM60L256A-10= 100 ns (Max) A2l 8 21 110
MCM60256A-12 and MCM60L256A-12 = 120 ns (Max) Alflo 20 [
aof 10 19 [1oa7
MSB A5 ——{ﬁ BLOCK DIAGRAM paof] 11 18 [1oas
" — 3 putf 12 17 [100s
M —]3 y o2} 13 16 [I00s
R— | ~—Vgc
A12 ) MEMORY ARRAY | vssl 14 15 {loa3
At ——F 1 ROW | | (512 ROWS AND 58
A13 —{ 5——|DECODER] | | 512 COLUMNS)
A —L 3 ] PIN NAMES
n —{ 3
AO-A14............ Address
tss At —3 _ W.o.oooooo Write Enable
Dao ——T'-—_{ >—-1 INPUT H E ....... PR Chip Enable
o| pama L COLUMN 1/0 : [, Output Enable
a7 2 contRoL DQO-DQ7. . . . . Data Input/Output
COLUMN DECODER vVeg- e e e +5 V Power Supply
VES. v v i i Ground