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IMPORTANT NOTICE

Texas Instruments (T1) reserves the rightto make changes to or to discontinue any
semiconductor product or service identified in this publication without notice. Tl
advises its customers to obtain the latest version of the relevant information to
verify, before placing orders, that the information being relied upon is current.

T1 warrants performance of its semiconductor products to current specifications
in accordance with Tl's standard warranty. Testing and other quality control
techniques are utilized to the extent Tl deems necessary to support this warranty.
Unless mandated by government requirements, specific testing of all parameters
of each device is not necessarily performed.

Tl assumes no liability for T| applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that license, either express orimplied, is granted
under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

Texas Instruments products are not intended for use in life- -support appliances,
devices, or systems. Use of a Tl product in such apphcatnons without the written
consent of the appropriate T! officer is prohibited.

Copyright © 1991, Texas Instruments Incorporated









INTRODUCTION

The 1991 MOS Memory Data Book from Texas Instruments includes complete detailed
specifications on the expanding MOS Memory product line including Dynamic Random-Access
Memories (DRAMSs), Single-In-Line Package DRAM Memory Modules (SIPs), Erasable
Programmable Read-Only Memories (EPROMSs), One-Time Programmable Read-Only
Memories (OTP PROMSs), Electrically Erasable Programmable Read-Only Memories (Flash
EEPROMSs), and Application Specific Memories (ASMs). Also included are military specifications
for DRAMs, EPROMSs, and ASMs, as well as specifications for the Datapath VLSI Memory
Management products.

The data book is divided into 14 chapters. Below you will find a brief description of each chapter.

Chapter 1. General Information — Includes an alphanumeric index for quickly finding device
numbers, a part number guide with ordering information, and an IC Line-up chart for a quick
overview,

Chapter 2. Selection Guide — An easy-to-use reference guide that includes specific device
information. Page numbers are also shown for easy access to the detailed specifications.

Chapter 3. Alternate Source Directory — Lists alternate vendor part numbering examples in
addition to alternate sources for Tl devices (based on published data).

Chapter 4. Glossary/Timing Conventions/Data Sheet Structure — Defines terms and standards
used throughout the data book.

Chapters 5 - 10. Product specifications for over 100 devices can be found in these sections.
Chapter 11. Logic Symbols — Includes an explanation and examples of the IEEE standard.

Chapter 12. Quality and Reliability — Details selected processes and the philosophies of Texas
Instruments that are used to ensure high quality standards.

Chapter 13. Electrostatic Discharge Guidelines — Because all MOS Memory devices are ESD-
sensitive, handling guidelines are included.

Chapter 14. Mechanical Data — Detailed package drawings and specifications are shown in this
section.

Additional and/or updated information on these products is available from:

Texas Instruments
Customer Response Center
P.O. Box 809066

Dallas, Texas 75380-9066
1-800-232-3200

For ordering information or further assistance please contact your nearest Texas Instruments
Sales Office or Distributor as listed in the back of this book.
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General Information

DRAM/VRAM/FMEM Ordering Information

Factory orders for 1 Meg DRAMs, VRAMs, and FMEMs described in this book should include an eight-part type
number as explained in the following example:

T™MS 4 4 o] 256 -10 DJ -
1. Prefix: |
T™S Commerical MOS
SMJ Military MOS
2. Product Family:
4 ) DRAM/VRAM/FMEM
3. Word Width:
1 x 1
Blank x 1 (256K and 1 Meg x 1 DRAM only)
Blank x 4 (1 Meg FMEM only)
4 x4
8 x 8
4. Technology:
Blank NMOS
C CMOS
5. Density:
121 1 Meg VRAM ('48C121) 260 1 Meg Parity DRAM ('44C260)
128 1 Meg DRAM ('48C128) 1024 1 Meg DRAM ('4C1024)
138 1 Meg DRAM ('48C138) 1025 1 Meg DRAM ('4C1025)
250 © 1 Meg VRAM ('44C250) 1027 1 Meg DRAM ('4C1027)
251 1 Meg VRAM ('44C251) 1050 1 Meg FMEM ('4C1050)
251A 1 Meg VRAM ('44C251A) 1060 1 Meg FMEM ('4C1060)
256 1 Meg DRAM ('44C256) 1070 1 Meg FMEM ('4C1070)
6. Speed Designator: -
DRAMs/VRAMs FMEMs
-60 60ns -30 25ns
-70 70ns -40 30 ns
-80 80ns : -60 50 ns
-10 100ns
-12  120ns
-15 150ns
-20  200ns
7. Package:
Commercial (Plastic) Military (Ceramic)
DJ Small-Outline J-Lead (SOJ) FQ Small-Outline Leadless Chip Carrier (SOLCC)
DN Thin Small-Outline J-Lead (ThinSOJ) Fv Leadless Chip Carrier (CLCC)
DZ  Small-Outline J-Lead (SOJ) HJ - Small-Outline J-Lead (SOJ)
SD  Zig-Zag In-Line (ZIP) -HK Flatpack
N Dual-In-Line (DIP) JD Dual-In-Line (D!P)
8. Temperature Range:
Commerical Mititary
L 0°Cto 70°C M -55°Cto 125°C

Blank 0°Cto 70°C

j
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General Information

DRAM Ordering Information

Factory orders for the 4 Meg and 16 Meg DRAMs described in this book should include an eight-part type number

as explained in the following example:

1. Prefix:

™S 4 4 1
|

™S Commerical MOS
SMJ Military MOS

2. Product Family:

4 DRAM
3. Density:

4 4 Meg

16 16 Meg
4. Word Width:

1 x1

4 x4

5. Mode of Operation:

00

00 Enhanced Page Mode
01 Nibble Mode
10 Write-Per-Bit Operation

-80 DM -

60 Parity
6. Speed Designator:
-60 60ns
-70 70ns
-80 80ns
-10 100ns
-12  120ns
-15  150ns
7. Package:

Commercial (Plastic)

DJ Small-Outline J-Lead (SOJ) HM
DM  Small-Outline J-Lead (SOJ) HJ

DN Thin Small-Outline J-Lead

DZ  Small-Outline J-Lead (SOJ) JD

SD  Zig-Zag In-Line (ZIP)

Military (Ceramic)

(ThinSOJ) HR Flatpack

Side-Brazed Dual-In-Line

Small-Outline Leadless Chip Carrier (SOLCC)
Small-Outline J-Lead (SOJ)

8. Temperature Range:
Commercial
Blank 0°Cto 70°C

Military
M -55°Cto 125°C

INSTRUMENTS
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General Information

Standard DRAM Module Ordering Information

Factory orders for the standard DRAM Modules described in this book should include a seven-part type number as
explained in the following example:

™ 024 E AD 9 -10 -

1. Prefix: ]
™ Commerical Tl MOS Module
2. Memory Device:
024 1 Meg DRAM, Enhanced Page Mode
4100 4 Meg DRAM, Enhanced Page Mode
3. Pinout Configuration:
E
G
4. Board Dimensions:
AD
BD
5. Word Width Output:
8 x 8
9 x 9
6. Speed Designator:
-6 60 ns
-70 70ns
-80 80ns
-10  100ns
7. Temperature Range:

Blank 0°Cto 70°C
L 0°C to 70°C (1 Meg only)

j
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General Information

Differentiated DRAM Module Ordering Information

Factory orders for the mixed DRAM Modules described in this book should include an eight-part type number as
explained in the following example:

™ 256 K BK 36 A -10 -

1. Prefix: | '

™ Commerical Tt MOS Module
2. Density:

256 256K

512 512K

124 1 Meg
3. Pinout Configuration:

B K

[} L

E M

G
4. Board Dimensions:

U

AD

BK
5. Word Width Output:

8 x 8

9 x 9

32 x 32

36 x 36
6. Devices Used:

Blank 8 - '44C256s ('256BBK32)
Blank 16 - '44C256s ('512CBK32)
Blank 8 - '44400s ('124BBK32)

A 2-'44C256s ('124GUBA)

A 8 - '44400s + 4 - '4C1024s ('124MBK36A)

B 2-'44400s + 1 - '4C1024 ((124EADSB)

B 8-'44C256s + 1 - '44C260 ('256KBK36B)

B 16 - '44C256s + 2 - '44C260s ('512LBK36B)

B 8 - 44400s + 1 - '44460 ('124MBK36B)

(o} 2-'44C256s + 1 - '4C1024 ('256GU9C)

C 2-'44400s + 1 - '44100 ('124EAD9C)

C 8 - '44C256s + 2 - '44C260s ('256KBK36C)

o] 16 - '44C256s + 4 - '44C260s ('512LBK36C)
7. Speed Designator:

-6 60 ns - 60 60 ns

-7 70ns -70 70 ns

-8 80ns -80 80 ns

-100 100ns -10 100 ns

8. Temperature Range:
Blank 0°C to 70°C

j
Texas &3
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General Information

EPROM/OTP PROM/Flash EEPROM Ordering Information

Factory orders for EPROMs, OTPs, and Flash EEPROMs described in this book should include a nine-part type
number as explained in the following example:

T™MS , 27 P C 512 -10 FM L 4
1. Prefix: |
T™MS Commerical MOS
SMJ Military MOS
2. Product Family:
27 EPROM/OTP
29 Flash EEPROM
87 Latched EPROM
3. Erasability:
P Non-erasable
Blank Erasable
4. Technology:
o] CMOS
F CMOS Flash EEPROM
5. Density:
816 16K 512 512K
128 128K 010A 1 Meg
256 256K 210A 1 Meg
257 256K 020 2 Meg
258 256K 040 4 Meg
259 256K 240 4 Meg
510 512K
6. Speed Designator:
80ns -8,-80 170 ns -1,-17,-170
100 ns -10,-100 200 ns -2,-20,-200
120 ns -12,-120 250 ns Blank, - 20, - 200
150 ns -1,-15,- 150 300 ns - 30, - 300
7. Package:
OTPs (Plastic) EPROMs (Ceramic) Flash EEPROMs
N  Dual-In-Line (DIP) J Dual-In-Line (DIP) J Ceramic Dual-In-Line (DIP)
FM  Chip Carrier N Plastic Dual-In-Line (DIP)
FM  Plastic Chip Carrier
8. Temperature Range:
Commerical Military
L 0°C to 70°C M -55°C to 125°C
E -40°C to 85°C
Q -40°C10'125°C
9. 168 Hour Burn-in Option:
Commerical Military
4 168 Hour Burn-in Blank 5004 Processing

Blank No Burn-in

EXAS '&5’
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General Information

MOS Memory IC Line-up

— DRAMs — CMOS T 1024K 1024K x 1 = TMS4C1024 —TMS4C1025 — TMS4C1027
256K x 4 TMS44C250 —TMS44C251 — TMSS44C256 —TMS44C260
_I: (VRAM) (VRAM) (Parity)
TMS4C1050= TMS4C1060 — TMS4C1070t
' (Frame) (Frame) (Frame)
128K x 8 —— TMS48C1211-TMS48C128t— TMS48C138t1
(VRAM)
- 4096K 4096K x 1 —— TMS44100 — TMS44101
1024K x 4 —— TMS44400 — TMS44410 — TMS44460t
~16 385K 16 385K x 1 —— TMS4161001
1024K x 4 — TMS4164001
L - DRAM —— CMOS - 256K-T- 256K x9 — TMS256GUSC
Modules ~ 256K x 32 — TM256BBK32
L 256K x 36 — TM256KBK36B ————— TM256KBK36C
- 512K T 512K x 32 —— TM512BBK32
512K x 36 — TM512LBK36B ———eeee—— TM512LBK36C
—~1024K =~ 1024K x 8 —— TMO024GAD8-TM124GUS8A
- 1024K x 9 — TMO24EAD9 -~ TM124EADIB-~TM124EADIC
. 1024K x 32 — TM124CBK32
L 1024K x 36 — TM124MBK36A —— TM124MBK36B

-4096K —[ 4096K x 8 — TM4100GBD8
4096K x 9 ~— TM4100EBD9

|— EPROMs — CMOS—~ 128K —— 16K x 8 — TMS27C128
|~ 256K == 32K x 8 — TMS27C256 —~ TMS87C257
(Latched)
- 512K —— 64K x 8 — TMS27C510t~TMS27C512
-1024K 128K x 8 — TMS27C010A
L 84Kx 16 — TMS27C210A
|-2048K —— 256K x 8 —— TMS27C020%
-4096K 512K x 8 — TMS27C040t

|: 256K x 16 — TMS27C2401

L oTP CMOS—T— 128K — 16K x 8 = TMS27PC128
PROMSs | 256K —— 32K x 8 — TMS27PC256
— 512K —— 64K x 8 — TMS27PC510t ———— TMS27PC512
—1024K _E 128K x 8 — TMS27PC010A
64K x 16 — TMS27PC210A
L 4096K —E 512K x 8 — TMS27PC040t
256K x 16 — TMS27PC2401
L_ Flash — cMOs 16K ——— 2K x 8 — TMS20F816
EEPROM JTAG)
256K ——— 32K x 8 — TMS29F256 — TMS29F258 — TMS29F259
512K e 64K x 8 . TMS29F512¢t
- 1024K —— 128K x 8 — TMS20F010t

1 Product under development by fl
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General Information

MOS Memory Military IC Line-up

DRAMs — CMOS - 1024K —E 1024K x 1 — SMJ4C1024
256K x 1 SMJ44C256— SMJ44C250T —sMU44C251At— SMmJyaac2s1t
(VRAM) (VRAM) (VRAM)
4096K -[ 4006K x 1 —— SMJ44100T
1024K x 4 SMJ4a4400t
EPROMs — CMOS — 128K —— 16K x 8 SMJ27C128
256K —— 32K x 8 SMJ27C256
512K — 64K x 8 SMJ27C512
1024K 128K x 8 smJ2zcotot
64K x 16 = SMJ27C210t
1 Product under development by Tl
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Selection Guide

DRAM
Max Power
o izati Devi Max Power Dissipation
rganization evice +
Density (Words x Bits) Number Tﬁ::e(iz) Su((),;)aly Active | Standby Pins | PackageT| Comments Page
(mW) (mW)
1024K 1024K x 1 TMS4C1024-60% 60 5+10% 253 11 18, N, CMOS 5-23
TMS4C1024-70% 70 440 20/26, DJ Enhanced
TMS4C1024-80 80 413 20/26, 20 | DN, SD Page Mode
TMS4C1024-10 100 358 ‘
TMS4C1024-12 120 303
SMJ4C1024-10 100 5+ 10% 385 17 20/26, HJ, Military 9-23
SMJ4C1024-12 120 330 20,20 FQ,HK |CMOS
SMJ4C1024-15 150 303 Enhanced
Page Mode
TMS4C1025-80 80 5+10% 413 1 18, N, CMOS 5-23
TMS4C1025-10 100 358 20/26, DJ Nibble
TMS4C1025-12 120 303 20/26, 20 | DN, SD Mode
TMS4C1027-80 80 5+10% 413 b 18, N, CMOS 5-23
TMS4C1027-10 100 358 20/286, DJ Static
TMS4C1027-12 120 303 20/26,20 | DN, SD | Mode
256K x 4 TMS44C256-60% 60 5+ 10% 523 1 20, N, CMOS 5-1
TMS44C256-70% 70 . 440 20/28, bJ Enhanced
TMS44C256-80 80 413 20/26, 20 | DN, SD Page Mode
TMS44C256-10 100 358
TMS44C256-12 120 303
SMJ44C256-10 100 5+ 10% 385 17 20, JD, Military 9-3
SMJ44C256-12 120 330 20/26, 20 | HJ, FQ CMOS
SMJ44C256-15 150 303 Enhanced
Page Mode
128K x 8 TMS48C128-70 70 5+10% 468 1 24/26 DJ CMOS 5-63
TMS48C128-80 80 . 440 Enhanced
TMS48C128-10 100 385 Page Mode
TMS48C138-70 70 5+10% 468 1 24/26 bDJ CMOS 5-63
TMS48C138-80 80 440 Enhanced
TMS48C138-10 100 385 Page Mode
’ Write-per-
Bit Opera-
tion
4096K 4096K x 1 TMS44100-60 60 5+10% 550 1" 20/26, DJ, CMOSs 5-87
TMS44100-70 70 495 20/26,20 | DM, SD | Enhanced
TMS44100-80 80 440 Page Mode
TMS44100-10 100 385
SMJ44100-808 80 5+10% 468 22 18,20, JD, HM | Military 9-41
SMJ44100-108 100 440 20,20 HJ, HR CMOS
SMJ44100-128 120 385 . 1 Enhanced
Page Mode
TMS44101-60 60 5+10% 523 1 20/26, DJ, CMOS 5-107
TMS44101-70 70 468 20/26,20 | DM, SD | Nibble
TMS44101-80 80 413 Mode
TMS44101-10 100 358
t N Plaastic Dual In-Line Package (DIP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DN  Plastic Thin Small-Outline J-Lead (ThinSoJ)
DM  Plastic Small-Outline J-Lead (SOJ)
FQ  Ceramic Small-Outline Leadless Chip Carrier (Military) (SOLCC)
HJ  Ceramic Small-Outline Leadless J-Lead (Military) (SOLCC)
HK  Flatpack (Military)
HM  Plastic Small-Outline Leadless Chip Carrier (Military) (SOLCC)
HR  Flatpack (Mititary)
JD  Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)
SD  Plastic Zig-Zag In-Line Package (ZIP)
1 Available only in DJ package
§  Advance Information for product under development by Ti
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Selection Guide

DRAM (Concluded)

Max Power Max Power
Density | Organization Device Access | Supply Disslpation Pins |Package!| Comments | Page
(Words x Bits) Number Time (ns) ;) Active | Standby
(mW) (mW)
4096K 1024K x 4 TMS44400-60 60 5+10% 550 ikl 20/26, DJ, CMOS 5-125
(cont'd) TMS44400-70 70 495 20/26,20 | DM, SD | Enhanced
TMS44400-80 80 440 Page Mode
TMS44400-10 100 385
SMJ44400-80% 80 5+10% 468 22 20, 20, JD, HM Military 9-61
SMJ44400-10% 100 440 20, 20 HJ, HR CMOS
SMJ44400-12% 120 358 Enhanced
Page Mode
TMS44410-60 60 5+10% 523 1 20/26, DJ, CMOS 5-145
TMS44410-70 70 468 20/26,20 | DM, SD Enhanced
TMS44410-80 80 413 Page Mode
TMS44410-10 100 358 Write-per-
Bit Opera-
tion
16 385K 16 385K x 1 | TMS416100-60% 60 5+10% 495 1" 24/28 Dz CMOS 5-165
. | TMS416100-70% 70 440 Enhanced
TMS416100-80% 80 385 Page Mode
TMS416100-10% 100 330
4096K x 4 TMS416400-60% 60 5+10% 495 1 24/28 DZ CMOS 5-187
TMS416400-70% 70 440 Enhanced
TMS416400-80% 80 385 Page Mode
TMS416400-10% 100 330
t DJ  Plastic Small-Outline J-Lead (SOJ)
DM  Plastic Small-Outline J-Lead (SOJ)
DZ  Plastic Small-Outline J-Lead (SOJ)
HJ  Ceramic Small-Outline Leadless J-Lead (Military) (SOLCC)
HM  Plastic Small-Outline Leadless Chip Carrier (Military) (SOLCC)
HR  Flatpack (Military) . .
JD  Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)
SD  Plastic Zig-Zag In-Line Package (ZIP)

¥ Advance Information for product under development by Tl
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Selection Guide

DRAM Module
. Max Power Max Power
Density O?radr;IzatBlg: '?evltc,:e Access | Supply Disslpation Pins Package Page
(Words x Bits) umber Time(ns) | (V) | Active | Standby
(mW) (mW)
2304K 256K x 9 TM256GUSC-6 60 5+5% 1496 31 30 Single-Sided, 6-1
TM256GUSC-70 70 5+10% 1320 33 Socketable
TM256GUIC-80 80 5+10% 1238 33
TM256GU9C-10 100 5+10% 1073 33
8192K 1024K x 8 TMO024GAD8-6 60 5£5% 3990 84 30 Single-Sided, 6-7
TM024GAD8-70 70 5+10% 3520 88 Socketable
TMO024GADS8-80 80 5+10% 3300 88
TMO024GAD8-10 100 5+10% 2860 88
TM124GUBA-6 60 5+5% 998 21 30 Single-Sided, 6-13
’ TM124GUBA-70 70 5+10% 935 22 Socketable
TM124GUBA-80 80 5+10% 825 22
TM124GUBA-10 100 5+10% 715 22
256K x 32 TM256BBK32-6 60 5+5% 3990 84 72 Single-Sided, 6-21
TM256BBK32-70 70 5+10% 3520 88 Socketable
TM256BBK32-80 80 5+10% 3300 88
TM256BBK32-10 100 5+10% 2860 88
9216K 1024K x 9 TMO024EAD9-6 60 5+5% 4489 95 30 Single-Sided, 6-31
TMO024EAD9-70 70 5+ 10% 3960 99 Socketable
TMO24EAD9-80 80 5+ 10% 3713 99
TMO24EAD9-10 100 5+10% 3218 99
TM124EAD9B-6 . 60 5+5% 1496 32 30 Single-Sided, 6-37
TM124EAD9B-70 70 5+10% 1403 33 Socketable
TM124EAD9B-80 80 5+10% 1238 33
TM124EAD9B-10 100 5+10% 1073 33
TM124EADSC-6 60 5+5% 1496 32 30 Single-Sided, 6-37
TM124EADIC-70 70 5+10% 1403 33 Socketable
TM124EAD9C-80 80 5x10% 1238 33
TM124EAD9C-10 100 5x10% 1073 33
256K x 36 TM256KBK36B-6 60 5+5% 4489 95 72 Single-Sided, 6-45
TM256KBK36B-70 70 5+10% 3960 99 Socketable
TM256KBK36B-80 80 5+10% 3713 99
TM256KBK36B-10 100 5+10% 3218 a9
TM256KBK36C-6 . 60 5+5% 4988 105 72 Single-Sided, 6-55
TM256KBK36C-70 70 5+10% 4400 110 Socketable
TM256KBK36C-80 80 5+10% 4125 110
TM256KBK36C-10 100 5+10% 3575 110
16 384K 512K x 32 TM512CBK32-6 60 515% 4074 168 72 Double-Sided, 6-21
TM512CBK32-70 70 5= 10% 3608 176 Socketable
TM512CBK32-80 80 5+ 10% 3388 176
TM512CBK32-10 100 5+ 10% 2948 176
18 432K 512K x 36 TM5121L.BK36B-6 60 5+5% 4583 189 72 Double-Sided, 6-45
. TM512L.BK36B-70 70 5+10% 4059 198 Socketable
TM512LBK36B-80 80 5+10% 3812 198
TM512LBK36B-10 100 5x10% 3317 198
TM512LBK36C-6 60 5+5% 5093 210 . 72 Double-Sided, 6-55
TM512LBK36C-70 70 5x10% 4510 220 * Socketable
TM512LBK36C-80 80 5+10% 4235 220
TM512LBK36C-10 100 51+ 10% 3685 220

}
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Selection Guide

DRAM Module (Concluded)

t  Advance Information for product under development by Tl

M P Max Power
ax ower Dissipation
Organization Device P
Densi Access Supp! Pins Package Page
ty (Words x Bits) Number Time (ns) (\P,F; Y Active | Standby 9 g
(mW) (mW)
32 768K 4096K x 8 TM4100GBDS8-6 60 5+5% 3990 84 30 Single-Sided, 6-65
TM4100GBD8-70 70 5+ 10% 3740 88 Socketable
TM4100GBD8-80 80 51+ 10% 3300 88
TM4100GBD8-10 100 5+ 10% 2860 88
1024K x 32 TM124BBK32-6 60 5+5% 3990 84 72 Single-Sided, 6-73
TM124BBK32-70 70 5+ 10% 3740 88 Socketable
TM124BBK32-80" 80 5+ 10% 3300 88
TM124BBK32-10 100 5+10% 2860 88
36 864K 4096K x 9 TM4100EBD9-6 60 5+5% 4489 95 30 Single-Sided, 6-81
TM4100EBDS-70 70 5+10% 4208 99 Socketable
TM4100EBD9-80 80 5+ 10% 3713 99
TM4100EBDS-10 100 5x10% 3218 99
1024K x 36 TM124MBK36A-61 60 5+5% 5985 126 72 Double-Sided, 6-89
TM124MBK36A-71 70 51+ 5% 5250 126 Socketable
TM124MBK36A-8t 80 5+ 5% 4725 126
TM124MBK36B-6T 60 5+5% 4489 95 72 Single-Sided, 6-97
TM124MBK36B-7T 70 5+5% 4016 95 Socketable
TM124MBK36B-8t 80 5+5% 3544 95

2.4
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Selection Guide

EPROM/Flash EEPROM

Max Power
Max Power Dissipation
Organization Device t
Density Access | Supply Standb Pins PackageT| Comments| Page
(Words x Bits) Number Time (ns) ™) ,(\:1%9 CMOSY
(mW)
128K 16K x 8 TMS27C128-100 100 5x56% 158 1.4 28 J CMOS 7-1
. TMS27C128-120 120 525% 158

TMS27C128-12 120 5+ 10% 165
TMS27C12-1 150 5+5% 158
TMS27C128-15 150 5+ 10% 165
TMS27C128-2 200 5=5% 158
TMS27C128-20 200 5+ 10% 165
TMS27C128 250 5+5% 158
TMS27C128-25 250 5+ 10% 165
SMJ27C128-12 120 5+ 10% 220 1.7 28 J Military 9-81
SMJ27C128-15 150 CMOS
SMJ27C128-17 170
SMJ27C128-20 200
SMJ27C128-25 250
SMJ27C128-30 300

256K 32K x 8 TMS27C256-120 120 5+ 5% 158 1.4 28 J CMOS 7-15
TMS27C256-12 120 5=10% 165
TMS27C256-150 150 5+5% 158
TMS27C256-15 150 5= 10% 165
TMS27C256-1 170 515% 158
TMS27C256-17 170 5+ 10% 165
TMS27C256-2 200 5+5% 158
TMS27C256-20 200 5% 10% 165
TMS27C256 250 5+5% 158
TMS27C256-25 250 5+ 10% 165
SMJ27C256-15 150 52 10% 220 1.7 28 J Military 9-91
SMJ27C256-17 170 ' CMOs
SMJ27C256-20 200
SMJ27C256-25 250
SMJ27C256-30 300
TMS29F256-170 170 5+5% 83 17 28, 28, 4, N, CMOS 5-v | 7-27
TMS29F256-200 200 5x5% 32 FM Flash
TMS29F256-20 200 5z 10% EEPROM;
TMS29F256-250 250 5x5% EPROM
TMS29F256-25 250 5+10% Pinout
TMS29F256-300 300 525%
TMS29F256-30 300 5+ 10%
TMS29F258-170 170 5x5% 83 17 28,28, [J,N, CMOS 5-v | 7-27
TMS29F258-200 200 5x5% 32 FM Flash
TMS29F258-20 200 5+ 10% EEPROM;
TMS29F258-250 250 5+ 5% EEPROM
TMS29F258-25 250 51+ 10% Pinout
TMS29F258-300 300 5+5%
TMS29F258-30 300 5x10%
TMS29F259-170 170 5x5% 83 17 28, 28, 4N, CMOS 5-v | 7-27
TMS29F259-200 200 5x5% 32 FM Flash
TMS29F259-20 200 5x10% EEPROM;
TMS29F259-250 250 5x5% 12-V Flash
TMS29F259-25 250 5+ 10% Memory
TMS29F259-300 300 5x25% | Pinout
TMS29F259-30 300 5+10%

tJ  Ceramic Dual In-Line Package (DIP)
N Plastic Dual In-Line Package (DIP)
FM Plastic Chip Carrier

j
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Selection Guide

EPROM/Flash EEPROM

Max Power
Disslpation
Density | Organization Device Arcae);s SPI.?[‘JN;; Pst ™ Pins |Packaget| Comments | Page
. (Words x Bits) Number Time (ns) ™ Active cah;‘osv
W) 1 (mw)
256K 32K x 8 TMS87C257-150 150 |5+5% 158 1.4 28 J CMOS 7-47
(cont'd) (cont'd) TMS87C257-1 170 Latched
TMS87C257-2 200 EPROM
TMS87C257 250
512K 64K x'8 TMS27C510-120% 120 |5:5% 158 14 |32 J CMOS; 7-57
TMS27C510-12% 120 |5+10% | 165 1 Meg
TMS27C510-150F 150 |5:5% 158 EPROM
TMS27C510-15% 150 |[52:10% | 166 Compatibte
TMS27C510-170% 170 |5=5% 158 Pinout
TMS27C510-17% 170 |5+10% | 165
TMS27C510-200% 200 |5%5% 158
TMS27C510-20% 200 |[5+10% | 165
TMS27C510-250% 250 |5x5% 158
TMS27C510-25% 250 |5=10% | 165
TMS27C512-100 100 |5:5% 158 1.4 28 J CMOS 7-69
TMS27C512-10 100 [(5:10% | 165 ‘
TMS27C512-120 120 [5:5% 158
TMS27C512-12 120 [5:10% | 165
TMS27C510-150 150 [5:5% 158
TMS27C512-15 150 |5+10% | 165
TMS27C512-2 200 |5+5% 158
TMS27C512-20 200 }5+10% | 165
TMS27C512 250 |5x5% 158
TMS27C512-25 250 |5+10% | 165
ng27€512-20 200 |5+10% | 263 18 |28 J Military 9-101
J27C512-25 250 CMOS
SMJ27C512-30 300
TMS29F512-100% 100 |5+5% 79 5.5 32,32, |4 N, CMOSs-v | 7-81
TMS29F512-120% | 120 |5:5% 79 32 FM Flash
TMS29F512-12% 120 [5+10% 83 EEPROM
TMS29F512-150% 150 |5:5% 79
TMS29F512-15% 150 |5:10% 83
TMS29F512-200% 200 |5+5% 79
TMS29F512-20% 200 [5+10% 83
1024K 128K x 8 TMS27C010A-100 | 100 [5+5% 158 055 |32 J CMOS 7-85
TMS27C010A-120 | 120 [5:5% 158
TMS27C010A-12 120 |[5+10% | 165
TMS27C010A-150 | 150 ([5:5% 158
TMS27C010A-15 150 |5=10% | 165
TMS27C010A-200 | 200 |[525% 158
TMS27C010A-20 200 |[5+10% | 165
SMJ27C010-17 170 |5210% | 220 1.5 |32 J Military 9-113
SMJ27C010-20 200 CMOS
SMJ27C010-25 .| 250
TMS29F010-100% 100 |525% 79 55 (32,32, (4N, CMOSs5-v | 7-95
TMS29F010-120% 120 |5:5% 79 32 FM Flash
TMS29F010-12% 120 |5:10% 83 EEPROM
TMS29F010-150% 150 |5+5% 79
TMS29F010-15% 150 [5+10% 83
TMS29F010-200% 200 |5:5% 79
TMS29F010-20% 200 |5x10% 83

tJ  Ceramic Dual In-Line Package (DIP)
N  Plastic Dual In-Line Package (DIP)
FM Plastic Leaded Chip Carrier
t Advance Information for product under development by Ti
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Selection Guide

EPROM/Flash EEPROM (Concluded)

Max Power
Organizati Devi Max Power Disslpation
rganization evice P Packaget| Comments | Page
Density (Words x Bits) Number Tf\mcge(ii)) Su&:’? y Active ngfl‘ggy ins gel| C g
W) | mw)
1024K 64K x 16 TMS27C210A-120% | 120 |5+5% 158 0.55 |40 J cMOoS 7-119
(cont'd) TMS27C210A-12% 120 |5210% | 165
TMS27C210A-150% 150 |5+5% 158
TMS27C210A-15% 150 5+10% 165
TMS27C210A-200F 200 525% 158
TMS27C210A-20% 200 (5=10% | 165
TMS27C210A-250% | 250 |5:5% 158
TMS27C210A-25% 250 [5+10% | 165
SMJ27C210A-17 170 |5£10% | 220 15 |32 J Military 9-115
SMJ27C210A-20 200 CMOS
SMJ27C210A-25 250
2048K 256K x 8 TMS27C020-100F 100 [525% 158 055 |32 J CMOS 7-129
TMS27C020-120% 120 {5=5% 158
TMS27C020-12% 120 |5%10% | 165
TMS27C020-150% 150 |5%5% 158
TMS27C020-15% 150 |5=10% | 165
TMS27C020-200% 200 |525% 158
TMS27C020-20% 200 |5210% | 165
TMS27C020-250% 250 5+5% 158
TMS27C020-25% 250 |5+10% | 165
4096K 512K x 8 TMS27C040-8% 80 5+5% 263 0.55 |32 J CMOS 7-139
TMS27C040-80% 80 5+10% 275
TMS27C040-100% 100 5 5% 263
TMS27C040-10% 100 |5%10% [ 275
TMS27C040-120% 120 [5+5% 263
TMS27C040-12% 120 |5210% | 275
TMS27C040-150F 150 |5+5% 263
TMS27C040-15% 150 |5=10% | 275
256K x 16 | TMS27C240-8% 80 5+5% 263 055 |40 J CcMOS 7-149
) TMS27C240-80% 80 5+10% | 275
TMS27C240-100% 100 [5+5% 263
TMS27C240-10% 100 [5=10% | 275
TMS27C240-120% 120 |5=5% 263
TMS27C240-12% 120 |5=10% | 275
TMS27C240-150% 150 525% 263
TMS27C240-15% 150 5+10% 275

ty Ceramic Dual In-Line Package (DIP)
$ Advance Information for product under development by Ti
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Selection Guide

One-Time Programmable (OTP) PROM

Max Power
Max Power Dissipation
Organization Device t
Density y Access | Supply Pins [Package!| Comments| Page
(Words x Bits) Number Time (ns) v A(:]w)e Sg;;lggy
(mW)
128K 16K x 8 TMS27PC128-1 150 5+5% 158 |- 1.4 28,32 [N,FM CMOS 7-1
TMS27PC128-15 150 5x10% 165
TMS27PC128-2 - 200 5+5% 158
TMS27PC128-20 200 5+10% 165
TMS27PC128 250 5+5% 158
TMS27PC128-25 250 52 10% 165
256K 32K x 8 TMS27PC256-150 150 5+5% 158 1.4 28,32 |N,FM CMOS ) 7-15
TMS27PC256-15 150 5+10% 165
TMS27PC256-1 170 5+5% 158
TMS27PC256-17 170 5+10% 165
TMS27PC256-2 200 5+5% 158
TMS27PC256-20 200 5+ 10% 165
TMS27PC256 250 5+5% 158
TMS27PC286-25 250 5+10% 165
512K 64K x 8 TMS27PC510-120% 120 5+5% 158 1.4 32,32 N, FM CMOS 7-57
TMS27PC510-150% 150 5+5% 158 1 Meg OTP
TMS27PC510-15F 150 5+10% 165 Compatible
TMS27PC510-170% 170 5+5% 158 Pinout
TMS27PC510-17% 170 |5=10% | 165
TMS27PC510-200% 200 5+ 5% 158
TMS527PC510-20% 200 5+10% 165
TMS27PC510-250% 250 5+5% 158
TMS27PC510-25% 250 5+10% 165
TMS27PC512-100 100 5+5% 158 1.4 128,32 |N,FM CMOs 7-69
TMS27PC512-10 100 5+ 10% 165
TMS27PC512-120 120 5+5% . 158
TMS27PC512-12 120 5+10% 165
TMS27PC512-150 150 5+5% 158
TMS27PC512-15 150 5+ 10% 165
TMS27PC512-2 200 5x5% 158
TMS27PC512-20 200 5+ 10% 165
TMS27PC512 250 5+5% 158
TMS27PC512-25 250 5210% 165
1024K 128K x 8 TMS27PCO10A-100 100 5+5% 158 0.55 32 FM CMOS 7-85
TMS27PC010A-120 120 5+5% 158
TMS27PC010A-12 120 5+10% 165
TMS27PCO10A-150 150 5+5% 158
TMS27PC010A-15 150 5+ 10% 165
TMS27PCO010A-200 200 5+5% 158
TMS27PC010A-20 200 5+10% 165
1024K 64K x 16 TMS27PC210A-120% 120 5+5% 158 0.55 44 FN CMOS 7-119
(cont'd) TMS27PC210A-12F 120 5x10% 165
TMS27PC210A-150% 150 5+5% 158
TMS27PC210A-15% 150 5+10% 165
TMS27PC210A-200% 200 5+5% 158
TMS27PC210A-20% | 200 5+10% 165
TMS27PC210A-250% | 250 |525% 158
TMS27PC210A-25% 250 5+ 10% 165

TN Plastic Dual In-Line Package (DIP)
FM  Plastic Leaded Chip Carrier
FN  Plastic Leaded Chip Carrier
t Advance Information for product under development by Tl
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Selection Guide

One-Time Programmable (OTP) PROM (Concluded)

Max Power
o zatl Devi Max Power Dissipation
Density rganization evice Access | Supply t Pins |Package!| Comments| Page
(Words x E}its) Number Time (ns) ) Active SCE:Jl\ggV
m
. mW) 1 mw)
4096K 512K x 8 TMS27PC040-8% 80 5+5% 263 0.55 32 FM CMOS 7-139
TMS27PC040-80% 80 5+10% 275
TMS27PC040-100% 100 {5x5% 263
TMS27PC040-10% 100 5+10% 275
TMS27PC040-120% 120 5+ 5% 263
TMS27PC040-12% 120 5+ 10% 275
TMS27PC040-150% 150  |5=5% 263
TMS27PC040-15% 150 |5=10% | 275 ,
256K x 16 TMS27PC240-8% 80 5+5% 263 0.55 44 FN CMOS 7-149
TMS27PC240-80% 80 [5=10% | 275
TMS27PC240-100% 100 5+5% 263
TMS27PC240-10% 100 5+ 10% 275
TMS27PC240-120% 120 |5:5% 263
TMS27PC240-12% 120 5+ 10% 275
TMS27PC240-150% 150 5+5% 263
TMS27PC240-15% 150 5+10% 275
TFM Plastic Leaded Chip Carrier
FN Plastic Leaded Chip Carrier
¥ Advance Information for product under development by Tl
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Selection Guide

Application Specific Memories (ASM)

. " P Max Power
ax ower Dissipation
Density| Organization Device Access | Supply paTo Pins |Packaget| Comments| Page
(Words x Bits) Number Time (ns) 1] Active | Standby
(mW) | (mW)
16K 2Kx 8 TMS29F816% T8D 5+ 10% TBD TBD 18 FM SCOPE 8-1
Diary
Storage
Device
1024K 256K x 4 TMS44C250-1 100 5+5% 578 184 28,28 DZ, SD CMOS 8-3
TMS44C250-10 100 5+10% | 605 193 Multiport
TMS44C250-12 120 5+10% 523 193 Video RAM
SMJ44C250-10% 100 5+10% 635 90 28,28 HJ, JD Military 9-117
SMJ44C250-1% 100 5+5% 635 90 CMOS
SMJ44C250-12%F 120 5+10% 550 83 Multiport
SMJ44C250-2% 120 5+5% 550 83 Video RAM
TMS44C251-1 100 5«5% 578 184 28, 28 DZ, SD CMOS 8-31
TMS44C251-10 100 5+10% 605 193 Multiport
TMS44C251-12 120 5+10% 523 193 Video RAM
SMJ44C251-10% 100 5+ 10% TBD TBD 28,28 HJ, JD Military 9-147
SMJ44C251-1% 100 [525% CMOS
SMJ44C251-12% 120 5x10% Muttiport
SMJ44c251-2% 120 5+5% Video RAM
SMJ44C251A-10% 100 5+ 10% 635 90 28,28 HJ, JD Military 9-149
SMJ44C251A-1% 100 5+5% 635 90 ' CMOS
SMJ44C251A-12% 120 5+10% 550 83 Multiport
SMJ44C251A-2% 120 5+£5% 550 83 Video RAM
TMS44C260-60 60 5x10% 523 n 24/26 DJ CMOS 8-73
TMS44C260-70 70 440 Parity and
TMS44C260-80 80 413 Enhanced
TMS44C260-10 100 358 Page Mode
TMS4C1050-30 25 5+£10% 275 55 16, N, CMOSs 8-125
TMS4C1050-40 30 248 20/26,20 [ DJ, SD Field
TMS4C1050-60 50 193 Memory
TMS4C1060-30 25 5+ 10% 275 55 16, N, CMOS 8-125
TMS4C1060-40 30 248 20/26,20 | DJ, SD Field
TMS4C1060-60 50 193 Memory
TMS$S4C1070-30% 25 5+10% 275 .55 18, N, CMOS 8-141
TMS4C1070-40% 30 248 20/26,20 | DJ, SD Field
TMS4C1070-60% 50 193 Memory
128K x 8 TMS48C121-80% 80 5+10% 660 193 40 Dz CMOSs 8-91
TMS48C121-10% 100 523 193 Mulitport
TMS48C121-12% 120 468 165 Video RAM
4096K 1024K x 4 TMS44460-60% 60 5+10% 523 11 24/26 DJ CMOS 8-155
TMS44460-70% 70 468 Parity and
TMS44460-80% 80 413 Enhanced
TMS44460-10% 100 358 Page Mode
TN Plastic Dual In-Line (DIP)

DJ Plastic Small-Outline J-Lead (SOJ)

Plastic Small-Outline J-Lead (SOJ)
Plastic Leaded Chip Carrier

HJ  Ceramic Small-Outline J-Lead (Military) (SOJ)

t Advance Information for product under development by Tl

Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)
Plastic Zig-Zag In-Line Package (ZIP)
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Alternate Source Directory

DRAM
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VENDOR
ORGANIZATION PART NUMBER
Ti ALTERNATE SOURCES
256K x 4 Tl TMS44C256
Enhanced Page Mode AT&T M441024
Fujitsu MBB81C4256
Hitachi HM514256/8
Hyundai HY51C4256
Micron MT4C4256/MT4C4258
Mitsubishi M5M44C256
Motorola MCM514256A
NEC uPD424256
NMB AAATIM104
OKI MSM414256/MSM514256
Panasonic MN41C4256
Samsung KM44C256
Sharp LH64256/270
Siemens HYB514256
Toshiba TC514256
256K x 4 T SMJ44C256
Military Micron MT4C4256
Enhanced Page Mode
1 Meg x 1 T TMS4C1024
Enhanced Page Mode Fujitsu MB81C1000
Goldstar GM71C1000
Hitachi HM511000
Hyundai HY51C1000
Micron MT4C1024/5/6
Mitsubishi M5M4C1000
Mosaic MDM11000
NEC uPD421000
OKI MSM41000
Panasonic MN41C1000
Toshiba “TC511000
} Vitelic V56C100
1 Meg x 1 TI SMJ4C1024
Military Micron MT4C1024
Enhanced Page Mode
i
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Alternate Source Directory

DRAM (Continued)

VENDOR .
ORGANIZATION PART NUMBER
TI ALTERNATE SOURCES
1 Megx 1 Ti TMS4C1025
Nibble Mode Dense-Pac DPD1MM1K
Hitachi HM511001
Hyundai HY51C1001
Micron MT4C1025
Mitsubishi M5M4C1001
Motorola MCM511001
NEC nDP421001
NMB AAATM200
OKI MSM41001
Samsung KM41C1001
Toshiba TC511001
1 Meg x 1 Ti TMS4C1027
Static Column Fujitsu MB81C1002
' Decode Mode Hitachi HMS511002
Micron MT4C1026
Mitsubishi M5M4C1002
Motorola MCM511002
NEC uPD421002
NMB AAATM100
OKl1 MSM41002
Samsung KM41C1002
Siemens HYB511002
Toshiba TC511002
1 Meg x4 T TMS44400
Enhanced Page Mode T TMS44410 (write-per-bit)
Fujitsu MB814400
Hitachi HM514400
Micron MT4C4001/003
Mitsubishi M5M44400
Mosaic MOM41000
Motorola MCMS14400
NEC uPD424400
NMB AAA4M104
OKI MSM514400
Panasonic MN41C41000
Samsung KM44C1000
Siemens HYB514400
Toshiba TC514400

1 Product under development by Ti
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Alternate Source Directory

DRAM (Concluded)

VENDOR
ORGANIZATION PART NUMBER
TI ALTERNATE SOURCES
1 Meg x 4 Tl sMJa4400t
Military Micron MT4001
Enhanced Page Mode
4 Meg x 1 T TMS44100
Enhanced Page Mode Dense-Pac DPD4AMM1K
: Fujitsu MB814100
Hitachi HM514100
Micron MT4C1004/5/6
Mitsuibishi M5M44100
Mosaic MDM14000
Motorola MCM514100
NEC . mPD424100
NMB AAA4M100
OKI MSM514100
Panasonic MN41C4000
Samsung KM41C4000/44C1000
Siemens HYB514100
Toshiba TC514100
4 Megx 1 T SmJ4a4100t
Military Micron MT4C1004
Enhanced Page Mode
4Megx 1 Tl TMS44101
Nibble Mode Mitsubishi M5M44101
NEC uPD424101
OKI MSM5144101
4 Meg x 4 Tl TMS416400T
Enhanced Page Mode Hitachi . HM511640
16 Meg x 1 Tl : TMS416100t
Enhanced Page Mode Hitachi HM511610

t Product under development by Tl
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Alternate Source Directory

DRAM Modules

VENDOR
ORGANIZATION PART NUMBER
T ALTERNATE SOURCES
256K x 9 TI TM256GU9
Fujitsu MB85240
Hitachi HB561003/HB561409
Micron MT9259/MT8C9259
OKi MSC2304YS9
1Megx8 Ti - TM024GADS
Dense-Pac DPD1MX8
Fujitsu MB85230/MB855231
Fujitsu MB85250
Hitachi HB56A181/HB56C18
Micron MT8C8024/25/26
, Mitsubishi MH1MO8A
Motorola MCM81000
NEC MC-421000A8
OKI MSC2313A
Samsung KMM581000
Toshiba THM81000
1Megx8 T TM124GUBA
’ Dense-Pac DPD1MX8
Fujitsu MB85230/MB855231
Fujitsu MB85250
Hitachi HB56A181/HB56C18
Micron MT8C8024/25/26
Mitsubishi MH1MOBA
Motorola MCM81000
NEC MC-421000A8
OKI MSC2313A
Samsung KMM581000
Toshiba THM81000
1 Megx9 T TMO24EAD9
Dense-Pac DPD1MX9
Fujitsu MB85235/MB85237
Fujitsu MB85265
Hitachi HB56A19/HB56C19
Micron MT8C9024/25/26
Mitsubishi MH1MO9A
Motorola MCMS9L1000
Samsung KMM591000
Siemens HYM910005
Toshiba THMS1000

j
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Alternate Source Directory

DRAM Modules (Continued)

VENDOR
ORGANIZATION PART NUMBER
) TI ALTERNATE SOURCES
1 Megx9 . Tl TM124EADI9B
’ Dense-Pac DPD1MX8
Fujitsu ) MB85230/MB855231
Fujitsu MB85250
Hitachi HB56A181/HB56C18
Micron MT8C8024/25/26
Mitsubishi MH1MOBA
Motorola MCM81000
NEC MC-421000A9
OKI MSC2312
Samsung KMM581000
Toshiba THM81000
1Megx9 T TM124EADSC
Dense-Pac DPD1MX9
Fujitsu MB85235/MB85237
Fujitsu MB85265
Hitachi HB56A19/HB56C19
Micron MT8C9024/25/26
Mitsubishi MH1MO9A
Moterola MCM9L1000
NEC MC-421000A9
OKl MSC2312
Samsung KMM591000
Siemens HYM910005
) Toshiba THM91000
4 Megx8 Tl TM4100GBD8
Dense-Pac DPD4MX8
Hitachi HB56A48A
4Megx9 TI TM4100EBD9
Dense-Pac . DPD4MX9
Hitachi HBS56A49A
NEC MC-424100A9
OKI MSC2340
Siemens HYM940005
256K x 36 T! TM256KBK36B
Tl TM256KBK36C
Hitachi HB56D25636
Micron MTB8C36256
NEC MC-424256A36
OK! MSC2320A
Samsung KMM36256
Toshiba THM3625600A
Vitelic ' VM55C104K36

j
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Alternate Source Directory

DRAM Modules (Concluded)

VENDOR
ORGANIZATION PART NUMBER
TI ALTERNATE SOURCES
512K x 36 T TM512LBK36B
TI TM512LBK36C
Hitachi HB56D51236
Micron MT8C36512
NEC MC-424512A36
OK! MSC2321A
Samsung KMM36512
Toshiba THM365120AS
Vitelic VM55C1042K36
1 Meg x 36 T TM124MBK36A
Tl TM124MBK36B
Hitachi HB56D136B
NEC MC-421000A36

3-6
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Alternate Source Directory

EPROMSs/OTPs/Flash EEPROMs

VENDOR
ORGANIZATION PART NUMBER
TI ALTERNATE SOURCES
16K x 8 Tl TMS27C128
CMOS T TMS27PC128
AMD AM27C128
Atmel AT27C128
Cypress CY7C251
Fujitsu MBM27C128/MBM27128
Gl 27C128
Intel 27C128 .
Hitachi HN27128A/HN4827128G
Microchip 27HC256
Mitsubishi M5L27128/M5M27C128
National NMC27CP128
NEC mPD27128
OKI MSM27128/MSM27C128
S-MOs SPM27129C
SEEQ 27128
Sharp LH57126/7/8
Toshiba TMM27128
VLSI VT27C128
- VI VT27C128
Waferscale WS57C128F/WS57C251
16K x 8 T SMJ27C128
Military AMD AM27128
CMOS Intel MD27128A
Microchip 27C128
SEEQ 27128

Exas W
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Alternate Source Directory

EPROMSs/OTPs/Flash EEPROMSs (Continued)

VENDOR
ORGANIZATION PART NUMBER
TI ALTERNATE SOURCES
32Kx 8 ) T TMS27C256
CMOS Tl TMS27PC256
AMD Am27C256/Am27256
Atmel AT27C256/AT27256
Catalyst CAT27HC256
Cypress CY7C271/4/7/9
Fujitsu MBM27C256/MBM27256
Hitachi HN27C256/HN27256
Gl 27C256/27256
Intel 27256/27C256
Microchip 27C256
Mitsubishi M5M27C256/M5L27256
Motorola MCM67256/9
National NMC27C256
NEC mPD27256
OK! MSM27C256/MSM27256
Panatech RD27C256
S-MOS SPM27C256
SEEQ 27C256
SGS M27256A
Sharp LH57254/5/6
Signetics 27C256
Thomson TS27C256
Toshiba TMM27256/TC57256/54256
Waferscale WS57C256F
32K x 8 TI SMJ27C256
Military AMD Am27256
CMOS Atmel AT27C256
Intel MD27256/27C256
Microchip 27C256
SEEQ DM27256/27C256
Signetics 27C256 -
32K x 8 T TMS29F256 (5-V EEPROM)
Flash EEPROM Tl TMS29F258 (5-V EEPROM)
TI TMS29F259 (5-V EEPROM)
AMD Am28F256
Intel 28F256 (12-V EPROM)
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Alternate Source Directory

EPROMs/OTPs/Flash EEPROMs (Continued)

VENDOR
ORGANIZATION PART NUMBER
Tl ALTERNATE SOURCES
64K x 8 TI TMS27C512
CMOS TI TMS27PC512
T TMS27C510T
T TMS27PCs10t
AMD Am27512/Am27C512
Atmel AT27C512
Catalyst CAT27512
Cypress CY7C285/6/7/9
Fujitsu MBM27C512
Gl 27C512
Hitachi HN27512
- Intel 27C512
Mitsubishi M5L27512
Nationat NMC27C512
NEC mPD27C512
OKI MSM27512
Panatech TMS27C512
Toshiba TMM27512/TC57512/54512
64Kx 8 Tl SMJ27C512
Military AMD Am27512
CMOS Atmel AT27C512
: Intel MD27512
Microchip 27C512
64K x 8 Tl TMS29F512T
Flash EEPROM AMD Am28F512
Inte! 28F512 (12-V EPROM)
National NMC48F512
64K x 16 T TMS27C210A
CMOS TI TMS27PC210A
AMD Am27C1024
Atmel AT27C1024
Catalyst CAT27C210
Fujitsu MBM27C1024
Hitachi HN27C1024
Intel 27C210
Microchip 27HC1616
National NMC27C1024
NEC mPD27C1000
OKI MSM271024/MSM27C1024
SGS M27C1024
Toshiba TC571024
Waferscale W§27C210

1 Product under development by Tl
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Alternate Source Directory

EPROMs/OTPs/Flash EEPROMs (Concluded)

VENDOR
ORGANIZATION PART NUMBER
T ALTERNATE SOURCES
64K x 16 Tl . SMJ27C210
Military Atmel AT27C1024
CMOS
128K x 8 Tl TMS27C010A
CMOS T TMS27PCO10A
AMD Am27C010
Atmel AT27C010
Catalyst CAT27010
Dense-Pac DPV27C101
Fujitsu MBM27C1000/1
Hitachi HN27C101/301
Intel 27C010
Mosaic MLM8128
Mitsubishi M5M27C100/1/2
NEC uPD27C1000
National NMC27C010/020
OKI MCM271000
SGS M27C1011
Sharp LH571000/0001
Toshiba TC571000/TC54100
Waferscale WS27C010
128K x 8 Tl SMJ27C010
Military AMD Am27C010
CMOS Atmel AT27C010
128K x 8 Tl TMS29F010T
CMOS AMD Am28F010
Flash EEPROM : Catalyst CAT28F010
Hitachi HN29C101
Intel 28F010 (12-V EPROM)
SEEQ 28C010
Signetics 48F010
256K x 8 Tl TMS27C0201
CMOS AMD Am27C020/2048
Intel 27C020
Mitsubishi M5M27C201/2
. National NMC27020
512Kx 8 Tl TMS27C0401
CMOS TI TMS27PC040t
AMD Am27C040
Intel 27C040
Mitsubishi M5M27C402
National NMC27040
Toshiba TC57400
256K x 16 Tl TMS27C2401
CMOS TI TMS27PC2401
AMD Am27C04096
Hitachi HN27C4096

1 Product under development by Tl
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Alternate Source Directory

Application Specific Memories

VENDOR
ORGANIZATION PART NUMBER
Tl ALTERNATE SOURCES
256K x 4 Tl TMS44C250
Video RAM Tl TMS44C251
- Fujitsu MB81C4251/MB81C4253
Hitachi HM534251/2/3
NEC uPD42274
Micron MT42C4256
Mitsubishi M5M442256
OKI MSM514251/MSM514252
Samsung KM42C4256
Toshiba TC524256/TC524257
256K x 4 Tl SMJa4c2s0t
Military Ti SMu44c2s51t
Video RAM T . SMJ44C251AT
Micron MT42C4256 883C
256K x 4 Tl TMS44C260
Parity Micron MT4C1664
128K x 8 T TMS48C1211
Video RAM Hitachi HM538121/2/3
Micron MT42C8128
Mitsubishi N5N482128
NEC uPD424400
Toshiba TC528126A
1 Product under development by Tl
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Glossary/Timing Conventions/Data Sheet Structure

GENERAL CONCEPTS AND TYPES OF MEMORIES

Address — Any given memory location in which data can be stored or from which it can be retrieved.
Automatic Chip-Select/Power Down — see Chip Enable Input. ‘

Bit - Contraction of Binary digIT; i.e., a 1 or a 0. In electrical terms, the value of a bit may be represented by the pres-
ence or absence of charge, voltage, or current. '

Byte — A word of 8 bits (see Word).

C of C — Certification of Conformance.
CDIP — Ceramic Dual In-Line Package.
CERPAC — CERamic flat PACk (hermetic).

CMOS —A complementary MOS technology that uses transisitors with electron (N-channel) and hole (P-channel) con-
duction.

Chip Enable Input— A controlinput to an integrated circuit that, when active, permits operation of the integrated circuit
forinput, internaltransfer, manipulation, refreshing, and/or output of data and, when inactive, causes the integrated
circuit to be in a reduced-power standby mode.

Chip Select Input — Chip select inputs are gating inputs that contro! the input to and output from the memory. They
may be of two kinds:

1. Synchronous — Clocked/latched with the memory clock. Affects the inputs and outputs for the duration
of that memory cycle.

2. Asynchronous — Has direct asynchronous control of inputs and outputs. In the read mode, an asynchro-
nous chip select functions like an output enable.

Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. It can
be active high (CAS) or active low (CAS).

CPAK — Ceramic flatPAcK.
CSO0J - Ceramic Small-Outline J-lead integrated circuit package.
CZIP - Ceramic Zig-zag In-line Package.

Data — Any information stored or retrieved from a memory device.
Die — Unpackaged semiconductor.

DIP — Dual in-line Package.

DESC - Defense Electronics Supply Center.

Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive application
of control signals in order to retain the stored data.

NOTES: * .
1. The words “read/write” may be omitted from the term when no misunderstanding will result.

2. Such repetitive application of the control signals is normally called a refresh operation.
3. Adynamic memory may use static addressing or sensing circuits.
4. This definition applies whether the control signals are generated inside or outside the integrated circuit.
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Glossary/Timing Conventions/Data Sheet Siructu_re

Electrically Erasable Programmable Read-Only Memory (EEPROM) - A nonvolatile memory that can be field-pro-
grammed like an OTP PROM or EPROM but that can be electrically erased by a combination of electrical signals
at its inputs. .

EPIC — Enhanced Performance Implanted CMOS.

Erasable and Programmable Read-Only Memory (EPROM) — A field- -programmable read-only memory that can
have the data content of each memory cell altered more than once.

Erase — Typically associated with EPROMs and EEPROMs. The procedure whereby programmed data is removed
and the device returns to its unprogrammed state.

ESD - Electrostatic Discharge.

Field Memory (FMEM) — A serial-access memory that performs high-speed, asynchronous read/write operations.
(Used mainly for fields of digital TV/VTR that require higher speed operation, lower power consumption, and larger
capacity.)

Fit — Originally stood for Failures-In-Time. Currently means a failure rate of one failure in one billion hours.
FRAM — First-in first-out pseudo-static RAM or Field RAM.
Field-Programmable Read-Only Memory — See One-Time Programmable Read-Only Memory.

Fixed Memory — A common term for ROMs, EPROMs, EEPROMSs, etc., containing data that is not normally changed.
A more precise term for EPROMs and EEPROMs is nonvolatile since their data may be easily changed.

Fully Static RAM —In a fully static RAM, the periphery as well as the memory array is fully static. The periphery is
thus always active and ready to respond to input changes without the need of clocks. There is no precharge re-
quired for static periphery. .

GENERIC DATA - Group A, B, C, & D Quality Conformance Data.

JAN — Joint Army Navy. Specifically, a JM38510 qualified device.
JANB - Class B screened JAN device.

JANS — Class S screened JAN device.

JEDEC — Joint Electronic Device Engineering Council.

JTAG - Joint Testability Action Group.

K — When used in the context of specifying a given number of bits of information, 1K = 210 = 1024 bits. Thus,
64K = 64 x 1024 = 65 536 bits.

Large-Scale Integration (LSI) — The description of any IC technology that enables condensing more than 100 gates
onto a single chip.

LDCC — Ceramic Leaded Chip Carrier.
LLCCC — Leadless Ceramic Chip Carrier.

Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined
during manufacture by the use of a mask, the data content thereafter being unalterable.

Memory — A medium capable of storing information that can be retrieved.

Memory Card — A pocket-size memory storage system.
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Glossary/Timing Conventions/Data Sheet Structure

Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered in which
it is or can be stored, and from which it can be retrieved.

Metal-Oxide Semiconductor (MOS)—The technology involving photolithographic layering of metal and oxide to pro-
duce a semiconductor device.

MIL-M-38510 — A military controlling specification pertaining mainly to JAN qualified devices (microcircuits).

MIL-STD-883 — A military controlling specification containing detailed descriptions of the screening processes per-
taining to Class B and Class S devices (microcircuits).

NMOS - A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short for
N-channel MOS.)

Nonvolatile Memory — A memory in which the data content is maintained whether the power supply is connected
or not.

OTP — One-Time Programmable.

One-Time Programmable (OTP) Read-Only Memory — A read-only memory that, after being manufactured, can
have the data content of each memory cell altered once. Also referred to as OTP.

Output Enable —A control input that, when true, permits data to appear atthe memory output, and when false, causes
the output to assume a high-impedance state. (See also chip select.)

PDIP - Plastic Dual-In-line Package.
PLCC - Plastic Leaded Chip Carrier.

PMOS - A type of MOS technology in which the basic conduction mechanism is governed by holes. (Short for
P-channel MOS.) .

Parallel Access — A feature of a memory by which all the bits of a byte or word are entered simultaneously at several
inputs or retrieved simultaneously from several outputs.

Power Down — A mode of a memory during which the device is operating in a low-power or standby mode. Normally
read or write operations of the memory are not possible under this condition.

Program - Typically associated with EPROM and OTP memories, the procedure whereby logical Os (or 1s) are stored
into various desired locations in a previously erased device.

Program Enable — An input signal that, when true, puts a programmable memory device into the program mode.
Programmable Read-Only Memory (PROM) — See One-Time Programmable (OTP) Read-Only Memory.

Printed Wiring Board (PWB) — A substrate of epoxy glass, clad material, or other material upon which a pattern of
conductive traces is formed to interconnect the components that will be mounted upon it.

Read — A memory operation whereby data is output from a desired address location.

Read-Only Memory (ROM) —~ A memory in which the contents are not intended to be altered during normal operation.
NOTE: Unless otherwise qualified, the term “read-only memory” implies that the contents are determined by its
structure and are unalterable.

Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input signals
and the stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other
similar electrical input signals.

Row Address Strobe (RAS) — A clock used in dynamic RAMs to contro! the input of the row addresses. It can be
active high (RAS) or active low (RAS).
5
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Glossary/Timing Conventions/Data Sheet Structure

SCD — Source Control Drawings.

Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions and in
operating voltages allowing improved performance.

Semi-Static (Quasi-Static, Pseudo-Static) RAM — In a semi-static RAM, the periphery is clock-activated (i.e.,
dynamic). Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The pe-
ripheral circuitry must be allowed to reset after each active memory cycle for a minimum precharge time. No refresh
is required.

Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved
sequentially from a single output.

SIP — Single In-line Package.

Small Outline Integrated Circuit (SOIC) — A package in which an integrated circuit chip can be mounted to form
a surface-mounted component. Itis made of a plastic material that can withstand high temperatures and has leads
formed in a gull-wing shape along its two longer sides for connection to a PWB footprint.

SMD - Standard Military Drawing.
SOL.CC — Small Outline Leadless ceramic Chip Carrier.
S0J — Small Outline J-lead package.

Static RAM (SRAM) — Aread/write random-access device within which information is stored as latched voltage levels.
The memory cell is a static latch that retains data as long as power is applied to the memory array. No refresh is
required. The type of periphery circuitry sub-categorizes static RAMs.

ThinSOJ — Thin Small-Outline J-lead package.
ThinSOP - Thin Small-Outline package.

Very-Large-Scale Integration (VL.SI) — The description of an IC technology that is much more complex than large-
scale integration (LSI) and involves a much higher equivalent gate count. At this time an exact definition including
a minimum gate count has not been standardized by JEDEC or the |IEEE.

Video RAM (VRAM) — A dual-port dynamic random-access memory with a on-chip serial data register.
Volatile Memory — A memory in which the data content is lost when the power supply is disconnected.

Word —A series of one or more bits that occupy a given address location and then can be stored and retrieved in paral-
lel. .

Write — A memory operation whereby data is written into a desired address location.

Write Enable — A control signal that when true causes the memory to assume the write mode, and when false causes
it to assume the read mode.

ZIP — Zig-zag In-line Package.

EXAS {'?
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OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS)

Capacitance
The inherent capacitance on every pin, which can vary with various inputs and outputs.

Example symbology:

Ci Input capacitance

Co Output capacitance

Cip) Input capacitance, data input
Current

High-level input current, Iy
The current into an input when a high-level voltage is applied to that input.
High-level output current, Ipy

The current into* an output with input conditions applied that according to the product specification will establish
a high level at the output.

Low-level input current, Iy
The current into an input when a low-level voltage is applied to that input.
Low-level output current, lgr

The current into* an output with input conditions applied that according to the product specification will establish
a low level at the output.

Off-state (high-impedance state) output current (of a three-state output,) lpz

The currentinto* an output having three-state capability with input conditions applied that according to the product
specification will establish the high-impedance state at the output.

Short-circuit output current, Igg

The current into* an output when the output is short-circuited to ground (or other specified potential) with input
conditions applied to establish the output logic level farthest from ground potential (or other specified potential).

Supply current, Igg Icc, Ipps lIpp
The current into, respectively, the Vgg, Voc, Vbp, Vpp supply terminals.

*Current out of a terminal is given as a negative value.

Operating Free-Air Temperature

The temperature (T o) range over which the device will operate and meet the specified electrical characteristics.

Voltage
High-level input voltage, V|4

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary
variables.

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation
of the logic element within specification limits is guaranteed.

EXAS ""?
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High-level output voltage, Voy

The voltage at an output terminal with input conditions applied that according to the product specification will
establish a high level at the output. ’

Low-level input voltage, V_

An input voltage leve! within the less positive (more negative) of the two ranges of values used to represent the
binary variables.

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation
of the logic etment within specification limits is guaranteed.

Low-level output voltage, Vg

The voltage at an output terminal with input conditions applied that according to the product specification will
establish a low level at the output.

Supply voltages, Vgg, Vcc, Vobs Vep

The voltages supplied to the corresponding voltage pins that are required for the device to function. From one
to four of these supplies may be necessary, along with ground Vgg.

Time Intervals

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by
JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used in this book when intervals
can easily be classified as access, cycle, disable, enable, hold, refresh, setup, transistion, or valid times and for
pulse durations. The second form can be used generally but in this book primarily for time intervals not easily clas-
sifiable. The second (unclassified) form will be described first. Since some manufacturers use this form for all time
intervals, symbols in the un-classified form are given with the examples for most of the classified time intervals.

Unclassified time intervals

Generalized letter symbols can be used to identify almost any time interval without classifying it using traditional
or contrived definitions. Symbols for unclassified time intervals identify two signal events listed in from-to
sequence using the format:

taB-cD

Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of state
or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and end
of the time interval, Every effort is made to keep the A and C subscript length down to one letter, if possible (e.g.,
R for RAS and C for CAS).

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals
represented by A and C, respectively. One or two of the following is used:

H = high or transition to high

L = low or transition to low

V = a valid steady-state level

X = unknown, changing, or “don't care” level

Z = high-impedance (off) state
The hyphen between the B and C subscripts is omitted when no confusion is likely to occur.
For examples of symbols of this type, see TMS44C256 (e.g., tricL)-

4-6
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Classified time intervals (general comments, specific times follow)

Because of the information contained in the definitions, frequently the identification of one or both of the two signal
events that begin and end the intervals can be significantly shortened compared to the unclassified forms. For
example, itis notnecessary toindicate in the symbol that an access time ends with valid data at the output. Howev-
er, if both signals are named (e.g., in a hold time), the from-to sequence is maintained.

Access time
The time interval between the application of a specific input pulse and the availability of valid signals at an output.

Example symbology:

Classifed Unclassified Description :

ta(a) tavav Access time from address

tas): ta(cs) tsLqv Access time from chip select (low)
Cycle time

The time interval between the start and end of a cycle.

NOTE: The cycle time is the actual time interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum value is specified that is the shortest interval that must
be allowed for the digital circuit to perform a specified function (e.g., read, write, etc.) correctly.

Example symbology:

Classifed Unclassified Description
te(R): to(rd) tAVAV(R) Read cycle time
tew) tavavw) Write cycle time

NOTE: Ris usually used as the abbreviation for “read”; however, in the case of dynamic memories, “rd” is used
to permit R to stand for RAS.

Disable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms, with the
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state.

Example symbology:

Classifed Unclassified Description
tdis(S) tsHQz Output disable time after chip select (high)
tdis(w) twLaz Output disable time after write enable (low)

These symbols supersede the older forms tpyz or tpxz.
Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms, with the
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low).

NOTE: For memories these intervals are often classified as access times.
Example symbology:

Classifed Unclassified Description
ten(sy) tsLav Output enable time after chip select low

These symbols supersede the older from tpzy.

ixas WP
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Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition occurs
at another specified input terminal.

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the system
inwhich the digital circuit operates. A minimum value is specified that is the shortest interval for which
correct operation of the digital circuit is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest interval
(between the release of the signal and the active transition) for which correct operation of the digital
circuit is guaranteed.

Example symbology:

Classifed Unclassified Description
th(D) twHDX Data hold time (after write high)
th(RHrd) tRHWH Read (write enable high) hold time after RAS high
th(CHrd) tCHWH Read (write enable high) hold time after CAS high
th(cLca) tCL-CAX Column address hold time after CAS low
th(RLCA) tRL-CAX Column address hold time after RAS low
th(rA) tRL-RAX Row address hold time (after RAS low)
These last three symbols supersede the older forms:
NEW FORM OLD FORM
thicLcA) th(AC)
th(RLCA) th(ARL)
th(rA) th(AR)

NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified
form. In the case of hold times, this causes the order to seem reversed from what would be suggested
by the terms.

Pulse duration (width)
The time interval between the specified reference points on the leading and trailing edges.of the pulse waveform.
Example symbology:

Classifed Unclassified Description
twow) tWLWH Write pulse duration
tw(RL) tRLRH Pulse duration, RAS low

Refresh time interval

The time interval between the beginnings of successive signals that are intended to restore the level in a dynamic
memory cell to its original level.

NOTE: The refresh time interval is the actual time interval between two refresh operations and is determined
by the system in which the digital circuit operates. A maximum value is specified that is the longest
interval for which correct operation of the digital circuit is guaranteed.

Example symbology:

Classifed Unclassified Description
te Refresh time interval

i
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Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent active
transition at another specified input terminal.

NOTES: 1. The setuptime is the actual time interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum value is specified that is the shortest interval for which
correct operation of the digital circuit is guaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the longest inter-
val (between the active transition and the application of the other signal) for which correct operation
of the digital circuit is guaranteed.

Example symbology:

Classifed Unclassified Description

tsu(D) tovwH Data setup time (before write high)

tsu(cA) tcav-cL Column address setup time (before CAS low)
tsu(RA) trAV-RL Row address setup time (before RAS low)

Transition times (also called rise and fall times)

The time interval between two reference points (10% and 90% unless otherwise specified) onthe same waveform
that is changing from the defined low level to the defined high level (rise time) or from the defined high level to
the defined low level (fall time).

Example symbology:

Classifed Unclassified Description
% Transition time (general)
tycH) toHCH Low-to-high transition time of CAS
trc) " tcHCH 7 CAS rise time
%(C) _ foel CAS fall time
Valid time
(@) General

The time interval during which a signal is (or should be) valid.
(b) Output data-valid time .

The time interval in which output data continues to be valid following a change of input conditions that could
cause the output data to change at the end of the interval.

Example symbology:
Classified Unclassified Description .
tv(a) taxax Output data valid time after change of address

This supersedes the older form tpyx.
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TIMING DIAGRAMS CONVENTIONS
Meaning
Timing Diagram Symbol Input Forcing Functions Output Response Functions

Must be steady high or low Will be steady high or low

—“_ High-to-low changes permitted Will be changing from high to low sometime
during designated intervals

ﬂ— Low-to-high changes permitted Will be changing from low to high sometime
during designated intervals

VAYAYAYAYAAAA Y

202’2'2’2’2’2’2’2” Don't care State unknown or changing

M (Does not apply) Centerline represents high-impedancé
(off) state.

BASIC DATA SHEET STRUCTURE

The front page of the data sheet begins with a list of key features such as organization, interface, compatibility, opera-
tion (static or dynamic), access and cycle times, technology (N- or P-channel, silicon or metal oxide gate), and power.
In addition, the top view of the device is shown with the pinout provided. Next a general description of the device, sys-
tem interface considerations, and elaboration on other device characteristics are presented. The next section is an
explanation of the device's operation which includes the function of each pin (i.e., the relationship between each input
(output) and a given type of memory). The functions basically involve starting, achieving, and ending a given type of
memory cycle (e.g., programming or erasing EPROMS, or reading a memory location).

Augmenting the descriptive text there appears a logic symbol prepared in accordance with ANSI/IEEE Std 91-1984
and IEC Publication617-12 and explained in Section 11 of this book. Following the symbol is usually a functional block
diagram, a flowchart of the basic internal structure of the device showing the signal paths for data, addresses, and
control signals, as well as the internal architecture. Usually the next few pages contain the absolute maximum ratings
(e.g., voltage supplies, input voltage, and temperature) applicable over the operating free-air temperature range. If
the device is used outside of these values, it may be permanently destroyed or at least it would not function as in-
tended. Next, typically, are the recommended operating conditions, (e.g., supply voltages, input voltages, and operat-
ing temperature). The memory device is guaranteed to work reliably and to meet all data sheet parameters when oper-
ated in accord with the recommended operating conditions and within the specified timing. If the device is operated
outside of these limits (minimum/maximumy, it is no longer guaranteed to meet the data sheet parameters. Operation
beyond the absolute maximum ratings can result in catastrophic failures.

The next section provides a table of electrical characteristics over full ranges of recommended operating conditions
(e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, and maximum val-
ues. Typical values are representative of operation at an ambient temperature of T = 25° C with all power supply
voltages at nominal value. Next, input and output capacitances are presented. Each pin has a capacitance (whether
an input, an output, or control pin). Minimum capacitances are not given, as the typical and maximum values are the
most crucial.

)
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The next few tables involve the device timing characteristics. The parameters are presented as minimum, typical (or
nominal), and maximum. The timing requirements over recommended ranges of supply voltage and operating free-air
temperature indicate the device control requirements such as hold times, setup times, and transition times. These
values are referenced to the relative positioning of signals on the timing diagrams, which follow. The switching charac-
teristics over recommended supply voltage range are device performance characteristics inherentto device operation
once the inputs are applied. These parameters are guaranteed for the test conditions given. The interrelationship of
the timing requirements to the switching characteristics is illustrated in timing diagrams for each type of memory cycle
(e.g., read, write, program.)

At the end of a data sheet additional applications information may be provided such as how to use the device, graphs
of electrical characteristics, or other data on electrical characteristics.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1886 — REVISED NOVEMBER 1990

This data sheet is applicable to all N Package sD Pa\t/:rﬂge
TMS44C256s symbolized with Revision “D” (Top View) (Top View)
and subsequent revisions as described U =
on page 5-21. bQ1 E 1 20 % Vss Doi % ; 2[]cas
. DQ2 ({2 191 DQ4 s {pas
® 262 144 x 4 Organization —
62144 x 4 Organizatio Wlls 1 D03 S’gg%j s [ bat
. RAS[] 4 17[ICAS £ s(jw
¢ Single 5-V Supply (10% Tolerance =
J Py (10% ) TEls  16]lG R’;ﬁ%i 10 [ TF
* Performance Ranges: Ao(]e 15[} A8 az1s 12 A1
ACCESS ACCESS ACCESS READ Atll7 14%” vec s M E A3
TIME TIME TIME OR AZE 8 ‘3] A6 A5 []17 :: i ﬁg
taR) ta(c) ta(CA) WRITE A3le  12UAS A7 |] 19 20 | A8
(RACQ) (cAC) (tcan) CYCLE Veello  1jla¢
440 (MAX)  (MAX)  (MAX) (MIN)
TMS44C256-60 60ns  15ns 30ns 110ns
TMS44C256-70 70ns  18ns 35ns  130ns DJ and DN‘FI’lackagesf
TMS44C256-80 80ns 20ns  40ns  150ns (Top View)
TMS44C256-10 100ns  25ns 45ns 180ns —r
TMS44C266-12 120ns  30ns 55ns 220ns DQA 10 26| 1 Vsg
pQ2 ]2 25| ] bo4
¢ Enhanced Page Mode Operation with wW[]s 24| ] DQ3
CAS-Before-RAS Refresh RAS [|a 23 | ] CAS
TF[|s 22| JOE
* Long Refresh Period...
512-Cycle Refresh in 8 ms (Max)
Ao ]o 18] A8
® 3-St t .
3-State Unlatched Output At Ll 1o I
* Low Power Dissipation A2 [ 11 16 [ ] A6
, A3 [ }12 15|_] A5
* Texas Instruments EPIC™ CMOS Pracess Ve L] 13 14] 1 A4
TThe packages shown here are for pinout reference only.
¢ All Inputs and Clocks Are TTL Compatible The DJ package is actually 75% of the length of the N
package.
¢ High-Reliability Plastic 20-Pin 300-Mil-Wide
DIP, 20/26 J-Lead Surface Mount (SOJ)
('44C256-60 and '44C256-70 Available in PIN NOMENCLATURE
SOJ Only), 20/26 J-Lead Thin Surface AQ-AB Address Inputs
Mount (ThinSOJ), or 20-Pin Zig-Zag In-Line CAS Column-Address Strobe
(ZIP) Packages DQ1-DQ4 Data In/Data Out
G Data-Output Enable
® Operation of TI's Megabit CMOS DRAMs RAS Row-Address Strobe
Can Be Controlled by TI's SN74ALS6301 TF Test Function
and SN74ALS6302 Dynamic RAM w Write Enable
Controllers vVee 5-V Supply
Vgs Ground
® Operating Free-Air Temperature
...0°Cto 70°C
description

The TMS44C256 series are high-speed, 1 048 576-bit dynamic random access memories, organized as
262 144 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)

. technology for high performance, reliability, and low power at low cost.
EPIC is a trademark of Texas Instruments Incoreorated

PRODUCTION DATA documents contain information current w Copyright © 1990, Texas Instruments Incorporated

as of publication date. Products conform to specifications per
the terms of Texas Instruments standard warranty. Production
processing does not necessarily include testing of all
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

description (continued)

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, 100 ns, and 120 ns. Maximum power
dissipation is as low as 305 mW operating and 11 mW standby on 120 ns devices.

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. |cc peaks are 140 mA typical, and a— 1-V input voltage undershoot can
be tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All addresses and data-in lines
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS44C256 is offered in a 20-pin dual-in-line (N suffix) package, a 20-pin zig-zag in-line (SD suffix) package,
a 20/26 J-lead plastic surface mount SOJ (DJ suffix), and a 20/26 J-lead thin plastic surface mount SOJ
(DN suffix). The TMS44C256-60 and TMS44C256-70 are available in the 20/26 J-lead plastic surface mount SOJ
(DJ suffix) only. These packages are guaranteed for operation from 0°C to 70°C.

operation

enhanced page mode

Page-mode operation allows faster memory access by keeping the same row address while selecting random
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The
maximum number of columns that may be accessed is determined by the maximum RAS low time and the CAS
page cycle time used. With minimum CAS page cycle time, all 512 columns specified by column addresses A0
through A8 can be accessed without intervening RAS cycles. '

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44C256 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
CAS transitions low. This performance improvement is referred to as “enhanced page mode.” Valid column
address may be presented immediately after thra) (row address hold time) has been satisfied, usually well in
advance of the falling edge of CAS, In this case, data is obtained after ta(c) max (access time from CAS low),

iftaica) max (access time from column address) has been satisfied. In the event that column addresses for the
next page cycle are valid at the time CAS goes high, access time for the next cycle is determined by the Iater
occurrence of ta(cy) or tacp) (access time from rising edge of CAS).

‘address (A0 through A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine column-address
bits are set up on pins A0 through A8 and latched onto the chip by the column-address strobe (CAS). All
addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in

" that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the output

buffer, as well as latching the address bits into the column-address buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from the standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes
low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting a
write operation with G grounded.

5-2
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior to CAS and
the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal. In a delayed-write or read-modify-write cycle, G must be high to bring the output buffers
to high-impedance prior to impressing data on the I/O lines.

data out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS and G are brought low. In a read ad cycle the output becomes valid after the access time interval ty(c)
that begins with the negative transition of CAS as long as ta(R) @nd ta(ca) are satisfied. The output becomes valid
after the access time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it
to a high-impedance state. This is accomplished by bringing G high prior to applying data, thus satisfying td(GHD)-

output enable (G)

G controls the impedance of the output buffers. When G is high, the buffers will remain in the high-impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance
state. Once in the low-impedance state, they will remain in the low-impedance state until either G or CAS is
brought high.

refresh

Arefresh operation must be performed at least once every eight milliseconds to retain data. This can be achieved
by strobing each of the 512 rows (A0-A8). A normal read or write cycle will refresh all bits in each row that is
selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving power
as the output buffer remains in the high-impedance state. Externally generated addresses must be used for a
RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at V) after a read operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle.

CAS-before-RAS refresh

CAS-before-RAS refreshis utilized by bringing CAS low earlier than RAS [see parameter tqcLrL)RI and holding
it low after RAS falls [see parameter tgrL cH)RI. For successive CAS-before-RAS refresh cycles, CAS can
remain low while cycling RAS. The external address is ignored and the refresh address is generated internally.
The external address is also ignored during the hidden refresh option.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after power-up to the full Vg level.

test function pin

During normal device operation the TF pin must either be disconnected or biased at a voltage less than or equal
to Vce.
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TMS44C256

262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

logic symbolt
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DQ1

DQ2
DQ3
DQ4

. RAM 256K x 4

2 20D9/21D0

8

9

1 A_O

12 262 143
13
14
15 20D17/21D8

> C20[ROW]
. G23/[REFRESH ROW]
24[PWR DWN]
> C21/[COLUMN]
G24
17 =
. b 23c22

%ﬁ 23,21D 24,25EN

1 _11 22D L

* A2 A,Z26 -

12—+»
18 »]
19 o,

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for the N package.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

func

tional block diagram

RAS CAS

P

Timing and Control

»

:

| Row

»{ Address

»| Buffers [

> )

> 256K Row 256K

J__; Array | Decode| Array b

AO *—»- Sense Amplifiers
At > <> <
A2 ¢ <> > Data 4
A3 _ | column <> P In |

> Address [\ <> 1o < feg
A4 > Buffers /] <> Buffers <
A5 » ©) Column Decode Dl 4018 A
A6 E <> Selection > Data
A7 > P » Out G

«»> » gl
A8 > _ 4> > Reg 4
Sense Amplifiers
256K | Row | 256K Y
Array | Decode| Array DQ1-DQ4

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Voltagerange onany pin (SEe NOte 1) ... ..ttt —-1Vto7V
VORage raNGE ON VGG ottt e e i e -1Vto7V
Short Circuit OULPUL CUITENt ..o i i e e i e i i 50 mA
POWET diSSIPatON oottt e e 1TW
Operating free-air temperature range ... ..ot i e 0°C to 70°C
StOrage temMPErature TABNGE .. oot e ettt et et - 65°C to 150°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and

funct

ional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgs.
recommended operating conditions
MIN NOM MAX | UNIT
Voc  Supply voltage 4.5 5 5.5 \%
Vgs Supply voltage 0 \%
Vi4  High-level input voltage 2.4 6.5 v
VIL Low-level input voltage (see Note 2) -1 0.8 Vv
Ta Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

j
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
PARAMETER TEST CONDITIONS TMS44C256-60 | TMSA4C256-70 | jyyy
MIN MAX MIN MAX
VoH High-level output voltage [loH =—5mA 24 2.4 \
VoL  Low-level output voltage | IpL =4.2mA 0.4 0.4 \
Iy Input current (leakage) Vi =0t05.8V,Voe =5V, All other pins =0 Vto Vco +10 +10 uA
lo Output current (leakage) | Vo =0VtoVce, Vog =5.5V, CAS high +10 =10 uA
Icc1  Read/write cycle current | te(rgw) = minimum, Vg = 5.5V 95 80 mA
Iccz2 Standby current After 1 memory cycle, RAS and CAS high, Vi = 2.4 V 2 2 mA
Icca Average refreshcircuit | to(rgW) = minimum, Ve = 5.5 V, RAS cycling, CAS high 90 80| mA
(RAS-only, or CBR) (RAS-only), RAS low, after CAS low (CBR)
lcca Average page current te(P) = minimum, Voc = 5.5 V, RAS fow, CAS cycling 70 60 mA
TEST TMS44C256-80 | TMS44C256-10 | TMS44C256-12
PARAMETER UNIT
CONDITIONS MIN  MAX| MIN MAX| MIN MAX
VoH  High-level output voltage loH=—-5mA 2.4 2.4 24 \
VoL Low-level output voltage loL=42mA 0.4 0.4 0.4 \
Vi=0t058V,Voc=5V, . .
] Input current (leakage) All other pins = 0 V to Vo@ =10 =10 =10 A
! Output current (leakage) Vo=0toVeo, +10 =10 10 A
o P 9 VGG = 5.5V, CAS high * "
lcc1  Read/write cycle current te(rdw) = minimum, Vo = 5.5V 75 65 55| mA
After 1 memory cycle,
Iccz2 Standby current RAS and CAS high, Vi = 2.4 V 2 2 2 mA
o t(rdw) = minimum, Vg =55V
Icca g’%’sa-%il’ef;f%‘;g;"“ RAS cycling, CAS high (RAS-only), 70 60 50| mA
Y. RAS low, after CAS low (CBR)
te(p) = minimum, Vec =5.5V,
lcca Average page current RAS low, CAS cycling 50 45 35 mA

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 3)

PARAMETER MIN TYP MAX | UNIT
Ci(a)  Inputcapacitance, address inputs 5 pF
Cj(rc) Input capacitance, strobe inputs 5 pF
Cijw)  Input capacitance, write-enable input 5 pF
Cig) Input capacitance, output-enable input 5 pF
Co Output capacitance 7 pF

NOTE 3. Vg equalto 5V = 0.5V and the bias on pins under testis 0 V.

i
Texas “)
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature (see Figure 1)

PARAMETER ALT. TMS44C256-60 | TMS44C256-70 uNIT
SYMBOL | MIN MAX| MIN MAX
ta(C) Access time from CAS low tcac 15 18 ns
ta(cA)  Access time from column-address tCAA 30 35 ns
ta(R) Access time from RAS low tRAC 60 70 ns
ta(G) Access time from G low tGAC 15 18 ns
ta(cP) Access time from column precharge tCAP 35 40 ns
td(cLz) CAS low to outputin fow Z toLz 0 ns
tdis(CH) Output disable time after CAS high (see Note 4) toFF 15 0 18 ns
tdis(G) Output disable time after G high (see Note 4) tGOFF 0 15 0 18 ns
PARAMETER ALT. TMS44C256-80 | TMS44C256-10 | TMS44C256-12 UNIT
SYMBOL MIN  MAX MIN  MAX | MIN MAX
ta(c) Access time from CAS low tcac 20 25 30 ns
ta(CA) Access time from column-address tcAA 40 45 55 ns
ta(R) Access time from RAS low tRAC 80 100 120 ns
1a(G) Access time from G low tGAC 20 25 30 ns
ta(CP) Access time from column precharge tcAP 40 50 60 ns
tdcLzy CASlow to output in low Z oLz 0 ns
tdis(CH) Output disable time after CAS high (see Note 4) tOFF 20 25 0 30 ns
tdis(G)  Output disable time after G high (see Note 4) t{GOFF 20 25 30 ns
NOTE 4: tgis(CH) and tdis(G) are specified when the output is no longer driven.
i
TeExas *p
INSTRUMENTS
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timing requirements over recommended ranges of

temperature (continued)

supply voitage and operating free-air

ALT. TMS44C256-60 | TMS44C256-70
PARAMETER SYMBOL [N IR, MAX UNIT
te(rd) Read cycle time (see Note 6) RC 110 130 | ns
tew) Write cycle time twe 110 130 ns
te(rdw) Read-write/read-modify-write cycle time tRwe 155 181 ns
te(P) Page-mode read or write cycle time (see Note 7) tpc 40 45 ns
te(PM) Page-mode read-modify-write cycle time tpcm 85 96 ns
tw(CH) Pulse duration, CAS high top 10 10 ns
tw(CL) Pulse duration, CAS low (see Note 8) tcas 15 10000 18 10000 ns
tw(RH) Pulse duration, RAS high (precharge) tRP 40 50 ns
tw(RL) Non-page-mode pulse duration, RAS low (see Note 9) tRAS 60 10000 70 10000 ns
tw(RL)P Page-mode pulse duration, RAS low (see Note 9) tRASP 60 100 000 70 100 000 ns
tw(WL) Write pulse duration twp 15 15 ns
tsy(cA)  Column-address setup time before CAS low tasc 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 ns
tsu(D) Data setup time before W low (see Note 10) tps 0 0 ns
tsu(rd) Read setup time before CAS low {=TelS) 0 0 ns
tsu(weL) W-low setup time before CAS low (see Note 11) twes 0 0 ns
tsuwcH) W-low setup time before CAS high tocwL 15 18 ns
tsu(WRH) W-low setup time before RAS high tRWL 15 18 ns
th(CA) Column-address hold time after RAS low tcAH 10 15 ns
th(RA) Row-address hold time after RAS low tRAH 10 10 ns
th(RLCA) _ Column-address hold time after RAS low (see Note 12) tAR 50 55 ns

Continued next page.

NOTES:

9.

10.
11,
12

All cycle times assume t; = 5 ns.

additional CAS low time tw(cyh-

5. Timing measurements in this table are referenced lo Vi max and V| min.
6.

7. To guarantee te(p) min, tsy(CA) should be greater than or equal to ty(CH).
8. Inaread-modify-write cycle, tg(CLwL) and tsy(wCH) must be observed (Depending oni the user’s transition times, this may require

In a read-modify-write cycle, td(RLWL) and tsu(WRH) must be observed. (Depending on the user’s transition times, this may require

additional RAS low time tw(rL))-
Later of CAS or W in write operations.
Early write operation only.

The minimum value is measured when tg(RLCL) is Sef o tg(RLGL) Min as a reference.

5-8
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. TMS44C256-80 | TMS44C256-10 | TMS44C256-12
PARAMETER SYMBOL UNIT
b MIN MAX | MIN MAX [ MIN MAX
te(rd) Read cycle time (see Note 6) tRC 150 180 220 ns
te(w) Write cycle time twe 150 180 220 ns
te(raw) Read-write/read-modify-write cycle time tRwC 205 245 295 ns
te(P) Page-mode read or write cycle time (see Note 7) tpc 50 55 65 ns
te(PM) Page-mode read-modify-write cycle time trcm 100 120 135 ns
tw(CH) Pulse duration, CAS high tcp 10 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 20 10000 25 10000 30 10000 ns
tw(RH) Pulse duration, RAS high (precharge) trp 60 70 90 ns
Non-page-maode pulse duraticn, RAS low
tw(RL) (see Note 9) tRAS 80 10000| 100 10000| 120 10000 ns
tw(RLP Page-mode puise duration, RAS low (see Note 8) | tRasSP 80 100000| 100 100000| 120 100000 ns
tw(WL) Wirite pulse duration twp 15 15 20 ns
tsu(CA) Column-address setup time before CAS low taASC 0 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 0 ns
tsu(D) Data setup time before W low (see Note 10) tDs 0 0 0 ns
tsu(rd) Read setup time before CAS low tRcs 0 0 o] ns
tsu(weL) W-low setup time before CAS low (see Note 11) twes 0 0 (o] ns
tsu(WCH) W-low setup time before CAS high tcwL 20 25 30 ns
tsu(WRH) W-low setup time before RAS high tRWL 20 25 30 ns
th(CA) Column-address hold time after RAS low tcaH - 15 20 . 20 ns
th(RA) Row-address hold time after RAS low tRAH 12 15 15 ns
Column-address hold time after RAS low
th(RLCA) (see Note 12) tAR 60 70 80 ns
Continued next page. )
NOTES: 5. Timing measurements in this table are referenced to Vi max and V|q min.
6. All cycle times assume t = 5 ns.
7. To guarantee te(p) min, tsy(CA) should be greater than or equal to tw(CH)-
8. Inaread-modify-write cycle, td(CLwL) and tsy(wCH) must be observed. (Depending on the user’s transition times, this may require
additional CAS low time [twicy)D-
9. Inaread-modify-write cycle, ty(RLwL) and tsy(WRH) must be observed. (Depending on the user’s transition times, this may require
additional RAS low time tw(rL)D-
10. Later of CAS or W in write operations.
11. Early write operation only.
12. The minimum value is measured when tq(RLCL) is set to tq(RLCL) min as a reference.

EXAS ‘Q’
INSTRUMENTS
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timing requirements over recommended ranges of supply voitage and operating free-air
temperature (continued)

ALT. | TMS44C256-60 | TMS44C256-70
PARAMETER SYMBOL| MIN  MAX| MIN _ mAax | UNT
th(D) Data hold time after CAS low (see Note 10) tpH 10 15 ns
th(RLD) Data hold time after RAS low (see Note 12) iDHR 50 55 ns
th(wLGL) G hold time after W low tGH 15 18 ns
th(CHrd) Read hold time after CAS high (see Note 13) tRCH 0 0 ns
th(RHrd) Read hold time after RAS high (see Note 13) tRRH 0 0 ns
th(CLw) Write hold time after CAS low (see Note 11) : tWCH 15 15 ns
th(RLW) Write hold time after RAS low (see Note 12) WCR 50 55 ns
td(RLCH)  Delay time, RAS low to CAS high tcsH 60 70 ns
td(CHRL)  Delay time, CAS high to RAS low tCRP 0 0 ns
td(CLRH)  Delay time, CAS low to RAS high tRSH 15 18 ns
td(cLwL)  Delay time, CAS low to W low (see Note 14) tcwpD 40 46 ns
td(RLCL) Delay time, RAS low to CAS low (see Note 15) tRCD 20 45 20 52 ns
ld(RLCA) Delay time, RAS low to column-address (see Note 15) tRAD 15 30 15 35 ns
td(CARH) _ Delay time, column-address to RAS high RAL 30 35 ns
td(CACH)  Delay time, column-address to CAS high tcAL 30 35 ns
td(RLWL)  Delay time, RAS low to W low (see Note 14) tRWD 85 98 ns
tdcAawL)  Delay time, column-address to W low (see Note 14) tAWD 55 63 ns
td(GHD) Delay time, G high before data at DQ tGDD 15 18 ns
td(GLRH)  Delay time, G low to RAS high tGSR 10 10 ns
td(RLCH)R  Delay time, RAS low to CAS high (see Note 16) tCHR 15 15 ns
td(CLRL)R _ Delay time, CAS low RAS low (see Note 16) {CSR 10 10 ns
td(RHCL)R _Delay time, RAS high CAS low (see Note 16) tRPC 0 0 ns
tef Refresh time interval tREF 8 8| ms
1t Transition time s 3 50 3 50 ns

Continued next page.

NOTES: 5. Timing measurements in this table are referenced to V|| max and V|4 min.
10. Later of CAS or W in write operations.
11. Early write operation only.
12. The minimum value is measured when tq(RLCL) is set to td(RLCL) min as a reference.
13. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle.
14. Read-modify-write operation only.
15. Maximum value specified only to guarantee access time.
16. CAS-before-RAS refresh only.

j
EXAS
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

ALT. | TMS44C256-80 | TMS44C256-10 | TMS44C256-12
PARAMETER SYMBOL [ MIN _ MAX| MIN __ MAX| MmN max | UNIT
th(D) Data hold time after CAS low (see Note 10) tDH 15 20 25 ns
th(RLD) Data hold time after RAS low (see Note 12) tDHR 60 70 85 ns
th(WLGL) G hold time after W low tGH 20 25 30 ns
th(CHrd) Read hold time after CAS high (see Note 13) tRCH 0 0 0 ns
th(RHrd) Read hold time after RAS high (see Note 13) tRRH 0 0 0 ns
th(CLW) Write hold time after CAS low (see Note 11) tWCH 15 20 25 ns
th(RLW) Write hold time after RAS low (see Note 12) tWCR 60 70 85 ns
td(RLCH)  Delay time, RAS low to CAS high tCSH 80 100 120 ns
td(CHRL) _ Delay time, CAS high to RAS low tcRP 0 0 0 ns
td(CLRH) Delay time, CAS low to RAS high tRSH 20 25 30 ns
td(cLwL)  Delay time, CAS low to W low (see Note 14) tcwD 50 60 70 ns
td(RLCL) Delay time, RAS low to CAS low (see Note 15) tRCD 22 60 25 75 25 90 ns
t4RLCA) (Dszl:);\l?;:;ei ;AS low to column-address tRAD 17 40 20 55 20 65 ns
td(cARH)  Delay time, column-address to RAS high tRAL 40 45 55 ns
td(CACH)  Delay time, column-address to CAS high tCAL 40 45 55 ns
td(RLwL)  Delay time, RAS low to W low (see Note 14) tRWD 110 135 160 ns
ta(cAWL) 221:)& tcl;:;ei ;:)olumn~address to W low AWD 70 80 95 ns
td(GHD) Delay time, G high before data at DQ tGDD 20 25 30 ns
td(GLRH)  Delay time, G low to RAS high tGSR 10 10 10 ns
td(RLCH)R Delay time, RAS low to CAS high (see Note 16) tCHR 20 25 25 ns
td(CLRL)R _ Delay time, CAS low RAS low (see Note 16) tcsR 10 10 10 ns
td(RHCL)R Delay time, RAS high CAS low (see Note 16) tRPC 0 0 o] ns
trf Refresh time interval tREF 8 8 8| ms
1t Transition time tT 3 50 3 50 3 50 ns
NOTES: 5. Timing measurements in this table are referenced to Vi|_max and Vi min.

10. Later of CAS or W in write operations.

11. Early write operation only.

12. The minimum value is measured when tq(R|_CL) is set to tg(RLCL) Min as a reference.

13. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle.

14. Read-modify-write operaticn only.

15. Maximum value specified only to guarantee access time.

16. CAS-before-RAS refresh only.

J
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PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
Ry =218Q Ry =828Q
Output Under Test Output Under Test
CL =100 pF R2=295Q
Cy =100 pF
1
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

read cycle timing
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NOTE 17: Output may go from high-impedance to an invalid data state prior to the specified access time.
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early write cycle timing
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late write cycle timing

e te(w) >
o | }: tw(RL) ﬁ ' VIH
RAS |\| J/r——_\___
Y | | | ViL
—» € Y ————td(CLRH) ———¥; T wiRH) |
: — t4RLCL) ——:‘,(RLCH) r——:—'d(CHRL)—N
! E 14——tw(cu——>'| (| VIH
oAS Il "\L A |
L L] P / N Vi
| M th@RLCA) T ¥ | tw(CH)
. | | tsu(CA) &—» | ! | |
thra) P e— - tfl(CACH) L [
tsu(RA) ! K—i— l |H———‘——l I~ td(CARH)
ViH
’VVVVV‘VY"V'VV’V"‘V’V‘V‘
AO-A8 R
N o DR conumn R Ko ot L) .
— | — [ l L
| I thica) P 14— | |
td(RLCA) Jﬁ———ﬂ € _tsueg:(WRH) —l——-D:

| VIH

)})\)\)\)\)\ - : FAVAVAVAVAVAN viL
| tsu(p) —4>  ——twwi)

| ,1——-— ‘h(D) —HI

P— o g B
Do1- SRR | — twwi) ov TR KRR, ViH/ VoH
o QBT KIK vawome KEXZGXESKNERE SERKKEEE 1y v
44— td(GHD) > "‘—’E“ thWLGL) v
g LRI RIS \,1:

j
Texas ‘b
INSTRUMENTS

5-14 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

read-write/read-modify-write cycle timing
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NOTE 17: Output may go from high-impedance to an invalid data state prior to the specified access time.
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enhanced page-mode read cycle timing
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NOTES:17. Output may go from high-impedance to an invalid data state prior to the specified access time.
18. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
19. Access time is ta(CP) 0r ta(CA) dependent.
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TMS44C256
- 262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

enhanced page-mode write cycle timing

twRH) —» [
< tw(RL)P g
L | w(RL) | [ Vit
RAS N\ J/I‘_\__
| ! | I viL
: h td(RLCH) Bl M te(p) ————» : : :
| [ ta@LcL) —» ! '<—tw(CH) —N lM—tq(CLRH) —» | 1
| : tw(CL) ——>{ Il<—|- ! : :4— d(CHRL), —
| |
- : t | I I | I t { VIH
AS | ! | L/ [ | : |
j | | | ! | vIL
—» @ tsu(RA) I | | Iy I
' "_l tsuca) > 1 | | M- tdcach) M | N
f le—thray —» | | H—th(CA) > IH—- td(CARH|) — :
th(RLc ) |
L1 A | Vit
A0-AB X! Row j{ Column | | Column Don’t Care
:i | 1 : | }\}\I/\/\/\/\ viL
[4¢—td(RLCA) —H | | | |
th(RLW) —|—I—H | tsuwcH) —»  — - '
S o —>
| I
RS : AAAAAA AAAAAA
N—— tsu(D) > ,4— th(0) —p!
[ (see Note 21) | (see Note 21) | ,4—» th(WLGL)
| tSI.I(D —’H——lh(m —}I )
| (see Note21) | (see Note 21) |
| th(RLD) » ViH
VVVV'V'V
DD%;@{ Valid Data In ’Q’Q‘Q’Q’Q Valid In QQ‘QQ DontCar}g 0‘0’
Vu.
| [ |
—>: |€— t4(GHD) H—P:—tn(WLGL) —’: {4 td(GHD) :

ViH
ay’ WX&%%W Y@KM&!@
AAAARX viL

NOTES: 20. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write timing ‘
specifications are not violated.
21. Referenced to CAS or W, whichever occurs last.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

enhanced page-mode read-modify-write cycle timing

tw(RH) J’: IN—

1< tw(RL)P L
| ViH
RAS N /i
: [—(RLCH) — > {¢——— td(CLRH) ___;{/‘—}\ Vit
td(RLCL) | > o | l4——P+14(CHRL)
| “ te(Pm) T > | ! ViH
CAS [ |'\.L<———‘w(CL)—H I N |
L | ] | [ | ! ViL
| ﬂil-xsu(n_lz‘ 1 [4—>t— tw(CH) , I
| tsu(cA) e+ |
td(RLCA) —T<——>: l :4—>l*—‘h(CA) . v
(RRRRRRRTTTR R RRTATIIIIILLLLY  1H
A0-AS @{ R°[‘” ‘ ‘i’°'“"‘" QLY QLR .
A
th(RA) -Pi | :.Izm')u > iy P M —:<——>l |
< i t
| td(RLWL) ——’ll : : ' | SuCWRH) Vi
" TR || N _ ARRRRRRRRR
v
R ) ‘
tsugrd) P | | t » ——pl ¢t
(irt:(CA) | D _’iHJl’ts" o {4 ta(CP) : : h(WLGL)
|
——1ta(R) :———H I ] I
tyczy || | Valid Out |
DQ1- { ViH/VoH
DQ4 é | ViL/V
Valid Out | | | /Yo
——ta) —> | M thwiey |
|
|

|
|
> M- tas@) | > & t4(GHD)

ER ST N/ R

NOTES: 17. Output may go from high-impedance to an invalid data state prior to the specified access time.
22. Areadorwrite cycle canbeintermixed with read-modify-write cycles as long as the read and write timing specifications are not violated.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

RAS-only refresh timing

h te(rd) >
| :4——tw(nL)—H[ | Vin
RAS : | l | {\
v
td(CHRL) ——»f | ) — -
l —>l| :4—1, H—H—td(nncun
o A | T ViH
| |1 viL
tsu(RA)—ﬂ—N : @A)

VIH
Ao-A8 m X.Y%!%W Row Bent WW Row
AAAAAA AXAXAA viL
ViH
" R B R
ViL
DQi- AT VIH/VoH
DQa Don’t Care
AXAAXA,

ViL/VoL

V4 \VAVAVAVAVAVAVAV, < VIH
RRTIIITIRNL o,o,o,o,o,o,“o,n ANy

ViL
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

hidden refresh cycle (enhanced page mode)

l¢— Refresh Cycle —
le— Memory Cycle —>! l— Refresh Cycle o

| | |
l‘——"f’:— tw(RH) > twrH) |
H———*f—r tw(RL) : :‘—’1—r tw(RL) I |

! |

|
| I .
N l | | ! VIH
RAS AN | | |
| | i ViL
| : : td(RLCH)R —t&———»
| i tw(cL) »l
CAS 1IN |
N '
|
|
|

/i

45 : viL
|
| |
e |
oIy I

N ( VIH
‘V \/ V’V’V’V’V’V’V’V V’V‘V‘V’V‘V’V’V’V‘V"’V‘V V. A\VAVAVAVAV V’V’V‘V’V’V ’ ’
KRR ERKRK oo BRXIGS, SIRRKGLIHGEL

(¢ ]
ViH
— NYXYY XY
T R R, R Ry
I AAAAA (¢ ViL
|

i [—»  4— ta(c) !
le—>—ta(ca) t > e
ta(R) 1 y dis(CH) |
DQi- ) ViH/VoH
DG4 —-—{ Valid Data }-
, 5 | ViL/VoL
—>{ — ta(G) r—tdls(G) —»
l
¢ viL

i
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

automatic (CAS-before-RAS) refresh cycle timing

te(rd)

I A

& WEH) T e tw(AL)

| VIH
RAS | I\ 1/
' | | [ ViL
dRHCLIR —»  M— 5 ¢

»l
™
|

1d(CLRLR | [—————t4(RLCH)R —-——>} Vir
CAS \ /
ViL
ViH
/\N\N\ viL
VIH
DQ1- HI-Z
DQ4 viL
= TIIY ViH
Don’t Care
LY.V viL

ViH
DR RS viL

device symbolization

-8§
T -

TMS44C256N

Package Code ——]
N =DIP : F D P XX LL
DJ = SOJ (

SD =ZIP

DN = ThinSOJ

Wafer Fab Code
Die Revision Code
Assembly Site Code
Month Code
Lot Traceability Code
Speed ( -60, -70, -80, -10, -12)
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

This Data Sheet Is Applicable to All
TMS4C1024/5/7s Symbolized with Revision
“D” and Subsequent Revisions as Described

on Page 5-62.

1048576 x 1 Organization

Single 5-V Supply (10% Tolerance)

Performance Ranges:
ACCESS ACCESS ACCESS READ

TIME TIME TIME OR

ta(R) ta(c) taca WRITE
(trac) (tcac) (!CAA; CYCLE

(MAX)  (MAX)  (MAX) (MIN)

TMS4C1024-60 60ns 15ns 30ns 110ns
TMS4C1024-70 70ns 18ns 35ns 130ns
TMS4C102_-80 80ns 20ns 40ns 150ns
TMS4C102_-10 100ns 25ns 45ns 180ns
TMS4C102_-12 120ns  30ns 55ns 220ns

N Package SD Package
(Top View) (Top View)
D(] 1 ~ 18] Vss Ao 1 2[| TAs
W[ 2 17]0 Q :]3 4[ Vss
RAS[]s  16[ICAS _Dps s W
TF(] 4 15|] A9 RAs (17 8[] TF
Aol s 141 AB NG Lo 10[] NC
Alfls 13|] A7 AO 11 12[] A1
A2(] 7 12[] A6 A2 13 1a[] A3
Aslls  nflAs vee 15 o aa
Veell o 10]/—\4 AS %17 18[] A6
A7 He 20[] A8

DJ and DN Packagest

TMS4C1024 — Enhanced Page Mode

Operation for Faster Memory Access

— Higher Data Bandwidth than Conventional
Page-Mode Parts

— RandomSingle-Bit Access Within a Row
With a Column Address

TMS4C1025 - 4-Bit Nibble Mode Operation

— Four Sequential Single-Bit Access Within
a Row By Toggling CAS

TMS4C1027- StaticColumn Decode Mode

Operation

— Random Single-Bit Access Within a Row
With Only a Column Address Change

One of TI's CMOS Megabit DRAM Family,

Including TMS44C256 — 256K x 4

Enhanced Page Mode

CAS-Before-RAS Refresh

Long Refresh Period . . . 512-Cycle Refresh
in 8 ms (Max)

3-State Unlatched Output
Low Power Dissipation
Texas Instruments EPIC™ CMOS Process

All Inputs/Outputs and Clocks Are TTL
Compatible

Operating Free-Air Temperature Range
...0°Cto70°C

High-Reliability Plastic 18-Pin 300-Mil-Wide

DIP, 20/26 J-Lead Surface Mount (S0J), 20/26

Thin J-Lead Surface Mount (ThinSOJ) or
20-Pin Zig-Zag In-line (ZIP) Packages

(Top View)
b 26[ ] vgg
w2 25[.q
RAS[]3 247 CAS
TF C4 231 Ne
NC O5 221 A9
Ao[]e 1811 A8
At[]10 170 A7
A2(n 16 A6
A3[]12 157 A5
vec 12 1411 A4

1The packages shown here are for pinout reference only.
The DJ package is actually 75% of the length of the N

package.
PIN NOMENCLATURE
AO-A9 Address Inputs
CAS Column-Address Strobe
D Data In
NC No Connection
Q Data Out
RAS Row-Address Strobe
TF Test Function
W Write Enable
vVee 5-V Supply
Vss Ground

and SN74ALS6302 Dynamic RAM

Controllers

Operations of TlI's Megabit CMOS DRAMs
Can Be Controlled by TI’'s SN74ALS6301

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarlly include testing of all parameters.

EXAS “5’
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

description

The TMS4C1024, TMS4C1025, and TMS4C1027 are high-speed, 1 048 576-bit dynamic random access
memories, organized as 1 048 576 words of one bit each. They employ state-of-the-art EPIC™ (Enhanced
Process Implanted CMOS) technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, 100 ns, and 120 ns. Maximum power
dissipation is as low as 305 mW operating and 11 mW standby on 120 ns devices.

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. Icc peaks are 140 mA typical, and a — 1-V input voltage undershoot
can be tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS4C102_ are offered in an 18-pin plastic dual-in-line (N suffix) package, a 20/26 J-lead plastic surface
mount SOJ (DJ suffix) package, a 20/26 J-lead thin plastic surface mount SOJ (DN suffix), and a 20-pin zig-zag
in-line (SD suffix) package. The TMS4C1024-60 and TMS4C1024-70 are available in the 20/26 J-lead plastic
surface mount SOJ (DJ suffix) only. These packages are characterized for operation from 0°C to 70°C.

operation

enhanced page mode (TMS4C1024)

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column addresses
A0 through A9 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS4C1024 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
CAS transitions low. This performance improvement is referred to as “enhanced page mode”. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after t;(c) max (access time from CAS low), if tyca)
max (access time from column address) has been satisfied. In the event that column addresses for the next page
cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence
of ta(c) or ta(cp) (access time from rising edge of CAS).

5-24
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

nibble mode (TMS4C1025)

Nibble-mode operation allows high-speed read, write, or read-write-modify-write access of 1 to 4 bits of data.
The first bit is accessed in the normal manner with read data coming out at tyc) time as long as ta(g) and taca)
are satisfied. The next sequential bits can be read or written by cycling CAS while RAS remains low. The first
bit is determined by the row and column addresses, which need to be supplied only for the first access. Row A9
and column A9 provide the two binary bits for initial selection, with row A9 being the least-significant address
and column A9 being the most significant. Thereafter, the falling edge of CAS will access the next bit of the circufar
4-bit nibble in the following sequence.

I——> (00) —» (011) —» (10) —» (11) -F]

Data written in a sequence of more than 4 consecutive cycles shall be capable of being read back without exiting
from the nibble mode. In a sequence of consecutive nibble-mode cycles the control of the high-impedance state
forthe data out (Q) pinis determined by each individual cycle. This facilitates fully mixed nibble-mode cycles (e.g.,
read/write/read-modify-write/read etc.).

static column decode mode (TMS4C1027)

The static column decode mode of operation allows high-speed read, write, or read-modify-write by reducing the
number of required signal setup, hold, and transition timings. This is achieved by first addressing the row and
column inthe normal manner, but after the first access, maintaining CAS low. Subsequently changing the column
address produces valid data atta(ca). The first bitis accessed in the normal manner with read coming out atta ()
time. Similarly, write or read-modify-write cycle times can be achieved with appropriate toggling of W. The
addresses are latched during the write operation, and remain latched unitl CAS or W no longer remains low.

address (A0 through Ag) (TMS4C1024, TMS4C1025)

Twenty address bits are required to decode 1 of 1 048 576 storage cell locations. Ten row-address bits are set
up on inputs A0 through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins A0 through A9 and latched onto the chip by the column-address strobe (CAS). All
addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that
it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the output
buffer, as well as latching the address bits onto the column-address buffer.

address (A0 through A9) (TMS4C1027)

Twenty address bits are required to decode 1 of 1 048 576 storage cell locations. Ten row-address bits are set
up on pins AO through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins A0 through A9. Row addresses must be stable on or before the falling edges of RAS.
RAS is similartoa chip enable in that it activates the sense amplifiers as well as the row decoder. In a write cycle,
the later of CAS or W latches the column address bits.

write enable (W)

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from the standard
TTL circuits without a pullup resistor. The data input is disabled when the read mode is selected. When W goes
low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting
common I/O operation.
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TMS4C1024, TMS4C1025, TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

data

data

in (D)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior to CAS and
the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal.

out (Q)

The three-state output buffer provides direct TTL compatibility {no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS is brought low. In a read ead cycle the output becomes valid after the access time interval tyc) that begins
with the negative transition of CAS as long as ta(m).and ta(CA) are satisfied. The output becomes valid after the
access time has elapsed and remains valid while CAS is low; CAS going high returns it to a high-impedance
state. In a delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

CAS-

Arefresh operation must be performed at least once every eight milliseconds to retain data. This can be achieved
by strobing each of the 512 rows (A0-A8). A normal read or write cycle will refresh all bits in each row that is
selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving power
as the output buffer remains in the high-impedance state. Externally generated addresses must be used for a
RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at V||_after aread operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle.

before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter tgcLRL)R] and holding
it low after RAS falls [see parameter tyrLCH)R]- For successive CAS-before-RAS refresh cycles, CAS can
remain low while cycling RAS. The external address is ignored and the refresh address is generated internally.
The external address is also ignored during the hidden refresh cycles.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after full Vg level is achieved.

test function pin

During normal device operation the TF pin must either be disconnected or biased at a voltage less than or equal
to Vge.
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TMS4C1024, TMS4C1025, TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

logic symbolt

RAM 1024K x 1
5
AO o 20D10/21D0
A1
A2 —1
s
A4 ——— 0
> U A
as L A 048575
As —12
Ay 13
Ag 14
15
A9 —— 20D19/21D9
> C20[ROW]
G23/[REFRESH ROW]
== 3
RAS 24[PWR DWN]
> c21[coL]
G24
—= _16
CAS v
& > 23C22
— 2 —
w p 23,21D 24EN 17
D — A22D AV |—FF— q

1tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers are for the 18-pin dual-in-line N package.
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

functional block diagram

nfs CAS w
I Timing and Contro! |
.| Row
" | Address
> Buffers
> (10)
> 256K Row 256K
> Array | Decode | Array
> Sense Amplifiers = /L
<« Data
. PG 4 Inh |<4D
A0 > - Reg.
At »- <> /0
A2 > <P Buffers
Column Decode 10f8
A3 »| Column <>
Ad »| Address A > Selection
s _ | Buffers - |/ > Data
> (10) Dl —— Out |— q
A6 > «r Reg.
A7 > Sense Amplifiers
AB > 256K | Row 256K
A9 > Array Decode Array

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Voltage rangeon any pin (S€e NOte 1) ... .ottt e e iienineeens -1Vto7V
VORAGE rANGE ON VGG« ottt ittt e et i i -1Vto7V
Short circuit OUPUL CUMTENE Lo i e e i e e 50 mA
POWET diSSIPAION .ottt e e e e e 1w
Operating free-air temperature raNge .. ......vvettt ittt et ieeenanns 0°C to 70°C
Storage temperature FANGE ... v vttt s ettt e it e e —65°C to 150°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \%
ViH  High-level input voltage 2.4 6.5 \2
VL  Low-level inputvoltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is'used in this data sheet for logic
voltage levels only.
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
TMS4C1024-60 | TMS4C1024-70
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN  MAX
VOH High-level output voltage lIoH=—-5mA 2.4 2.4 \
VoL Low-level output voltage loL=42mA 0.4 0.4 \
V|=0to65V,Vcc=55V, . .
5 Input current (leakage) All other pins = 010 Voo +10 =10 RA
[[e) Output current (leakage) Vo =0to Voo, Ve = 5.5V, CAS high =10 =10 HA
lcct Read or write cycle current Minimum cycle, Ve = 5.5V 95 80 mA
After 1 memory cycle, RAS and CAS high, -
Icca Standby current Vi = 2.4V 2 2 mA
Minimum cycle, Vg = 5.5V
lcca ’(’%%ifef;fsé‘;;)’ rent RAS cycling, CAS high (RAS-only), 90 80 | ma
v RAS low, after CAS low (CBR)
Average page current te(P) = minimum, Vo =5.5V,
lcc4 (Tms4C1024) RAS low, CAS cycling 70 60 | mA
TMS4C1024-80 | TMS4C1024-10 | TMS4C1024-12
TMS4C1025-80 | TMS4C1025-10 | TMS4C1025-12
PARAMETER TEST CONDITIONS TMS4C1027-80 | TMS4C1027-10 | TMS4ac1027-12 | UNIT
MIN  MAX MIN  MAX MIN  MAX
VoH High-level output voltage IoH=~5mA 2.4 2.4 2.4 \4
VoL Low-level output voltage loL=4.2mA 04 0.4 0.4 \
V|=0t06.5V,Vgc =55V, . . .
Iy Input current (leakage) All other pins = 0 V to Vag: =10 =10 =10 nA
Vo =0toVce, .
lo Output current (leakage) Veg =55V, CAS high +10 =10 +10 pA
Icct1 Read or write cycle current | Minimum cycle, Ve = 5.5V 75 65 55 mA
After 1 memory cycle,
Icco  Standby current RAS and CAS high, Vi = 2.4 V 2 2 2 mA
Minimum cycle, Vog = 5.5V
lcca %‘%’S"_%il'etf%‘%)' et | RAS cycling, CAS high (RAS-only), 70 60 50 | mA
v, RAS low, after CAS low (CBR)
Average page current te(P) = minimum, Voc =5.5V,
ICC4  (TMSaC1024) RAS low, CAS cycling 50 45 3 | mA
Average nibble current tg(N) = minimum, Vo =55V,
ICC5  (Tms4C1025) RAS low, CAS cycling for 4 cycles 50 45 40 ) mA
Average static column R _
Icce decode current %%VIV)SC%TM:.LW’ Vec =55V, 50 45 35 mA
(TMS4C1027) ow, yeling
INSTRUMENTS
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TMS4C1024, TMS4C1025, TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 3)

PARAMETER MIN TYP MAX | UNIT
Ci(a) Input capacitance, address inputs 5 pF
Ci(D) Input capacitance, data input 5 pF
Ci(Rc) Input capacitance, strobe inputs 5 pF
Ciw) Input capacitance, write-enable input 5 pF
Co Output capacitance 7 pF
NOTE 3: Vg equalto5V = 0.5V and the bias on pins under test is 0 V.
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Figure 1) ,
PARAMETER ALT. TMS4C1024-60 | TMS4C1024-70 UNIT
SYMBOL MIN  MAX MIN  MAX
13(C) Access time from CAS lowt tCAC 15 18 ns
ta(ca) Access time from column-addresst tCAA 30 35 ns
ta(R) Access time from RAS lowT tRAC 60 70 ns
ta(CP) Access time from column precharge {TMS4C1024 only) tCAP 35 40 ns
td(cLz)  CAS low to output in low Z tcLz 0 0 ns
tdis(CH) _ Output disable time after CAS high (see Note 4)T tOFF 0 15 0 18 ns
PARAMETER ALT. TMS4C102_-80 | TMS4C102_-10 | TMS4C102_-12 UNIT
SYMBOL MIN MAX MIN  MAX MIN  MAX
ta(c) Access time from CAS lowt tCAC 20 25 30 ns
ta(cA) Access time from column-addresst tCAA 40 45 55 ns
ta(R) Access time from RAS lowt tRAC 80 100 120 ns
ta(cP) /g:“iess‘ts Cn‘rg; 4frgrr;\y?olumn precharge tcAP 40 50 60 ns
t4(cLz)  CAS low tooutput in low Z tcLz 0 0 0 ns
ta(C)N Access time CAS low (TMS4C1G25 only) tNCAC 20 25 25 ns
tawHQ) Access time from W high (TMS4C1027 only) tWRA 20 30 35 ns
tawLQ) Access time from W low (TMS4C1027 only) tALW 75 95 115 ns
R e A R : R
thwa) Static column decode mode output hold time tWOH o 0 0 ns
after W low (TMS4C1027 only)
tdis(CH)  Output disable time after GAS high (see Note 4) tOFF 0 20 0 25 0 30 ns

tParameters apply uniformly to TMS4C1024, TMS4C1025, TMS4C1027.
NOTE 4: tgis(CH) is specified when the output is no longer driven.
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TMS4C1024
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

PARAMETER MEASUREMENT INFORMATION

131V Vee =5V
RL=218€2 R1=8289
Output Under Test — ¢ Output Under Test
CL=100pF_T— Cp =100 pF R,=295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits For Timing Parameters

timing requirements over recommended ranges of supply voltage and operating free-air

temperature
ALT. TMS4C1024-60 | TMS4C1024-70 | )\
SYMBOL | MIN MAX | MIN MAX
te(rd) Read cycle time (see Note 6) tRC 110 130 ns
te(w) Write cycle time twe 110 130 ns
tc(rgw)  Read-write/read-modify-write cycle time tRWC 130 153 ns
te(P) Page-mode read or write cycle time (see Note 7) trc 40 45 ns
te(PMm) Page-mode read-modify-write cycle time tPCM 60 68 ns
tw(CH) Pulse duration, CAS high ’ tcp 10 10 ns
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 15 10000 | 18 10000 ns
tw(RH) Pulse duration, RAS high (precharge) tRp 40 50 ns
tw(RL) Non-page-mode pulse duration, RAS low (see Note 9) tRAS 60 10000 70 10000 ns
tw(RLP  Page-mode pulse duration, RAS low (see Note 9) tRASP 60 100000 70 100000 ns
tw(wL) Write pulse duration twp 15 15 ns
tsu(CA) Column-address setup time before CAS low tASC 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 ns
tsu(D) Data setup time (see Note 10) tpDs (o] 0 ns
tsu(rd) Read setup time before CAS low tRCS 0 0 ns
tsu(WCL) W-low setup time before CAS low (see Note 11) twes o] 0 ns
tsu(WCH) W-low setup time before CAS high towL 15 18 ns
tsu(WRH) W-low setup time before RAS high tRWL 15 18 ns
th(CA) Column-address hold time after CAS low tCAH 10 15 ns
th(RA) Row-address hold time after RAS low tRAH 10 10 ns
th(RLCA) Column-address hold time after RAS low (see Note 12) tAR 50 55 ns
th(D) Data hold time (see Note 10) tDH 10 15 ns
th(RLD) Data hold time after RAS low (see Note 12) tDHR 50 55 ns

Continued next page.

NOTES:

5. Timing measurements are referenced to V| max and Vi min.

6. Allcycle times assume ty = 5 ns.

7. To guarantee tg(P) min, tgy(CA) should be greater than or equal to ty(CH).

8. In a read-modify-write cycle, tg(cLwL) and tsu(wCH) must be observed.

9. In a read-modify-write cycle, t4(RLwL) and tsy(WRH) must be observed.

10. Referenced to the later of CAS or W in write operations.

11. Early write operation only.

12.The minimum value is measured when t4(RLCL) is set to ty(RLCL) min as a reference.

ixas W
INSTRUMENTS
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TMS4C1024
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. TMS4C1024-80 | TMS4C1024-10 | TMS4C1024-12

SYMBOL [ MIN __MAX | MIN __ MAX | MIN __ MAX | UNT
te(rd) Read cycle time (see Note 6) RC 150 180 220 ns
tow) Write cycle time twe 150 180 220 ns
te(rdw) Read-write/read-modify-write cycle time tRWC 175 210 255 ns
te(P) Page-mode read or write cycle time (see Note 7) tpc 50 55 65 ns
tc(PM) Page-mode read-modify-write cycle time tPCMm 75 85 100 ns
tw(CH) Pulse duration, CAS high tcp 10 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 20 10000 25 10000 30 10000 ns
tw(RH) Pulse duration, RAS high (precharge) tgp 60 70 90 ns
twRL) z‘;gm%:‘;o"e pulse duration, RAS low RAS 80 10000 | 100 10000 | 120 10000 | ns

tw(RL)P  Page-mode pulse duration, RAS low (see Note 9) tRASP 80 100000 | 100 100000 | 120 100000 ns

tw(wL) Write pulse duration twp 15 15 20 ns
tsu(CA) Column-address setup time before CAS low tASC 0 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR 0 o] 0 ns
tsu(D) Data setup time (see Note 10) tps 0 0 0 ns
tsu(rd) Read setup lime before CAS low tRCS 0 0 0 ns
tsuqwcL) W-low setup time before CAS low (see Note 11) twes 0 0 0 ns
tsuWCH) W-low setup time before CAS high towL 20 25 30 ns
tsu(WRH) W-low setup time before RAS high tRWL 20 25 30 ns
th(CA) Column-address hold time after CAS low tcAH 15 20 20 ns
th(RA) Row-address hold time after RAS low tRAH 12 15 15 ns
th(RLCA) gcg:n;lg;:cg;ass hold time after RAS low tAR 60 70 80 ns
th(D) Data hold time (see Note 10) tDH 15 20 25 ns
th(RLD) Data hold time after RAS low (see Note 12) tDHR 60 70 85 ns

Continued next page.
NOTES: 5. Timing measurements are referenced to V| max and V)i min.
6. All cycle times assume t; = 6 ns.
7. To guarantee tg(p) min, tsy(CA) should be greater than or equal to ty(CH)-
8. In a read-modify-write cycle, tg(cLwL) and tsu(wCH) must be observed.
9. In a read-modify-write cycle, tg(RLWL) and tsu(WRH) must be observed.
10. Referenced to the later of CAS or W in write operations.
11. Early write operation only.
12.The minimum value is measured when t4(RLCL) is set to tg(rLCL) min as a reference.

j
Texas ‘b
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TMS4C1024
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. TMS4C1024-60 | TMS4C1024-70 UNIT
SYMBOL MIN  MAX MIN  MAX
th(CHrd) Read hold time after CAS high (see Note 15) tRCH 0 0 ns
th(RHrd) Read hold time after RAS high (see Note 15) tRRH 0 0 ns
thCcLw) Write hold time after CAS low (see Note 11) tWCH 15 15 ns
th(RLW) Write hold time after RAS low (see Note 12) tWCR 50 55 ns
td(RLCH) Delay time, RAS low to CAS high tCSH 60 70 ns
td(CHRL) Delay time, CAS high to RAS low tCRP 0 0 ns
td(CLRH) Delay time, CAS low to RAS high tRSH 15 18 ns
tgclwL)  Delay time, CAS tow to W low (see Note 13) towD 15 18 ns
t4(RLCL) Delay time, RAS low to CAS low (see Note 14) tRCD 20 45 20 52 ns
td(RLCA) Delay time, RAS low to column address (see Note 14) tRAD 15 30 15 35 ns
td(CARH) Delay time, column-address to RAS high tRAL 30 35 ns
td(CACH) Delay time, column-address to CAS high tCAL 30 35 ns
tgRLWL)  Delay time, RAS low to W low (see Note 13) tRWD 60 70 ns
td(CAWL) Delay time, column-address to W low (see Note 13) tAwD 30 35 ns
tg(RLCH)R  Delay time, RAS low to CAS high (see Note 16) tCHR 15 15 ns
td(CLRL)R  Delay time, CAS low to RAS low (see Note 16) tCSR 10 10 ns
tg(RHCL)R  Delay time, RAS high to CAS low (see Note 16) tRPC 0 0 ns
trf Refresh time interval tREF 8 8 ms
t Transition time tT 3 50 3 50 ns
Continued next page.
NOTES: 5. Timing measurements are referenced to Vi max and V|4 min.

11. Early write operation only.

12.The minimum value is measured when tq(RLCL) is set to t4(RLCL) min as a reference.

13. Read-modify-write operation only.

14, Maximum value specified only to guarantee access time.

15. Either th(RHrd) OF th(CHrd) must be satisfied for a read cycle.

16. CAS-before-RAS refresh only.
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TMS4C1024
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

ALT. TMS4C1024-80 | TMS4C1024-10 | TMS4C1024-12 UNIT
SYMBOL MIN MAX | MIN MAX | MIN MAX
th(CHrd) Read hold time after CAS high (see Note 15) tRCH 0 0 0 ns
th(RHrd) Read hold time after RAS high (see Note 15) tRRH 0 o] 0 ns
th(CLW) Write hold time after CAS low (see Note 11) twCH 15 20 25 ns
th(RLW) Write hold time after RAS low (see Note 12) tWCR 60 70 85 ns
td(RLCH)  Delay time, RAS low to CAS high tcsH 80 100 120 ns
t4CcHRL)  Delay time, CAS high to RAS low tcRP 0 0 0 ns
4(CLRH)  Delay time, CAS low to RAS high tRSH 20 25 30 ns
tycLwL)  Delay time, CAS low to W low (see Note 13) tewd 20 25 30 ns
td(RLCL) Delay time, RAS low to CAS low (see Note 14) tRCD 22 60 25 75 25 90 ns
14(RLCA) ‘ gzlsy;\lt:;ei 4F-K)AS low to column address tRAD 17 40 20 55 20 65 ns
t4(CARH) Delay time, column-address to RAS high tRAL 40 45 55 ns
td(CACH) Delay time, column-address to CAS high tCAL 40 45 65 ns
td(RLWL) Delay time, RAS low to W low (see Note 13) tRWD 80 100 120 ns
ta(cAWL) Z‘;EYN t(i)rtrée; é:)olumn-address to W low {AWD 40 5 55‘ ns
t4RLCH)R  Delay time, RAS low to CAS high (see Note 16) | tcHR 20 25 25 ns
td(CLRL)R  Delay time, CAS low to RAS low (see Note 16) tcsr 10 10 10 ns
td(RHCL)R  Delay time, RAS high to CAS low (see Note 16) tRPC 0 0 0 ns
tef Refresh time interval tREF 8 8 8 ms
t Transition time tr 3 50 3 50 3 50 ns

NOTES: 5. Timing measurements are referenced to V||_max and V|4 min.
11. Early write operation only.
12.The minimum value is measured when tq(RLCL) is set to tg(RLCL) min as a reference.
13. Read-modify-write operation only.
14.Maximum value specified only to guarantee access time.
15. Either th(RHrd) Of th(CHrd) must be satisfied for a read cycle.
16.CAS-before-RAS refresh only.

j
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TMS4C1025
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air

temperature .
ALT. TMS4C1025-80 | TMS4C1025-10 | TMS4C1025-12 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
te(rd) Read cycle time (see Note 6) tRC 150 180 220 ns
tew) Write cycle time twe 150 180 220 ns
te(rdw) Read-write/read-modify-write cycle time tawe 175 210 255 ns
te(N) Nibble-mode read or write cycle time tNC 40 45 50 ns
Nibble-mode read-modify-write
te(rdW)N cycle time INRMW 65 75 80 ns
tw(CH) Pulse duration, CAS high tcp 10 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 20 10000 25 10000 25 10000 ns
tw(RH) Pulse duration, RAS high (precharge) tRpP 60 70 90 ns
tw(RL) Pulse duration, RAS low (see Note 9) tRAS 80 10000 100 10000 120 10000 ns
tw(WL) Write pulse duration twp 15 15 20 ns
Column-address setup time
tsu(CA) before CAS low tAsc 0 0 0 ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 0 ns
tsu(D) Data setup time (see Note 10) tps 0 0 0 ns
tsu(rd) Read setup time before CAS low trcs 0 0 0 ns
. W-low setup time before CAS low ’ 0 0 o ns
suWCL)  (see Note 11) WCS
tsuWCH)  W-low setup time before CAS high towL 20 25 25 ns
tsuWRH)  W-low setup time before RAS high tRWL 20 25 25 ns
th(CA) Column-address hold time after CAS low tCAH 15 20 20 ns
th(RA) Row-address hold time after RAS low tRAH 12 15 15 ns
Column-address hold time after
h(RLCA)  RAS low (see Note 12) AR 60 70 80 ns
th(D) Data hold time (see Note 10) tDH 15 20 25 ns
Data hold time after RAS low
th(RLD) (see Note 12) tDHR 60 70 85 ns
th(CHrd) Read hold time after CAS high tRCH 0 0 ns
th(RHrd) Read hold time after RAS high tRRH .0 10 ns
Continued next page.
NOTES: 5. Timing measurements are referenced to V| max and V| min.
6. All cycle times assume ty = 5 ns.
8. In aread-modify-write cycle, td(cLwL) and tgy(WCH) must be observed.
9. In a read-modify-write cycle, tg(rtwl) and tsy(WRH) must be observed.
10.Referenced to the later of CAS or W in write operations.
11. Early write operation only.
12.The minimum value is measured when tg(RLCL) is set to tg(RLCL) min as a reference
TEXAS kp
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TMS4C1025
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

ALT. TMS4C1025-80 | TMS4C1025-10 | TMSA4C1025-12
SYMBOL MIN MAX MIN MAX MIN MAX UNIT
: Write hold time after CAS low
thcw) (see Note 11) 'WCH 15 20 25 ns
Write hold time after RAS low
th(RLW) (see Notes 11 and 12) tWCR 60 70 85 ns
td(RLCH) Delay time, RAS low to CAS high tcsH 80 100 120 ns
t4(CHRL)  Delay time, CAS high to RAS low {CRP 0 0 0 ns
td(CLRH) Delay time, CAS low to RAS high tRSH 20 25 25 ns
Delay time, CAS low to W low
t4(cLwL) (see Note 1) tcwD 20 25 25 ns
Delay time, RAS low to CAS low
td(FlLCL) (see Note 14) tRCD 22 60 25 75 25 30 ns
Delay time, RAS low to column-address '
td(RLCA) (see Note 14) tRAD 17 40 20 55 20 65 ns
td(CARH) Delay time, column-address to RAS high tRAL 40 45 55 ns
td(CACH) Delay time, column-address to CAS high tCAL 40 45 55 ns
Delay time, RAS low to W low
WRLWL)  (see Note 13) tRWD 80 100 120 ns
Delay time, column-address to
(CAWL) i jow (see Note 13) tawb 40 45 55 ns
Delay time, RAS low to CAS high
td(RLCH)R (see Note 16) tCHR 20 25 25 ns
Delay time, CAS low to RAS low )
td(CLRL)R (see Note 16) tCSR 10 10 10 ns
td(RHCL)R Delay time, RAS high to CAS low tRPC 0 0 0 ns
trf Refresh time interval tREF 8 8 8 ms
t Transition time T 3 50 3 50 3 50 ns

NOTES: 5. Timing measurements are referenced to V| max and V| min.
11. Early write operation only.
12.The minimum value is measured when td(RLCL) is setto tg(rLCL) Minas a reference.
13.read-modify-write operation only.
14. Maximum value specified only to guarantee access time.
16.CAS-before-RAS refresh only.
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TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air

temperature
ALT. TMS4C1027-80 | TMS4C1027-10 | TMS4C1027-12 UNIT
SYMBOL MIN MAX MIN MAX MIN - MAX
te(rd) Read cycle time (see Note 6) RC 150 180 220 ns
te(w) Write cycle time . twe 150 180 220 ns
te(rdw) Read-write/read-modify-write cycle time tRWC 175 210 255 ns
Static column decode mode read cycle
te(rd)SC time 4 tSCR 45 50 60 ns
Static column decode mode write cycle
te(w)Sc time tscw 45 50 60 ns
Static column decode mode
te(raw)sC read-modify-write cycle time ISCRMW 80 100 120 ns
tw(CH) Pulse duration, CAS high tcP 10 10 15 ns
tw(cL) Pulse duration, CAS low (see Note 8) tcAS 20 10000 25 10000 30 10000 ns
tw(RH) Pulse duration, RAS high (precharge) tRp 60 70 920 ns
Non-static column decode mode pulse
tw(RL) duration, FAS low (see Note 9) tRAS 80 10000 100 10000 120 10000 ns
twRLp  S:atic column decode mode pulse IRASP 80 100000 | 100 100000 | 120 100000 | ns
w(RL) duration, RAS low (see Note 9)
tw(wL) Write pulse duration twp 15 15 20 ns
Static column decode mode
tw(CA) column-address pulse duration tADP 40 45 55 ns
Static column decode mode W high
fw(wH) pulse duration, inactive twi 10 10 15 ns
Column-address setup time before CAS,
'suGA) W low (see Note 10) tASC 0 0 0 ns
tsu(CAR) Row-address setup time before RAS tCAR 45 50 60 ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 ns
tsu(D) Data setup time tps o] 0 0 ns
tsu(rd) Read setup time before CAS low tRCs 0 0 ns
W-low setup time before CAS low (see
SuWCL)  Note 11) twes Y 0 0 ns
tsu(WCH) W-low setup time before CAS high tcwL 20 25 30 ns
tsuWRH)  W-low setup time before RAS high tRWL 20 25 30 ns
Continued next page.
NOTES: 5. Timing measurements are referenced to V|_ max and Vjq min.
6. All cycle times assume ty = 5 ns.
8. In a read-modify-write cycle, t4 (CLWL) and tsy(wCH) must be observed.
9. In aread-modify-write cycle, td(RLWL) and tsy(WRH) must be observed.
10.Referenced to the later of CAS or W in write operations.
11. Early write operation only.
INSTRUMENTS
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TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. TMS4C1027-80 TMS4C1027-10 TMS4C1027-12 UNIT
SYMBOL. MIN MAX MIN MAX MIN MAX

Setup time, W high to CAS high for early

ISUWHCH)  rite, high impedance fWH 0 0 0 ns
Column-address hold time after CAS or

th(CA) W low (see Note 10) tcAH 15 20 20 ns

th(RA) Row-address hold time after RAS low tRAH 12 15 15 ns
Column-address hald time after RAS low

hALCA)  (see Note 18) tAR 80 100 120 ns

th(D) Data hold time (see Note 10) tOH 15 20 25 ns
Data hold time after RAS low

(ALD)  (se6 Note 17) tDHR 60 70 85 ns
Read hold time after CAS high

th(CHrd) (see Note 18) o 'RCH 0 0 0 ns
Read hold time after RAS high

*h(RHrd) (see Note 18) o tRRH 0 0 10 ns
Write hold time after CAS low )

th(cLw) (see Note 1'1) tweH 15 20 25 ns
Write hold time after RAS low

th(RLW) (see Note 17) tweR 60 70 85 ns
Column-address hold time after

th(RHCA)  RAS high taH 10 10 15 ns
Static column decode mode second

th(WLCA2) column-address hold time after W low tAHLW 75 95 115 ns
(see Note 13) ’

td(RLCH) Delay time, RAS low to CAS high tcsH 80 100 120 ns

td(CHRL)  Delay time, CAS high to RAS low tCRP 0 0 0 ns

td(CLRH) Delay time, CAS low to RAS high tRSH 20 25 30 ns

Continued next page.
NOTES: 6. Timing measurements are referenced to Vi max and V|4 min.
10.Referenced to the later of CAS or W in write operations.
11. Early write operation only.
13. Read-modify-write operation only.
17.The minimum value is measured when td(RLCA) is setto ty(RLCA) Min as a reference.
18.Either th(RHrd) or th(CHrd) must be satisfied for a read cycle.
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TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

ALT. TMS4C1027-80 TMS4C1027-10 TMS4C1027-12 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, CAS low to W low
td(cLwL) (see yNote 13) tcwD 20 25 30 ns
Delay time, RAS low to CAS low
t4(RLCL) (see{me 1) tRCD 22 60 25 75 25 90 | ns
Delay time, RAS low to column-address
td(RLCA) (see);\lote 14) tRAD 17 40 20 55 20 65 ns
Delay time, W low to column address
t4(WLCA) (see’;\l te 14) tLWAD 20 35 25 50 30 60 | ns
td(CARH) Delay time, column-address to RAS high tRAL 40 45 55 ns
td(CACH) Delay time, column-address to CAS high tcAL 40 45 55 ns
Delay time, RAS low to W low
td(RLWL) (see );\lote 13) tRWD 80 100 120 ns
Static column decode mode delay time,
'd(RLWL2)  RAS fow to second W low Y RSW 80 100 120 ns
Delay time, column-address to W low
td(CAWL) (see );\lote 13) tAWD 40 45 55 ns
Detay time, W high to output transition
lawa) from high impedance to active tow 0 0 0 ns
Delay time, RAS low to CAS high
td(RLCH)R (see);\lote 16) 9 tCHR 20 25 25 ns
Delay time, CAS low to RAS low
td(CLRLR (see);\lote 16) ; tcsr 10 10 10 ns
Delay time, RAS high to CAS low
td(RHCL)R (see{,ote 16) 9 tRPC Y 0 0 ns
tf Refresh time interval tREF 8 8 8 ms
t Transition time tr 3 50 3 50 3 50 ns
NOTES: 5. Timing measurements are referenced to V||_max and Vi min.
13. Read-modify-write operation only. .
14.Maximum value specified only to guarantee access time.
16.CAS-before-RAS refresh only.
Texas
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1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

read cycle timing
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NOTE 19:Output may go from high-impedance to an invalid state prior to the specified access time.
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" read cycle timing
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L ,"—'w(cL)—‘"| bt vin
oA e . N____f I N
d(RLC. V
th(RA) -—I’l t— ( A): I tw(CH) ) *
—> rlt' (RA) u___r_rl crcn — | [ th(RHCA)
su td(CARH) —P |
: "l ; t~ ‘h(RLCA)—"‘f_‘*—’i
] Pl [ Vin
A0-A9 @{ Row Column W
T | ViL
|

h T
| !
- tsy(rd) P

| i th(CHrd) f——ﬁ

VY VYV T Y XXX Vin
' t | miiéééx"f’k‘x"f’f?@@@i
—>-tdcLz)

! ViL

|
VoH
HI-Z @( Valid }———
{see Note 19) VoL

- ta(R) ———‘h

NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.

T

| N——N— th(RHrd)
|

T

=l
o
°
3
=
O,
&
]
@

j
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TMS4C1024, TMS4C1025
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

early write cycle timing

‘&

!‘ [P *C(‘N) » . ﬁ \V/
— " tw(RL) ” H
RAS | ! | |
ViL
tt—’{ :‘_ﬂ—— ta@RLcL) — ¥ H—_td(cmﬂ) _.ﬂ h_"”‘n”) "_"
| tweny — ¥
| 'ﬂ———— ‘dﬁRLCH) L F—— 'd(CHRL) —”
— | | ViH
GAS L | | |
CAS  — T tsump 7\ L 1\
le \
: | —t— td(CACH) —> tw(CH) —"_’l i
th(Ra) - —————tcanm) —H |
| | : H tsu(ca) [ |
ll —— th(RLCA) —H—N | .
| L] ViR
A0-A9 @( Row >@< Column W Don't Care W
VAVAVAVAN /\
Vi
! ! k—’r— th(CA) ““

td(RLCA) -:‘———H ' .
H—4—4—— Su(WCH) ——H
' ‘4—}—-‘— tsu(WRH) -—‘—”
4—1— th(RL e
, Mﬁ— thcLw) —»

tsu(wclL) |

/\/\ I
v EERRN | ' T TR,
DANBAN : : . AAAAAAAN
H—r—r tw(wL) —'——’l

Hi———‘ tsup) —» & th(D)
l‘——‘_ th(RLD) —"

7 ViH
VAVAVAVAVAVAVAV v

VoH

VoL

EXAS {?
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TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

early write cycle timing

< 'c(W)‘ >
L ai\f tw(RL) : ViH
RAS _N' u_ H—tw(RH) ——’II viL
tt H——t
I d(CLRH)—-——H I
: ﬂ-——td(RLCL) < twiCcL) ; HI———td(CHRL)——ﬁ
: le \i fd(nLCH)———l'i i ViH
cAS ! | | |
¢ T tsura) J/ | \
| ! \/
: : H——i—J—td(CAcu)—“ h——_-tw(cm_—_" *
th(RI»‘\) —> “—l——| td(CARH) ————h

Uu(CA) (see Note 10) | | |
I

|
|
| @——th@Lca) —r—r—F

A ViH

T [ T ViL
t(RLCA) € > , ch(CA)(seeNotew)' :,
' ety wen ———» |:

I H—I—'—-‘su(wnﬂ) —_P
H———j—th(HLW) —» l<—>r—!su(WHCH)
| | ““'th(CLW) ——ﬂ i
AAAAAA
k—‘i—t—fw(WL) —
; f thip) —»
’ th(RLD) b,
|

I _
)&)\)\)&)&)\

VoH

Q HI-Z

VoL
NOTE 10: Referenced to the later of CAS or W in the write operations.
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TMS4C1024, TMS4C1025
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

write cycle timing

e tew) g
h tw(RL) —» I
AAS N ',(I N
I I
tt-—D: !H— {——(CLRH) ———ﬂ l¢— tw(RH) —»
| & tamLey —¥ . IQ—I——td(CHRL) —
« ™ t4(RLCH)
= H———tw(cu————bl :
s | N A N
I | ‘su(CA)*—K——-PI | | H—I—tw(CH)——H

. ‘h(RA) i l¢——————t4(cARH) —*—’—I—'ﬂ
H‘-isu(nA) k_‘—‘_‘d(CACH) |

H-———r th(RLCA) —i—b’

|
|1
L
XL
' —» | th(ca) i
t ——
e — toupwer) —) | :
I | tsu(WRH)—‘I':H
w ??\nxtx )?r)? ; I Xc;(nx X ’>’<’3’<
|
M thRLW) T Moo
: | Ih'—tw(WL) —» I
| | 4¢—thp) —H !
| ‘SUID)—’: = | :
L 7 h(RLD) — M |
o QXK B L veaome QRS SR (XX
tdls(CH)"H—NI
a < Notvalld }—

ViH

ViL

VIH

VIH

ViL

VIH

ViL

ViH
ViL

VoH

VoL

ixas W
INSTRUMENTS
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TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

write cycle timing

tew) ¥
|

tw(RL)

_Y

j

VIH

B
,_/_J_; FY

| | ViL

- ———td(CLRH) ———B) 1t —
[ tdpLey —H {——td(CHRL) ——¥
StgRLCH) ————» ||

Rt—_ tw(cL) ——Nyr i JI\ ViH

| i
tsu(CA) ————Bi | | 'ﬂ—t————tw(cn)———n viL
th(RA) i€ l¢———tgicaRH) — P .

—» - tsuma) :‘——‘I—'d(CACH)———N .

—— th(RLCA) —ll—b‘, Lot

A
A0-AS Mnow W Column
f

lg—"
|
|
]
}
|

I

X% Gt e XXX

Dl el el

I L
td(RLCA) —r——————h' ™ e e 10) | .
—— tsywen) —»
! }4—-———'su(wnH) |
v TR eeR
XXX XXX
T T ]
¢ th(RLW) |
| { [ tywr) —M I
{ | [—thp) — |
| tsup) M 4= . |
¢  th(RLD) —— M i v
D | Valid Data ‘ égﬂ&é‘)’("z ”.“”‘ ;
X X X XX X XXX viL
tdls(CH)'ﬂ’"’:
» 7
Q ( Not Valid } o

VoL
NOTE 10: Referenced to the later of CAS or W in the write operation. *
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TMS4C1024, TMS4C1025
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

read-write/read-modify-write cycle timing

¢ te(rdw) —>
| e tw(RL) » ' ViH
AAS N\ V4 N
! | tugar) — ) "
P —tyc) —M il
Y] le—tamiey —» v | 14 tacrRy —¥ Vin
oAS l ! o
. ‘d(RLCA)I"Ih—‘” l : : : ViL
‘h_(:A) m—ff—’! ,“—-’I*—:-*su(c.«) : :‘—:—’W(Cﬂ) —>
su(RA) |
I 1l
e e e
Y Y Y IX Y Vi
= 1
A0S ov KGR AR "
[ ‘h;(CA) -r—ﬂ———bl —tsyweH) ™ | |
l tacawL) —W ——tsywrH) —+—
: tsu(rd) ———M < tgicLw) “. lﬂ—tw(WL) —»1 | Vin
W Bon*t Care. ‘ | | I Don't Care
TR L N AXXRRRET AR,
H—‘—“d(RLer) —» | l
Cod l ;™ “ll_'su(D) ‘
00800080 eaeessssassssadi
AP A V9900.000.08: CRARRAAANR)
o Ve Vet RSSO RGER EONGENNK |,
—» th(D
 wemfe—n M ewon
| | (see Note 19) VoH
Q T HI-Z —t } W Valld Out }—————
| v
: | ——tqc) —¥ o
| —ta(ch)
f———— %R

NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.

j
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TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

read-write/read-modify-write cycle timing

< te(rdw) - 2
| |~ tw(RL) » ! Vil
N IK.I | i' F
As ' h— I l"— . __‘.: V||_
ty — P ¢ tw(cL) »l W(RH)
[ \I(—td(RLCL)—-N' | ¢ tqcHRLy —™ Vi
T
1

|
=5s ] *\L [ | \_
s
tamica) -——> | Do AN

th(Ra)|—1—» :

|
R !
P | | e e
T T Vi
AO-A9 | Row | | Column ' ontCare
T 1T i Vit
| IH——r,td(CAWL) —’: —tsywcH) — P | |
| . & tsyWRH) — ™
l depwL) 1 | =ty —» |
| tsu(rd) ¥ : |1 [
| | | | |

| |
V|
— XXX X | tH
TR N AR
I [ JA XXX

! |
:4—-———:— ‘d(RLVYL) cm e |

. —> T tsu(D) I v
""'"""" V.V , \VAAVAV AV V'V"""’V’V"\‘ "'V’Y’V’V’V"’V"" V' \VAAVAVAV AV "v""’v’"”" IH
D XK DI KRR LSRN RSB KON
| oz te— 7 T et >
| (see'Note 19) VoH
Q HI-Z = : @{ Valid Out }——
: ! VoL

I

|

1

|

| M——tc) — M

| ———tca —M

¢ ta(R) >

NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.
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TMS4C1024
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

enhanced page-mode read cycle timing

@ v N ViH
RAS \[* tw(RL)P ﬂ—

:4— taRLCL) ——M |

|
|
| |
| —tep———¥ |
: ﬂ—-——m(m.cn)——:-—b: 'ﬁ—H—C(&(cn) | :
| ! tw(CL) —|H—H| | H——‘d(CLRI-l)-—NI | vin
CAS ]r : | | /| ‘ I : :
| | N | | L viL
Ml i th(ca) P |
| K—-————-th(RLCA)—L———-—f—D‘ Ih—td(CACH)—H I : :
I‘—’}—l ' ’
;'(F::()RA) - tsuw‘\) I :‘—“‘d‘c“““’ —:—————H |
|
v
| : : \ | KAXIXX Vi
H—td(nLCA)—H l | | | h(RHrd) -ﬁ—”
. | | (see Note 20) [ th(CHrd) -—"
H—I—— su(rd)—r—’i I ——— taca) —F+—» ' v
; t + IH
BT e B
€ ta(c) ™ v
l IL
: I; td(CLz) M HJ— ta(cP) —-—1—ﬂ
| [—t3(ch) -J—-—P (see Note 20)
¢

ta®R) — “d|s(CH) —NI

(se
° et X B G - v

NOTES: 19. Output may go from high-impedance to an invalid state prior to the specified access time.
20.Access time is ta(CP) Or ta(CA) dependent.
21.A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
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TMS4C1024
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

" enhanced page-mode write cycle timing
tw(rH) ¥ b o

3

- tw(RL)P > | | Vin
| | ViL
: H—‘d(RLCH) —» l"—td(CLnH) —“ﬂ i
I tw(CL) Hl t «—t —p
| t —_— e to(p) d(CHRL)
[ ,ﬂ__— d(RLCL) | : H———H"W(CHR | I Vi
cAS L | [ |
| i ! v
& ey | - _ﬂl | .
D RLCA) ——+——+»i td(CACH) .
| ®—thRa) —"l ﬁ] : ! Lo [ a— 'd(CAer) ———"
> & tuma) rly “——L‘H_‘h(m\) v
: M H
A0-A9 | Row XI’: Column m Column Don't Care
>§: AAXAXX
| | t‘_ltsu(W(;H) R —” H—- I ViL
H—— td(RLCA) _’! WL sutwery :
Wi
h—'h(RL : : wh) W“tsu(wm-i) —
m on’t areZXXgX?@’r | | on’t Care
u X XXX b - - XXX XXX viL
| I ! H———th(o) —b>
I ! I (see Note 23) |
I I n—l—-—tho —>
< Hn(mro) o >
[ tsyip) —» |
(see Note 23) ! |
tsu(D) | Vin
'V"’V'V""\ V "d V \VAVAVAVAVAVY) V"V
* I s XERDX e )RR
\7
Q - HI-Z vg:

NOTES: 22. Aread cycle or aread-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications
are not violated. _
23.Referenced to CAS or W, whichever occurs last.
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TMS4C1024
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

enhanced page-mode read-modify-write cycle timing

twrH) P €&
l'.< tw(RL)P =i - VIH
RAS :\l [-’:\—Vu.
: | H‘—‘———-—tc(pM)—*———N | :
| n——:d(m_c“) —_— P | :G—td(CLRH) —-ﬂ' |
' Iﬂ—t — Ly tw(CH) ——¢ ’ | td(CHRL) —&—¥
| d(RLCL) — | [
L T K——tw(cu—-—ﬂ : VIH
P\ D
} tsu(ca) : | ” viL
| th(RLCA l [
| l :( ?) | | L
il " 1 d‘“:-CA) : | | I
t
—D’ T—l:|—l;su(R:l()Fm}) } || ': th(cA) i : H
L 14
A ViH
e Yoo XX X oo XA
l | T I T
| [
{ : :‘”'SU(“’)" - & t4cLwy { ‘su(WCH)'*I'——" 1: :
' ' I
Fo | % tqicawy) M t
| ——p-tw(wL) et RH —~H
l M——ta(rLw) “—r’{ | | H } SuWRH)
' .
_ | | Don't
BT T [T
{ | | |
| | | | thd | |
| | | = ’I © |
! { tsu(D)‘H | ' !
| ViH
Moon’t CarW Valid Valid W&?Q}\%{m
| T ViL
| ,L*la(cr’l | |
| H—-— ta(GA) —b{ : I tais(cH) *}
< ta@m) — q e tycp) —¥ |
tacL2) 1 [ |
(see Note 19) Valld (see Note 19) A Valid Von
o T R__aw )
VoL

NOTES: 19.0utput may go from high-impedance to an invalid state prior to the specified access time.
24. Aread or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated.

j
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TMS4C1025
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

nibble-mode read cycle timing

tw(RH) —P I
¢ tw(RL) — >1| | | ViH
_ X .
RAS | ﬂ
| —t —> et S o
d(RLCL) d(CLRH) |
I ﬂ—tc(N)—" | |
| |<——*td(mcu)——>| | X | | |
| | ﬂ > [ w(CH) |
I fw(CL)—M——bl I 'd(CHRL)'I‘—i—M
I, 5 } ! ViH
CAS I I N\ | g |
| : : | | | : Vi
Hwenme
‘ > tycacH) | [
—» “’l"su(RA) | I |
P ‘N = th(ca) : ' |
: Ik——th(RLCA)—i—N | } :
|
| ﬂ—*'h(RA) | | [
‘ vlvvvvvv I \ VIH
XXARX viL
- 1d(RLCA) | 'h(RHrd) —44——;»‘
< tsu(rd) —-N | th(CHrd) —4—
W I | ! !
e
*a(CA)
| | et
——tam) -r——~’l tacyn —¢—" ais(cH) >
td(cLz) - ' !
@; Valid &3 Vou
Q Valid Out
QR vamsom )
(see Note 19) N o(!iee1 9 VoL

NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.
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TMS4C1025 :
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 19390

nibble-mode write cycle timing

tw(RH) — P —

< tw(RL) > | [ ViH
w N N an N
RAS l . f i
4—ty(rLCL) P = tycLrRH) —»

- tsu(RA)

|
|
[——— t4RLCH) —b'l — te(N) —— P :

|
|
|
L l——»+tw(cH
I tw(cL) J4—-b|| ! | iw(t d(éHRL)-H——H v
_ I H
CAS i : N\ | N
| | | \Y/
| : tsuca) —» € ' | i
Iy le———ptqcach) |
I | —thca) |
| k_'hﬂRLCr\) |
[ :
|

1, [
|h(R‘? |

I

>
N
3 VIH
A0-A9 X Row >< | Column D%K’%&QfeW
v |

T —
:1——» taRLCA) :

T

|

tsuWeH) —» :

w ! |

S ViH
on’t Care
K§§§XXXXXX§§§ v

L

T 1
' —» tho) ey
4—thmLp) —» su(©)

Don't ViH
D Valid In W Care M Valid In Dont}\}a\re
ViL
' VOH
Q HI-Z
VoL

j
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TMS4C1025
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

nibble-mode read-modify-write cycle timing
tw(rH) —¥ —
tw(RL) fizl)lﬂl\— VIH
|
f ! ViL
M———t4cLRH) ——M '

2

td(m.cq | —twcH) —> | td(CHRL) H
| | :‘—fl———tc(rdVV)N i Il » : tw(CH) —‘J_ﬂ v
¢S L N twiery —/ I\l Vi L "
: I : P! l ViL
—» K]l—tsu(RA) ! : Py
' ——Prt4(RLCA) I
I | —» ll"i-’su(CA) ) (I
} — th(FchA) — | : I
¥ thpy &P thn) R v
ross X, mow f Cotumn XA Bamy are KRRk R,
! [ . |
! u“’f_' Iu(rd) —t Ly
i } H—i.d(CAWL) ‘HH——T e L_ SU(WRW
I tdcLw) J‘—_ﬂl t | tsu(WCH) )
l——tgrwy ——"‘l | h(.o) | ' w
Lol | , 7 ViL
| : } —N, = tsu(p) |
[ ' v
° ’0’02!%2&02020!& vt SEEmee X vaie XSRS G XK Vil
! 1 taca) ¥
“—(—N ‘}:(F?Q ( tdlS(CH) -» r_ Vo
see Note XN Valid see Note 19) /X X\
HI- ' Valid 0 .
o i 1 G QX __vamaom  y——
tacLz) -i“” I
< 'a(C) —p

NOTE 19:0utput may go from high-impedance to an invalid state prior to the specified access time.
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TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode read timing with CAS cycling

. tw(RH) —¥! o
¢ w(RL)P ]
! |
b b
: j¢— td(RLCH) ————P td(CHRL) —H—H—H'
l F—Ttdmw” : IH_‘W(CH) _’: td(CLRH) Ly, '
—» 4 tsy(RA —le———Lp
| suEA [ tweny P | I } ik
— | | | | il
CAS ; [ { : : 2
th(RA) +ﬁ| <« | F_ th(cA) —"l : :‘—tsu(CAR) |—N }
: :‘_{_i'h;(RLCA)—fi ll(——tc(,d)sc—}———ul : ‘h(RHCAI) —>= r—
A0-A9 | Row X Column ) %‘;’r': Column X Column D
' R I T T
gt —»i | | | |
| f‘s—l’(;o‘td(m. A) : l th(RH'wl) Raike
twica) — W |
} l | ! ) | ! th(CHrd) —r—nl
_ T T
T e | %R
i —taca) —» | tdis(CH) ————

H—’t— th(cAQ)

|
—> = taisc

H) |

—>
td(cLz) —¢—» | |
: X I~ Y o

(see Note 19) (see Note 19)
NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.

(see Note 19)

VIH

ViL

VIH

ViL

ViH

ViL

ViH

viL

VoH

VoL

j
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TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode read cycle timing

* — tw(RL)P g ViH
RAS |\l %_\__

| b l | ViL

[ | |

: |

| “‘—’:'—td(RLCL) !
TAS : \!
|

' N
—TH . th(RA) th(RHCA) ™
LL ’h(HITCA) —N 4—te(ra)sc ’ {‘" tsu(CAR) T‘ :
| |

'su(RA) | | } 1

:4_
|
|
ViH
A0-A9 x RowX Column }( Column X Column X Column X Column }@
ViL
T

|
H 'd(aLCA) | th(RHrd) |9 -
] .
| i
|
|

— 1 |
w | |

tu(c[_z) -»| H— R
“‘—!a(n) , h(CAQ) tdis(cH) —™

:‘_
\/
a £ Valid Valid Valid Valid Valld OH
Out Out Out Out Out
- VoL
(see Note 19)
NOTE 19: Output may go from high-impedance to an invalid state prior to the specified access time.

|
|
!
I
!
|

M- taca) -’:
-
|

TeExas “J
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 : 5-55



TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode early write cycle timing

—N tw(RH) €—
;4 tw(RL)P ;; | ! Vin
ms |\ m
1) I I viL
edDEk td(CLRH) "‘—’l | ’
[ [ td(RLCH) —P N
Pl i tycr) — d(CHRL) —*4—4—’1

= tw(cH) ¥

I‘—’Ltd(RLCL) : | l Vin
cAs : | | | I } :
PR [ - ViL

|
|
—» - tsu (RA). t.
1> & thpa) g b ) O o) Nghil
: H—‘—H 'h(RLCtA) —b : : td(CARH) "‘—i—': I
| || h(cA) [ | ] Lyl
: :4—}: ViH
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TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode late write cycle timing
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TMSA4C1027 |
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode read-modify-write cycle timing with CAS cycling
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NOTE 19: Output may go from high-impedance to an invalid data state prior to the specified access time.
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TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

static column decode mode with read-modify-write cycle timing
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TMS4C1024, TMS4C1025, TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

RAS only refresh timing
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TMS4C1024, TMS4C1025, TMS4C1027
1048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

hidden refresh cycle
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TMS4C1024, TMS4C1025, TMS4C1027
1 048 576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SMGS024F — MAY 1986 — REVISED NOVEMBER 1990

automatic (CAS-before-RAS) refresh timing
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device symbolization

VoL

TI
TMS4C1024N

Package Code

N=DIP
DJ = SOJ FDP XX LL

\L/

-SS

DN = ThinSOJ L [
SD = ZIP

Wafer Fab Code

Die Revision Code
A bly Site Code
Month Code
Lot Traceabllity Code
Speed (-60, -70, -80, 10, -12)
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

* 131072 x 8 Organization DJ PackageT

(Top View)
¢ Single 5-V Supply (10% Tolerance) pai 07 26]] Vsg
DQ2 [J2 25[]
® Performance Ranges: DQ3 E3 24f] 88?
ACCESS ACCESS ACCESS READ DQ4 [4 23[] DQ6
TIME TIME  TIME OR W (]5 2211 DQ5
(tRac). (tcac) (tcaa) WRITE RAS [J6  21f1 CAS
CYCLE
(MAX)  (MAX)  (MAX)  (MAX) —
'48C128/C138-70 70ns  25ns  40ns  130ns NC (J8 :2 g 28
'48C128/C138-80 80ns  25ns  40ns  150ns 2? E?o 17l a7
'48C128/C138-10 100 ns 30 ns 45ns 180 ns az 11 1601 A6
* TMS48C128 — Enhanced Page Mode A3 (J12 150 As
Operation with CAS-Before-RAS Refresh Vee (13141 A4
* TMS48C138 — Write-Per-Bit Operation TThe package is shown for pinout reference only.
® Long Refresh Period . ..
512-Cycle Refresh in 8 ms (Max) PIN NOMENCLATURE
A0-A8 Address Inputs
® 3-State Unlatched Output CAS Column-Address Strobe
* Lower Power Dissipation DQ1-bQs  Datd In/Data Qut
G Data-Output Enable
® Texas Instruments EPIC™ CMOS Process NC No Connect
RAS Row-Address Strobe
¢ AllInputs and Clocks Are TTL Compatible W Write Enable
. i . Vce 5-V Supply
¢ High-Reliability Plastic 24/26-lead Vss Ground

300-Mil-Wide Surface Mount (SOJ) Package

¢ Operating Free-Air Temperature Range
...0°Cto 70°C

description

The TMS48C128 and the TMS48C138 series are high-speed, 1 048 576-bitdynamic random-access memories
organized as 131 072 words of eight bits each. They employ state-of-the-art EPIC™ (Enhanced Process
Implanted CMOS) technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 70 ns, 80 ns, and 100 ns. Maximum power dissipation
is as low as 413 mW operating and 11 mW standby on 80 ns devices.

The EPIC™ technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements, and easing board layout. Igc peaks are 140 mA typical, and a — 1-Vinput voltage
undershoot can be tolerated, minimizing system noise considerations. .

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS48C128 and TMS48C138 are offered in a 300-mil 24/26-lead plastic surface mount SOJ (DJ suffix)
package. This package is characterized for operation from 0°Cto 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain informatlon current i 1990, Texas Instruments Inc rat
as of publication date. Products conformta specifications per I Copyright © 1990, as Ins orporated
the terms of Texas Instruments standard warranty.

Prod ion p g does not ily include testing EXAS
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

operation

enhanced page mode

Page-mode operation allows faster memory access by keeping the same row address while selecting random
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The
maximum number of columns that may be accessed is determined by the maximum RAS low time and the CAS
page cycle time used. With minimum CAS page cycle time, all 256 columns specified by column addresses A0
through A7 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS48C128 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
CAS transitions low. This performance improvement is referred to as “enhanced page mode.” Valid column
address may be presented immediately after tgap (row address hold time) has been satisfied, usually well in
advance of the falling edge of CAS. In this case, data is obtained after toac max (access time from CAS low)
if tcaa max (access time from column address) has been satisfied. In the event that column addresses for the
next page cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later
oceurrence of toag or toap (access time from rising edge of CAS).

write-per-bit operation (TMS48C138)

The W pin selects the write-per-bit option. The TMS48C138 is equipped with two modes of write operations. If
W is held low on the falling edge of RAS (during a random access operation), the write-per-bit mode is enabled.
When RAS has latched the write- te-per-bit mask on-chip, input data is driven onto the DQ pins and is latched on
the falling edge of the latter of CAS or W (for early write operation, W W can remain low for the entire RAS low
period). Ifa 0 is strobed into a particular /O pin on the falling edge of RAS, then the write circuits for that particular
I/O will be inhibited and data will not be written from that I/O. If a 1 is strobed into a particular I/O pin on the falling”
edge of RAS, then the write circuits for that particular I/O will not be inhibited and data will be written from that
I/0.

Important: The write-per-bit operation is selected only if W is held low on the falling edge of RAS. If W is held
high on the falling edge of RAS, the write-per-bit function is not enabled and the write operation is identical to
a standard x4 or x8 DRAM, with all I/Os being written by the data appearing on the DQ pins when the latter of
W or CAS is brought low. .

Table 1. State When RAS Falls

w DQ1-DQ8 MODE

1 X Write enable at DQ1-DQ8
0 1 Write to DQ enabled

0 0 ' Write to DQ disabled

}
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INSTRUMENTS

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001



TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

address (A0 through A8)

Seventeen address bits are required to decode 131 072 storage cell locations. Nine row-address bits are set
up on pins AO through A8 and latched on to the chip by the row-address strobe (RAS). Then eight
column-address bits are set up on pins AQ through A7 and latched onto the chip by the first column-address
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select
activating the output buffer, as well as latching the address bits into the column-address buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from the standard
TTL circuits without a pullup resistor. The data input is disabled when the read mode is selected. When W goes
low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permmmg '
a write operation with G grounded.

data in (DQ1-DQ8)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior to CAS and
the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed write or
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal. In a delayed write or read-modify-write cycle, G must be high to bring the output buffers
to high impedance prior to impressing data on the I/O lines.

data out (DQ1-DQ8)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is inthe high-impedance (floating) state
until CAS and G are brought low. In a read cycle the output becomes valid after the access time interval toac
that begins with the negative transition of CAS as long as trac and toaa are satisfied. The output becomes valid
after the access time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it
to a high-impedance state.

output enable (G)

G controls the impedance of the output buffers. When G is high, the buffers will remain in the hlgh impedance

" state. Bringing G low during a normal cycle will activate the output buffers, putting them in the low-impedance
state. It is necessary for both RAS and CAS to be brought low for the output buffers to go into low-impedance
state. Once in the low-impedance state, they will remain in the low-impedance state until either G or CAS is
brought high. '

Texas ‘V
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

refresh

Arefresh operation must be performed atleast once every eight milliseconds to retain data. This can be achieved
by strobing each of the 512 rows (A0-A8). A normal read or write cycle will refresh all bits in each row that is
selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving power

as the output buffer remains in the high-impedance state. Externally generated addresses must be used for a
RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at V|_after aread operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcgg) and holding it
low after RAS falls (see parameter toHg). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally. The external
address is also ignored during the hidden refresh option.

power-up

To achieve proper device operation, an initial pause of 200 us followed by aminimum of eight initialization cycles
is required after power-up to the full Vg level.

logic symbolt

RAM 128K x 8
A0 20D921D0 )
Al
A2
A3
A4
A5
A6
A7
A8

0
A 131071

20D1721D8
> C20[ROW]

12
14
15
16
17
18
. E G23 [REFRESH ROW]
> C21[COL)
G24
tAs & P
s_i

24[PWR DWN]
19

> 23C22

24,25EN

G25

A 22D

v 26 A,Z26 T

Da3
' Do4
pas 22_¢p
Das
par
Da8

iy

)

25

$

* This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

functional block diagram

A0
Al
A2
A3
A4
AS
A6
A7
A8

RAS CAS W G
J | Timing And Control [
f Row
_ | Address
. | Buffers
> ©)
> 128K|128K 128K| 128K
Row
-‘[ > Array | Decode Array b
. Sense Amplifiers 8 | Data 8
»| Column le=| In [e
»| Address :> Reg
»| Buffers /0
e ®) Column Decode Muxing
> 8| pata 8
] > 1 Out >
Sense Amplifiers Reg | &
12BK|128K 128K| 128K < 1
Row Y
Array Decode Array ba1
pQs

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (see NOte 1) ... oottt ittt ieiiiiaaaes -1Vto7V
VORAGE FANGE ON VGG vttt ittt et e i et -1Vto7V
Short circuit output CUITENE ..o e e e e 50 mA
Power dissipation ............ i il e et e e 1w
Operating free-air temperature range . ...ttt ittt 0°C to 70°C
Storage temperaturerange ......... e —65°C to 150°C

tStresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation ofthe device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values in this data sheet are with respect to Vgg.
recommended operating conditions
MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.5 Vv
Vss Supply voltage 0 \
ViH  High-level input voltage 2.4 6.5 \
ViL  Low-level input voltage (see Note 2) -1t 08| VvV
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

t Characterized at 5.5 V V.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

'48C128-70 '48C128-80 '48C128-10
PARAMETER TEST CONDITIONS '48C138-70 '48C138-80 ‘48C138-10 UNIT
MIN  MAX MIN  MAX MIN  MAX
VoH High-level output voltage loH=-5mA 2.4 2.4 2.4 \Y
VoL Low-level output voltage loL=4.2mA 0.4 0.4 0.4 \4
V|=01058V,Vcc=5V, . .
] Input current (leakage) All other pins = 016 VGG +10 10 +10 HA
o Output current (leakage) X_g‘s:ho.ég Vee, Vec =55V, +10 10 =10 pA
Icc1  Read/write cycle current tRWC = minimum, Vgc =5.5V 85 80 70 mA
After 1 memory cycle,
Icca2 Standby current RAS and CAS high, Vi =24V 2 2 2 mA
tRWC = minimum, Vcc = 5.5V,
Average refresh circuit RAS cycling, CAS high
lcC3  (RAS-only or CER) (RAS-only), RAG low after CAS 80 75 65 | mA
low (CBR)
tpc = minimum, Vcc =565V,
Iccsa Average page current HAS low, CAS cycling 60 50 45 mA

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 3)

PARAMETER MIN TYP MAX | UNIT
Ci()  Input capacitance, address inputs : 5 pF
Ci(rc) Input capacitance, strobe inputs 7 pF
Ciw)  Input capacitance, write-enable input 7 pF
Ciig) Inputcapacitance, output-enable input 7 pF
Co Output capacitance 7 pF

NOTE 3: Vg equal to 5V = 0.5V and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Figure 1)

. '48C128-70 '48C128-80 '48C128-10
PARAMETER '48C138-70 '48C138-80 '48C138-10 UNIT
MIN MAX MIN MAX MIN MAX
tCAC Access time from CAS fow 25 25 30 ns
tCAA Access time from column address 40 40 45 ns
tRAC Access time from RAS low 70 80 100 ns
tGAC  Access time from G low 25 25 30 ns
tcAP Access time from column precharge 45 45 50 ns
tOFF Output disable time after CAS high (see Note 4) 0 20 0 20 0 25 ns
tGOFF  Output disable time after G high (see Note 4) o] 20 0 20 0 25 ns

NOTE 4. toFF and tGOFF are specified when the output is no longer driven.

INSTRUMENTS
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

timing requirements over recommended ranges of supply
temperature (see Note 5)

voltage and

operating free-air

'48C128-70 '48C128-80 '48C128-10
'48C138-70 '48C138-80 '48C138-10 UNIT
MIN MAX MIN MAX MIN MAX
tRC Read cycle time (see Note 6) 130 150 180 ns
twe Write cycle time 130 150 180 ns
trwc  Read-write/read-modify-write cycle time 185 205 245 ns
tpc Page-mode read or write cycle time (see Note 7) 50 50 55 ns
tprcm  Page-mode read-modify-write cycle time ) 105 105 120 ns
tcp Pulse duration, CAS high 10 10 10 ns
tcAs  Pulse duration, CAS low (see Note 8) 25 10000 25 10000 30 10000 ns
tRp Pulse duration, RAS high (precharge) 50 60 70 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 70 10 000 80 10000 100 10 000 ns
tRasp Page-mode pulse duration, RAS low (see Note 9) 70 100000 80 100000 100 100000 ns
twp Write pulse duration 15 15 15 ns
tasc  Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low o] 0 0 ns
tps Data setup time before W low (see Note 10) 0 0 0 ns
trcs  Read setup time before CAS low 0 0 0 ns
twcs  W-low setup time before CAS low (see Note 11) 0 0 0 ns
tcwL  W-low setup time before CAS high 20 20 25 ns
tawL  W-low setup time before RAS high 20 20 25 ns
tcAH  Column-address hold time after CAS low (see Note 10) 15 15 20 ns
tRaH  Row-address hold time after RAS low 10 12 15 ns
tAR Column-address hold time after RAS low (see Note 12) . 55 60 70 ns
tDH Data hold time after CAS low (see Note 10) 15 15 20 ns
tpHR  Data hold time after RAS low (see Note 12) 55 60 70 ns
trcH  Read hold time after CAS high (see Note 13) (o} 0 0 ns
tRRH  Read hold time after RAS high (see Note 13) (0] 0 10 ns
twcH  Write hold time after CAS low (see Note 11) . 15 15 20 ns
twcr  Write hold time after RAS low (see Note 12) 55 €0 70 ns

Continued next page.

NOTES:

5. Timing measurements are referenced to V||_max and V|4 min.
6. All cycle times assume tT =5 ns.
7. To guarantee tg(p) min, ts(CA) should be greater than or equal to tw(CH)-

8. Inaread-modify-write cycle, tocwp and toyy| must be observed. Depending on the user’s transition times, this may require additional

CAS low time ({tcasS)-

9. Inaread-modify-write cycle, tryyp and trywi mustbe observed. Depending onthe user’s transition times, this may require additional

RAS low time (tRAS)-
10. Later of CAS or W in write operations.
11. Early write operation only.
12. The minimum value is measured when tycp is set to tgp min as a reference.
13. Either trcH or tRRH Must be satisfied for a read cycle.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 5) (concluded)

'48C128-70 '48C128-80 '48C128-10
'48C138-70 '48C138-80 '48C138-10 UNIT
MIN MAX MIN MAX MIN MAX
1GH G command hold time 20 20 25 ns
tcsH  Delay time, RAS low to CAS high 70 80 100 ns
tcrp  Delay time, CAS high to RAS low 0 0 0 ns
trgq  Delay time, CAS low to RAS high 25 25 30 ns
tcwp  Delay time, CAS low to W low (see Note 14) 55 55 65 ns
trRoD  Delay time, RAS low to CAS low (see Note 15) 20 45 22 55 25 70 ns
tRAD Delay time, RAS low to column address (see Note 15) 15 30 17 40 20 55 ns
tRAL Delay time, column address to RAS high 40 40 45 ns
tcAL Delay time, column address to CAS high 40 40 45 ns
trRwp  Delay time, RAS low to W low (see Note 14) 100 110 135 ns
tawp  Delay time, column address to W low (see Note 14) 70 70 80 ns
tcLz  Delay time, CAS low to DQ in low-Z 0 ] 0 ns
tgpp  Delay time, G high before data at DQ 20 20 25 ns
tgsr  Delay time, G low to RAS high 25 25 30 ns
tcHR  Delay time, RAS low to CAS high (see Note 16) 15 20 25 ns
tcsr  Delay time, CAS low to RAS low (see Note 16) 10 10 10 ns
trpc  Delay time, RAS high to CAS low (see Note 16) 0 0 0 ns
twps  Write-per-bit setup time 0 0 o] ns
tweH  Write-per-bit hold time 10 10 10 ns
twps  Write-per-bit selection setup time 0 0 0 ns
twpH  Write-per-bit selection hold time 10 10 10 ns
tREF Refresh time interval ) 8 8 8 ms
tT Transition time 3 50 3 50 3 50 ns

NOTES: 5. Timing measurements are referenced to V| max and V| min.
14. Read-modify-write operation only.
15. Maximum value specified only to guarantee access time.
16. CAS-before-RAS refresh only.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

PARAMETER MEASUREMENT INFORMATION

131V Ve =5V
é RL=21SQ R1:828Q
Output Under Test — ¢ Output Under Test
CL=100 pF_T—' CL =100 pF Ry =295 Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits For Timing Parameters

read cycle timing
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NOTE 17: Output may go from high impedance to an invalid data state prior to the specified access time.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

early write cycle timing
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‘ TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

early write cycle (write-per-bit selected)

F : twe »
< o |
: I|~ tRAS '; " trp »
[ 1 | I | VIH
RAS | | |
ViL
ViH
CAS
ViL
VIH
AD-A8

ViL

e |. RO
| tweH " twen |

1 twom ——
e e e —

Vi
e T
XXX & i

i ——>- twes | 5 VIH
W N L A wr 1 R R R R R "
T [
|

=]}

44— tpHR
twps % ke s l—tps |

Da1- Wask (KRR IIXKIIKKY Vik
D8 m Data In D@( Vet e I RIS vie
|
—

I 1

twpH —¥ — — tDH

Texas {"
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-73



TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

write cycle timing
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NOTE 10: Later of CAS or W in write operation.
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TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

write cycle (write-per-bit selected)
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TMS48C138 :
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

read-modify-write cycle (write-per-bit selected)
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

read-modify-write cycle timing
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

enhanced page-mode read cycle timing
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NOTES:17. Output may go from high impedance to an invalid data state prior to the specified access time.
18. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
19. Access time is tcap or tcaa dependent.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

enhanced page-mode write cycle timing
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NOTES:20. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write

timing specifications are not violated.
21. Referenced to CAS or W, whichever occurs last.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

enhanced page-mode write cycle (write-per-bit selected)
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

enhanced page-mode read-modify-write cycle timing
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NOTES: 17. Output may go from high impedance to an invalid data state prior to the specified access time.
22. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications
are not violated.
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

enhanced page-mode read-modify-write cycle (write-per-bit selected)
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

RAS-only refresh timing
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

hidden refresh cycle
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TMS48C128, TMS48C138
131 072-WORD BY 8-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990

automatic (CAS-before-RAS) refresh cycle timing
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SMGS128A — DECEMBER 1989 — REVISED DECEMBER 1990
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This Data Sheet is Applicable to All TMS44100s

Symbolized With Revision “B” and Subsequent bMm ang(l))';l‘;’l:;:vl;agesf S(Dr::‘\:/';:a‘;f
Revisions as Described on Page 5-106.
® Organization...4 194 304 x 1 \%E ; - ig 5\653 Ag %; 2> [|cAs
* Single 5-V Power Supply (+10% Tolerance) RAS [|a 24| ] CAS pls : E :,/—VSS
R NC [] 4 23 JNC RAS [J7 s [ A10
Performance Ranges: A10[]s 2] A9 N Hne
ACCESS ACCESS ACCESS  READ Aol 11 :g i 21
TIME TIME TIME ORWRITE A0 le 18] A8 A2{]13 va [l as
(Rac) (tcac) (tan)  CYCLE At Q10 17[0A7 Vec s o [ as
(MAX)  (MAX) (MAX)  (MIN) A2 [ 16 [ A6 As[117  as
TMS44100-60 60 ns 15ns 30ns 110 ns A7 [J19 18
. . A3z 15[ ]As 20 [] A8
TMS44100-70  70ns 18 ns 35ns 130ns Vee 13 14 rj A4

TMS44100-80 80ns 20 ns 40ns 150 ns »
TMS44100-10 100ns  25ns 45 ns 180 ns 1The packages shown are for pinout reference only.

* Enhanced Page-Mode Operation for Faster
PIN NOMENCLATURE

Memory Access
— Higher Data Bandwidth than AD-A10 Address Inputs
Conventional Page-Mode Parts SAS gzz;“l‘:"“dd’ess Strobe
— Random Single-Bit Access Within a Row NG No Connection
With a Column Address Q Data Out
* CAS-Before-RAS Refresh RAS Row-Address Strobe
w Write Enable
¢ Long Refresh Period... vee 5-V Supply
1024-Cycle Refresh in 16 ms (Max) Vss Ground

® 3-State Unlatched Output

* High-Reliability Plastic 300-mil and 350-mil

* Low Power Dissipation
P 20/26-Lead Surface Mount (SOJ) Packages

® Texas Instruments EPIC™ CMOS Process and a 20-Pin Zig-Zag In-line Package
¢ All Inputs/Outputs and Clocks are TTL ® Operating Free-Air Temperature Range
Compatible ...0°Cto70°C
description

The TMS44100 series are high-speed 4 194 304-bit dynamic random-access memories, organized as
4 194 304 words of one bit each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 360 mW operating and 6 mW standby.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS44100 is offered in a 300-mil 20/26-lead plastic surface mount SOJ package (DJ suffix), a 350-mil
20/26-lead plastic surface mount SOJ package (DM suffix), and a 20-pin plastic ZIP package (SD suffix). All
packages are characterized for operation from 0°C to 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments standard
warranty. P i ing does not il

ol , TEXAS
include testing of all parameters. lNS]RUMENTS
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4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410B — SEPTEMBER 1983 — REVISED JANUARY 1991

operation

enhanced page mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number.of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used.

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS, The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44100 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performanceé improvement s referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after toac max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of tcac
or tepa (access time from rising edge of CAS).

address (A0 through A10)

Twenty address bits are required to decode 1 of 4 194 304 storage cell locations. Eleven row-address bits are
set up on inputs AOQ through A10 and latched onto the chip by the row-address strobe (RAS). The eleven
column-address bits are set up on pins AQ through A10 and latched onto the chip by the column-address strobe
(CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip
enable inthat it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating
the output buffer, as well as latching the address bits into the column-address buffer.

write enable (W)

data

data

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL
circuits without a pull-up resistor, The data input is disabled when the read mode is selected. When W goes low
prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting
common I/O operation.

in (D)
Data is written during a write or read-write cycle. Depending on the mode of operation, the falling edge of CAS
or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior to CAS and the data

is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-write cycle,
CAS will already be low, thus the data will be strobed in by W with setup and hold times referenced to this signal.

out (Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating)
state until CAS is brought low. In a read cycle the output becomes valid after the access time interval toac that
begins with the negative transition of CAS as long as trac andtap are satisfied. The output becomes valid after

the access time has elapsed and remains valid while CAS is low; CAS going high returns it to a high-impedance
state. In a delayed-write or read-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each row
that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving
power as the output buffer remains in the high-impedance state. Externally generated addresses must be used

5-88
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for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This
is accomplished by holding CAS at V|_ after a read operation and cycling RAS after a specified precharge
period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles.

CAS-before-RAS refresh
CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS \S [see parameter tggp] and holding
it low after RAS falls s [see parameter tcyg]. For successive CAS-before-RAS refresh cycles, CAS can remain
low while cycling RAS. The external address is ignored and the refresh address is generated internally.

power-up
To achieve proper device operation, aninitial pause of 200 us followed by aminimum of eight initialization cycles
is required after full Vo level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

An industry standard Design For Test (DFT) mode is incorporated in the TMS44100. A CAS-before-RAS cycle
with W fow (WCBR) cycle is used to enter test mode. In the test mode, data is written into and read from eight
sections of the array in parallel. Data is compared upon reading and if all bits are equal, the data out pin will
go high. If any one bit is different, the data out pin will go low. Any combination of read, write, read-write, or
page-mode can be used in the test mode. The test mode function reduces test times by enabling the 4 meg
DRAM to be tested as if it were a 512K DRAM, where row address 10, column address 10, and also column
address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.

EXAS {'?
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logic symbolt

RAM 4096K x 1

Data

Reg.

¢/ D

A0 S 30D11/21D0 Y
10
A1 1 1
A2 12
A3 13
Ad 15 0
A —
AS 16 4194 303
A6
A7 17
18
M
A9 '—5———*
A10 31D21/21D10 /
> C30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
[> €31 [COL]
P G34
A
CAS & P> 33C32
w jf 33,310 34EN 25
D ——A,32D AV Q
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ package.
functional block diagram
RAS CAS W
[ Timing and Contro! I
A0 8 6,
A1 _*L_, Column-Decode
*l Column 7 Sense Ambplifiers
o] Address
.| Buffers 7 128K Array " 128K Array
A10 ' 128K Array o 128K Array 16
. w . 110
. . Buffers
< . L 10f16
. 16 2 16 Selection
Row 10
®l Address /' ¢ L)
o| Buffers | g 1T
L] e
128K Array 128K Array

——]

7

Data
Out
Reg.

—;‘—bQ‘

j
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltagerangeonany pin (see Note 1) ... o i it e et —1Vto7V
Voltage raNge ON VGG vttt et i i i e i e e -1Vto7V
Short circuit QUIPUL CUITENE . . ..ot et e i ittt e aas 50 mA
L e [T/ o T (o o 1w
Operating free-air temperature range .........c.oiiiiiiiiiiiii ittt ieaas 0°Cto 70°C
Storage temperature range .. ....vuuri ittt e i i e i s —55°C to 150°C

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated inthe “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted) .

PARAMETER TEST CONDITIONS TMS44100-60 | TMS44100-70 | TMS44100-80 | TMS44100-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX

High-level output

VOH voltage IoH =—-5mA 2.4 2.4 2.4 24 \Y
Low-level output
VoL voltage loL=4.2mA 0.4 0.4 0.4 0.4 \
Input current V|=0t06.5V,Vcc=55YV, .
h (leakage) All other pins =0 Vto Ve =10 10 =10 10 uA
Output current Vo=0toVce, .
0 geakage) VGG = 5.5 V, GAS high =10 =10 =10 =101 kA
Read or write cycle - .
Icct current (see Note 3) Minimum cycle, Vcg =55V 95 85 75 65| mA
After 1 memory cycle, RAS and
Icc2  Standby current TAS high, Vi = 2.4 V (TTU) 2 2 2 2| mA
After 1 memory cycle, RAS and .
CAS high, ViH =Vcc - 0.2V 1 1 1 1] mA
(CMOS)
Minimum cycle, Vcc =5.5V,
Average refresh —a A
Icc3 current (RAS-only :?Tséfzﬁ:;g%slo}ug;‘fter 95 85 75 65| mA
or CBR) (see Note 3) CAS low (éBR)
lcca Average page tpc = minimum, Vg =55V, 70 60 50 0! ma

current (see Note 4) | RAS low, CAS cycling

NOTES: 3. Measured with a maximum of one address change while RAS = V|,

4. Measured with a maximum of one address change while CAS = V|4.

j
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 5)

PARAMETER MIN TYP MAX | UNIT
Ci(a) Input capacitance, address inputs 5 pF
Ci(D) Input capacitance, data input 5 pF
Ci(rc)  Input capacitance, strobe inputs 7 pF
Ciw)  Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF

NOTE 5: Vg equalto 5V + 0.5 V and the bias on pins under testis O V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

TMS44100-60 TMS44100-70 TMS44100-80 TMS44100-10
PARAMETER MIN __ MAX | MIN __ MAX | MIN __ MAX| MIN __ MAx| UNIT
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 : 18 20 25 ns
tcpA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tcLz CAS to outputin low Z 0 0 0 0 ns
YOFF g:g):ltotzsg?le time after CAS high 0 15 0 18 0 20 0 25 ns

NOTE 6: toFF is specified when the output is no longer driven,

j
Texas
INSTRUMENTS
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timing requirements over recommended ranges

of supply voltage and

operating free-air

temperature
TMS44100-60 | TMS44100-70 | TMS44100-80 | TMS44100-10 UNIT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
tRC Random read or write cycle (see Note 7) 10 130 150 180 ns
tRWC Read-write cycle time 130 153 175 210 ns
Page-mode read or write cycle time
tpc (see Note 8) 40 45 50 55 ns
tpPRWC Page-mode read-write cycle time 60 68 75 85’ ns
Page-mode pulse duration, RAS low :
tRASP (see Note 9) 60 100000 | 70 100000 | 80 100000 | 100 100000 ns
taag  on-page-mode pulse duration, RAS fow 60 10000| 70 10000| 80 10000 | 100 10 000 | ns
(see Note 9)
{CAS Pulse duration, CAS low (see Note 10) 15 10000 | 18 10000 | 20 10000 | 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tASC Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 11) [ 0 0 0 ns
tRcs Read setup time before CAS low 0 0 0 0 ns
towL  W-low setup time before CAS high 15 18 . 20 25 ns
tRwL  W-low setup time before RAS high 15 18 20 25 ns
W-low setup time before CAS low
Wes (Early write operation only) 0 0 0 0 ns
W-high setup time (CAS-before-RAS
tWSR refresh only) 10 10 10 10 ns
twTs W-low setup time (test mode only) 10 10 10 10 ns
tCcAH Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 13) 50 55 60 75 ns
tDH Data hold time (see Note 10) 10 15 15 20 ns
Column-address hold time after RAS low
tAR (see Note 13) 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 12) 0 0 0 0 ns
tRRH Read hold time after RAS high (see Note 12) 0 0 ] 0 ns
Write hold time after CAS low
WCH (Early write operation cnly) 15 15 15 20 ns
twcr  Write hold time after RAS low (see Note 12) 50 55 60 75 ns
W-high hold time (CAS-before-RAS
tWHR refresh only) 10 10 10 10 ns
twTH  W-low hold time (test mode only) 10 10 10 10 ns
Delay time, column address to W low
tAwD (Read-write operation only) 30 35 40 45 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns.
8. To assure tpc min, tAgc should be greater than or equal to top.
9. In a read-write cycle, tywp and trwL must be observed.
10. In a read-write cycle, towp and towi. must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either tRRH or tRCH must be satisfied for a read cycle.
“13. The minimum value is measured when trgp is set to tycp min as a reference.
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

TMS44100-60 TMS44100-70 TMS44100-80 TMS44100-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Delay time, RAS low to CAS high
ICHR  (CAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
ICSR  (GAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, CAS low to W low
tcwp (Read-write operation only) 15 18 20 25 ns
{RAD Delay time, RAS low to column-address (see 15 30 15 a5 15 40 20 50 ns
Note 14)
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcaL Delay time, column address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
RCD  (see Note 14) 20 45| 20 52| 20 60| 25 75| ns
trpc Delay time, RAS high to CAS low 0 0 0 0 ns
trsH  Delay time, TAS low to RAS high 15 18 20 25 ns
Delay time, RAS low to W low
'RWD (Read-write operation only) 60 70 g0 100 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
i I h
tToPA 2%?:)5 time from column precharge (test 40 45 50 55 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
tREF Refresh time interval 16 16 16 16 ms
T Transition time 2 50 2 50 2 50 2 50 ns

NOTE 14: The maximum value is specified only to assure access time.

PARAMETER MEASUREMENT INFORMATION

131V Vee =5V
RL=218Q R1=828Q
Output Under Test ——¢ Output Under Test
c._=1oOpF;‘1‘\"‘ Cp =100 pF Ry =295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

j
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read cycle timing

) e g
< tRAS g ViH
RAS N ﬁ |
B | ! | viL
| |l<-———-— tecgp ——————M : [ thp — ¥
: @¢——tgcp — P : :ﬁ—:— tcRp ——
o lh_ o IH——~tRSH ™ |
Ly —tcas > | ||
|*| | | ™ VIH
CAS Ly AN /11 AN
| i [ | [ | | ViL
: —>ttrao ! | H——i——tcp —>
f—p t
M- task l AsC .l :
! |l | Iy 'RAL | |
tRAH {4— o ——— |
J L1
VIH.
AO-A10 I Row ! l Column ! Don't Care
. ~ ALAANNAKS i
tRcs —1¢—» —» t
| | [~ tRRH
ﬂ—fJ-l tAR —bl: | | |
; : l| —» [ tcaH :4———»}— tRCH
i)
_ XX 1 1 XX ViH
w ESS Dggg%are i SS % | ! I Ws@n}p&re
| | : AAAANNA Vi
| —t —>
| ‘ 2 cac {¢———— toFF ———»
I 1« A —¥ [
! ; Valid b\ VoH
= I a |
a ] HI-Zz (see Note 15) 4
} i I VoL
tcrz S |
| |
I« tRAC >
NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.
i
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early write cycle timing

i‘ tRC »
| 1 tRAS =: !
PR ! | VIH
RAS AN | |\
e pr—— A
RSH
Ly trRcp ———¥ . : ————1Rp |
b CAS j«——tcRp ————>
| e tcsH > 1
t ] : | t VIH
[ -‘:\ | |
L1 tasc-He—» | | viL
ViH
ViL
VIiH
Vi
|
| e twp |
ﬁl———‘os—’( | :
[ |
al ata
AAA
: I AA Vi
. f
1< tDHR »
VOH
Q HI-Z
' VoL

j
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write cycle timing

] tRC =-;
| 1€ tRAS > |
|

A
3

|
{ < tclsn > !
N T | H VIH
S N A \
: | tasc e | | : | : Ve
fRAHTH[ « ¢ 1 :i\l; '} | |
——p! el——tcp ————»
l )¢+—fAR———+——>| CAH [ cP

__,l H-%—tASR [4—————‘——!—tRA|_ ————l———l—){

VIH
/\/\/\/\/\

H— tRAD —H
DS —H H_Lh——— tRwL ———m

|
[ VIH
Y
me TR (e s

_z_|
(9}
s
Y

VIH
)\/\}\A}\)\

tcrLz —.<——>| toFF —>| |<—
} VoH

Not Valid

P

VoL
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read-write cycle timing

}‘ tRwC ;;
l ;4 ‘RAS ;: ' VIH
= N ) —
L
—H[ :‘_— il tcas : trp
| [€—tRco —‘“Hl : Q—It- tcrp — Vin
R | |
cAs ! ' N l I ! R__ v
[ tasp P L | | IL
| Pt RAH | | | ——tcP ——»
oo A e |
tRAD tcaH
} il AR | i I Vin
n0-a10 QO Row }@( Cotumn XXX B Care QAKX
T | T 1 ] T ViL
| | l‘— tCWL —p | |
| :tCAH l tRwL T
| RCS w&—» | t I
! | e——tawp —P; I"— e —’}
+ 7AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV ViH
W ERRRIE) || | AEERRRK RSt REREREKE
| : .:ﬂ—tcwo —» | |
Iﬁ +— tRwWD >J| : :
l : | tps —» H4— | VIH

R S at XK i

| .
le— tcrLz —» o —toFF _NI

T
|

|

| | |

| | (see Note 15) 4\ VOH
; HI-Z =t @( Valid Out P,

i ' !

|

VoL

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.
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enhanced page-mode read cycle timing

tpp —le—>
€ . o | |
i RASP l | | ViH
ms N TN
B i : ViL
| —tRcD ——’} "“——— tpc '——"I : | :
I !
| tosh > letcp «—tonp —>
L —tcas —¥ | ' l"—_‘RSH”‘|_’: | v
1 | | ’ T H
= N VTN T
L e ; b | Vit
t
I "— RAH | | | | tcaH, t | J |
—pl 4 tasSR __I_H (- tasc | |[ I’* RAL | ! |
' | (Ll | E———tcaL——» |
j ( ' ) @§zwygw§§§ ViH
AQ-A10 | Row I X! Column | | Column Don’t Care
l R ' I S — —L Vie
<—_“Aﬁ_|_’1' | | taA & e e
— tRCS —¥ | | (see Note 16) | A RCH _H' Vit
— [ | ] ! I |
Y et | 4 N X
| | | N ViL
| | | tcpa |
| | [¢——tcac —» (see Note 16) ! |
| ]
¢
Q
NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.

16. Access time is tcpAa or taa dependent.

Texas J"’
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-99



TMS44100
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410B — SEPTEMBER 1989 — REVISED JANUARY 1991

enhanced page-mode write cycle timing

tRp —¢—>
€ . | |
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| : tasc —:4—’11 : : lq— tcp — : : ViL
I —————|tAR | ¥ |
[ —1t
R R R et
3 :: ViH
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ARAAA
'|<— tRAD — il I t I } it
> tcwL H—H——:CWL
}‘—twcn At |
P Im—f—“*'_] | “—tRWL —>
ﬁ o t ) T |
| | | ViH
(see No‘e 17) : (see Note 17) ViL
¢———tpH —>
}4———*05———-’| |<-4——-— oy ———»
< tps (see Note 17) |

(see Note 17) |

A
ViH
XX
D M Valid Data In }m V?r"ld Dont are

Q HI-Z

VoL
NOTES: 17. Referenced to CAS or W, whichever occurs last.
18. A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.
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enhanced page-mode read-write cycle timing
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ttiz—» e I | l : :
(see Note 15) 55000 Vald (see Note 15) 550 VOH
: TBE i T

NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.
19. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.
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RAS-only refresh timing

) >
z [—1tRas —P !
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L | i
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| >t ViL
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ViL
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ViL
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AAAAA
Vi
VoH
Q
VoL

NOTE 20: A10is adon't care.
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automatic (CAS-before-RAS) refresh cycle timing

< tRC ﬁ
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NOTE 20: A10is a don't care.
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hidden refresh cycle (read)
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hidden refresh cycle (write)
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test mode entry cycle

< tRe >’i
I'q—t —_—
AP | e tRAS > |
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AAAAAAX
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device symbolization

Tl -SS
L 1 Speed (-60, -70, -80, -10)
D TMS44100 DM
— Package Code
WBPXXXLL
— Lot Traceability Code
Month Code
Assembly Site Code

Die Revision Code

Wafer Fab Code

j
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This Data Sheet is Applicable to All DM and DJ P_ackagesf SD Packaget
TMS44101s Symbolized with Revision “B” (Top View) (Top View)
iZCjD .zugs;cgtéint Revisions as Described o7 D = Vss Ao s > doxs
g ) w2 25[]aQ Ql[ls o[ Ves
* Organization . ..4 194304 x 1 RAS[]s  =««fJTAS  Dls AE
. NC []4 23| JNC RAS [17 s ato
¢ Single 5-V Power Supply (+10% Tolerance) A10[]s 22| ] A9 NC % 9 10 [Ine
A0l
. . 12 [] At
Performancg Ranges: Ao (o 18[ ] A8 A2[]13 4 [ A3
ACCESS ACCESS ACCESS ~ READ INER L 17 ] A7 Voe H 15 16 [l A
TIME TIME TIME ORWRITE a2 [ 161 A6 A5 []17 18 [] A6
(RaC) (tcac) (tan)  CYCLE A3[J12 15[1As A7[le H e
(MAX) (MAX) (MAX) (MIN) Vee [ 13 14[] A4
TMS44101-60 60ns  15ns  30ns 110 ns
TMS44101-70 70 ns 18 ns 35 ns 130 ns tThe packages shown are for pinout reference only.
TMS44101-80 80 ns 20 ns 40 ns 150 ns
TMS44101-10  100ns 25ns  45ns  180ns PIN NOMENCLATURE
AO-A10 Address Inputs
¢ 4-Bit Nibble Mode Operation CAS Column-Address Strobe
— Four Sequential Single-Bit Access D Data In
Within a Row by Toggling CAS NC No Connection
Q Data Out
* CAS-Before-RAS Refresh RAS Row-Address Strobe
W Write Enable
* Long Refresh Period ... Ve 5-V Supply
1024-Cycle Refresh in 16 ms (Max) Vss Ground

® 3-State Unlatched Output

* High-Reliability Plastic 300-mil and 350-mil

®* Low Power Dissipation
P 20/26-Lead Surface Mount (SOJ) Packages

¢ Texas Instruments EPIC™ CMOS Process and a 20-Pin Zig-Zag In-line Package
* All Inputs/Outputs and Clocks are TTL ® Operating Free-Air Temperature
Compatible Range...0°Cto 70°C
description

The TMS44101 series are high-speed 4 194 304-bit dynamic random-access memories, organized as
4 194 304 words of one bit each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 360 mW operating and 6 mW standby.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to aliow greater system flexibility.

The TMS44101 is offered in a 350-mil 20/26-lead plastic surface mount SOJ package (DM suffix), a 300-mil
20/26-lead plastic surface mount SOJ package (DJ suffix), and a 20-pin plastic ZIP package (SD suffix). All
packages are guaranteed for operation from 0°C to 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information Copyright © 1991, Texas Instruments Incorporated
current as of publication date. Products conform to i

specifications per the terms of Texas Instruments
standard warranty. Production processing does not

TEXAS
necessarily include testing of all parameters, INS’FRUMEN’]"S
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operation
nibble mode

Nibble-mode operation allows high-speed read, write, or read-write access of 1 to 4 bits of data. The first bit is
accessed in the normal manner with read data coming out at toac as long as tgac and taa are satisfied. The
next sequential bits can be read or written by cycling CAS while RAS remains low. The first bit is determined by
the row and column addresses, which need to be supplied only for the first access. Row A10 and column A10
provide the two binary bits for initial selection, with row A10 being the least-significant address and column A10
being the most significant. Therefore, the falling edge of CAS will access the next bit of the circular 4-bit nibble
in the following sequence

EP(OO) e (01) b S (10) —> (11)-+-1

Data written in a sequence of more than 4 consecutive cycles shall be capable of being read back without exiting
from the nibble mode. In a sequence of consecutive nibble-mode cycles the control of the high-impedance state
forthe data out (Q) pinis determined by eachindividual cycle. This facilitates fully mixed nibble-mode cycles (e.g.,
read/write/read-write, etc.)

address (A0 through A10)

Twenty address bits are required to decode 1 of 4 194 304 storage cell locations. Eleven row-address bits are
set up on inputs A0 through A10 and latched onto the chip by the row-address strobe (RAS). The eleven
column-address bits are set up on pins A0 through A10 and latched onto the chip by the column-address strobe
(CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip
enable in thatit activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating
the output buffer, as well as latching the address bits into the column-address buffer.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL
circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low
prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting common
I/O operation,

data in (D)
Data is written during a write or read-write cycle. Depending on the mode of operation, the falling edge of CAS
or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior to CAS and the data

is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-write cycle,
CAS will already be low, thus the data will be strobed in by W with setup and hold times referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS is brought low. In aread cycle the output becomes valid after the access time interval tcac that begins
with the negative transition of CAS as long as tgac and taa are satisfied. The output becomes valid after the
access time has elapsed and remains valid while CAS is low; CAS going high returns it to a high-impedance state.
In a delayed-write or read-write cycle, the output will follow the sequence for the read cycle.

EXAS “3’
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refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each row
that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving
power as the output buffer remains in the high-impedance state. Externally generated addresses must be used
for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at V_after a read operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter tcgg] and holding it
low after RAS falls [see parameter toygl. For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after full Vo level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

An industry standard Design For Test (DFT) mode is incorporated in the TMS44101. A CAS-before-RAS cycle
with W low (WCBR) cycle is used to enter the test mode. In the test mode, data is written into and read from eight
sections of the array in parallel. Data is compared upon reading and if all bits are equal, the data out pin will go
high. If any one bit is different, the data out pin will go low. Any combination read, write, read-write, or page-mode
can be used in the test mode. The test mode function reduces test times by enabling the 4 meg DRAM to be
tested as if it were a 512K DRAM, where row address 10, column address 10, and also column address O are
not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.

EXAS ‘"f
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logic symbolt

RAM 4096K x 1

A0 30D11/21D0
10
A1 1
A2
12
A3
14
A4 0
A5 15 A——
16 4194 303
A6
17
A7
18
A8 22
A9 5
A10 31D21/21D10/
> C30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
> C31 [COL]
G34
—= _24
CAS & > 33C32
w —if 33,31D 34EN 25
D A, 32D AV Q
T This symbol is in accordance with ANSY/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ package.
functional block diagram
RAS CAS
I Timing and Control I
‘ i
Ao 81 I - A 151
Al _____l__v Column Decode
*| column 7: Sense Amplifiers
* ‘E‘L‘L’:E’: / 128K Array 128K Array
. R 16 A4 Data
A10 . 128K Array ° 128K Array In
|- . w . /o Reg. [¢ b
. . Buffers
. . 10f16
. 167 2 > 18 Selection Data { o q
Row 10 Out
®| Address /‘ ¢ <> Reg.
o| Buffers 4 8 11T
_ vl ¢
128K Array 128K Array
1 : 10 7 T
i
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage rangeonany pin (See Note 1) ... .ot i -1Vto7V
Voltagerange on Voo (SE8 NOtE 1) v it i it e -1Vto7V
Short Circuit OULPUL CUTTENE ...ttt i e st e s i e r i ianes 50 mA
Power diSSiPation ... .. e e e 1w
Operating free-air temperature range .......vvvii ittt e 0°C to 70°C

Storage temperature range

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \%
VIH High-level input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where.the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
TMS44101-60 | TMS44101-70 | TMS44101-80 | TMS44101-10
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN  MAX MIN MAX MIN  MAX
VoK y;lg'gg'i"e' output loH =~ 5 mA 2.4 2.4 2.4 2.4 v
VoL \';gl‘;‘; ;‘2""' output loL = 4.2 mA 04 0.4 0.4 04| v
Input current Vi=0t06.5V, All other pins . . . .
" (eakage)t =0VitoVoe 10 =10 =10 10 wA
Io (?é‘;ﬁ:;g‘)’{’em Vo = 010 Vo, CAS high £10 £10 +10 £10| uA
Icci ?ffgn‘:'(s‘fggil?g'g) Minimum cycle, VoG = 5.5 V 95 85 75 65| mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 2
Vig =24V (TTL)
[ Standb: ent A
cc2 andby curren After 1 memory cycle, m
RAS and CAS high, 1 1 1 1
VIH=Vcc-0.2V
Average refresh RAS cycling, CAS high
lcca  current (RAS-only or (RAS-only), RAS low after 95 85 75 65 mA
CBR) (see Note 3)F | CAS low (CBR)
Iccs fuerage nibblemode | FAS tow, CAS cycling 70 60 50 40| mA
¥ Minimum cycle, Vog = 5.5 V.
NOTE 3: Measured with a maximum of one address change while RAS = V).
INSTRUMENTS
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 4)

PARAMETER MIN  TYP MAX | UNIT
Cia) Input capacitance, address inputs 5 pF
Ci(p) Input capacitance, data input 5 pF
Ci(rc) Input capacitance, strobe inputs 7 pF
Ciw)  Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 4: Vgcequalto5V + 0.5V and the bias on pins under testis 0 V.
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature
TMS44101-60 | TMS44101-70 | TMS44101-80 | TMS44101-10
PARAMETER MIN MAX| MIN MAX| MIN _MAX| MIN max| YNIT
tAA Access time from column-address 30 35 40 45 ns
tcac  Access time from CAS low 15 18 20 25| ns
INCAC Access time from CAS low (nibble operation) 15 18 20 25 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tcLz  CAStooutputin low Z 0 0 0 ns
topr  Output disable time after CAS high (see Note 5) 0 15 0 18 20 0 25 ns
NOTE 5: toFF is specified when the output is no longer driven_
timing requirements over recommended ranges of supply voltage and operating free-air
temperature
TMS44101-60 TMS44101-70 | TMS44101-80 TMS44101-10
MIN  MAX| MIN _ MAX| MIN __ MAX| min __ max| UNIT
tRC Random read or write cycle (see Note 6) 110 130 - 150 180 ns
tRWC Read-write cycle time 130 153 175 210 ns
INC Nibble-mode read or write cycle time 35 38 40 45 ns
tNRwC  Nibble-mode read-write cycle time 55 61 65 75 ns
tRAS Pulse duration, RAS low (see Note 7) 60 10000 70 10000 80 10000 100 10000 ns
tcas Pulse duration, CAS low (see Note 8) 15 10 000 18 10 000 20 10000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tasc Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tDs Data setup time (see Note 9) 0 0 0 0 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRWL  W-low setup time before RAS high 15 18 20 25 ns
WoS (e ety 0 0 : 0 5
twsR x\a’frr:a'g: zﬁ:;:)p time (CAS-before-RAS 10 10 10 10 ns
twTs W-low setup time (test mode only) 10 10 10 10 ns
tCAH Column-address hold time after CAS low 10 15 15 20 ns

Continued next page.
NOTES: 6. All cycle times assume tT = 5 ns.

7.
8.
9.

In a read-write cycle, trwp and tgyy|. must be observed.
In a read-write cycle, tcwp and tcw|. must be observed.
Referenced to the later of CAS or W in write operations.

5-112

Texas
INSTRUMENTS

*p

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44101
4 194 304-BIT
DYNAMIC RANDOM ACCESS MEMORY

V A — SMHS411 — JANUARY 1991

timing requirements over recommended ranges of supply voltage and

temperature (concluded)

operating free-air

TMS44101-60 TMS44101-70 TMS44101-80 TMS44101-10
MIN __ MAX| MIN __ MAX| MIN __ MAX| MmN max| UNIT

tDHR Data hold time after RAS low 50 55 60 75 ns
tDH Data hold time (see Note 9) 10 15 15 20 ns
tAR Column-address hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
{RCH ?g)ad hold time after CAS high (see Note 0 0 0 0 ns
{RRH l:ig)ad hold time after RAS high (see Note 0 0 0 0 ns

Write hold time after CAS low
WCH  (Early write operation only) 15 15 5 20 ns
tWCR Write hold time after RAS low 50 55 60 75 ns
\WHR \é\g&;gh hold time (CAS-before-RAS refresh 10 10 10 10 ns
'‘WTH  W-low hold time (test mode only) 10 10 10 10 ns

Delay time, column address to W-low
AwWD (Read-write operation only) 30 35 40 45 ns

Delay time, RAS low to CAS high
ICHR (CAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns

Delay time, CAS low to RAS low ’
ICSR  (CAS-before-RAS refresh only) 10 10 10 10 ns

Delay time, CAS low to W-low
fcwp (Read-write operation only) 15 18 20 25 ns

Delay time, RAS low to column-address
'RAD _ (see Note 11) 15 30| 15 35| 15 40| 20 50| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
1CAL Delay time, column-address to CAS high 30 35 40 45 ns
'RCD i131e)lay time, RAS low to CAS low (see Note 20 45 20 52 20 50 25 75 ns
tRPC Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

Delay time, RAS low to W-low
'RWD (Read-write operation only) 60 70 80 100 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
tREF Refresh time interval 16 16 16 16 ms
T Transition time 2 50 2 50 2 50 2 50 ns

NOTES: 9.Referenced to the later of CAS or W in write operations.
10. Either tgRH or tRCH must be satisfied for a read cycle.
11. The maximum value is specified only to guarantee access time.
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
é RL=218Q ’ R1=828Q
Output Under Test — ¢ Output Under Test
c|_=100pF"'T— Cp =100 pF Rp=295Q
(a) Load Circult (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

read cycle timing

. re tRAS > VIH
RAS N ,'/ll \
D | ‘ viL
! :4 tcsH b : ﬂ—tnp—>:
} @—trep —M : N tcRp ——
—» :‘_tT :4———tRsn—|——|>| |
[ : tcas— P | ||
_ ™ I ' ViH
CAS L AN VAR |\
| | | h | I | | ViL
| @«——>+tap | | { H—}—i—tcp———ﬂ
H—HI—'ASR 'ASC R
P “—l—f"RAL—‘“"l”LH
|

| 1
v, V|
A0-A10 ‘:’ m’:’: ! Column ! [;Qn(’}( a\r(ey H
e T ViL

tRcs —1¢
| —» H—"RRH
{ ll —> € tcan :‘—-"“RCH
L
| T VIH
| | E AAAAAA i
[ [—tcac —P
! t
} | : , A y € toFF ——————»:
l Valid N VoH
- a
Q ! Hi-z (see Note 12) 4
} | VoL
t |
| cLz —ﬁ—ﬂ |
< trac gl

NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.

EXAS {"
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early write cycle timing

< trC
¢ tRAS
|
|

le— ¢—— tRgH ———»
br_Hl H—tncn—H ASH : N—tnp———bjl
b H——tCAS—j l¢——— tcrp ———»
| < tcsH i
- T ‘ | Y Vin
CAS I | | |
L1 tasc e—¥ | | | v
tran 1» = T —tcaL ———— || , I
RAM ™ I ™ [ tcaH | ———tcp———M
—» rertasr Ll N
D Y "
| | | | |
VIH
T I T 1 ViL
! e tewe x|
| T tRwL »
[ trap —¥il | le—t —
L | L] WCH >
< twcr >
| I | |
twes € | | v
- ' |l ! FEEEey ViH
W on't Care | | on't' Care
AAANAA | : AAAAAN Vi
B L |
| e twp ————>
€ ts—™M |
[ |
D | Valid Data | Don't Care
ALAAA
: ;
i« tDHR >
VoH
Q HI-Z
VoL

EXAS ‘"3
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write cycle timing

) tre %i

| tRAS »! |
| ' VIH

RAS N % |
' ——— tpp ———» ViL

|
e tggH ——— ¥ l
l«——tRrcD —’F—‘CAS _— :Q-T—tcﬁp —p

tcsH > )

CAS

B
f

AD-A10

‘ | | | ] ViH
W R ke SORRRIN R B B KRRRRRRRR
w on’t Care on't Care
AAANNAN, VNN VIL

| ] I |
| e
\ | | ety |
,< tDHR —— » |
A ; ! l AN VIH
AAARAA AXA v
; ] IL
tcLz —¢—p toFF —» [4—
! |
VoH
Q ‘ 7r Not Valid - N
N
VoL

i
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read-write cycle timing

le tRwe pl
I | |
t t bl .
| I RAS | | ViH
RAS I\I ﬂ_
| - | | | ViL
- iy ¢ tcas b | HM——>i- trp
| €4——1tpcp —» ! —pl
\ | | 4t tcrp Vin
—_— B N 1 | N
| | | |
—»! [ tasr P P ! i ViL
| H—L‘RATI Ll | 1P ———
e A ol e |
t | t
: | |AD 'AR | > - L |
] Y
IAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/ IH
a0-a10 X Row }@{ Cotumn  YRRRRRRKS Damt ate RRRRLLERS
I | T T ! €t T T Vi
| ¢ cwL | |
| 'RCS —1&—» twp |
T o
! | i ViH
7 T XXX AXX
SRR L N RRRRL ek
: | ]‘<—tcwo —> : :
ﬂ———i—'awo,———-—ﬂl I |
] esw e |
NN/ X NN NINNINININTNONINININININ YONININ/NS q Y Y X
D 0’0”’0’0‘0’0 Don't Aa[re 0:0:"0’00‘:0: | Valld| In W&o%t areW viL
[ | | > |
! : l—tcrz —p OH e torr —>
: | | (see Note 12) | | Vou
Q 1 — HI-Z — W Valid Out }
! | ! 1 VoL
! | M——tcac —¥
: —1tap ——————l’;
¢ trAC »
NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.
I
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nibble-mode read cycle timing

tRp —“—HI |
;4 tRAS >: | | ViH
aAE |
: r—tnco —>: :‘——'Nc ——NI : : }
| ——— iCSiH '—————P: :4- tcp —P :‘_IQCFP ™
|' |I ¢—tcas —Hl | | r’—‘ tRSH |—’i | v
| 1 IH
CAS Ll [ | [ | |
Lo -
R L_:_—‘ tRAH -:L! | > tcan | |
ASR l
I ] || I"TtAsc : I | le
AC-ATO @{ Row M Coumn | KASRAXEEBBK
:' tAi‘ : : > <_t'4“ ‘R_RL‘:
<— trcs — ¥ | RCH ; ViH
_ T I
v W :<—'RAD —ﬂ' I W : *Q& viL
| | | |
| I ——1cac — l
L trac ki > e torr —’:
B tcLz —4—»! [y
: LXK () 9, valid OH
a QK o KREKY e -

NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.

VoL

j
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nibble-mode write cycle timing

¢ t »
| RAS g | | Vin
| _’: ViL
| h———-—t _—Pp! = b
L CSH | e l¢—CRP
| [ Rep —>’| |1 1 |
| [ tcas ¥ | , RSH —‘—nl
T ] I | ! ]l II ViH
CAS I I\ / I\ /
[&—»— tasr |
| | 'AS 'ASCH | ; :(——tcp-—N | I ViL
| |
I H_—‘—“AFH—,—————-TH | |
| ran ol | e toan I
ViH
1 ! [ | AI-A A | viL
[4—tgap —™ -t —>—tcwL —p— |
¢ toewL
| twer ¥ I !
| |H4I—|——~>i—*wp r_tRWL—H
1< I tPHP ; >-’l I
| | VIH
(see Note 13) : | i | (see Note 13) ViL
|

—tpH —»!
—tps ——» > - tpH q

|

——tpg »  (see Note 13) :
|
|

} (see Note 13)

‘v’v v’v’ Ov’v.v.v V4 vv \VAVAY v. ViH
D @q Valid Data In RS vaild QK Bont Care X "
VOH
Q HI-Z
(see Note 14) VoL

NOTES: 13. Referenced to CAS or W, whichever occurs last.
14. The output may go to an invalid state if a late write is completed.

ixas WP
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nibble-mode read-write cycle timing

tRAS >

|t

N

|
RAS N

YVYVVYYYYYY \/
X »Don’t Care
’AAAAAAAAAAA

(see Note 12) - TOOY (see Note 12) 5 - VoH
e 92020!0’ m 0‘!‘2’0 valid Out 1

VoL
NOTES: 12.0utput may go from three-state to an invalid data state prior to the specified access time.
15.A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

’ j
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RAS-only refresh timing

| VIH
RAS | |

SAAAAAL l . ViH

t \Y/
tASR ’ > H—PT RAH L
\AYAYVAV, | ViR
AO-A9 W Don’t Care ! Row }@/Don't Car\:%( Row
ViL

ViH

viL
Ava Vi

ViL

VoH

Q

VoL
NOTE 16: A10is a don't care.

automatic (CAS-before-RAS) refresh cycle timing

I tRC >

ld—tnp—ﬂ !

| | tRAS > |
| | ViH

RAS /| N\l L/
{ | | viL

< tcsp —M
trpc — .‘ﬂr I |l< tCHR ﬁ v
—» @t H
TAS \_’ 1 ! T J/

* ViL

*WSR ] > twn
X% TXXRTXXS TXXRRS Vi

7 XXX e
ViL

ViH
AAAAAN,

viL
\/\/VV\/\/
AAAAAA
VoH
Q H1-Z
VoL
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hidden refresh cycle (read)

|[€¢—— Refresh Cycle —¥{
[&—— Memory Cycle —» v 14— Refresh Cycle —»
!

—trp ¥ [—tRp ) |

tCHR —+

]
>
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|
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| oy
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taSR— ,<J|l|llll I I
’ V’V’V’V’V’V’V‘V‘V’V’V’V’V’V N/ VV N\ \/ V’V‘V’V’V‘V‘V‘V’V’V’V’V VA V’V’V’Y‘V’V‘V’V’V’V’V‘V’V‘V’V’
soato B P Cor DR B Sare SRR SERRKRRERLRIS
| JRRH —P = th [—twhR +»  [M-tWHR —T%  —WHR

|1 | | | | !
K—{-—-»f—ncs | —» M—twsp  twsp —» le— ! -’i (¢ 'WsR ]l

b
L
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|; |
I |
| 1
P |
|1 |
|| !
|| |

YY A\YAVAVAVAVAV/ N \/ N \/\/
VAVAVAVAVAVAN §

TR IXIX
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Valid Data

A

ViH
ViL
ViR

ViL

ViH

=

L

ViH
ViL
VIH

ViL

VoL
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hidden refresh cycle (write)

[&—— Refresh Cycle —|
[¢—— Memory Cycle ———, 4 [€¢— Refresh Cycle —»
| | | l
| [ tgp P [4—tgp M i

| [ tRas > Ebintel i |

I ! ViH
RAS ! | V4 | ! w
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| |
!
| 1 1 E tcas —»]
J— | : ! [ | VIH
TAS Ll [ ! [ L
[ | | | i i 1) ViL
l : > 4 tean ! :
A T tase I
tRAH ‘{”I"‘Fl by I
1 ﬂ—l—i—Lﬂ—' } taR ||
—p H—LLtASR (. |1

QRN DRt Care’ (R RXXLARIKCESS
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test mode entry cycle

) tRe g
t B —
AP | e tRAS » |
I ! i VIH
AAS | AV L/
| ! ViL
. | ltcep | R
RPC —¥ '4'?‘ I I‘ tCHR VI v
cas \I e 4 "
|
v
Lyl tWTH I
tWTS —t—p] IN_
| Xgo( ViH
VAVAVAVAVAY V“_
ViH
ViL

XX VIH

. Y Y
g Ao0nnnnonu“n”unm"Mooo’n““0n‘nwn’o‘o’o’no‘o’ "
VoH
Q HI-Z
VoL

device symbolization

T -8S
L—— 1 Speed (-60, -70, -80, -10)
D TMS44101 DM
— Package Code
WBPXXXLL
B — Lot Traceability Code

Month Code

Assembly Site Code

Dle Revision Code

Wafer Fab Code

j
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This Data Sheet Is Applicable to All TMS44400s ' DM AND DJ
Symbolized With Revision “B” and Subsequent Pa"kfﬂesf
Revisions as Described on Page 5-144. (Tozjlew)
o -~ pat [ 1 26 | ] Vgg
Organization ... 1048576 x 4 ‘ paz2 []2 25 % DQ4
* g X 100 wW(ls 24 ]1DQ3
Single 5-V Power Supply (+10% Tolerance) RS [« 20 [ CAS
* performance Ranges: Ao ls 22| ]10E
ACCESS ACCESS ACCESS  READ
TIME TIME TIME OR WRITE Ao e 18| A8
(trac) f{tcac) (taa) CYCLE A1 [ 10 17 [ 1 A7
(MAX) (MAX) (MAX)  (MIN) A2 16| 1 A6
TMS44400-60 60ns 15ns  30ns  155ns A3z 151 A5
TMS44400-70  70ns 18ns  35ns  181ns Vee [ 13 14| ] A4
TMS44400-80 80ns 20 ns 40ns 205 ns
TMS44400-10 100ns 25ns  50ns  245ns SD Packaget
. . (Top View)
Enhanced Page Mode Operation for Faster _
Memory Access CEL cAs
— Higher Data Bandwidth than basPls A 0as
Conventional Page-Mode Parts VssHs foa1
— Random Single-Bit Access Within a Row paafl7  SHE
With a Column Address Rﬁi % S LollAe
1
* CAS-Before-RAS Refresh A2l 13 :i E 2;
Y 15
* Long Refresh Period . .. gg % o 180As
1024-Cycle Refresh in 16 ms (Max) A7 |19 ;g E ﬁg

¢ 3-State Unlatched Output

tThe packages shown are for pinout reference only.

* Low Power Dissipation

PIN NOMENCLATURE
® Texas Instruments EPIC™ CMOS Process AQ-A9 Address Inputs
CAS Column-Address Strobe
¢ All Inputs/Outputs and Clocks are TTL DQ1-DQ4 Data in/Data Out
Compatible OE OQutput Enable
RAS Row-Address Strobe
¢ High-Reliability Plastic 300-Mil and 350-Mil W Write Enable
20/26-Lead Surface Mount (SOJ) Packages Vee - 5-V Supply
and 20-Pin Zig-Zag In line (ZIP) Package Vss Ground
® Operating Free-Air Temperature Range
...0°Cto70°C
description

The TMS44400 series are high-speed 4 194 304-bit dynamic random-access memories, organized as
1 048 576 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 360 mW operating and 6 mW standby.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain Information Copyright © 1991, Texas Instruments Incorporated
current as of publication date. Products conform to i

specifications per the terms of Texas Instruments standard
warranty. P does not i

‘ : EXAS
include testing of all parameters. ]NSTRUMENTS
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Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS44400 is offered in a 300-mil 20/26-lead plastic surface mount SOJ package (DJ), a 350-mil 20/26-lead
nlastic surface mount SOJ package (DM) and a 20-pin zig-zag in-line package (SD suffix). All packages are
characterized for operation from 0°C to 70°C.

operation

enhanced page mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column
addresses A0 through A9 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44400 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performance improvement is referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after toac max (access time from CAS low), if tap max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of tcac
or topa (access time from rising edge of CAS).

address (A0 through A9)

Twenty address bits are required to decode 1 of 1 048 576 storage cell locations. Ten row-address bits are set
up on inputs A0 through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins A0 through A9 and latched onto the chip by the column-address strobe (CAS). All
addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that
it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the output

buffer, as well as latching the address bits into the column-address buffer.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL
circuits without a pullup resistor. The data input is disabled when the read mode is selected. When W goes low
prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle permitting a write
operation independent of the state of OE. This permits early write operation to be completed with OE grounded.

data in/out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTLloads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS and OE are brought low. In a read cycle the output becomes valid after ail access times are satisfied.
The output remains valid while CAS and OE are low. CAS or OE going high returns it to a high-impedance state.
This is accomplished by bringing OF high prior to applying data, thus satisfying togp.

5-126
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output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers will remain in the high-impedance
state. Bringing OE low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance
state. Once in the low-impedance state, they will remain in the low-impedance state until either OE or CAS is
brought high.

refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each row
that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving
power as the output buffer remains in the high-impedance state. Externally generated addresses must be used
for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This
is accomplished by helding CAS at Vyy_after aread operation and cycling RAS after aspecified precharge period,
similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter togg] and holding it
low after RAS falls [see parameter toyg]. For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

power-up
To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles

is required after full Vg level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

A Design For Test (DFT) mode is incorporated in the TMS44400. A CAS-before-RAS with W low (WCBR) cycle
is used to enter test mode. In the test mode, data is written into and read from eight sections of the array in
parallel. All data is written into the array through DQ1. Data is compared upon reading and if all bits are equal,
all DQ pins will go high. If any one bit is different, a DQ pin will go low. Any combination of read, write, read-write,
or page-mode can be used in the test mode. The test mode function reduces test times by enabling the 1 meg
x 4 DRAM to be tested as if it were a 512K DRAM where column address 0 is not used. A RAS-only or CBR
refresh cycle is used to exit the DFT mode.

Texas v',?
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logic symbolt

5 RAM 1024K x 4
A0 10 20D10/21D0Y
Al py
A2 12
A3 14
A4 0
> —_—
A5 :z A 1048 575
A6 17
A7 18
A8 s
A9 20D19/21D9~
> C20[ROW]
a G23/[REFRESH ROW]
RA 24[PWR DWN]
> C21[COLUMN]
23 G24
CAS & > 23C22
w _—i:ziz 23,21D 24,25EN
OF —=2—— I
OE G25 -
1
DQ1 ——: A,22D AZ26
2 V 26 !
DQ2 T—P—
DQ3 Tﬂ—
DQ4 — 4>
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEG Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ packages.
functional block diagram _
RAS CAS w
Timing and Control I
: i
Ao 81 ~N A 16[
A1 —_LV Column Decode
®| Column Sense Amplifiers
e| Address
.| Buffers 128K Array q 128K Array '
29 ) 128K Array | O | 128K Array 18
. w . /0
. . Buffers
< . . S 4 0of 16
. 16 g 16 Selection
Row
*| Address c
o| Buffers 0 2
d
| e
128K Array 128K Array
10, 5 T

Data
In 4

Reg.
q

Data

Out

Reg.

DQ1-DQ4
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (see Note 1) ... . i it e -1Vto7V
VORAGE TANGE ON VGG - vttt et ettt ettt e et e ettt e e et i -1Vto7V
Short circuit OUtPUE CUITENT .. ..o e e 50 mA
PoWer diSSIPatiON ... e e 1w
Operating free-air temperature range . .......c.uuuit ittt iiie e 0°C to 70°C
Storage temperature raNGE ... v ettt et et ettt e i e e —55°C to 150°C

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values in this data sheet are with respect to Vgsg.

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 Y
VIH High-level input voltage 2.4 6.5 \%
ViL Low-level input voltage (see Note 2) -1 08 \Y
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

PARAMETER TEST CONDITIONS TMS44400-60 | TMS44400-70 | TMS44400-80 | TMS44400-10 UNIT
MIN  MAX| MIN MAX| MIN MAX | MIN MAX

High-level output

VOH \oitage loH =—5mA 2.4 2.4 2.4 24 v
VoL bf,’;“a';: of output IoL = 4.2 mA 0.4 0.4 0.4 04| v
N e T S R
o 8;atigzggnem xgg 3 ;(,)sv\f % high =10 =10 =10 =10 | pA
Icc ?::Sn‘i'(:ggehg{g'g) Minimum cycle, VoG = 5.5 V 95 85 75 65 | mA

SR g Vg B (L 2 2 2 2| ma
Icc2  Standby current

After 1 memory cycle,
RAS and CAS high, 1 1 1 1 mA
ViH =Vcc - 0.2V (CMOS)

Minimum cycle, Vo =5.5 V,
Average refresh RAS cycling, CAS high

icca  current (RAS-only —— —— 95 85 75 65 | mA
or CBR) (see Note 3) (RASE.I_Y)’ RAS low
after CAS low (CBR)

loca Average page tpc = minimum, Vg =55V, 70 60 50 40 mA

current (see Note 4) | RAS low, CAS cycling

NOTES: 3. Measured with a maximum of one address change while RAS = V).

4. Measured with a maximum of one address change while CAS = V.

TExas {f
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX | UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(rc) Input capacitance, strobe inputs 7 pF
Ci(W) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF

NOTE 5: Vg equal to 5V + 0.5 V and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER TMS44400-60 | TMS44400-70 | TMS44400-80 | TMS44400-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcac  Access time from CAS low 15 18 20 25{ ns
tcpa  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100 | ns
toEA  Access time from OE low 15 18 20 25| ns
tcLz CASto outputin low Z 0 0 0 0 ns
tOFF gg?l;ltocﬂesg;ﬂe time after CAS high 0 15 0 18 0 20 0 25 ns
togz  Output disable time after OE high (see Note 6) 0 15 0 18 0 20 0 25 ns

NOTE 6: tOFF and tQEZ are specified when the output is no longer driven.

EXAS “9
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timing requirements over recommended ranges

of supply voltage and

operating free-air

temperature
TMS44400-60 TMS44400-70 TMS44400-80 TMS44400-10
MIN MAX | MIN MAX | MIN  MAX | MIN __ max | UNIT
tRC Random read or write cycle (see Note 7) 110 130 | 150 180 ns
tRwec  Read-write cycle time 155 181 205 245 ns
Page-mode read or write cycle time
tpg (see Note 8) | 40 45 50 55 ns
tPRwec Page-mode read-write cycle time 85 96 105 120 ns
Page-mode pulse duration, RAS low
100 000
tRASP (see Note 9) 60 100000 70 100000 80 100 000 100 ns
Non-page-mode pulse duration, RAS low
tRAS (see Note 9) 60 10 000 70 10 000 80 10 000 100 10 000 ns
tCAS Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRpP Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tASC Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
DS Data setup time (see Note 11) 0 0 0 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRWL W-low setup time before RAS high 15 18 20 25 ns
W-low setup time before CAS low
twes (Early write operation only) 0 0 0 0 ns
W-high setup time (CAS-before-RAS X
tWSR refresh only) 10 10 10 10 ns
tWTs W-low setup time (test mode only) 10 10 10 10 ns
tcAH = Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 12) 50 55 60 75 ns
toH Data hold time (see Note 11) 10 15 15 20 ns
Column-address hold time after RAS low
tAR (see Note 12) 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 13) 0 0 0 0 ns
Write hold time after CAS low '
WCH (Early write operation only) 15 15 15 20 ns
twcRr  Write hold time after RAS low (see Note 12) 50 55 60 75 ns
W-high hold time (CAS-before-RAS
tWHR refresh only) 10 10 10 10 ns
twTH  W-low hold time (test mode only) 10 10 10 10 ns
Delay time, column address to W low
tawD (Read-write operation only)} 55 63 0 80 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns. :
8. To guarantee tpc min, tAgc should be greater than or equal to tcp.
9. In a read-write cycle, tgwp and tgywL must be observed.
10. In a read-write cycle, towp and tow must be observed.
11. Referenced to the later of CAS or W in write operations.
12. The minimum value is measured when trcp is set to tgop min as a reference.
13. Either trrH or tRcH must be satisfied for a read cycle.
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and

temperature (concluded)

operating free-air

TMS44400-60 TMS44400-70 TMS44400-80 TMS44400-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX

Delay time, RAS low to CAS high
'CHR (CAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tcSH Delay time, RAS low to CAS high 60 70 80 100 ns

Delay time, CAS low to RAS low
ICSR  (CAS-before-RAS refresh only) 10 10 10 10 ns

Delay time, CAS low to W low
tcwp (Read-write operation only) 40 46 50 60 ns
toeH  OE command hold time 15 18 20 25 ns
toep  OE to datadelay 15 18 20 25 ns
tROH  PAS hold time referenced to OE 10 10 10 10 ns

Delay time, RAS low to column-address
RAD  (see Note 14) 15 30| 15 35| 15 40| 20 50| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcAL Delay time, column address to CAS high 30 35 40 45 ns

Delay time, RAS low to CAS low
'RCD  (see Note 14) 20 45| 20 52| 20 60| 25 75| ns
1RPC Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

Delay time, RAS low to W low
'RWD (Read-write operation only) 85 98 10 135 ns
tTAA Access time from address (test mode) 35 40 45 50 ns

Access time from column precharge
trcpa (test mode) 40 45 50 55 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
tREF Refresh time interval 16 16 16 16 ms
T Transition time 2 50 2 50 2 50 2 50 ns

NOTE 14: The maximum value is specified only to guarantee access time.
PARAMETER MEASUREMENT INFORMATION
131V Vee=5V
R =218 Q Ry=828Q
Output Under Test ——¢ Output Under Test
CL=100pF_T_ C =100 pF R,=295 Q
(a) Load Circuit (b) Alternate Load Circuit
Figure 1. Load Circuits for Timing Parameters
INSTRUMENTS
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read cycle timing

< tRAS g VIH
RAS : | J/:‘ - ﬁ:\
—» IH— tr : | | ViL
: » tcSH >-’l P :
[ trcp —¥ P
| |
: [ F—‘RSH—I—N I |
| ! | | K‘f——tcm: —>
I [ l‘——-—'tCAs ViH
CAs lk—N- ItAsn | | I l ] rep J\
| | ' : | r: : ViL
(> trap | .
I I ——>— tasc : Lyt
—» [ tRAH by N
} I : P—H—tcm.—ﬁ L1l
l L AL | v
H
T T ViL
' tncs*“‘w’l : | 5 14—tRRH
—H 4 tcaH j+—> tRCH

H

T V|
| | AAAAAA

ViL

|
: H—————— tAA ———» |
Y Valld Data Out N Vo
bai-Das | ) (see Note 15) A v

| tcrz te—» | | oL
L tRAC { I

14~ toEA —>l | [

| N—Pl- ‘OEZ

tROH ViH
s TRy
FAVAVAVAVAVAN /\/\/\/\/\/\/\

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.

j
Texas ‘b
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early write cycle timing

i tRC ’;
: < tRAS > ll
| t ViH
RAS |\| J/l(— N
e——tgp —— W
T _ﬁl :__‘ ___,:4 tRSH =1 i | .
: | RCD ' <——tcas —————ﬂ :41—— tcrRp ————»
< CSH |
! | ViH
oAS —7 ]«:— tASR N /| t N
tage —e—»! < cp >
| | ASC I, | ' N ViL
L e ",
¢ } tRAL —p
| PO
l¢—— Lt
| AR
! [ |
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV, VIH
A0-A9 @( Row >@< Column 0’0‘0’0’0’ W’O’O’Q‘O’O
T ’AA‘AAAAAAAAAA’A‘A’AA’ VlL
. P —————

ﬂ“RAD —pl| [
R —

: )
|

lg Lo

< twcr
_ VA% | | !‘___ tweH — AL XK ViH
e R R

! le————twp ———»!
| | le—tpy —»y
v —1bs |
1
DQ1-DQ4 m Valid Data
i
D) tDHR

j
Texas ‘b
INSTRUMENTS

5-134 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS440B — OCTOBER 1983 — REVISED JANUARY 1991

write cycle timing

;4 ' tRc ::
: < tRAS > :
| | Vin
RAS l\_' M AN
| |[4——— tRp > ViL
T _’} :‘— M— tgsH ——-’} |
| — tacp ——! e torp —— b
| s
| < tcsH >
(DAL ! | l VIH
TAS —» |+ tasm N L/ AN
: : tASCH l i I‘i tcp g viL
: | |<—-}—4——| tcaL ——P |
| le I t [N
R "
RATT IH—N———t bl
Lo I CAH : |
|
' J

A% vv ViH

' | t ViL
cwL ~I<———’;
ﬂ— tRAD P I<— tRWL ——H
vvvvvvvv l VVV\/V\/V
: t | 14——- twp —>!
pDs —»
: I | - tpy —N
ﬁ DHR
ViH
—H N— '0ED|
' < tOEH >
- AARAAAAS NAAAAAY ViH

ViL

j
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read-write cycle timing

tawc ﬁ v
—/ < . H
FAS N 'RAS ﬂ___
| || | ViL
—>|| < t7 | le——>tgp
| [¢—tAcD ™ . [tcrp —¥
T 1 Y tcas Vil | VIH
TAS  _y le ! L \
O (e
N Sl
| l ’ I AR ' 7AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV, ] VIH
so-10 00K mow WX coumn_ RRRRIBET B T IOX
] t I t ViL
T—— tRCS ——M cWL —le» |
: e : | tRWD » ||<-_H— tRWL
|| | ! -->1 I|<— twp ViR
_ l T ,
w | ¢ tawp . on't Care
W | r |4_. tewn >:\T ANANNANN, ViL
! ! —t |
CAC —P
| et ——» o > 4
| b ' o (RIS TRIXRX VIHVOH
| Data Data VV'V'VV.VV'VVVVV'VVV
sar01——— X o ) i IERITEISETRIR
¢ tRAC ;l | | | IVvoL
o e
OEA
: toED —¢—» t toe Vi
O SRR Care. (RIXKIIN] / W
VAVAVAVAVAVAVAN A V“_

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.

j
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enhanced page-mode read cycle timing

tpp —1¢—>
1< tRASP > I VIH
RAS N "/T AN
| || | ViL
| l——tgep — ¢ tpc ——Plg——tcrp — M
[ {4 tcsH > -tcp {4————*93%1 —Jl_—ﬁ B
’ | | ¢ v
w L N N T "
|
| [ tRAH D | e ToAL » ) viL
—»> le—tasr Ly, }H_“—’Vt tcAH | | N R
| | | b ASC ‘ | RAL 1 LU | v
AO | IX! Column }@{ Column B(QQ{W "
A9 AAA, v
ﬁ————— tA.R —]—-——Ml : ' { | tAA : P {4— trRrH ! i
! Note 16 [t trcH —»
Kt_ trcs —TN : ! (see Note 16) : ! | Vi
WW Iﬁ'—‘RAn — } W | } *Qg
I | | ViL
| o . e—————tcpa —r—PJI
| ! ——tcac —P (see Note 16) | |
l¢
tcLz —k—N | |
DQ1-DQ4 m R Va3 VoH
(see Note 15) "0’ X XXX Out VoL
—toea —» |
—PI H— toez togez —1‘——" v
H
o TN o~ (TN (T
AAAAAA

ViL
NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.
16. Access time is tcpA or taa dependent.

i
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enhanced page-mode write cycle timing

tRp —i—p
« tRASP » | I ViH
RAS {\' ! AN
| V|
: tcsH =| ;< tp¢ ———»! l | I
[¢—tcrp —»
: IH——-iﬁco _>H—tCAs—>: : r—tnsu—ll—h'
1 |
i | | | VIH
CAS | } tASCﬁ l | } N . |
' | | | | ViL
i Ih_ tRa > : : I I Iﬁ—fcp—q | :
H L} S |
: : : iAR : e toan }<—tRAL—T-———N
t — ™ | |
TRTIMSR v 1 I . S R v
; XXX X IH
AQ-A9 | Row 1X! Column | | Column on’t Care
T . | T T . T ViL
M—tpap —P| MH———P—towL le—>— tewe |
L ,<|——>|_twp N |‘ tRwL —

k : r} |
vV,

- XXX ' H
w Z On\'t\ a/re\ | | /Don’\t?é;ﬁ;e( | \0/"'t 9ere\

(see Note 17) : | | ViL

le——tps ——» "4_1_ tpy ———» '
) e—topy —»
[ tps i > (see Note 17)

r>o1-o<:a®<lr Valld Data In

T
- toEH —>: toep > -

I
|
oE %%‘Q{&ﬁy DortCare

NOTES: 17. Referenced to CAS or W, whichever occurs last.
18. A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.

j
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enhanced page-mode read-write cycle timing

|
tRASP > m
|

CAS | || | < tcas > l
[—tasRp | | [ |
_»‘I L > }<T tasc | : | :
' < T P tAR | [
tRAD | [ tcaH ™ v
\VAVAVAVAVAVAVAV \VAVAVAVAVAVAVAVAVAVAVAAVAVAVAVAVAVAVAR ] | 0|
/m.Asa@{ir row DX coumn AR QR BonE Eare SXXRKS

INININININININD V"_

N/
| la— f—p
| ! | tcpa —P1 t
| l‘TtHCS | [ ——>+ tpH | | OEH
| —>—tan | I !
l— tRAC —» | Valid Out
L, —» MT—tps | [ (see Note 15)
«»-tcac |
I

DQ1-DQ4—

—toEa —| | L
| —»{l¢—toEZ I‘_":_tOEH '

o2 XN / _/ LK

NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.

VIH/VoH

ViLVol

VIH

ViL

19. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Texas ‘t'?
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RAS-only refresh timing

|
— XXX
\VAVAVAVAVAYS |

ViL
tasR —d—b
| l—>+- tRAH
XX&(, VIH
AO-A9 on't Care | Row ! on't Care Row
NN SVAVAVAVASAYA ViL

- XXTTIRTTIEDS 2 XX ETITRLS it
N R S "

RIS

A\VAVAVAVAVY V’V‘V’V’V’V’V’V’V’V’V‘V’V‘V’V’V’V’V‘V‘V‘V‘V‘V‘V‘V V|H
o 0’0’0.0.0.0’0’0’0’0’0.0’0.0.0’0’0‘0.0’0'0’0‘0.0 "

= T R TR TXRLXTZXS " 2% Vi
7 R B e R RS RIS "

L

DQ1-DQ4

EXAS “"f
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automatic (CAS-before-RAS) refresh cycle timing

trRc ﬁl
li—fHP—-ﬂ
| e tRAS » |
| I |l
VIH
AAS | N\ 4
: _,! ! ViL
4—=1tcsr
trpc —» Hﬂl— : :4 tCHR >1| v
—») H
CAS \ e J/
|
T ViL

ViL

\VAYS Y'Y Y Y Y Y Y Y AV A
n,n00000o,o000,0.0.0@,:.:,0,000.000000 BB R i

A0-A9 (X Don't Care
ViL

._L 7 V|
OF TR R ERRRRRIIIS ViK

ViL
ViH
DQ1-DQ4 HI-Z ]
ViL

EXAS “\"
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-141



TMS44400 '
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS440B — OCTOBER 1989 — REVISED JANUARY 1991

hidden refresh cycle (read)

[—— Refresh Cycle — ™
{¢— Memory Cycle —» eliresh Lycle {¢—— Refresh Cycle — ]
| IN-—‘N—I trp —t _HI |
RP
| [ tras ¥ | ikl |

i

| | ‘

J— | I
RAS | ViL

|
| ' | |
[ NI f tcas - - gl H
CAS L - : — { | i
AR | : ' : ' } : |
| {_»| “": |4'TtCAH I : ] : | :
I | : [T tasc : | I | |
o T T | L
ASR | i |
AD-59 &W@' CREREACEAEAX RN XX SN |,
IRRH, —» |4 —t twHR [t
H—rﬂ—}ncs | —"l—fr:'—twsn WHA —| _I:—tw:r«_ > |4—twsr ‘iNHR v
= A H
T T BRY am
W Il | > "teac viL
|
| Dt t
*taag > o OFF —¥ ll‘—v
DQ1-DQ4 ——jﬂ% Valid Data Out :: — v::
t Y |
Wcu > toea foez _"W"—vm
oF I 4‘)% ViL

i
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hidden refresh cycle (write)

[¢— Refresh Cycle —Pi
[¢—— Memory Cycle ——P 4 [4———- Refresh Cycle —P|

r‘”‘tRP”H_ ,‘I‘—tnp-ﬁ [

|
|
|
|
f { tcas P ViH
CAS [ !
f 55 viL
P ®ltcan
| [ tasc I
e D1y A
tRAH T’ll 1l || | |
| t |1
—bi I 1ASR | AR |

VIH
ViL

tRRH N
,wcs____,i ‘H ™ ﬁ—tWHR
tweh — M twsn

i ViH

VAVAVAVAY £ viL
L ViH

< 1 ViL

/
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test mode entry cycle

1 trc ’i
[¢— tRp —» -
| | tRAS > "
| | ViH
RAS /i N '/
I > | .
14 tcsr
trrc >l &+ | :4 tCHR »
- | —» I VIH
CAS ‘ |1 !
—» |4 twTH ViL

=l

Don't Care

NN NN NN NIN/N/ 4 v
X N

20-89 SXXKILRLHLRLLHLILILKILHLLLLKIKK Domt Xavre

NINININININING
Don’t Care

o S
e e A e e e e e e e

DQ1-DQ4 HI-Z

device symbolization

Ti -SS
L 1 Speed (- 60, -70,-80,-10)
D TMS44400 DM
—— Package Code
WBPXXXLL
TT ] — Lot Traceabllity Code

Month Code

Assembly Site Code

Die Revision Code

Wafer Fab Code

EXAS {’}
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¢ Organization... 1048576 x 4 DM and DJ PackageT
(Top View)
¢ Single 5-V Power Supply (+10% Tolerance)
wipai 1 Y 26 Jvgg
* Performance Ranges: wz/pQ2 [ 2 25 |1 W4/DQ4
' ACCESS ACCESS ACCESS ~ READ wBW []3 24 1 wa/DQ3
"TIME TIME TIME OR WRITE RAS []4 23 | ] CAS
(RAC) (tcac) (taa)  CYCLE A9 []s 22 []JOE
(MAX) (MAX) (MAX)  (MIN)
TMS44410-60 60ns 15ns 30ns 155 ns A0 E 9 18 j A8
TMS44410-70 70 ns 18ns 35ns 181 ns Al E 10 17 j A7
TMS44410-80 80 ns 20 ns 40 ns 205ns A2 E 11 16 :] A6
TMS44410-10  100ns 25ns  45ns  245ns A3 (] 12 15[ 1A5
* Enhanced Page Mode Operation for Faster Vee L] 13 14] 1 A4
Memory Access
— Higher Data Bandwidth than SD Packaget
Conventional Page-Mode Parts (Top View)
— Random Single-Bit Access Within a Row oE [ I
With a Column Address wapas 1a 24 TAS
— Write-Per-Bit Functionality ves s ¢ [} wa/pqs
J— _— wepgz[I7 S wioar
CAS-Before-RAS Refresh mshe  © E WB/W
: 10 [} A9
* Long Refresh Period . . . 1024-Cycle A0 [ 11 12 [ A1
Refresh in 16 ms (Max) A2 113 14 A3
Vee 15 16 [] A4
* 3-State Unlatched Output A5 il 17 s as
A7 119
®* Low Power Dissipation 20 [ A8

™ tThe packages shown are for pinout reference only.
¢ Texas Instruments EPIC™ CMOS Process

* All Inputs/Outputs and Clocks are TTL PIN NOMENCLATURE
Compatible A0-A9 Address Inputs
CAS Column-Address Strobe
¢ High-Reliability Plastic 300-mil and 350-mil W1/DQ1-W4/DQ4  Write-Per-Bit Data Mask/Data In/Data Out
20/26-Lead Surface Mount (SOJ) Packages OE Output Enable
and 20-Pin Zig-Zag In line (ZIP) Package RAS Row-Address Strobe
i wB/W Write-Per-Bit Enable/Write Enable
* Operating Free-Air Temperature Range vVce 5-V Supply
...0°Cto70°C . Vss Ground
description

The TMS44410 series are high-speed 4 194 304-bit dynamic random-access memories, organized as
1 048 576 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 360 mW operating and 6 mW standby. .

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information Copyright © 1991, Texas Instruments Incorporated
current as of publication date. Products conform to i .

specifications per the terms of Texas Instruments standard T

warranty. P i does not ity EXAS

Include testing of all parameters. INS’]"RUMEN’]'S
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The TMS44410is offered in a 350-mil 20/26-lead plastic surface mount SOJ package (DM), a 300-mil 20/26-lead
plastic surface mount SOJ package (DJ), and a 20-pin zig-zag in-line package (SD sulffix). These packages are
guaranteed for operation from 0°C to 70°C.

operation

enhanced page-mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column addresses
AQ through A9 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44410 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
CAS transitions low. This performance improvement is referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after tcac max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle are
valid at the time CAS goes high, access time for the next cycle is determmed by the later occurrence of tcac
or tcpa (access time from rising edge of CAS).

write-per-bit operation

The TMS44410 allows for writing only to selected quadrants using write-per-bit operations. This is accomplished
by having WB/W low when RAS drops, which latches in the write mask from the Wn/DQn pins. For each quadrant
whichthe Wn/DQn pin is held low when RAS drops, the write operations will be inhibited and will remain inhibited
until RAS is taken high. The setup and hold times for both WB/W and Wn/DQn pins are referenced to the falling
edge of RAS. Write-per-bit functionality can be used on all write, read-write, page-mode, and hidden refresh write

- cycles.

By keeping WB/W high when RAS drops, the TMS44410 will complete a standard, nonwrite-per-bit; write
operation (see twph). ‘

address (A0 through A9)

Twenty address bits are required to decode 1 of 1 048 576 storage cell locations. Ten row-address bits are set
up oninputs A0 through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins AO through A9 and latched onto _the chip by the column-address strobe (CAS). Al
addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that
it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the output
buffer, as well as latching the address bits into the column-address buffer.

write-per-bit enable/write enable (WB/W)

The read or write mode is selected through the write-per-bit enable/write-enable (WB/W) input. A logic high on
the WB/W input selects the read mode and a logic low selects the write mode. The write-enable terminal can
be driven from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode
is selected. When WB/W goes low prior to CAS (early write), data out will remain in the high-impedance state
for the entire cycle permitting a write operation independent of the state of OE. This permits early write operation
to be completed with OE grounded.
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‘write-per-bit data mask/data infout (W1/DQ1-W4DQ4)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS and OE are brought low. In a read cycle the output becomes valid after all access times are satisfied.
The output remains valid while CAS and OE are low. CAS or OE going high returns it to a high-impedance state.
This is accomplished by bringing OE high prior to applying data, thus satisfying togp.

output enable (OE)

OE controls the > impedance of the output buffers. When OE is high, the buffers will remain in the high-impedance
state. Bringing OE low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis necessary for both RAS and CAS to be brought low for the output buffers to go into the low- w-impedance
state. Once in the low-impedance state, they will remain in the low-impedance state until either OE or CAS is
brought high.

refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each row
thatis selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving
power as the output buffer remains in the high-impedance state. Externally generated addresses must be used
for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at V|_after a read operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS RAS [see parameter tcgp] and holding it
low after RAS falls [see parameter toyg]. For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after full Voc level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

A Design For Test (DFT) mode is incorporated in the TMS44410. A CAS-before-RAS with WB/W low (WCBR)
cycle is used to enter test mode. In the test mode, data is written into and read from eight sections of the array
in parallel. All data is written into the array through DQ1. Data is compared upon reading and if all bits are equal,
all DQ pins will go high. If any one bit is different; all the DQ pins will go low. Any combination read, write,
read-write, or page-mode can be used in the test mode. The test mode function reduces test times by enabling
the 1 meg x 4 DRAM to be tested as if it were a 512K DRAM where column address 0 is not used. A RAS-only
or CBR refresh cycle is used to exit the DFT mode.
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logic symboit

RAM 1024K x 4

A0 ?o 20D10/21D0
Al
a2 1!
A3 2
Az 24 0
15 A———
As — 1048575
A6
P
ag 18
Ag -2 20D19/21D9-
> C20[ROW]
G23/[REFRESH ROW]
As 2 24[PWR DWN]
D> C21[COLUMN]
23 G24
CAS & > 23C22
WB/W S_i 23,21D 24,25EN
oF 22— aos -
w1/pal — A,22D
_: V 26 A226 7

w2/DQ2 2 <>

W3/DQ3 ————€ >

wa/DQs —2—<->—

T This symbot is in accordance with ANSIIEEE Std 91-1984 and IEC Publication 617-12, for the SOJ packages.

functional block diagram

RAS

J,

CAS

y

i

i

Timing and Control l‘

Mask
Data

Data

Reg.

‘ |
A0 8, 18,
A __,L__V Column Decode
*| column 2/ Sense Amplifiers
A
¢ B‘{g;:rsss 7 128K Array 128K Array
L]
A9 128K Array | 7 [ 128K Array 18 T
/0
L . w . Buffers
162 . . 4 0f 16
. 2 16 Selection
Row 10
®| Address /‘ ¢
e| Buffers / ° 2
d
] e
128K Array 128K Array
10 b T

A 4

Data
Out
Reg.

W1/DQ1-
w4/DQ4
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (SEeNOtE 1) ... .ottt i e e -1Vto7V
VOllaGE TaBNGE 0N VGG« vttt ittt et e e et i e i —-1Vto7V
Short Circuit QUIPUL CUITENE ... i i e e e 50 mA
PoWer diSSiPation ... e e e e 1w
Operating free-air temperature range ...ttt i i 0°C to 70°C

Storage temperature range

T Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 20:All voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN  NOM MAX | UNIT
Vcc  Supply voltage 4.5 . 5 5.5 \
VIH High-level input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTES: 21.The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
, 44410- - MS44410- R
PARAMETER TEST CONDITIONS TMS44410-60 | TMS44410-70 | TMS44410-80 | TMS44410-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
High-level output _
VoH voltage IoH =—5mA 2.4 2.4 2.4 24 \%
VoL \';gl‘fggz’e' output |yl =4.2mA 0.4 0.4 0.4 04| v
Input current V|=0to6.5V,Vcc =55V, .
I (leakage) All other pins =0 Vto Voo =10 =10 =10 =10 uA
Output current Vo =0toVce, . .
lo (leakage) Voc=5.5V,_CAShigh =10 =10 10 =10 | pA
Read or write cycle . _
Icct current (see Note 3) Minimum cycle, Vog = 5.5V 95 85 75 65 | mA
) After 1 memory cycle, RAS and
TAS high, Vi = 2.4 V (TTL) 2 2 2 2| mA
lcc2  Standby current After 1 memory cycle, RAS and
CAS high, Vi = Vg - 0.2V 1 1 1 1| mA
(CMOS)
Average refresh Minimum cycle, Vcg =55V,
current (RAS-only RAS cycling CAS high
lccs o ceRy (RAS-only), BAS low after CAS 85 85 7% 65| mA
(see Note 3) high (CBR)
Average page tpc = minimum, Voo = 5.5V,
lccs current (see Note 4) | RAS low, CAS cycling 70 60 50 40| mA
NOTES: 22.Measured with a maximum of one address change while RAS = V|.
23.Measured with a maximum of one address change while CAS = V|y.
Texas kp
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN  TYP MAX| UNIT
Cia) Input capacitance, address inputs 5 pF
Ci(D) Input capacitance, data inputs 5 pF
Ci(FlC) Input capacitance, strobe inputs 7 pF
Ci(OE) Input capacitance, output enable 7 pF
Cipw) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF

NOTE 24:Vcc equal to 5V = 0.5 V and the bias on pins under test is 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

TMS44410-60 TMS44410-70 TMS44410-80 TMS44410-10
PARAMETER MIN MAX [ MIN MAX [ MIN MAX | MIN MAX | UNIT
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 18 20 25( ns
tcPA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low ‘ 60 70 80 100 ns
toEa Access time from OE low i 15 18 20 25| ns
tcLz CAS to outputin low Z 0 0 0 0 ns
fOFF 8:?:}0(:::2?]‘9 time after CAS high 0 15 0 18 0 20 0 25 ns
toez Output disable time after OE high (see Note 6) 0 15 0 18 0 20 0 25 ns

NOTE 25:tQfFF and tOEZ are specified when the output is no longer driven.

TEXAS{i;
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timing requirements over recommended ranges

of supply voltage and operating free-air

temperature
TMS44410-60 TMS44410-70 TMS44410-80 TMS44410-10
MIN _ MAX | MIN  MAX| MIN __ MAX| MiN __ MAx | UNT
tRC Random read or write cycle (see Note 7) 110 130 150 180 ns
trRwc  Read-write cycle time 155 181 205 245 ns
tpe gz%e&n;zedg)read or write cycle time 40 45 50 55 ns
tPRWC Page-mode read-write cycle time 85 96 105 120 ns
tRASP '(Dsi%er'\l"o‘zadg)p”'se duration, RAS Tow 60 100000{ 70 100000 80 100000 | 100 100000 | ns
taAS g‘;’;ﬁiﬁ:'g)“’de pulse duration, RAS low 60 10000| 70 10000 | 80 10000 | 100 10000 | ns
tcAs Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tasc  Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 [¢] ns
tps Data setup time (see Note 11) 0 0 0 0 ns
tRcs Read setup time before CAS low 0 ] 0 0 ns
towL  WB/W-low setup time before CAS high 15 18 20 25 ns
tRwL  WB/W-low setup time before RAS high 15 18 20 25 ns
e e I 0 : 0 s
wsh ilsgrgg:;fetup time (CAS-before-RAS 10 10 10 10 ns
twTs  WB/W-low setup time (test mode only) 10 10 10 10 ns
tcAH  Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 12) 50 55 60 75 ns
tDH Data hold time (see Note 11) 10 15 15 20 ns
tAR ?szl:rplz;zidzr)ess hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRcH  Read hold time after CAS high (see Note 13) 0 0 0 0 ns
tRRH  Read hold time after RAS high (see Note 13) 0 0 0 0 ns
cH et e e R E B s 2 s
twcR  Write hold time after RAS low (see Note 12) 50 55 60 75 ns
\WHR \r/ZfBré\glr;t;glr;/)hold time l(CAS-before-RAS 10 10 10 10 ns
twTH  WB/MW-low hold time (test mode only) 10 10 10 10 ns
twes  Write setup before RAS low (WPB) 0 0 0 0 ns
twps  Data setup before RAS low (WPB) 0 0 0 0 ns
tweH  Write hold after RAS low (WPB) 10 10 10 10 ns
Continued next page.
NOTES: 26.All cycle times assume tT = 5 ns.
27.To guarantee tpc min, tagc should be greater than or equal to top.
28.1n a read-write cycle, tgwp and trw] must be observed.
29.1n a read-write cycle, towp and tgw| must be observed.
30.Referenced to the later of CAS or W in write operations.
31.The minimum value is measured when tgp is set to trcp min as a reference.
32.Either tRRH or trcH must be satisfied for a read cycle.
i
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

TMS44410-60 TMS44410-70 TMS44410-80 TMS44410-10
MIN _ MAX| MIN __ MAX| MIN __ MAX | mMIN___ max | UNT

twpH  Data hold after RAS low (WPB) 10 10 10 10 ns

Delay time, column address to WB/W low
tawp (Read-write operation only) 55 63 70 8o ns

Delay time, RAS low to CAS high
ICHR (CAS-before-RAS refresh only) 15 15 20 20 . ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns

Delay time, CAS low to RAS low
'csR (CAS-before-RAS refresh only) 10 10 10 10 ns

Delay time, CAS low to WB/W low .
towp (Read-write operation only) 40 46 50 60 ns
toEH  OE command hold time 15 18 20 25 ns
togp  OE to datadelay 15 18 20 25 ns
tROoH  RAS hold time referenced to OE 10 10 10 10 ns
{RAD ’l?'elay time, RAS low to column-address {see 15 30 15 35 15 40 20 50 ns

ote 14)

tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcAL Delay time, column address to CAS high 30 35 40 45 ns
tRCD I134e)|ay time, RAS low to CAS low (see Note 20 45 25 52 20 60 25 75 ns
tRPC Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

Delay time, RAS low to WB/W low
'RWD (Read-write operation only) 85 o8 1o 135 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
tToPA Access time from column precharge (test 40 45 50 55 ns

mode)
tTRAC Access time from RAS (test mode) 65 75 85 105 ns
REF Refresh time interval 16 16 16 16 ms
tT Transition time 2 50 2 50 2 50 2 50 ns

NOTE 33: The maximum value is specified only to guarantee access time.
PARAMETER MEASUREMENT INFORMATION
131V Vec=5V
RL=2189 R1=828§2
Output Under Test — ¢ Output Under Test
CL=100 pFT CL =100 pF R,=295Q
(a) Load Circuit (b) Alternate Loaa Clircuit
Figure 2. Load Circuits for Timing Parameters
TEXAS {?
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read cycle timing

I'= trc 'i
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h ﬂ—l——l————-t .
: | } [ || ce ViL
| [¢—>t+Rap | Iy
| | ; tasc P
| T re-tRad [ ol
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R e i p—
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' : —toFF ——»

. : H—————-—-IRAA ——————H l | v
W1/DQ1- | | " - X OH
Wa4/DQaa T HI-z {556 Note 15) @{ Valld Data Out 7 v

I tcLz “e—»! | | | oL
e tRAC »l : :
[€—toeA —»l I
| | - toEZ
o TR e
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NOTE 34: Output may go from three-state to an invalid data state prior to the specified access time.
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early write cycle timing

;4 e ’1'

I 1< tRAS g }
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L e ——tcaL »
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! l(—L———tAR |

|
ViH
A0-A9 @q Row }@q Column | \o(r?{t \gr\e(
ViL

Ly |
twes ] L DI tRWL »
| ¢ T WCR .
; I | e——twen ——»1 ViH
: : AAANAN ViL
twBH f"}‘——h !4 twp
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wapar- @( Mask Data )@( Valld Data
tDHR
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write cycle timing

|« tRC p
| :
: < tRAS > ]
| | ViH
RAS |\_| j/f I\
| - |¢————tgp —— > viL
Ll :‘_ §< tRSH >
| 4 taco ——> e ———tcpp ———»
| f —tcas ———HI Il ||
| tosH — ol
! ! | 1 VIH
CAS —» H’T‘ASR | VA |
Iy | ﬁ[ tcp > v
: : I tasc > | : : .
< (] t »
L E || CAt g
b e ———tRAL i
RATR T M o |
| | T——tAR ————b | ' Vin
s B e X oo N RN
\
o | R
| -tRAD —P H—fCWL—,H |
| IL,____ v

twps »H—H i ! : ——> tpy
] — 'DHR—,—»‘

DQ1-
183 B o X e TR R R

—N i‘-*OEDI

< toEH "

_ XXX XXX
OE Dont are : Dont are
VAVAVAVAVAVAVAN

ixas WO
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-155



TMS44410 »
1 048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

read-write cycle timing
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NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.
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enhanced page-mode read cycle timing

tRp ——P
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NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.
35. Access time is tCpa or taa dependent.
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

enhanced page-mode write cycle timing
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twBH | -H—’{ < | I '| twp I‘—tRWL __’1
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|
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| | | Don't Care
l /\/\ VAVAVA
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|
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I
. *(2&(;( LY ;74‘ *%ﬁywwé& ViH
OE Don't Care on't Care
ViL

NOTES: 36. Referenced to CAS or W, whichever occurs last.
37. A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

enhanced page-mode read-write cycle timing

|
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twas —H—# —tawp — ¥ | | |
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l 4 tweH | H—Ll— twp

|
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|
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valid Out
(see Note 15)
|

W1/DQ1- X ViHVoH
wa/DQa

00
ViL/VoL

t o |
| OEZ —p M——>—toEn

TN/ \_/ R,

NOTES: 15. Output may go from three-state to an invalid data state prior to the specified access time.
38. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

RAS-only refresh timing
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1931

automatic (CAS-before-RAS) refresh cycle timing
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1931

hidden refresh cycle (read)

[&—— Refresh Cycle — ™
[€—— Memory Cycle —» [4¢— Refresh Cycle — ¥
| [—»— tgp | |

| le——>i— tRAS : N‘—N_[_"RAS >

I .
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! | ( | I
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: | ™ Meieac ViH
|

vwvl;ggl'—@ Valid Data Out { }

’ |
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TMS44410
1048 576-WORD BY 4-BIT WRITE-PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

hidden refresh cycle (write)
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TMS44410
1048 576-WORD BY 4-BIT WRITE PER-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS441 — JANUARY 1991

test mode entry cycle

i« tRc , ’;
t
T RP T 1RAS > |
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| . | ViH
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device symbolization

TI -SS
1 Speed (-60, =70, -80, —10)
D) TMS44410 DM
— Package Code
WBPXXLL
17 — Lot Traceability Code

Month Code

Assembly Site Code

Dle Revision Code

Wafer Fab Code

j
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610— REVISED JANUARY 1991

Organization...16 777 216 x 1 D(Z;O?,a\c,:(e?)e
Single 5-V Power Supply (10% Tolerance) vee 28] Vgg
Performance Ranges: Ng E :23 22% SC
ACCESS ACCESS ACCESS READ =~ —
TIME TIME TIME ORWRITE w ]+ 2s[] CAS
) POk B S
TMS416100-60 60ns 15ns 30ns 110ns At (e 23[] A9
TMS416100-70 70ns  18ns 35ns 130 ns )
TMS416100-80 80ns  20ns 40 ns 150 ns El
TMS416100-10 100ns 25ns  45ns  180ns At0 [Jo  20[] A8
A0 [0 19[] A7
®* Enhanced Page Mode Operation for Faster A1 Ol 180 e
Memory Access a2 ({12 17[] As
® CAS-before-RAS Refresh A3 (113 18] A4
VCC [ 14 153 VSS
®* Long Refresh Period . .. 4096 Cycles .
Refresh in 64 ms P
¢ 3-State Unlatched Output g
* Low Power Dissipation <L
¢ AllInputs, Outputs and Clocks are PIN NOMENCLATURE E
TTL Compatible : AQ-A1 Address Inputs o
® Operating Free-Air Temperature Range SAS ggi:?: -Address Strcbe L
...0°Cto70°C NC No Connect P
. L . . Q Data Out —
* This Specification Is Fully Compatible with RAS Row-Address strobe wl
the Preliminary 16 Megabit DRAM w Write Enable O
Specification From Hitachi. Vee 5-V Supply
) Vsgg Ground Z
description §
The TMS416100 series are high-speed 16 777 216-bit dynamic random-access memories, organized as o
16 777 216-bit words by one bit each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted <

CMOS) technology for high performance, reliability, and low power at a low cost.
These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns.

Allinputs, outputs, and clocks, are compatible with Series 74 TTL. All addresses and data-in lines are latched
on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS416100 is offered in a 400-mil 24/28-pin surface mount SOJ package (DZ suffix). The package is
characterized for operation from 0°C to 70°C.

operation

enhanced page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses for the same
page is eliminated. The maximum number of columns that can be addressed is determined by tgag, the
maximum RAS-low width.

EPIC is a trademark of Texas Instruments, Incorporated

ADVANCE INFORMATION documents contaln information on Copyright © 1991, Texas Instruments Incorporated
new products in the umplindg or preproduction phase of i

p Cl ic data and other speci
are sublect to change without notice.
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

The Column Address Buffers in this CMOS device are activated on the falling edge of RAS. They act as a
transparent or flow-through latch, while CAS is high. The falling edge of CAS latches the addresses into these
buffers and also serves as an output enable..

This feature allows the TMS416100 to operate at a higher data bandwidth than conventional page-mode parts,
since retrieval begins as soon as the column address is valid, rather than when CAS transitions low. The
performance improvement is referred to as “enhanced page mode”. Valid column address may be presented
immediately after row address hold time has been satisfied, usually well in advance of the falling edge of CAS.
In this case, data is obtained after tgac max (access time from CAS low), if taa max (access time from column
address) and tgac have been satisfied. In the event that the column address for the next cycle is valid at the
time CAS goes high, access time is determined by the later occurrence of topa or tcac.

address (A0-A11)

Twenty-four address bits are required to decode 1 of 16 777 216 storage cell locations. Twelve row-address bits
are set oninputs AO through A11 and latched during a normal access and during RAS-only refresh as the device
requires 4096 refresh cycles. Alladdresses must be stable on or before the falling édges of RAS and CAS. RAS
is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as
a chip select, activating the output buffer, as well as latching the address bits into the column buffer.

write enable (W)

The read or write mode is selected through the write-enable W input. A logic high on the W input selects the read
mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL circuits
without a pullup resistor. The data input is disabled when the read mode is selected. When W goes low prior
to CAS (early write), data out will remain in the high-impedance state for. the entire cycle, permitting common
1/O operation.

data-in (D)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling of CAS
or W strobes data into the on-chip data latch. In an early-write cycle, W is brought low prior to CAS and data
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-write
cycle, CAS will already be low, thus data will be strobed in by W with setup and hold times referenced to this
signal.

‘data-out Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fan-out of two
Series 74 TTL loads. The outputis in the high-impedance (floating) state until CAS is brought low. In aread cycle
the output becomes valid at the latest occurrence of trac, taa, tcacs OF topa and remains valid while CAS is
low. CAS going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output
does not change, but retains the state just read.
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

refresh

A refresh operation must be performed at least once every sixty-four milliseconds to retain data. This can be
achieved by strobing each of the 4096 rows (A0-A11). A normal read or write cycle will refresh all bits in each
rowthatis selected. ARAS-only operation can be used by holding CAS at a high (inactive) level, thus conserving
power since the output buffer remains in the high-impedance state. Externally generated addresses must be
used for a RAS-only refresh. Hidden refresh may be performed by holding CAS atV)_afteraread operation and
cycling RAS after the specified precharge period, similar to a RAS-only refresh cycle except with CAS held low.
Valid data is maintained at the output throughout the hidden refresh cycle. Aninternal refresh address provides
the refresh address during hidden refresh.

CAS-before-RAS refresh
CAS-before-RAS refresh is utilized by bringing CAS Iow earlier than RAS (see parameter tggR) and holding
it low after RAS falls (see ee parameter tcpg). For successive CAS-before-RAS refresh cycles, CAS can
remain low while cycling RAS. For this mode of refresh, the external addresses are ignored and the refresh
address is generated internally.

power-up
To achieve proper device operation, aninitial pause of 200 us followed by a minimum of eight initialization cycles

is required after full Vgc level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode
The test mode is initiated with a CAS-before-RAS refresh cycle while simultaneously holding the W input low
(WCBR). The initiate cycle performs an internal refresh cycle while internally setting the device to perform
parallel read or write on subsequent cycles. While in test mode, any desired data sequence can be performed
onthe device. The device exits the test mode if a CAS-before-RAS (CBR) refresh cycle, with Winput held high,or
a RAS-only refresh (ROR) cycle is performed.

Test mode causes the part to be internally reconfigured into a 1024K x 16 bit device, with 16-bit parallel read

_ and write data path. Column addresses CAO, CA1, CA10, and CA11 are not used. During a read cycle all 16
bits of the internal data bus are compared. If all bits are the same data state, the output pin will go high. If one
or more bits disagree, the output pin will go low. Test time in test mode can thus be reduced by a factor of 16,
compared to normal memory mode.

H———————-H— Entry Cycle Exit Cycle —11————-){

| Normal
I[ 4———— Test Mode Cyclet ———— |‘ Mode

SIS NIV IV U U/
VAR VARV WANVAR NV
" 2\ / N

1 The states of W, Data-in, and Address are defined by the type of cycle used during test mode.

Figure 1. Test Mode Cycle
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TMS416100

16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

Data

Reg.

¢/ D

logic symbolt
: RAM 16 384K x 1
A0 10 30D12/21D0 N
il :
A1 12
A2
13
A3
16
A4
17
A5 0
A 18 A—
T 16 383K
A7
20
A8 23
A9 9
A10 r
At1 31D23/21D11.
> C30 [ROW]
) G33 [REFRESH ROW]
AAS —> 34 [PWR DWN]
> C31 [COL]
25 G34
CAS & P> 33C32
w ———ig 33.31D 34 EN 27
D —=—1A,32D AV Q
1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
functional block diagram
RAS CAS w
| Timing and Control |
‘ l
A0 8 . 32,
A1 —/—-, Column Decode
*l Column 7 Sense Amplifiers
Add
: Bottere [ 256K Amay || 256K Array
Al . 256K Array | | 256K Array 32
. w . 1o
. . Buffers
. ° 10f32
. 32< 0 32 Sefection
Row 1 c
®| Address /’ o < >
o| Buffers f d 14T
- e
256K Array 256K Array

1,1; e T

A4

Data
Out
Reg.

> Q
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f

Voltage on any pin (see Note 1)
Voltage on Ve -
Short circuit output current

Power dissipation

Operating free-air temperature range
Storage temperature range

-1Vto7V
-1Vto7V

1 Stresses Beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \
Vi4  High-level input voltage 24 6.5 \
ViL  Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature o] 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.
electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)
PARAMETER TEST TMS416100-60 | TMS416100-70 | TMS416100-80 | TMS416100-10 UNIT
CONDITIONS MIN MAX | MIN MAX | MIN MAX | MIN MAX
High-level output _
VOH voltage IOH =~ 5 mA 24 2.4 2.4 2.4 v
Low-level output _
VoL voltage loL = 4.2 mA 0.4 0.4 0.4 0.4 Y
V|=0t065V,
Input current L . . . -
Iy (leakage)¥ CII other pins =0 Vto =10 =10 10 10
cC
Output current Vo =0toVce, . . . .
0 (eakage)t CAS high =10 =10 =10 10
Read or write cycle Minimum cycle,
ICC1 current (see Note 3) | VoG =55V 90 80 70 60| mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 21 mA
ViH=24V (TTL
Iccz Standby current H (T
After 1 memory cycle,
RAS and CAS high,
Vi = VGO - 0.2V 1 1 1 11 mA
(CMOS)
Average refresh RAS cycling, CAS high
Icc3 current (RAS-only or | (RAS-only), RAS low 20 80 70 60 mA
CBR)t after CAS low (CBR)
Icca ?:s'rez%is%aegilote ot RAS low, CAS cycling 70 60 50 45| mA
Standby current RAS = V|4, CAS = V|,
lccr output enable¥ Data out = enabled 5 5 5 5[ mA
# Minimum cycle, Vo = 5.5 V. i
NOTES: 3. Measured with a maximum of one address change while RAS = Vy .
4. Measured with a maximum of one address change while CAS = V).
INSTRUMENTS
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 5)

PARAMETER MIN  TYP MAX | UNIT
Cia) Input capacitance, address inputs 5 pF
Cip) Input capacitance, data input 5 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ciw) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF

NOTE 5. Vg equalto 5.0 V = 0.5 V and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER TMS416100-60 | TMS416100-70 | TMS416100-80 | TMS416100-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 18 20 25| ns
tCPA Access time from column precharge 35 40 45 50 ns
tRac  Access time from RAS low 60 70 80 100 | ns
tcLz  CAStooutputinlow Z 0 0 0 0 ns
toH Output disable start of CAS high 3 3 3 3 ns
toFE (2:‘;:1‘0‘3;32;"6 time after CAS high 0 15 o0 18] o 200 o0 25| ns

NOTE 6: toFF is specified when the output is no longer driven.
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TMS416100
16 777 216-BIT

DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

timing requirements over recommended ranges of supply voltage and

operating free-air

temperature
TMS416100-60 | TMS416100-70 | TMS416100-80 | TMS416100-10
MIN MAX { MIN MAX [ MIN MAX [ MIN MAX UNIT
{=Te] Random read or write cycle (see Note 7} 110 130 150 180 ns
trwc  Read-write cycle time 130 153 175 210 ns
tpc Ze:aie&rgto:g)read or write cycle time 40 45 50 55 ns
tprwC Page-mode read-write cycle time 60 68 75 85 ns
tRASP ';a;%e&"‘;?: g)pU'se duration, RAS low 60 100000| 70 100000| 80 100000| 100 100000 | ns
tRAS z‘;‘;’;'mfz'g;“e pulse duration, RAS low 60 10000| 70 10000| 80 10000 100 10000| ns
tCAS Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 15 ns
tAsSC Column-address setup time before CAS low 0 0 0 ns
taASR  Row-address setup time before RAS low 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 ns
tRCS Read setup time before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRwWL  W-low setup time before RAS high 15 18 20 25 ns
Wos (i satp lmo efors CRS o : 0 0 0 o
WSR :’Zf:gg: zilt;l)p time (CAS-before-RAS 10 10 10 10 ns
tWTS W-low setup time (test mode only) 10 10 10 10 ns
tCAH Column-address hold time after CAS low 15 15 15 15 ns
tDHR Data hold time after RAS low (see Note 12) 50 55 60 75 ns
tDH Data hold time (see Note 10) 15 15 15 15 ns
AR E:sglsr:,r;;:irg)ess hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 10 ns
tRcH  Read hold time after CAS high (see Note 13) 0 0 0 0 ns
tRRH Read hold time after RAS high (see Note 13) 5 5 5 5 ns
o e bt shr % o E E s s .
twcR  Write hold time after RAS low (see Note 12) 50 55 60 75 ns
tWHR \r/:frhe'g: gg:g)ume (CAS-before-RAS 10 10 10 10 ns
YWTH W-low hold time (test mode only) 10 10 10 10 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns.
8. To guarantee tpc min, tagc should be greater than or equal to top.
9. In aread-write cycle, tgyp and tgwL must be observed.
10.1n a read-write cycle, towp and tgw| must be observed.
11. Referenced to the later of.CAS or W in write operations.
12.The minimum value is measured when tRcp is setto tRcp min as a reference
13.Either tRRH or tRcH must be satisfied for a read cycle.
Texas s
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TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

timing requirements over recommended ranges of supply voltage and

temperature (concluded)

operating free-air

TMS416100-60 | TMS416100-70 | TMS416100-80 (| TMS416100-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Delay time, column address to W low ’
’ tAawD (Read-write operation only) 30 35 40 45 ns

Delay time, RAS low to CAS high
ICHR  (TAS-before-RAS refresh only) 20 20 20 20 ns
t{CRP Delay time, CAS high to RAS low 5 5 5 5 ns

| tcsH Delay time, RAS low to CAS high 60 70 80 100 ns

Delay time, CAS low to RAS low .
1csR (CAS-before-RAS refresh only) 10 10 10 10 ns
; Delay time, CAS low to W low i
fcwp (Read-write operation only) 15 18 20 25 ns

Delay time, RAS low to column-address
tRAD (see Note 14) 15 30 15 35 15 40 15 55 ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcaL Delay time, column-address to CAS high 30 35 40 45 ns

Delay time, RAS low to CAS low
tRCcD (see Note 14) 20 45 20 52 20 60 20 75 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

Delay time, RAS low to W low
RWD (Read-write operation only) 60 70 80 100 ns
tcPRH  RAS hold time from CAS precharge 35 40 45 50 ns
tgcpw  Delay time, W from CAS precharge 35 40 45 50 ns
tTAA Access time from address ({test mode) 35 40 45 50 ns

Access time from column precharge
tTCPA et mode) 40 45 50 55 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
tREF Refresh time interval 64 64 64 64 ms
tT Transition time 3 30 3 30 3 30 3 30 ns

NOTE 14:The maximum value is specified only to guarantee access time.
PARAMETER MEASUREMENT INFORMATION
131V Vee =5V
RL=218Q Ry =828 Q
Output Under Test ———¢ Output Under Test
CL =100 pF Rp =295

Cyp =100 pF TIT

(a) Load Circuit - (b) Atternate Load Circuit

Figure 2. Load Circuits for Timing Parameters
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16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY
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read cycle timing

. r< tRAS gl VIH
RAS AN J/ll !
L | ! viL
|
I :4 tCSH P I [ trp — ¥
l t I t
| € tReo —M : :ﬁ—li— CRP — P
—p :*—t'r |H-———~ Rsn———J——Hl T |
Iy —tcas— > | |
o ™ | | A VIH
CAS Iy A /11 A\
! ] el I e
¢—>+tgap I o tep Pl
H—.%—i [—>»- tasc ! ! |
ASR L L : o
|
! |

1
: D et
| -—’} | RAH*—J—LtCAL e

ViH
T T T ViL
| tRcs —f——» : | | I—N |4 tRRH
[ tar —— >} | |
: :I —» 4—tcaH l [K—P‘-fRCH
: v
W XX Bon't i | D Bont Gare '”
: | : : AAANAA viL
' [¢—tcac —P
| ' : | (¢——torF ———»
O s S L . —— .
OH
Q l HI-Z Valid N
I (seeNote 15) 4
: | voL
t |
| Clz-ﬂ—)‘ |
< tRAC

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.

EXAS ‘Vf
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-173

ADVANCE INFORMATION



NOILVINHO4NI 3ONVAQY

TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

early write cycle timing

o .
r tRe »
| e tRAS

|

| |

|

Iﬁ tcsH | |
_ T | | T VIH
CAS I P |
J_,: tasc -:4——;:\“ i : l;\“‘ viL
tRaH T, {4— | - [€—tcan | e tcp ——————
——bi NT‘ASR < A tcaL »| |
| le—tan _l_.___.l__}_;fAL T
' I | I \ VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV VIH
T R o g o
I i T tRwL >
|
E—tRAD —HI ' I :‘—twcn_ﬂ
h [ 'WCR | [ , |
M e W osnnnnoneasseerrrnansoosoll
— () 05X :
W AR’)\‘,}CXB‘\* : | /0000000000 000000’0’00’ Ve
| . I
| { ——— twp —L—»
t———tps ———»|
L \VAVAV/ \VAVAVAVAVAVAVAVAVAVAVAVARRY [T}
om Velid Data XL DTt RIS
T ViL
!% tDHR
VoH
Q HI-Z
VoL

EXAS “"
INSTRUMENTS

5-174 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS416100
16 777 216-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS610 — JANUARY 1991

write cycle timing

I tRC

: tRAS >i
| |
! 1

4——tRco —’[4— tcas —_—p r-r——- tcrRp —— |

1«

|

|

|
tr —F: l— M—————tgsH ———¥| DI |

|
|
|
|

|
< - tCISH >} P!
T | | T V
S N /7 N
: _IL," ,:fsc > : tCAL ;: } { } viL
RAH 1 g
O | e tcp S
| ——tar ————> Pl
—> eltasn ¢ H—RAL —p
. l .v’v.vvv’vvvvvvvvvvvvvv\ ViH
soarr X now DR conm_ ERRRR LR XRRRIE) .
L_t _’: | ——towL ( } : L
RAD -t ——H—H
: tos — ::GJI— AL .
[
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAvA- R ViH
N
< WER o
| | > tpy [
D — tDHR " } |
| | |
g I
1 - SARAXA ViL
]
oLz —a——p toFrF o
| H—br—_ toH v
Q /T Not Valid T\ OH
X 4

VoL

j
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read-write cycle timing

;4 tRwWC =’|
| tRAS » |
| [ VIH
RAS :\I v : : : "
_’: < tr l"""—tCAS —_— | l——pi- tRP
| [ tRoo —H I H——‘ﬁl—tcnp-—’l R
CAS N A\ 1/ o AN
— @-tagp l | | : | : viL
: K—DE"RA‘-I P | ——F—tcP ——»
1 IW! > Ei» et :
tEAD tcaH
: Pl AR o B 1
TN X ViH
soan ERX_vow HERX_coumn R RRRRRR BT e R0
ViL

! I e | le—tocwr —P»
ltcan L—e—> :‘—‘“Wl: _%____,:

|
! I
| tRCS —t&—> | j€— twp —P
: - N———}—‘AWD——>= |
1
} |
Ry || \
, ' |1 !
} : }G—tcwo—-ﬂ : | %
ﬂ——-—-l—tnwo.——ﬂ | ll |
| L s M B
T /\)\/\‘ VAVAY 1 T f l Y FAVAVAVAVAVAN
| | | I ! t po
I I le—torz —» DH 1 le—torr —»
| | | | H—toH-—Pi
| | I (see Note 15) X VoH
Q 1 - HI-Z — M Valid Out P,
| | 'l l VoL
I | e——tcac —¥
S —
¢ tRAC >

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.
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enhan

3
3
»

NOTES:

ced page-mode read cycle timing

tRP -‘4——>|| !
e N
| tRASP N | Vin
A\ I« tcpRH ——>1 /) |
B i L : Vi
| [ trep — :“—_'PC————’: | : }
Il ! _ .
P fosH — ’: Ih-tcp-n li‘—,'crip—ﬂ
L —tcas —H | ! ,r—tnsu—|—>'l | v
; | | t H
L x 4 | L
I | b
| || | B it
—»l lmt—ttnm_jrﬂ ;4_}_ | tCAH: H—'RAL—}—*——D: !
ASR tasc | I | |
|1 L | ] — S—.c I—
) v
e ta : P! ) P tAA — Ly ;‘"RRH —» It

(see Note 16) | l4—*—fRCH—>:

i
' | |
i4—— tRCS —P{ | | e "
I | I t T |
X o 4 B K
[ tRAD —; | v
: | I I tcpa I I ») L
| [ ——tcac — (seeNote 1) | | |
I t ‘an ¢ | M—t—topF —P
¢ RAC b A
b H QL 0'0'0'0 e valid C VoH
al
(oe0 Note 15 0202020!0’@ QEBNR._ Yo > -

15. Output may go from three-state to an invalid data state prior to the specified access time.
16.Access time is topa or taa dependent. '
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enhanced page-mode write cycle timing

trRp —K—HI |
la ‘ »
< t
| RASP t —* | | Vin
. *\
RAS \/ ||<—“_ CPRH ——b| |
l[ — ¢ | e lorp — ! ViL
CSH ————»! CRP
] lﬁ———tncn e | 1 tpC > |
: ! et ' '«—tRsH
|| [4—tcas » | i |
oHs K N / N | Y
CAS
[&—P—| tasR |
[ : ‘ASC—:‘_": : } l,(—tcp—)l : : viL
| a
ItAn I Ral !
| ——1t ——'——»,
| e tnA H—tCAH ! | > P N ’
> :_ - VIH
A0-A11 | 3{ Column }@6 Column >®8§%on t%are
T ViL
l‘— tRAD —> H—;—r——-—ﬂ—tcw[_ ,‘__ﬂ_ |
tewL !
}‘— twer H———» ! |

’ |L1+—1——”— twp '4—— tRwL —»

- TR || T (TR
| .

(see Note 17) | (see Note 17)

l l«——tpy —>»

}4‘— tps —_’1 —— toH —————ﬂl
¢———tps —————» (see Note 17) |

| (see Note 17)

VV VY VNV N\ V
D @q Valid Data In ‘Q:’:’:’: Valld 0‘0’0‘ Don't Care 0. |:
VoH
Q HI-Z
VoL

NOTES: 17.Referenced to CAS or W, whichever occurs last.
18. Aread cycle oraread-write cycle can be intermixed with write cycle as long as read and read-write timing spegifications are notviolated.
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enhanced page-mode read-write cycle timing

e tRASP >
[ [ VIH
RAS I\l I“““—‘ tCPRH — P |
: { | | : Vi
[ | tPRWC‘, |I<J—‘>"—| tcRp
| 1€ tCSH g —>—tcp

| |
. T 1 | | | ViH
CAS !
| ViL
!

|
]
L
L
[
I
[
/ ot ViH
Column }@( Column Wﬁ%\%\ém
A\AZI\AA
I
I
I

| RN | | "
t
o | I4—'cw1_—h|
| le—t _I_H 1
| A0 T e ! | | H—*RWL:—rH
} > ——tcpw | | |
!

| |
Y Y TIVILTY ViH
I valid 'XXDon't Care Valid on’t Care
AAAAAR
T T ViL

V’V’V’V‘V‘V \/ V.V VV N/ \/\/ V’V‘V’V’V’V’V’
D QXKD Cafe XX

tcac —¥
{ " ' A[:_ ’ : tCLz—P: :4— € torF —*’{
le | > — |
< tra | [e——tcpa ! | |
tciz—» e | L |

|
(see Note 15) 0 (see Note 15) 0 Vou
@ 9202020’ m 0’2.2‘0 valid Out vo

NOTES: 15.0utput may go from three-state to an invalid data state prior to the specified access time.

19.A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.
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RAS-only refresh timing

« 'RC 7

| [&—tpas —¥ i
[ | | l ViH

RAS | | || |
| F———————i | | N——

—trp — ¥

tcrp le—»! | ‘ <
[ I l —» «tcrp

SRR R SRS || R
CAS on't Care ’
CAS VaVAVANAVAVAN | |

> tRa ViL
1A$R~4¢*—H I RAH
i

|
\(\(\(g/\( NYXY XXX VIH
AO0-A11 Don’t Care | Row Don’t Care Row
VaVAVAVAVAVAN VAVAVAVAVAVAN .

ViL
XXX XXX ViH
W Don’t Care
ARAAAA
ViL
XXX YUY VIH
D Don’t Care
ARAAAA
VIiL
VoH
Q HI-Z
VoL
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“automatic (CAS-before-RAS) refresh cycle timing

< tRC ]
le——trp ——y !
: | I tRAS » }
| | ViH
RAS /\ N I/
; —H' | ViL
[4—1tcsh :
trpc |« | ———tcyg ———

! o | ViH
N “ t
TAS \_' _HJ [ T J/

< > ViL
‘WSR l“—’f‘ tWHR

: ViH
W GXRARKES R R RIS
Vi
V|
O
VAVAVAVAVAVAVAY

ViL
NAAAAY ViH
SAAXXAXRA
i viL
. ' VOH
Q HI-:Z
VoL
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hidden refresh cycle (read)

{4¢—— Memory Cycle —»

14— Refresh Cycle —»}
trp

|
[ ;‘——’*,—r‘RAs
| |

trp

tCHR

{4¢— Refresh Cycle — ¥
|

w

R

y

O
>
7]

tcas

S:

.v \/ v"’v"‘V’v""’v"’v’v’v’v’v.V.v"’v" N N NN NN/ V’v \VAVS
AO-ATT BRI et 0

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

[ twHR

JAVAVANQ

X2

IRRH, il +»
[«—>-trcs | —» M-twsm —» —twsr Pl

|
|
!
!
J
|
|
|
!

f
!
1
|
|
|
f
!
I

R X IR
SLLLRLLLLKLL,
—%

X2
[—YWHR

4—twsRr

&

{ (.,

D on’t Care
1 VAVAVAVAVAVAN l)

T
l—tRac —>‘|

[ 7T tAA
—»  tcac
—> [

tcLz i

e

]
|
|
toFF > |4—
|
I
|

Q (B

I~

Valid Data

}_

=<

H

ViL
VIH
ViL
ViH
viL

VoH

VoL
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hidden refresh cycle (write)

[¢— Refresh Cycle ——»{
{¢—— Memory Cycle —», Y 4¢— Refresh Cycle —»
I I

| |
,l N“RAS": r—'ap-ﬂ {4 tRAS ¥ r—'RP—" '

| | |
| | | VIH
RAS ! | ! | |
V|
! tCHR ——»! L

tcas |

!
I
e |
—x | | | i
As N B . /
il | | =t 1} ViL
e 1
|21 [T tase ||
than Dl 1] N
] + tAR |
—’(I N‘}‘LtASR | | |
soars X Fon ) B St XS KRR i
| 'WRH B =
fwcs—4|17—>= |l T eetwas
C |
Wep T T3 | | T e
twp | | | ¢

IRRLKKY

o

’V’V V’V‘V""’V’V’V’V‘V‘V’V‘V YVYVYVYYY v‘v‘v‘v.v‘v \? r‘v.v’vov.v.v‘v’v.v’v.v.v.v’v’v le
QR TRASHS SRR KOG

VoH

Q HI-Z. 46

VoL
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test mode entry cycle

‘RP | e tRAS » |
l ' : ] ViH
RS /i N /
| letgsn > | vic
t

tRPC —P ﬂ'i" CSR : :4 tCHR ﬁ v
o N e 1% w

| v
tWTs ——pi > [ WTH -

| Vi

W IR R R st s KRR

ViL

\YAYAYAY

V‘V V‘V V‘V.V’V’V’V‘V’V’V’V’V’V‘V‘V’V‘V V‘V‘ V’V N/ \/ VV N/ N/ \/ V‘V’V‘V’V’V’V‘V’V’V.V"’V’V‘V’V’V‘V’V’V’V’V‘Y’V’V’V‘V" VIH
G R R R R Bt e AR X XX RIS

A0-A11
ViL
ViL
Q - HI-Z Vou
VoL
test mode exit cycle (CAS-before-RAS refresh cycle)

< tRC d

|

i ‘RP—’: [¢—tpas > l
RAS _ﬂ } e ViH
: 1 | ViL

tm-**c”‘—’*I r—tcsn-’i i‘_ teHR _’{ |
|
- | > -ty ViH
B S N
‘ } :‘*—H—‘itWTS
. A% |v : ' ‘ NAY VIH
| twTH ¢—»

7 l S \v2 ViH
A0-A11 ””"0"‘“"0"""”""‘”‘"""" Qo/n\{ga\re “"”“""“”“”’""."""“‘.’. Vil

—» :4— toFF

Y VIH
PAVAVAVAVAVAVA ~ ViL
J’
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device symbolization

TI -ss
———1— Speed (-60, -70, -80, -10)
D TMS416100 DZ
— Package Code
WAPXXXLL
— Lot Traceability Code

Month Code

Assembly Site Code

Die Revision Code

Wafer Fab Code
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Organization ... 4194 304 x 4 _ Dgoias:(ea“g,;)e
Single 5-V Power Supply (10% Tolerance) Vee 1 28[7 Ve
Performance Ranges: pat [jz  27[] pa4
ACCESS ACCESS ACCESS READ pQ2 [ls 28]] pas
TIME TIME TIME OR WRITE w4 25]] cAS
tRAC  tcAC  taa  CYCLE RAS [|s 24]] OE
(MAX) (MAX) (MAX)  (MIN) anlle 2800 ao
TMS416400-60 60ns 15ns 30ns 110ns
TMS416400-70 70ns  18ns 35ns 130 ns
TMS416400-80 80ns 20ns  40ns  150ns
TMS416400-10 100ns 25ns  45ns  180ns At0 [Je  20[] A8
10 19]] A7
* Enhanced Page Mode Operation for Faster ‘ 2? E " 18% A6
Memory Access a2 2 17[] as
* CAS-before-RAS Refresh A3 [f13 18] A4
VCC [ 14 15] Vgs

® Long Refresh Period ... 4096 Cycles
Refresh in 64 ms

® 3-State Unlatched Output

® Low Power Dissipation

* Al Inputs, Outputs, and Clocks are PIN NOMENCLATURE

TTL Compatible AO-At1 Address Inputs

CAS Column-Address Strobe
® Operating Free-Air Temperature Range %"DQ“ gaia':gatﬁlom
utput Enabie

--.0°C to 70°C RAS Row-Address Strobe
* This specification is Fully Compatible with VCC ‘g‘fg’gfgg?'e

the Preliminary 16 Megabit DRAM Vss Ground

Specification From Hitachi

description

The TMS416400 series are high-speed 16 777 216-bit dynamic random-access memories, organized as
4 194 304-bit words by four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted
CMOS) technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns.

All inputs, outputs, and clocks, are compatible with Series 74 TTL. All addresses and data-in lines are latched
on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS416400 is offered in a 400-mil 28/24-pin surface mount SOJ package (DZ suffix). The package is
characterized for operation from 0°C to 70°C.

EPIC is a trademark of Texas Instruments, Incorporated

ADVANCE INFORMATION documents contain Information on
new products in the sampling or preproduction phase of

development. Characteristic data and other specifications are w
subject lo change without notice. l TEm
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operation

enhanced page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses forthe same
page is eliminated. The maximum number of columns that can be addressed is determined by trag, the
maximum RAS low width.

The Column Address Buffers in this CMOS device are activated on the e falling edge of RAS. They act as a
transparent or flow-through latch, while CAS is high. The falling edge of CAS latches the addresses into these
buffers and also serves as an output enable.

This feature allows the TMS416400 to operate at a higher data bandwidth than conventional page-mode parts,
since retrieval begins as soon as the column address is valid, rather than when CAS transitions low. The
performance improvement is referred to as “enhanced page mode”. Valid column address may be presented
immediately after row address hold time has been satisfied, usually well in advance of the falling edge of CAS.
Inthis case, data is obtained after toac max (access time from CAS low), if tap max (access time from column
address) and tgag have been satisfied. In the event that the column address for the next cycle is valid at the
time CAS goes high, access time is determined by the later occurrence of topa of tcac.

address (A0-A11)

Twenty-two address bits are required to decode 1 of 4 194 304 storage cell locations. Twelve row-address bits
are set on inputs AO through A11 and latched onto the chip by the Row Address Strobe BAS. Ten
column-address bits are seton A0 through A9. CA10and CA11 are notused. Row address A11 isrequired during
a normal access and during RAS only refresh as the device requires 4096 refresh cycles. All addresses must
be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the
sense amplifiers as well as the row decoder. CAS is used as a chip select, activating the output buffer, as well
as latching the address bits into the column buffer.

write enable (W)

The read or write mode is selected through the write-enable W input. A logic high on the Winput selects the read
mode and alogic low selects the write mode. The write-enable terminal can be driven from standard TTL circuits
without a pullup resistor. The data input is disabled when the read mode is selected. When W goes low prior
to CAS (early write), data out will remain in the high-impedance state for the entire cycle permitting a write
operation independent of the state of OE. This permits early write operation to be completed with OE grounded.

data-in/data-out (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling of CAS
or W strobes data into the on-chip data latch. In the early-write cycle, W is brought low prior to CAS and data
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed write or read-modify write
cycle, CAS will already be low, thus data will be strobed in by W with setup and hold times referenced to this
signal.

The three-state output buffer provides direct TTL compatibility (no pultup resistor required) with a fan-out of two
Series 74 TTL loads. The outputis in the high-impedance (floating) state until CAS is brought low. In aread cycle
the output becomes valid at the latest occurrence of tgac, taa, tcAC: Or topa and remains valid while CASis
low. CAS going high returns itto a high-impedance state. In a delayed-write or read-modify-write cycle, the output
does not change, but retains the state just read.

5-188
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output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers will remain in the high-impedance
state. Bringing OE low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance
state. Once in the low-impedance state, they will remain for the low-impedance state until either OE or CAS is
brought high.

refresh

A refresh operation must be performed at least once every sixty-four milliseconds to retain data. This can be
achieved by strobing each of the 4096 rows (A0-A11). A normal read or write cycle will refresh all bits in each
rowthatis selected. Am-only operation can be used by holding CAS at a high (inactive) level, thus conserving
power since the output buffer remains in the high-impedance state. Externally generated addresses must be
used for a RAS-only refresh. Hidden refresh may be performed by holding CAS atV)_afteraread operation and
cycling RAS after the specified precharge period, similar to a RAS-only refresh cycle except with CAS held low.
Valid data is maintained at the output throughout the hidden refresh cycle. An internal refresh address provides
the refresh address during hidden refresh.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS 3AS (see parameter togg) and holding it
low after RAS falls (see parameter tgnR). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. For this mode of refresh, the external addresses are ignored and the refresh address is
generated internally.

power-up -

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after full VCC level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.
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test mode

The test mode is initiated with a CAS-before-RAS refresh cycle while simultaneously holding the W input low
(WCBR). The initiate cycle performs an internal refresh cycle while internally setting the device to perform
parallel read or write on subsequent cycles. While in test mode, any desired data sequence can be performed
on the device. The device exits test mode if a CAS-before-RAS (CBR) refresh cycle, with W input held high, or
a RAS-only refresh (ROR) cycle is performed.

The partis configuredas 1024K x 4 x 4bitdeviceintestmode, where each DQ pin has a separate 4-bit parallel
read and write data bus where CAO and CA1 are ignored. During a read cycle, the 4 internal bits are compared
for each DQ pin separately. If the 4 bits agree, the DQ pin will go high, if not, the DQ pin will go low. All 4 bits
are written to the state of their respective DQ pin during a parallel write. Thus, each DQ pin is independent of
the other and any data pattern desired may be written on each DQ pin. Test time is thus reduced by a factor of
4 for this series.

M—————>i- Entry Cycle Exit Cycle —j4—————p
II l“————— Test Mode Cyclet ————— l hNﬂer:al
l ’ | l ViH
| f\
| | ﬂ | / viL
| | |
! } VIH
W \_/ \ |
I ViL
I
1

|
|
i ' ! v
e - Yy t * H
| | | |
_\l [ ) L / | \ ! ViL

1 The states of W, Data-in, and Address are defined by the type of cycle used during test mode.

Figure 1. Test Mode Cycle
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logic symbolt

10 RAM 4096K x 4
A0 p 20D11/21D0
A1l 12
A2 13
A3 16
A4 pes
A5 0
18 A
A6 f 4194 303
19
A7 20
A8 P
A9
A0 —
a1y -2 20D22/21D11
‘ > C20[ROW]
G23/[REFRESH ROW]
= 5
RAS 24[PWR DWN]
> C21[COLUMN]
G24
25
CAS & > 23022
— 4 |
w 2 23,21D 24,25EN
OF ——— > G25 I_J
pQ1 —2- A,22D
3 4
\ T 26 A,Z26
DQ2 —— 4>
26
DQ3 ——4—»—27
DQ4 —— <]

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and |EC Publication 617-12.
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-functional block diagram

RAS CAS

:

OE

'

— =|

[ Timing and Control

v !
AD 8 32,
Al ____L_V Column Decode
*|l cotumn 77 Sense Amplifiers
°| gadress |~ 256K Array 256K Array
L]
R
A1 o 256K Array o 256K Array
L . w .
L] L]
v 32< * D ° > 32
. e
Row 11 c
®| Address —/L
o| Buffers / g
] e
256K Array 256K Array
1 11, b \|'

32

/0
Buffers
4 of 32

Selection

P

1]

t Column Address 10 and Column Address 11 are not used.

\ 4

Data
In 4
Reg. <
a4
Data
Out
Reg.
DQ1-DQ4

ixas WP
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absolute maximum ratings over operating free-air temperaturet

Voltage on any pin (see Note 1)
Voltage range on Vg
Short circuit output current

Power dissipation

Operating free-air temperature range
Storage temperature range

-1Vto7V
-1Vto7V
50 mA
1W

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Allvoltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vgce  Supply voltage 4.5 5 55 \Y
ViH  High-level input voltage 2.4 6.5 Vv
ViL  Low-level input voltage (see Note 2) -1 0.8 \
Ta . Operating free-air temperature 0 70 °C

NOTE 2: Then algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
TEST TMS416400-60 | TMS416400-70 | TMS416400-80 | TMS416400-10
PARAMETER UNIT
CONDITIONS MIN MAX | MIN MAX | MIN MAX | MIN MAX
VoH 'f;ﬁ';;i”e' output ||~ 5 mA 24 2.4 2.4 2.4 v
voL o ';;’e' output loL= 4.2 mA 0.4 0.4 0.4 04| v
Input current Vi=01t65V,
h (leakage)¥ All other pins =0 V to =10 =10 +10 =10 uA
Vee
Output current Vo =0toVce, . . . .
0 (eakage)t CAS high 10 =10 10 101 wA
Read or write cycle Minimum cycle,
lcct current (see Note 3) |Voc=5.5V %0 80 70 60} mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 2 mA
ViH=2.4V (TTL
Icce Standby current H am
After 1 memory cycle,
RAS and CAS high,
ViH = Voo - 0.2V 1 1 1 1 mA
(CMOS)
Average refresh RAS cycling CAS high
! current (RAS-only or | (RAS-only), RAS low 90 80 70 - 60 mA
CC3
cBR)¥ after CAS low (CBR)
Icca ?:ﬁ:;%e(stag;ote 4yt | FAS low, CAS cycling 70 60 50 45| mA
Standby current RAS = V|4, CAS = V|,
lcer output enable# Data out = enabled 5 5 5 5| mA
¥ Minimum cycle, VoG = 5.5 V. '
NOTES: 3. Measured with a maximum of one address change while RAS = V).
4. Measured with a maximum of one adddress change while CAS = V|4.
INSTRUMENTS
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX| UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(rc)  Input capacitance, strobe inputs 7 pF
Ci(OE) Input capacitance, output enable 7 pF
Ci(W) Input capacitance, write-enable input 7 ‘pF
Co Output capacitance 10 pF

NOTE 5: Vg equal t0 5.0 V = 0.5 V and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air '
temperature

PARAMETER TMS416400-60 | TMS416400-70 | TMS416400-80 | TMS416400-10 UNIT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcac  Access time from CAS low 15 18 20 25| ns
tCPA Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100| ns
toEA  Access time from OE low 15 18 20 25 ns
tctz  CAStooutputinlow Z ] 0 0 0 ns
toH Output disable start of CAS high 3 3 3 3 ns
toHo  Output disable time start of OE high 3 3 3 3 ns
{OFF (Os:t:;toc::asg;)le time after CAS high 0 15 0 18 0 20 0 25 ns
t0EZ (Os:?:toczlesg;)le time after OE high 0 15 0 18 0 20 0 25 ns

NOTE 6: tofF is specified when the output is no longer driven.

j
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timing requirements over recommended ranges of supply voitage and

operating free-air

temperature
TMS416400-60 | TMS416400-70 | TMS416400-80 | TMS416400-10
MIN MAX [ MIN MAX | MIN MAX | MIN MAX UNIT
{=T¢] Random read or write cycle (see Note 7) 110 130 150 180 ns
tRwC  Read-write cycle time 155 181 205 245 ns
tpc I(’Si%e’-\‘n;to:g)read or write cycle time 40 45 50 55 ns
tpPRwWC Page-mode read-write cycle time 85 96 105 120 ns
tRASP fsi%e&’zgdg)p“'se duration, RAS low 60 100000 70 100000 80 100000| 100 100000 ns
tRAS g‘;’;ﬁﬁ’:;“’de pulse duration, RAS low 60 10000| 70 10000 80 10000| 100 10000 ns
tcAS Pulse duration, CAS low (see Note 10) 15 10000 18 10 000 20 10000 25 10000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 15 ns
tASC Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 ns
tRCS Read setup before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRwL  W-low setup time before RAS high 15 18 20 25 ns
R e o | o : : -
'WSR \r/;lfgg: zﬁ};)p time (CAS-before-RAS 10 10 10 10 ns
twTs W-low setup time (test-mode only) 10 10 10 10 ns
tcAH Column-address hold time after CAS low 15 15 15 15 ns
tDHR Data hold time after RAS low (see Note 12) 50 55 60 75 ns
toH Data hold time (see Note 11) 15 15 15 15 ns
1AR gzl::z;icﬂdzr)ess hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low - 10 10 10 10 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 0 ns
RRH Read hold time after RAS high (see Note 13) 5 5 5 5 ns
wor_ it g i 7 v s s s s -
twcR  Write hold time after RAS low (see Note 12) 50 55 60 75 ns
fWHR z-lcigh hold time (CAS-before-RAS refresh 10 10 . 10 ns
twTH  W-low hold time (test mode only) 10 10 10 10 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns,
8. To guarantee tpc min, taogc should be greater than or equal to tcp.
9. In aread-write cycle, trywp and tyyy must be observed.
10.1n a read-write cycle, towp and tgyy| must be observed.
11. Referenced to the later of CAS or W in write operations.
12.The minimum value is measured when tRcp is set to trcp min as a reference.
13.Either tarH or trcH must be satisfied for a read cycle.
i
EXAS J‘P
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (concluded)

NOILVINHO4NI 3ONVAQY

TMS416400-60 | TMS416400-70 [ TMS416400-80 | TMS416400-10 UNIT
MIN MAX [ MIN MAX | MIN MAX | MIN MAX
Delay time, column address to W low
tAWD (Read-write operation only) 55 63 70 80 ns
Delay time, RAS low to CAS high
'CHR (CAS-before-RAS refresh only) 20 20 20 20 ns
tcRP Delay time, CAS high to RAS low 5 5 5 5 ns
1csSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
'csR (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, CAS low to W low
cwp (Read-write operation only) 40 46 50 60 ns
toeH  OE command hold time 15 18 20 25 ns
toEp  OE to data delay 15 18 20 25 ns
tROH  RAS hold time referenced to OE 10 10 10 10 ns
Delay time, RAS low to column-address
'RAD (g6 Note 14) 15 30| 15 35| 15 40| 15 55| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tCAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
tRCD  (see Note 14) 20 45| 20 52| 20 60| 20 75| ns
tgpc  Delay time, RAS high to CAS low 0 0 s} ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
Delay time, RAS low to W low
tRWD (Read-write operation only) 85 o8 1o 135 ns
tcPRH  RAS hold time from CAS precharge 35 40 45 50 ns
tcpw  Delay time, W from CAS precharge 55 63 70 80 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
Access time from column precharge
tTcpa (test mode) 40 45 50 55 ns
Access time from RAS
tTRAC (test mode) 65 75 85 105 ns
tREF Refresh time interval 64 64 64 64 ms
tT Transition time 3 30 3 30 3 30 3 30 ns

NOTE 14:The maximum value is specified only to guarantee access time.
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PARAMETER MEASUREMENT INFORMATION

131V Vee =5V
é R, =218Q R,=828Q
OutputUnder Test — ¢ Output Under Test
cL=100pF‘;—[\‘ CpL =100 pF R,=295Q
~(a) Load Circult (b) Alternate Load Circuit

Figure 2. Load Circuits for Timing Parameters

read cycle timing

1 tRC >
I tRAS g Vi
RAS : ' J/;H—tnp -—»‘7\ v
_H ‘I:-— tT : I | L
: ¢ tCSH 'r“; | :
—trco —M™ [
D e——thsH ——> | ;
|l | | ."4—| — tcRp —— P
R o ——tgas — | ViH
CAS > tash I\l led ||
: i M | | tep ViL
¢—>ttpap | by
{ | —> tasc Pl
—> € tRAH [ L1y
: |1 }<—i—1—'cm.—>| I1
v IH
A0-A11 () 0‘0
VAVAVAN A vlL
<ACS AR ,{ | T —1tRRH
| —p  —tcaH [H—>tRCH

|
| | !
_ TXLXT l T T XXX e ViH
WESS ok are§88%| i | OOOOCKKX Donft Care DO

| <
| an > T —toH ———» Von
| | N
DQ1-DQ4 | HI-2 (see Note 15) @( Valid Data Out jll v
l tcLz ——» o I oL
¢ tRAC »! I ¢——>pt— tOHO
{¢— toga —» } } [
| | I ;4—>L toez
= TR | g
OE on’t Care on't Care
AAANNAAA AAAAAAA viL

NOTE 15:Output may go from three-state to an invalid data state prior to the specified access time.
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early write cycle timing

tpc ’i
I
|

I ;: 'C;H—— tcas ——:: l,qT————J' tcRp ————» v
CAS —>: 'tJ:_tASRtAsc ‘ ,\ t f E’—_ fcp _3\— V::_i
tRA|H _74——1}1—‘-”« vv’v S— , TR ViH
roan X o YEX_conm X RRRLIRD "
M- tRAD —> 'S 1 t‘{‘g’v';l_ _.i_q

|
- ‘ »
T ‘WCR Vi
w &% S Y 1 SR T H
tC ‘ t
W A/‘i’)\Alﬁ'/‘E wCs ARDLARN Vi

le———— twp ————»

: | t—tpy —¥ )
«——tps ——» |
[ |
- al ata
— . ARAAAN viL
- tDHR »

Vi
AAAAA v,
L

i
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write cycle timing

:4 tre Aﬁ
'| * tRAS »l :
| | ViH
RAS |\_1 f AN

| [¢——— tgp ———N Vv
R _", L‘___ tRcD 4¢———— tRsH —"l I "

DL T Pe—— teas —— ——— tcpp ——»

L ¢ tcSH > |

‘ T towL, —e——————— 1
traD > cwL
by twer :4——— tRWL ——1py

g ] v
| CAAAAAAY H
T = ViL

w
| T
| D e— twp —>
| Ips — e
| ! —— T
[ tDHR — >

VAVAVAVAVAAVAVAVAVAVAVAVAVAVAVAVAVAR'/
bat.s DontGare (3 RRRRRRTRY

iL

0202020202020202& '
[« toEH

»
i
!
. A ANAAY AR AA RS ViH
OE Don’t Care Don't Care

VAV AV AV4 AN
viL
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read-write cycle timing

trwe

|-
V|
— H
AS N 'RAS > /: |'\

viL

(& 1trcp —¥
. T a\? tcas ¥ | VIH
cAs *"} l4J]“tlxsn ! le+—tcp ___,1\_

|

|

ViL
I .
&>+ tcan | :
H"tFAD _H‘_b;' tasc | —Dll l{—f—l tr
* | ‘AR ] ”

QBT Eale AR "
|

VIH

ViH

| 7AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,
AR e X

ViL

torz e—>b_ | | —» e—tpy v
z V. \VAVAVAVAVAVAVAVAVAVAVAVAVAVAV |H/VOH
' USRI 00

DQ1-Da4 (see Note 15)

tRAC

gl
’ Y - ——————1 K
; }
: £
o

VivVoL

|
tOEA —¢————» | @——> toep |

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVANI | | ViH

viL

NOTE 15: Output may go from three-state to an invalid data state prior to the specified access time.
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enhanced page-mode read cycle timing

tRp —1&——>
r< tRASP > l I VIH
RAS N ———tcpry ————P/| AN
| | [ ViL
| l&——tacp — lg————1tpc ‘—_Nq——'tc' —p
! :4 'csIH =} tcp —’lﬂ— tRsH —— rp ,
_ A —t T H
CAS : L—t N : CAS"—’1: | | } i
i RAH | TCAL ) I ViL
—» |e—tasr  py Lﬁ—’f‘t tCAH | | tRAL S
[ | "1 | | "ASC | i ' (1 21
~ TYYIIIXXY ViH
A0-11 @q Row X Column }@{ Column moon tgare
| - : 1 AAAAAN i
ﬁ—————tAFj—Jl————-h | K————-—tAA————-lLL—H - tppry P!
l¢——trcs —» | | (seeNote16) | 4+ tRCH —>1 v
I T T IH
W§§§§§%f%“—mAD—-J I } V%gy :' } Kéﬁ
| | | *ViL
| | | —tcpa —r—r—PI
: | ——tcac —¥ (see Note 16) :I |
la tRAC tAA ———t! | “_—_4—— toFF — ™
N »” —_.__’
terz 4—>» (XXX ‘v‘v‘v’v’ I on ! VoH
k‘lll'y‘llllb <IIII"IIIHHHIIII}
Da1-bGs (see Note 15) ’2”‘2’2”@ ”!’2’,‘2’ VoL
I le—»— toHo toHo —id—»
4oy le—togz | togz —&—»

Iy l¢— toEA —P] I VIH
ot R T AR
ARAA : iL

NOTES: 15.Output may go from three-state to an invalid data state prior to the specified access time.
16.Access time is tcpa or tAa dependent.

EXAS *L’
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-201

ADVANCE INFORMATION



NOILVINHO4NI 3ONVAQV

TMS416400
4 194 304-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS640 — JANUARY 1591

enhanced page-mode write cycle timing

trp ——K—H| ‘
.% tRASP > ViH
RAS 1\' < tCPRH >f N\
l : | | viL
! tcsH > < tpC ———» i l
| tReD [l . [— }cnp —»
| ¢ > | le——tgsH 4—'H
| :‘“CAS"{ | H—T'CAL—NI | | v
T H
cAS || tascem\ /| 1N ! }
| & tha | : | | e—tcp | | viL
|'AR t ————p
“—Pi—jtasr’ | | | @—!tcAH ¥ [ RAL T
i ‘vvvvvvvv”’ ViH
A0-A11 ] Row N Column | | Column 0 "0‘
—1tpap —»| M———>—towL le—>— towL |
——— J—H——H |
' WeR | |<—t —>||
| ,qll—pl_ RWL
e f [tOHR — 1 l v
- XXX } . } I
w b /sn\t /ere Don t are or\\ t\f:\ae
(see Note 17) — tDH > ] viL
——1ps — ﬂ—}——lon —> !
l— topy —»
*———1pg _*'1"{ (see Note 17) I v
vavavavavavavavaull |, |
D01-Dod§<1 Valid Data In ’:::0'5 Va"d 00‘0’0‘ Bont Care X
A
ViL
'0EH —h—_’} toED > e l

VIH
oE %&X-X&éyy %‘%R‘Q%ze@
ViL

NOTES: 17.Referenced to CAS or W, whichever occurs last.
18. Areadcycle oraread-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not violated.
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enhanced page-mode read-write cycle timing

!
|
I g tesH > |4 tCPRH !
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|

|

Pl togz |
—— I
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OE m —>L/I<— toHO \_/ W
ViL

NOTES: 15.Output may go from three-state to an invalid data state prior to the specified access time.

19.A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.
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RAS-only refresh timing

|
|
[
. | ¢—>t+ tRaH

moart SRR B GHE SEESEE)
- XTTREXTIIRYS X XRXIELXTID 2R Vi
B R A BB RIS "
TIRRTX X RTXXRIXN Vi
e o o o o B o "
o R el "
automatic (CAS-before-RAS) refresh cycle timing
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TMS416400
4194 304-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS640 — JANUARY 1991

hidden refresh cycle (read)

[4— Refresh Cycle —¥
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TMS416400
4 194 304-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS640 — JANUARY 1991

hidden refresh cycle (write)
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TMS416400
4 194 304-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS640 — JANUARY 1991

test mode entry cycle
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TMS416400
4 194 304-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMKS640 — JANUARY 1991

device symbolization

T -ss
L+ speed (-60, -70, -80, -10
D TMS416400 DZ peed (60,70,80,-10
— Package Code
WAPXKXLL
T — Lot Traceabllity Code

Month Code

Assembly Site Code

Dle Revision Code

Wafer Fab Code
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TM256GU9C

262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

This Data Sheet is Applicable to All
TM256GU9Cs Symbolized with Code “D” as
Described on Page 6-6.

¢ 262 144 x 9 Organization
® Single 5-V Power Supply
¢ 30-Pin Single-In-Line Package (SIP)

® Utilizes Three 1-Megabit Dynamic RAMs in
Plastic Small-Outline J-Lead (SOJs)
Packages

* Long Refresh Period ... 8 ms (512 Cycles)

® All Inputs, Outputs, Clocks Fully TTL
Compatible

® 3-State Outputs

® Performance Ranges:
ACCESS ACCESS READ vee
TIME TIME OR TOLERANCE
tRaC tcac  WRITE
CYCLE
(MAX)  (MAX)  (MIN)
'256GU9C-6 60 ns 15 ns 110 ns 5%
'256GU9C-70 70 ns 18 ns 130 ns 10%
'256GU9C-80 80 ns 20 ns 150 ns 10%
'256GU9C-10 100 ns 25ns 180 ns 10%

® Low Power Dissipation

® Operating Free-Air Temperature Range
...0°Cto70°C

description

The TM256GU9C is a 2304K, dynamic random-
access memory module organized as 262 144 x 9
[bit nine is generally used for parity] in a 30-pin
single-in-line package.

The TM256GU9C is composed of two
TMS44C256, 262 144 x 4-bit dynamic RAMs in
20/26-lead plastic small-outline J-lead (SOJs)
packages, and one TMS4C1024, 1 048 576 x 1
bit dynamic RAM in a 20/26-lead plastic
small-outline J-lead (SOJ) package .

U Single-in-line
Package
(Top View)

vee 1 [
CAS 2 [
DQ1 3 [
AD 4[]
Al 5[]
DQ2 6 [
A2 7 [
A3 8 [
Vss 9 |
DQ3 10 [
A4 113
A5 12 [
DQ4 13 [
A6 14 [
A7 15 [
pDas 16 [
A8 17 [
NC 18 {J
NC 19 [
DQ6 20 [
W 21 [
Vss 22 [
Da7 23 [
PRD 24 [
Da8 25 []
Q9 26 [
RAS 27 [
CAS9 28 [
D9 29 []
Vee 30 [

@

PIN NOMENCLATURE
AQ0-A8 Address Inputs
CAS, CAS9 Column-Address Strobe
DQ1-DQ8 Data In/Data Out
D9 Data In
NC . No Connect
PRD Presence Detect (Vgg)
Q9 Data Out
RAS Row-Address Strobe
vee 5-V Supply
Vss Ground

The TM256GUSC is mounted on a substrate together with three 0.2-uF decoupling capacitors. The onboard
capacitors eliminate the need for bypassing on the motherboard and offer superior performance over equivalent
leaded capacitors due to reduced lead inductance. With the elimination of bypass capacitors on the
motherboard, reduced P.C. board size, and fewer plated through-holes, a cost savings can be realized.

PRODUCTION DATA documents contaln information current as
of publication date. Products conform to specifications per the
ferms of Texas Instruments standard warranty. Production
processing does not necessarily Include testing of all

% Copyright © 1991, Texas Instruments Incorporated
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TM256GU9C
262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

The TM256GUIC features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns maximum. Allinputs and outputs,
including clocks, are compatible with Series 74 TTL. All address lines and data in are latched on-chip to simplify
system design. Data out is unlatched to allow greater system flexibility.

The TM256GU9C is characterized for operation from 0°C to 70°C.

operation

The TM256GU9C operates as two TMS44C256s and one TMS4C1024 connected as shown in the functional
block diagram. The common 1/O features of the TM256GU9C dictates the use of early write cycles to prevent
contention on the DQ lines.

specifications

Refresh period is extended to 8 milliseconds and, during this period, each of the 512 rows must be strobed with
RAS in order to retain data.

single-in-line package and components

PC substrate: 1,27 mm (0.05 inch) nominal thickness on contact area
Bypass capacitors: Multilayer ceramic
Leads: Tin/lead solder coated over phosphor-bronze

j
Texas ‘V
INSTRUMENTS
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TM256GU9C
262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

functional block diagram

A0 4
a1 -5
A2 L
Az 8
Ag-1 0000
A5 12 000000
As 14
ar15
Ag 17 256K x 4
9 3
A0-A8 pal —3 pa1
AAS -27 RAS paz }——8 paz
CAS -2 CAS pa3 ——19 pas
w -2 w pQ4 ——13 pas
G .
Vec  Vss
256K x4
9 { no-A8 pas |——16 pas
RAS pas |—=2% pas
CAS pa7 —=23 par
W pas ——25 pas
G
Vcc  Vss
1024K x 1
vegt 2 A9
ss
A0-A8
RAS
CASg 28 AS 25
w al—26 a9
D9 -22 B
1 v v
v cc Vss
T ,

t Address pin A9 is connected to Vgg.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)¥

Supply voltage range on any pin (see Note 1) ...ttt e e —-1Vto7V
Voltage range ON VGG oot e s —-1Vto7V
Short circuit oUtPUL CUITENt .. ..o i 50 mA
P oW diSS DAt 0N ...ttt e e e e 3w
Operating free-air temperature range . .......ovviii et e i 0°C to 70°C
Storage temperature range ... ... e e e —65°C to 150°C

% Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditicns” section
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgg.

j
Texas ‘V
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TM256GU9C
262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

recommended operating conditions

MIN NOM MAX | UNIT
Vee  Supply voltage (TM256GU9C-6) 4,75 5 525 v
Vcc  Supply voltage (TM256GU9C-70/-80/-10) 4.5 5 5.5 \
ViH  High-level input voltage 2.4 6.5 \
VIL  Low-level input voltage (see Note 2) ' -1 0.8 v
TA Operating free-air temperature ’ 0 70 °C

NOTE 2: The algebraic convention, where the more negataive (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

CARAMETER TEST CONDITIONS TM256GUIC-6_| TM256GUIC-70 | TM256GUSC-80 [ TM2S6GUSC-10 [
MIN MAX | MIN MAX | MIN MAX | MIN  MAX

VoH ;‘E;:te\\/ljtage lon =-5mA 24 2.4 2.4 2.4 v
VoL ﬁmfﬁ(age loL = 4.2 mA 0.4 0.4 0.4 04 | v
e B | | w] |
Io E:Qi:‘g;'"em xg;f :,)5\/\/?% high +10 =10 +10 +10 | A
loct ?ye;: s;r"r":r:f Minimum cycle, VGG = 5.5 V 285 240 225 195 | mA
lccz f:?rrzﬁy g‘f/%r ;nn;eénTcsryhg:,l%,H =24V 6 6 6 6 | mA
'ccs f;vf?;:gecurrent Zi—/:::;l;/r;inc;c'([;_svggch Tes 270 240 210 180 mA
Icca ::fr;ﬁe i % ; ?%’;‘yc\’hﬁg =55V, 210 180 150 135 | mA

NOTE 3: Vg equal 5V + 0.5V and the bias on pins under testis O V.

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f=1MHz

MIN MAX | UNIT
Cia) Input capacitance, address inputs 15 pF
Cipq) Output capacitance, data inputs/outputs 7 pF
Ci(rRAS)  Input capacitance, RAS input 15 pF
Ci(W) Input capacitance, W input 15 pF
Ci(casg) Input capacitance, CASQ input 5 pF
Ci(cas)  Input capacitance, CAS input 10 pF
Ci(p9) Input capactiance, D9 input 5 pF
Co(Qg) Output capacitance, Q9 input 7 pF

j
Texas ‘V
INSTRUMENTS
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TM256GU9C

262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
ALT. TM256GUSC-6 | TM256GU9C-70 | TM256GU9C-80 | TM256GU9C-10
PARAMETER SYMBOL [ MmN MAX | MIN MAX | MIN MAx | MIN max | UNT
ta(c) Access time from CAS low tCAC 15 18 20 25 ns
Access time from
ta(CA)  column-address tcAA 30 35 40 45 ns
ta(R) Access time from RAS low tRAC 60 70 80 100 ns
Access time from column
ta(cp) precharge tcaP 35 40 40 50 ns
td(cLz)  CAS low to output in low Z tcLz 0 0 0 0 ns
. Output disable time after
tdis(CH) EAS high (see Note 4) tOFF 0 15 0 18 0 20 0 25 ns

NOTE 4: tgis(CH) is specified when the output is no longer driven.
timing requirements over recommended ranges of supply voltage and operating free-air

temperature
ALT. | TM256GU9C-6 | TM256GU9C-70| TM256GU9C-80| TM256GU9C-10 UNIT
SYMBOL| miN  MAX |MIN MAX [MIN MAX | MIN  MAX
te(rd) Read cycle time (see Note 5) tRC 10 130 150 180 ns
te(w) Write cycle time twe 110 130 150 180 ns
Page-mode read or write cycle time
te(P) (se% Nots 6) 4 PG 40 45 50 55 ns
tw(CH) Pulse duration CAS high tcp 10 10 10 10 ns
tw(CL) Pulse duration CAS low tcas 15 10000 18 10000 20 10000 25 10000 | ns
tw(RH) Pulse duration, RAS high (precharge) trp 40 50 60 70 ns
tw(RL) g‘f{;ﬁ’:ﬁeﬁrz—g"lixu'se taas | 60 10000 | 70 10000 | 80 10000 | 100 10000 | ns
tw(RL)P  Page-mode pulse duration, RAS low | tRagp 60 100000 70 100000| 80 100000} 100 100000 | ns
twwl)  Write pulse duration tWwp 15 15 15 15 ns
Column-address setup time before
tsu(CA) CAS low P tAsc 0 0 0 0 ns
Row-address setup time
'SURA)  potore RAS fow 'ASR ° 0 0 0 ns
Data setup time before
tsu(D) CAS low P tDs 0 0 0 0 ns
Read setup time before
tsu(rd) TAS low P tRcs 0 0 0 0 ns
W-low setup time before
tsu(wcL) TAS low P twcs 0 0 0 0 ns
W-low setup time before
tSUWCH)  GAS high P towL | 15 18 20 25 ns
W-low setup time before
'suWRH) RAS high P tRWL 15 18 20 25 ns
Column-address hold time
th(CA) after CAS low tCcAH 10 15 15 20 ns
th(RA) Row-address hold time after RAS low | tRAH 10 10 12 15 ns
Column-address hold time
th(RLCA) after RAS low (see Note 7) AR 50 55 60 70 ns
th(D) Data hold time after CAS low tDH 10 15 15 20 ns
NOTES: 5. All cycle times assume t; =5 ns.
6. To guarantee te(p) min, tsy(CA) should be greater than or equal to ty(CHj-
7. The minimum value is measured when tq(RLCL) is set to t4(RLCL) min as a reference.
INSTRUMENTS
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 6-5



TM256GU9C
262 144-WORD BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS292B — AUGUST 1989 — REVISED JANUARY 1991

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

ALT. | TM256GUSC-6 | TM256GUSC-70 | TM256GU9C-80 | TM256GUSC-10
SYMBOL| MIN MAX | MIN MAX | MIN MAX | MIN  max | UNIT

Data hold time after

*h(RLD) RAS low (see Note 7) 'DHR 50 55 60 70 ns
th(CHrd) g%%dh?gﬁd(gemeeﬁgga) 'RCH 0 ° 0 ° ns
th(RHrd) gLAasdh'i‘ng(tsi:: Noto 8) 'RRH 0 0 0 0 ns
IhOLW) e hold time after tWCH 15 15 15 20 ns
(ALY FRS low (s66 Nota ) 'WCR 50 55 60 70 ns
t4(RLCH) g—i’gyhtige’ RAS low to 1GSH 60 70 80 100 ns
td(CHRL) %f%saﬁw ® CAS highto tcRP 0 0 0 0 ns
td(CLRH) %%gyh};";f- CAS fowto tRSH 15 18 20 25 ns
t4(RLCL) g“f—gﬂgwéﬁ;ﬁ:’:& tRCD 20 45| 20 s2| 22 6| 25 75| ns

Delay time, RAS low
td(RLCA)  to column-address tRAD 15 30 15 35 17 40 20 55 ns
(see Note 9)

Delay time, column-address

14(CARH) 1o RAS high tRAL 30 35 40 45 ns
Delay time, column-address

1(CACH) 1o @{5 high teAL 30 35 40 45 ns
Delay time, RAS low to

4(RLCH)IR  GAS high (see Note 10) CHR 15 15 20 25 ns
Delay time, CAS low to '

'4(CLRLR  HAS low (see Note 10) lcsR 10 10 10 10 ns
Delay time, RAS high to

'd(RHCL)R CAS low (see Note 10) 'RPC 0 0 0 0 ns

tef Refresh time interval tREF 8 8 8 8 | ms

t Transition time tT 3 50 3 50 3 50 3 50 ns

NOTES: 7. The minimum value is measured when t4(RLCL) is set to tq(rLCL) min as a reference.
8. Either th(CHrd) of th(RHrd) must be satisfied for the read cycle.
9. Maximum value specified only to guarantee access time.
10. CAS-before-RAS refresh only.

device symbolization

L i1 1o

TM256GUSC-xx — REV D

On0ANANOANAROANARAANANANAANRANACT

Figure 1. Device Symbolization

j
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TM024GADS
1 048 576 BY 8-BIT
DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

This Data Sheet is Applicable to All
TM024GAD8s Manufactured With
TMS4C1024s Symbolized With Revision “D”
and Subsequent Revisions.

* TM024GADS8 ... 1048 576 x 8 Organization
¢ Single 5-V Supply (10% Tolerance)

* 30-Pin Single-In-Line Package (SIP)
— Leadless Module for Use With Sockets

® Utilizes Eight 1-Megabit Dynamic RAMSs in
Plastic Small-Outline J-Lead (SOJ)
Packages

* Long Refresh Period...8 ms
(512 Cycles)

¢ All Inputs, Outputs, Clocks Fully TTL
Compatible

¢ 3-State Output

®* Performance of Unmounted RAMs:

ACCESS ACCESS READ Vee
TIME TIME  OR TOLERANCE

traC tcac WRITE
CYCLE
(MAX) (MAX)  (MIN)

TMS4C1024-6 60 ns 15 ns
TMS4C1024-70 70 ns 18 ns 130 ns 10%
TMS4C1024-80 80 ns 20 ns 150 ns 10%
TMS4C1024-10 100 ns 25ns 180 ns 10%

110 ns 5%

¢ Common CAS Control for Eight Common
Data-In and Data-Out Lines

® | ow Power Dissipation

® Operating Free Air Temperature
... 0°Cto70°C

description

The TMO024GAD8 is a 8192K (dynamic)
random-access memory module organized as
1048576 x 8 in".a 30-pin single-in-line (SIP)
module. The TM024GADS8 is composed of eight
TMS4C1024DJ, 1 048 576 x 1-bit dynamic RAMs,
each in 20/26-lead plastic small-outline J-lead
packages (SOJ), mounted on a substrate together
with decoupling capacitors.

AD Single-In-Line Package

(Top View)
— ]
O
Vg 1
CAs 2]
pat 3[|o
A0 4[]
A1 s
pDQ2  e]
A2 71 0
A3 8]
Vss o
DQ3 10[]
A4 11010
A5 12[]
DQ4 13[]
A6 14[]
A7 151 |o
Das 18]
A8 17[]
A9 18]
NC 19[] |0
DQ6 20[]
W 21[]
Vss 227
DQ7 23[] |0
NC 24[]
DQ8 25
NC 28] ]
RAS 27{7 (0
NC 28[]
NC 29]]
VCC 301 ]
0]
O
PIN NOMENCLATURE
&-AQ Address Inputs
CAS Column-Address Strobe
DQ1-DQ8  Data In/Data Out
E(_'J_ No Connection
RAS Row-Address Strobe
vVce 5-V Supply
Vss Ground
W Write Enable

PRODUCTION DATA documents contain Information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.

Exas W

INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated
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TM024GADS
1048 576 BY 8-BIT
DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

The TMS4C1024DJ is described in its data sheet and is fully electrically tested and processed according to Tl
MIL-STD-883B flows (as amended for commercial applications) prior to assembly. After assembly onto the SIP,
a further set of electrical tests is performed.

The TM024GADS SIP is available in the AD single-sided, leadless module for use with sockets.
The TM024GADS SIP is rated for operation from 0°C to 70°C.

operation

The TM024GADS8 operates as eight TMS4C1024DJs connected as shown inthe functional block diagram. Refer
to the TMS4C1024 data sheet for details of its operation. The common I/O feature of the TM024GADS dictates
the use of early write cycles to prevent contention on D and Q.

specifications

For TMS4C1024DJ electrical specifications, refer to the TMS4C1024 data sheet.

single-in-line package and components

PC substrate: 1,27 (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate (or coat) on top of copper

}
TExAas ‘V
INSTRUMENTS
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TM024GADS8

1048 576 BY 8-BIT
DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

logic symbolt

4 RAM 1024K x 8
A0 —5 20DI0/21D0
A1 —
A2 =5
A3 3 0
2: :i ~ A Toass7s
A6 5
AT 7
ﬁg 18 20D12/21D9
C20[ROW]
_ N G23/[REFRESH ROW]
RAS_27 24 [PWR DWN])
C21 [COL)
L G24
CAS_2 2
> 23C22
w Aﬁ 2321D] Z4EN
pa1 _3 " L
A,22D A,Z31
N [
pe2 &
D63 10 ¢p—
DQs 13 ¢p
pa5 —18 ¢p—
DQ6 —20 ¢p—
pQ7 22 ¢p—]
Das —25 ¢ p—]

T This symbol is in accordance with ANSI/IEEE Std. 9-1084 and IEC Publication 617-12.

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001
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TM024GAD8
1048 576 BY 8-BIT

DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

functional block diagram

AO4

16

DQs

1024K x 1

Vss

Q

20

DQ6

1024K x 1

Vss

Q

—e

23

DQ7

—®

1024K x 1

Vss Q

1

25

1024K x 1

Vss

Q

D@8 ——T’

aas &
mZ
w2
o1 A0-A9
RAS 1024K x 1
CAS
3 w
pa1 p_Vec Vss g
—— ‘
L—/L A0-A9
RAS 1024K x 1
CAS
s w
Da2 T D chc st Q
J —7 -
-~ A0-A9
RAS 1024K x 1
CAS
10 w
DQ3 T D V(;,c V:|~:s Q
I 1
—~{ A0-A9
RAS 1024K x 1
CAS
13 w
004———T— p Vec Vss g
1
Vcc——J
Voo 30 oo

EXAS “'f
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TM024GADS
1048 576 BY 8-BIT
DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage rangeon any pin (see Note 1) ... .. i i i -1Vto7V
Voltagerangeon Vg (see Note 1) ..o e e -1Vto7V
Short circuit OUtPUL CUITENt ... . i i i e it i e 50 mA
POWEr diSSIPAtION ...ttt e e 8W
Operating free-air temperature range . ...t i i e e 0°Cto 70°C

Storage temperature range —-65°C to 150°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and

funct

ional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgg.
recommended operating conditions '
MIN NOM MAX | UNIT
Vce  Supply voltage (TM024GADS-6) 4.75 5 525 \
Vcc  Supply voltage (TM024GAD8-70/-80/-10) 4.5 5 5.5 \
VIH High-level input voltage 24 6.5 \Y
ViL Low-level input voltage (see Note 2) -1 0.8 Vv
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
TM024GAD8-6 | TM024GADS8-70 | TM024GADS8-80 | TM024GADS-10
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
VOH itage P | loH == 5 mA 24 24 24 24 v
VoL ';gl‘g;ee" eloutput |, —42maA 0.4 0.4 0.4 04 | v
Input current V|=0to85V,Vcc=55V, . . .
[ (leakage) All other pins =0 Vto Vo =10 10 10 =10 A
Output current Vo =0toVce,
10 (eakage) VeG = 5.5 V, GAS high 10 +10 10 10 | pA
Read or write Minimum cycle,
Icct eycle current Voo =55V 760 640 600 520 | mA
After 1 memory cycle, RAS
lccz Standby current and GAS high, Vi = 2.4 V 16 16 16 16 | mA
Minimum cycle, Vo =55V,
Average refresh | o5g = .~ mrmT Y ooe
by RAS cycling, CAS high (RAS-
lccs g:;'e:: ((:ng\:g? only), RAS low after CAS low 720 640 560 480 | mA
Y (CBR)
Average page te(P)=minimum, Vcc=5.5V,
| — — 560 480 400 360 A
CC4  current RAS low, GAS cycling 6 m
capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 3)
PARAMETER MIN  MAX | UNIT
Ci(a) Input capacitance, address inputs 40 pF
Ci(Rc)  Input capacitance, strobe inputs 40 pF
Ciw) Input capacitance, write-enable input 40 pF
Co Qutput capacitance (DQ1-DQ8) 10 pF
NOTE 3: Vgg equalto 5V = 0.5V and the bias on pins.under testis 0 V.
Texas kp
INSTRUMENTS
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TM024GADS
1048 576 BY 8-BIT
DYNAMIC RAM MODULE

SMMS108A — MARCH 1990 — REVISED NOVEMBER 1990

Tl single-in-line package nomenclature

TM 024 G AD 8 80 .
Y N
Memory Pinout Board Word Width Speed Temperature
Module Device Configuration Dimenslons Output P Range
AD Package Min Access L 0°C to 70°C
Page Mode (89,15 x 20,49 mm) (max) -6 60 ns
(3.51 x 0.807 Inches) -70 70 ns
(max) —-80 80 ns
~10 100 ns

EXAS 'Q'
INSTRUMENTS
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TM124GUBA
1 048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

This Data Sheet is Apglicab/g to All N U Single-In-Line
TM124GUBAs Symbolized with Revision “B” Packa
. ) ge
and Subsequent Revisions as Described on (Top View)
Page 6-19.
1048 576 x 8 Organization —Jg_—
* Single 5-V Power Supply \(’:CTg ; %’
*  30-Pin Single-In-Line Package (SIP) bor 3
*  TM124GUSA Utilizes Two 4-Megabit oy o
Dynamic RAMs in Plastic Small-Outline A2 7 [
J-Lead Packages (SOJs A3 8 []
ges ( ) Vgs 9 |
* Long Refresh Period DQ3 10 ]
A4 11 [T
... 16 ms (1024 Cycles) as 12
® All Inputs, Outputs, Clocks Fully TTL D% :i % )
Compatible A7 15 [
: Das 16 [
¢ 3-State Outputs A8 17 [
A9 18 [
® Performance Ranges: NC 19 []
ACCESS ACCESS READ  Vce bee 2 %
TIME TIME OR TOLERANCE vgs 22 [
(trRac)  (tan) WRITE DQ7 23 [J
oveL oos 2 [
(MAX) (MAX)  (MIN) NG 26
'124GUBA-6 60 ns 30ns 110ns +5% RAS 27 |1
'124GUBA-70 70 ns 35ns  130ns  10% NC 28 ]
124GUBA-80 80ns  40ns  150ns  =10% NC 29 [ ]
. Vee 80 1
124GUBA-10 100 ns 45ns 180ns  +10% @
* Low Power Dissipation
® Operating Free-Air Temperature Range
...0°C to 70°C PIN NOMENCLATURE
. g A0-A9 Address Inputs
description CAS Column-Address Strobe
. . DQ1-DQ8 Data In/Data Out
The TM124GUBA is a dynamic random-access NC No Internal Connect
memory module organized as 1 048 576 x8in a RAS Row-Address Strobe
30-pin single-in-line package. vVee 5-V Supply
Vss Ground

The TM124GUBA is composed of two TMS44400,
1048 576 x 4 bit dynamic RAMs in 20/26-lead
plastic small-outline J-lead packages (SOJs).

The TM124GUS8A is mounted on a substrate with decoupling capacitors. The onboard capacitors eliminate the
need for bypassing on the motherboard and offer superior performance over equivalent leaded capacitors due
to reduced lead inductance. With the elimination of bypass capacitors on the motherboard, reduced PC board
size, and fewer plated through-holes, a cost savings can be realized.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to

specifications per the terms of Texas Instruments %
standard w:m'nty. Pmlducll'nn"pwcemng does not TEXAS
necessarily Include testing of all parameters. INS]-RUMEN]S

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 6-13
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TM124GUBA
1048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

The TM124GUBA features RAS accesstimes of 60 ns, 70 ns, 80 ns, and 100 ns. Allinputs and outputs, including
clocks, are compatible with Series 74 TTL. All address lines and data in are latched on-chip to simplify system
design. Data out is unlatched to allow greater system flexibility. )

The TM124GUSA is characterized for operation from 0°C to 70°C.

operation

The TM124GUS8A operates as two TMS44400s connected as shown in the functional block diagram. The
common /O features of the TM124GUBA dictates the use of early write cycles to prevent contention on the DQ
lines.

specifications

Refresh period is extended to 16 milliseconds and, during this period, each of the 1024 rows must be strobed
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power.

single-in-line package and components

PC substrate: 1,27 mm (0.05 inch) nominal thickness on contact area
Bypass capacitors: Multilayer ceramic
Leads: Tin/lead solder coated over phosphor-bronze

/
Texas ‘b
INSTRUMENTS
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TM124GUBA
1 048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS 181 — JANUARY 1991

functional block diagram

A0 4
A1 3
A2l
a3 -8
Ag
As 12
As 14
A7 15
As 7T 000
Ag-18 0000 1024K x 1
10_1 pp-A9 pal ——= pa1
RAS 27 RAS paz2 |——£ pa2
CAs -2 CAS pa3 —12 pas
w & W pas |—13 pas
OE
Vpp Vss
1024K x 1
10 { ao-A9 pas —16 pas
RAS pas |—29 pas
CAS pa7 |—23 paz
W pas |—25 pas
OE
F Vbp _Vss
Vop 1—-1
30

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range onany pin (see Note 1) ... ..ottt it e e -1Vto7V
Voltagerange onVog vvvvvvveiiiiiiiiinini i, FS PP -1Vto7V
Short Circuit OUIPUL CUITENE ... .ttt i e e e e e et eanans 50 mA
Power dissipation .. ... e e e e e 2W
Operating free-air temperature range .. ....... ... e e 0°C to 70°C
Storage tempPerature TaNGE ..\ttt ittt e e et e e —55°C to 125°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgg.

/
Texas ‘b
INSTRUMENTS
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TM124GUBA
1048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

recommended operating conditions

MIN NOM MAX | UNIT
Vce  Supply voltage (TM124GUBA-6) 4.75 5 525 \)
Vec  Supply voltage (TM124GUBA-70/-80/-10) 4.5 5 55 \4
V|4  High-level input voltage 2.4 6.5 \
ViL  Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted) ’
TM124GUBA-6 | TM124GUBA-70 { TM124GUBA-80 | TM124GUBA-10
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT]
High-level .
VoH output voltage IoH =-5mA 2.4 24 2.4 2.4 \Y
Low-level
VoL output voltage loL = 42 mA 0.4 0.4 0.4 04 | V
Inputcurrent | V(=0t06.5V,Vcc=5V, . .
L (leakage) All other pins =0 V to Vgg =10 =10 10 10 WA
Output current | Vg =0to Ve,
0 (eakage) VGG = 5.5V, CAS high =10 =10 10 =10 | wA
Read or write
lcct cyclecurrent | Minimum cycle, Voo = 5.5V 190 170 150 130 [ mA
(see Note 3)
After 1 memory cycle,
RAS and CAS high, 4 4 4 4 mA
| Standby ViH =24V (dTL)
CC2 Current After 1 memory cycle,
RAS and CAS high, 2 2 2 2 mA
Vi = Vg - 0.2 V (CMOS)
Average .
lccg refresh current %"lugi:yc%%/ﬁioh_ 55V, 190 170 150 130 | mA
(see Note 3) yeling g
Average page -
! = ) =55V,
Icca - current o(p) = minimum, VGG =55 V, 140 120 100 80 | mA
RAS low, CAS cycling
(see Note 4)

NOTES: 3. Measured with a maximum of one address change while RAS = Vj_.
4. Measrued with a maximum of one address change while CAS = V|y.

*p

EXAS
INSTRUMENTS
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TM124GUBA
1048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f=1MHz

PARAMETER MIN MAX UNIT
Cita) Input capacitance, address inputs 10 pF
Ci(pQ) Input capacitance, data inputs/outputs 7 pF
Ci(Rrc) Input capacitance, strobe inputs 14 pF
Ci(W) Input capacitance, W input 14 pF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

'124GUBA-6 '124GUBA-70 '124GUBA-80 '124GUBA-10
PARAMETER MIN _MAX | MIN MAX | MIN MAX | MIN  max | ONIT
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 18 20 25 ns
tcpA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tcLz CAStooutput in low Z 0 ] 0 0 ns
\OFF g:g):ltot::asg;)le time after CAS high 0 15 0 18 0 20 0 25 ns

NOTE 5: toFF is specified when the otuput is no longer driven.

ixas W
INSTRUMENTS
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TM124GUSA
1 048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

timing requirements over recommended ranges of supply voltage and operating free-air
temperature

'"124GUBA-6 '124GUBA-70 '124GUBA-80 '124GUBA-10
MIN MAX | MIN MAX | MIN MAX | MIN__ MAx | YUNIT
tRC Random read or write cycle (see Note6) 110 130 150 180 ns
tpc I;ae%e'-\ln;toed%read or write cycle time 40 45 50 55 ‘ ns
tRasp  Page-mode pulse duration, RAS low 60 100 000 70 100 000 80 100000 100 100000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10000 70 10 000 80 10000 | 100 10 000 ns
tcas Pulse duration, CAS low 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
trp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tAsSC Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
DS Data setup time 0 0 0 0 ns
tRcs Read setup time before CAS low 0 0 0 0 ns
tcwr  W-low setup time before CAS high 15 18 20 25 ns
tRwWL  W-low setup time before RAS high 15 18 20 25 ns
twes  W-low setup time before CAS low 0 0 0 o] ns
twsR :/;/frr;lg: zﬁ:;'f time (CAS-before-RAS 10 10 10 10 ns
twrs  W-low setup time (test mode only) 10 10 10 . 10 ns
tCAH Column-address hold time after CAS low 10 15 15 20 ns
tOHR Data hold time after RAS low (see Note 8) 50 55 60 75 ns
toH Data hold time 10 15 15 20 ns
AR gzl:r;r;;:dsc;ress hold time after RAS low 50 55 60 75 ns
tRAH  Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 9) 0 0 0 (o} ns
tRRH Read hold time after RAS high (see Note 9) Y] 0 0 0 ns
tWCH  Write hold time after CAS low . 15 15 15 20 ns
twcR  Write hold time after RAS low (see Note 9) 50 55 60 75 ns
WHR :l:f:;g: gg:g)nme (CAS-before-RAS 10 10 10 10 ns
twWTH  W-low hold time (test mode only) 10 10 10 10 ns

Continued next page.

NOTES: 6. All cycle times assume tT =5 ns.
7. To guarantee tpc min, toAsc should be greater than or equal to top.
8. The minimum value is measured when tgcp is set to tycp min as a reference.
9. Either tgrH or tRcH must be satisfied for a read cycle.

]
Texas ‘b
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TM124GUBA
1048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'124GUBA-6 '124GUBA-70 '124GUBA-80 '124GUBA-10
. MIN MAX [ MIN MAX | MIN MAX | MIN MAX UNIT
Delay time, RAS low to CAS high
ICHR  (CAS-before-BAS refresh only) 15 15 20 20 ns
t{CRP Delay time, CAS high to RAS low 0 o] [o] -0 ns
tcsSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
'CsR (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, RAS low to column-address
tRAD (see Note 10) 15 30 15 35 15 40 20 50 ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcaL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
tRCD (see Note 10) 20 45 20 52 20 60 25 75| ns
tRPC Delay time, RAS high to CAS low 0 0 o] 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
Access time from column precharge
tTCPA (test mode) 40 45 50 55 ns
tTRAC  Access time from RAS (test mode) 65 75 85 . 105 ns
tREF Refresh time interval 16 16 16 16 ms
tr Transition time 2 50 2 50 2 50 2 50 ns

NOTE 10: The maximum value is specified only to guarantee access time.

device symbolization

The specifications contained in this data sheet are applicable to all TM124GU8As symbolized as shown in
Figure 1. Please note that the location of the part number may vary.

O

ql

4

TM124GUBA-xx — RE

A0AnANAAAAM

VB
A0O0AOaA00AAGAARAALT

O

Figure 1. Device Symbolization

*p
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TM124GU8A
1 048 576-WORD BY 8-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULE

SMMS181 — JANUARY 1991
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TM256BBK32 262 144 BY 32-BIT DYNAMIC RAM MODULE
TM512CBK32 524 288 BY 32-BIT DYNAMIC RAM MODULE

SMMS232 — JANUARY 1991

This Data Sheet is Applicable to All *  3-State Output
TM256BBK32s and TM512CBK32s
Symbolized with Revision “B”and ¢® Common CAS Control for Eight Common
Subsequent Revisions as Described Data-In and Data-Out Lines, in Four Blocks
on Page 6-30.
° TM256BBK32...262 144 x 32 Organization ® Performance Ranges:
. ACCESS ACCESS READ Vee
* TM512CBK32... 524 288 x 32 Organization _ TIME TIME OR TOLERANGE
* Single 5-V Power Supply ta(R) tac) WRITE
(trRac)  (tcac) CYCLE
® 72-pin Single-In-Line Package (SIP) (MAX) (MAX)  (MIN)
— Leadless Module for Use with Sockets '256BBK32-6 60 ns 15ns 110 ns 5%
'256BBK32-70 70 ns 18ns 130ns  10%
. . ) .
TM256BBK32 . Utilizes Eight 1-Megabit 2558BK32-80 gons 20ns 150ns  10%
Dynamic RAMSs in Plastic Small-Outline '256BBK32-10 100 ns 25ns 180 ns  10%
J-Lead Packages (SOJs) '512CBK32-6 60ns 15ns 110ns 5%
®* TM512CBK32... Utilizes Sixteen 1-Megabit '512CBK32-70 70ns  18ns  130ns  10%

'512CBK32-80 80 ns 20 ns 150 ns 10%

Dynamic RAMs in Plastic Small-Outline
25 ns 180 ns 10%

J-Lead Packages (SOJs) '512CBK32-10 100 ns

* Distributed Refresh Period . ..8 ms * Low Power Dissipation

(512 Cycles) ¢ Operating Free-Air Temperature
* All Inputs, Outputs, Clocks Fully TTL Range ...0°C to 70°C
Compatible
description
TM256BBK32

The TM256BBK32 is a 8388K dynamic random-access memory module organized as four times
262 144 x 8 in a 72-pin single-in-line package (SIP).

The SIP is composed of eight TMS44C256DJ, 262 144 x 4-bit dynamic RAMs, each in a 20/26-lead plastic
small-outline J-lead package (SOJs), mounted on a substrate together with decoupling capacitors. Each
TMS44C256DJ is described in the TMS44C256 data sheet.

The TM256BBK32 SIP is available in the single-sided BK leadless module for use with sockets.

The TM256BBK32 SIP features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. This device is
characterized for operation from 0°C to 70°C.

TM512CBK32
The TM512CBK32 is a 16 777K dynamic random-access memory . module organized as four times
524 288 x 8 in a 72-pin single-in-line package (SIP).

The SIP is composed of sixteen TMS44C256DJ, 262 144 x 4-bit dynamic RAMSs, each in a 20/26-lead plastic
small-outline J-lead package (SOJs), mounted on a substrate with decoupling capacitors. Each TMS44C256DJ
is described in the TMS44C256 data sheet.

The TM512CBK32 SIP is available in a double-sided BK leadless module for use with sockets.

The TM512CBK32 SIP features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. This device is rated for
operation from 0°C to 70°C.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

necessarily Inclum testing of all parameters. ]NS’[RUMEN’FS
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TM256BBK32 262 144 BY 32-BIT DYNAMIC RAM MODULE
TM512CBK32 524 288 BY 32-BIT DYNAMIC RAM MODULE

SMMS232 — JANUARY 1991

operation
TM256BBK32

The TM256BBK32 operates as eight TMS44C256DJs connected as shown in the functional block diagram.
Refer to the TMS44C256 data sheet for details of operation.

The common 1/O feature of the TM256BBK32 dictates the use of early write cycles to prevent contention on
D and Q.

TM512CBK32

The TM512CBK32 operates as sixteen TMS44C256DJs connected as shown in the functional block diagram.
Refer to the TMS44C256 data sheets for details of operation.

The common 1/O feature of the TM512CBK32 dictates the use of early write cycles to prevent contention on
D and Q.

specifications

Refresh periodis extended to 8 milliseconds and, during this period, each of the 512 rows must be strobed with
RAS in order to retain data. Address line A8 must be used as most significant refresh address line (lowest
frequency) to assure correct refresh for the TMS44C256. CAS can remain high during the refresh sequence to
conserve power.

single-in-line package and components

PC substrate: 1,27 = 0,1 mm (0.05 inch) nominal thickness on contact area
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

j
Texas ‘b
INSTRUMENTS
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TM256BBK32 262 144 BY 32-BIT DYNAMIC RAM MODULE
TM512CBK32 524 288 BY 32-BIT DYNAMIC RAM MODULE

SMMS232 — JANUARY 1991

BK Single-In-line Packaget TM256BBK32t TMs12CBK32t
(Top View) (Side View) (Side View)

Q - .

L

CONOO B WD -

|| .|
]

M
M)
I

N
©

|l
|
H

[
N

a7 PIN NOMENCLATURE

50 - A0-A8 Address Inputs

o CAS0-CAS3 Column-Address Strobe
53 DQo-DQ31 Data In/Data Out

55 NC No Connection

P RASO-RAS3 Row-Address Strobe

58 vVee 5-V Supply

60 Vss Ground

b w Write Enable

UUUUDUUDUUUUUUUUUUUUUUUUUUUUUUUUUUUEJ iy

O

1 The packages shown here are for pinout reference only and are not drawn to scale. Parts locations may vary.
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functional block diagram (for TM256BBK32)

A0 12
A113
A2 14
A3 15
A4 16
A5 17

DQO 2

DQ16 3

DQ14 - DQ175

DQ26
DQ38

DQ187
DQ199

DQ4 20
DQ5 22

DQ20 21
DQ21 23

DQ6 24 DQ22 25

DQ7 26 DQ23 27

DQs 49

DQ9 51
DQ10 53
DQ1155

DQ1257
DQ13 61
DQ14 63
DQ15 65

DQ24 50
DQ25 52
DQ26 54

- DQ27 56

DQ28 58
DQ29 60
DQ30 62
DQ31 64

1661 AHVNNVI — 2ESSNINS
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functional block diagram (TM512CBK32)

A012
A113
A214
A3 15
A4 16
A5 17
A6 18
A7 28
A8 31

2
17
w

|

2
17
w

(2]
»
A
N

|

2
ZH
- N
G5e28R

17
=

EIES
Bz
o
3

DQo2
DQ14
DQ2§
DQ3s

DQ4 20
DQ5 22
DQ6 24
DQ7 26

DQ4
bQ1257

DQ13 61
DQ14 63
DQ15 65

o | 'c258 9 | ‘C256 o | ‘c256 9 | ‘C2s6
&~ Ac-A8 ¢ a0-a8 &{A0-A8 ¢~ A0-A8
I N RAS o1+ RAS ¢+JRAS o+ 4RAS
CAS CAs ~cas CAS
W w w w
G G G G
pa1- pQi- pQi- pat-
DQ4 <’| DQ4 "l 0Q4 DQ4 4’!
DQ8 49
-Da9s1
DQ1053
DQ1155
9 {'C2s6 9 | ‘cas6 9 | ‘c2se 9 | 'c2s6
<] ao-A8 L2] a0-A8 L<] a0-A8 L« A0-A8
L ™~Ras LRAS LI RAS L_~RAS
L_DNCas L—INCas [ L—EAS
w w w w
G G G G
bat- DQ1- pai- Da1-
DQ4 0Q4

REES

g | 'C256 g | 'c2s6 g | ‘c2s6 Jg
¢~1A0-A8 9~ A0-A8 &4 AC-A8 ¥
<t—‘> RAS o+{RAs p-RAS o
b CAS CAS NCAs
w w w I~
G G G
pa1- pat- DG1-
DQ4 [sle2) D04 ﬂ
DQ16 3 ‘1 <"Daza 50
DQ175 DQ25 52
DQ187 DQ26 54
DQ199 DQ27 56
g | 'c2s6 9 |'c2s6 9 |'c2se 9
Lt A-Ag L_L’; A0-A8 AcA8 ]
RAS RAS —IRAS .
L_~JGas L_~Eas L _~GAs
w w w
G G G
oai- pai- pat-
DQ4 pQa4 ¢ DG4
DQ20 21 DG28 58
DQ2123 DQ29 60
DQ2225 DQ30 62
DQ23 27 DQ3164
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TM256BBK32 262 144 BY 32-BIT DYNAMIC RAM MODULE
TM512CBK32 524 288 BY 32-BIT DYNAMIC RAM MODULE

SMMS232 — JANUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage rangeonany pin(see Note 1) ......oiiiiiiiiiiii i iiiiiiiiiereieinnenns . —-1Vto7V
Voltage rangeon Vg (see Note 1) ... . it . -1Vto7V
Short circuit output current .......... e PP 50 mA
Power dissipation .................... e e e . e 8w
Operating free-air temperature range ....... e e 0°C to 70°C
Storage temperaturerange ....... e e e e, —55°C to 125°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and

funct

ional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rehabmty

NOTE 1: All voltage values are with respect to Vgs.
recommended operating conditions

MIN NOM MAX | UNIT
Vce  Supply voltage (TM256BBK32-6 and TM512CBK32-6) 475 5 °5.25 \Y
Vcc  Supply voltage (TM256BBK32-70/-80/-10 and TM512CBK32-70/-80/-10) 4.5 5 5.5 \
ViH  High-level input voltage 2.4 6.5 Vv
ViL  Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature o] 70 °C

NOTE 2: The algebraic convention, where the more negative (less posmve) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operatlng conditions (unless otherwise

noted)
PARAMETER TEST CONDITIONS '256BBK32-6 | '256BBK32-70 | '256BBK32-80 | '256BBK32-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
High-leve! output _
VoH voltage loH=-5mA 24 2.4 2.4 2.4 v
Low-level output _ .
VOL  yoltage loL =4.2mA 0.4 0.4 0.4 0.4 v
Input current Vi=0t065V,
I (leakage) Ve = 5.5V, All other +10 +10 +10 +10 pA
pins=0toVco
Output current Vo=0toVce, :
lo (ieakage) Ve =55V, CAS high =10 =10 +10 =10 pA
Read or write cycle | Minimum cycle,
ICC1  current (see Note 3) Veg =55V 760 640 600 §20 | mA
After 1 memory cycle,
RAS and CAS high, 16 16 16 16 mA
ViH=24V L
Iccz2 Standby current 1H ()
After 1 memory cycle,
RAS and CAS high,
Vi = Voo - 0.2V 8 8 8 8 mA
(CMOS)
Minimum cycle,
Average refresh Vce =55V, RAS
lcca current (RAS-only or | cycling, CAS high 720 640 560 480 mA
CBR) (see Note 3) | (RAS-only), RAS low
| after CAS low (CBR)
to(p) = minimum,
Average page _
ICC4  current (see Note 4) |YCC =55V, 560 480 400 360 | mA
RAS low, CAS cycling

NOTES: 3. Measured with a maximum of one address change while RAS = Vj_.
4. Measured with a maximum of one add_ress change while CAS = ViH.

j
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TM256BBK32 262 144 BY 32-BIT DYNAMIC RAM MODULE
TM512CBK32 524 288 BY 32-BIT DYNAMIC RAM MODULE
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'512CBK32-6 | '512CBK32-70 | '512CBK32-80 | '512CBK32-10
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX | MIN MAX MIN MAX
VOH mg;:vm P 1oy =~5mA 24 24 24 24 v
VoL 531‘22';! ol output loL=4.2mA 0.4 0.4 0.4 0.4 \
Inout current Vi=0t06.5V,
I (,e’;‘;(:;;)e Vgg = 5.5V, All other 210 £10 =10 £10 | wA
pins =0to Ve
Output current Vo =0toVce, . . . .
10 (jeakage) VGG = 5.5V, CAS high =10 10 10 i
Read or write -~
lccy  cycle current v'"'m_”?;’\'/c'e' 776 656 616 536 | mA
(see Note 3) cc=>
After 1 memory cycle,
RAS and CAS high, 32 32 32 32 mA
Icc2 Standby current ViH=24V (TTL)
After 1 memory cycle,
C:i f/”gccfg g'f/h' 16 16 16 16 | mA
(CMOS)
Minimum cycle,
Average refresh Voe =55V, RAS
iocs g‘r‘g’é)‘RAS@”'V cycling, CAS high, 736 656 576 a96 | mA
(see Note 3) (RAS-only), RAS low after
CAS low (CBR)
Average page te(P) = minimum,
lccs current Ve =55V, 576 496 416 376 mA
(see Note 4) RAS low, CAS cycling

NOTES: 3. Measured with a maximum of one address change while RAS = V| .
4 Measured with a maximum of one address change while CAS = V|y.

capacitance over recommended ranges of supply voltage and operating free-air temperature,

=1 MHz
TM256BBK32 TM512CBK32
PARAMETER UNIT
MIN MAX MIN MAX
Cia) Input capacitance, address inputs 40 80 pF
Cic) Input capacitance, CAS input 10 20 pF
Cim) Input capacitance, RAS input 20 20 pF
Ciw) Input capacitance, write-enable input 40 80 pF
Co(DQ) Output capacitance on DQ pins 7 14 pF
NOTE 5: Vcg equalto 5V = 0.5 V and the bias on pins under testis 0 V.
INSTRUMENTS
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
ALT. '256BBK32-6 '256BBK32-70 '256BBK32-80 '256BBK32-10
PARAMETER SYMBbL '512CBK32-6 '512CBK32-70 '512CBK32-80 '512CBK32-10 UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
ta(Cc) Access time from CAS tcaC 15 18 20 25 ns
Access time from column-
ta(CA) address tcAA 30 35 40 45 ns
ta(R) Access time from RAS tRAC 60 70 80 100 ns
Access time from column
ta(cP) . precharge tCAP 35 40 40 50 ns
tg(cLzy CAStooutputin low Z oLz 0 0 ] 0 ns
) Output disable time after
tdis(CH) TAS high (see Note 6) toFF 0 15 0 18 0 20 0 25 ns

NOTE 6: tofFF is specified when the output is no longer driven.
timing requirements over recommended ranges of supply voltage and

operating free-air

temperature '
'256BBK32-6 '256BBK32-70 '256BBK32-80 '256BBK32-10
ALT. '512CBK32-6 '512CBK32-70 '512CBK32-80 '512CBK32-10
PARAMETER SYMBOL UNIT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
Read cycle time
te(rd) (soe ot 7 the 110 130 150 180 ns
te(w) Write cycle time twe 110 130 150 180 ns
Page-mode read or write
te(P) Cycgle time ¢ tpG 40 45 50 55 ns
tw(CH) Pulse duration, CAS high tcp 10 10 10 10 ns
tw(CL) Pulse duration, CAS low tcas 15 10 000 18 10 000 20 10 000 25 10000 | ns
Pulse duration, RAS high
tw(RH) (precharge) 9 RP 40 50 60 70 ns
WRY — honpagemode puise tRAS 60 10000 70 10000 80 10000 100  10000| ns
tw(RL)P gjgfi';‘f‘—%%",'gfv tRASP 60 100000 70 100000| 80 100000| 100 100000 | ns
tw(WL) Write pulse duration twp 15 15 15 15 ns
Column-address setup
'sU(CA)  time before CAS low tASC 0 0 0 0 ns
Row-address setup time :
su(RA)  before RAS low P 'ASR 0 0 0 0 ns
Data setup time before
tsu(D) CAS low P tps 0 0 0 0 ns
Read setup time before
Su(rd) GRS low tRCS 0 0 0 0 ns
W-low setup time before
SuWOL)  CAS low twes | O 0 0 0 ns
W-low setup time before
tsuWCH)  GAS high P towL 15 18 20 25 ns
W-command setup time
SUWRH)  before RAS high P TRWL 15 18 20 25 ns
NOTE 7: All cycle times assume t; = 5 ns.
Texas X
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'256BBK32-6 '256BBK32-70 '256BBK32-80 ‘256BBK32-10
ALT. '512CBK32-6 '512CBK32-7 '512CBK32- '512CBK32-
PARAMETER SYMBOL 512CBK3 512C 0 512 32-80 CBK32-10 UNIT
MIN MAX [ MIN MAX [ MIN MAX | MIN MAX
Column-address hold time
th(CA) after GAS low tcAH 10 15 15 20 ns
Row-address hold time after
th(RA) RAS low tRAH 10 10 12 15 ns
Column-address hold time
th(RLCA)  after RAS low (see Note 8) AR 50 55 60 70 ns
Data hold time after RAS
h(RLD)  low (see Note 8) {DHR 50 55 60 70 ns
th(D) lI?)awta hold time after CAS toH 10 15 15 20 ns
Read hold time after CAS
t(CHrd)  high (see Note 9) tRCH 0 0 0 0 ns
Read hold time after RAS
h(RHrd)  high (see Note 9) 'RRH 0 0 0 0 ns
thicLW) Ygxte hold time aftt_ar CAS fWCH 15 15 15 20 ns
th(RLW) :/;I‘zte hold time after RAS fWCR 50 55 60 70 ns
Delay time, RAS low to
{4(RLCH) myhigh tosH 60 70 80 100 ns
' Delay time, CAS high to
td(CHRL) —RAS’IOW g tcrp 0 0 0 0 ns
Delay time, CAS low to
td4(CLRH) m};‘ligh tRSH 15 18 20 25 ns
Delay time RAS low to CAS
WRLCL)  |ow (’s'ee Note 10) tRCD 20 45 20 52| 22 60 25 75| ns
Delay time, RAS low to ,
RLCA)  cotrmnaddress tRAD 15 30| 15 3| 17 40| 20 55| ns
Delay time, column-address
td(CARH) to —H—Xg high tRAL 30 35 40 45 ns
Delay time, column-address
td(CACH) to —C—/-)\% high tCAL 30 35 40 45 ns
Delay time, RAS low to
td(RLCH)R CASyhigh (see Note 11) tCHR 15 15 20 25 ns
Delay time, CAS low to
W4(CLAUR  RAS low (see Note 11) 'CsR 10 10 10 10 ns
Delay time, RAS high to
d(RHCL)R GAS low (see Note 11) tRPC 0 0 0 0 ns
Distribution refresh time
tf interval tREF 8 8 8 81 ms
t Transition time tr 3 50 3 50 3 50 3 50| ns
NOTES: 8. The minimum value is measured when tq(RLCL) is set to t4(RLCL) min as a reference.
9. Either th(RHrd) Of th(CHrd) must be satisfied for the read cycle.
10. Maximum value specified only to guarantee access time.
11. CAS-before-RAS refresh only.
TExAS b
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device symbolization

The specifications contained in the data sheet are applicable to all TM256BBK32s and TM512CBKs symbolized
as shown in Figure 1. Please note that the location of the part number may vary.

O

TMxxxxBK32-xx — REV B

Figure 1. Device Symbolization
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TMO024EAD9
1048 576 BY 9-BIT
DYNAMIC RAM MODULE

SMMS109A — MARCH 1990 — REVISED NOVEMBER 1930

This Data Sheet is Applicable to
All TMO24EADS9s  Manufactured  With
TMS4C1024s Symbolized With Revision “D”
and Subsequent Revisions.

¢ TMO24EAD9...1048576 x 9 Organization
* Single 5-V Supply (10% Tolerance)

® 30-pin Single-In-Line Package (SIP)
— Leadless Module for Use with Sockets

® Utilizes Nine 1-Megabit Dynamic RAMs in
Plastic Small-Outline J-Lead (SOJ)
Packages

®* Long Refresh Period...8 ms
(512 Cycles)

¢ All Inputs, Outputs, Clocks Fully TTL
Compatible

¢ 3-State Output

®* Performance of Unmounted RAMs:
ACCESS ACCESS READ Vee
TIME TIME OR TOLERANCE

trAC tcac WRITE
CYCLE
(MAX)  (MAX)  (MIN)

, TMS4C1024-6 60 ns 15ns 110 ns 5%
TMS4C1024-70 70 ns 18 ns 130 ns 10%
TMS4C1024-80 80 ns 20 ns 150 ns 10%
TMS4C1024-10 100 ns 25ns 180 ns 10%

¢ Common CAS Control for Eight Common
Data-In and Data-Out Lines

¢ Separate CAS Control for One Separate
Pair of Data-In and Data-Out Lines

® Low Power Dissipation

¢ Operating Free Air Temperature
...0°Cto70°C

description

The TMO24EADS is a 9216K (dynamic) random-
access memory module, organized as
1048 576 x 9 bits [bit nine (D9, Q9) is generally
used for parity and is controlled by CAS9] in a
30-pin single-in-line (SIP) Package.

AD Single-In-Line Package

(Top View)
5
VCC 1 :]
CAS 2[1
pel s[JLwe
A0 4[]
Al 5[]
pa2 61|,
A2 74
A3 8[J
Vss 9™
pQ3 10[]lo
A4 1 []
A5 12[1
DQ4 13[] o
A6 14[7] —=
A7 15[
DQ5 16[]
A8 17[](0
A9 18[]
NC 197
DQ6 20 ] o
W 21[]
Vgs 221
DQ7 23]
NC 24[7|0
DQ8 25|
Q9 26[])
RAS 27[] °
CAS9 28[]
D9 29[
Vee 30 (]
o
PIN NOMENCLATURE
A0-A9  Address Inputs
CAS, CAS9 Column-Address Strobe
DQ1-DQ8  Data In/Data Out
D9 Data In
NC No Internal Connection
Q9 Data Out
RAS Row-Address Strobe
Vece 5-V Supply
Vss Ground
w Write Enable

PRODUCTION DATA documents contain information current
as of publication date. Products conform to specifications

per the terms of Texas Instruments standard warranty. TEXAS »

Production processing does not necessarily include testing

Copyright © 1990, Texas Instruments Incorporated
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1 048 576 BY 9-BIT
DYNAMIC RAM MODULE

SMMS109A — MARCH 1990 — REVISED NOVEMBER 1990

The TM024EADS is composed of nine TMS4C1024DJ, 1 048 576 x 1-bit dynamic RAMs, each in 20/26-lead
plastic small-outline J-lead package (SOJ), mounted on a substrate together with decoupling capacitors.

The TMS4C1024DJ is described in the TMS4C1024 data sheet and is fully electrically
tested and processed according to TI MIL-STD-883B flows (as ammended for commercial applications) prior
to assembly. After assembly onto the SIP, a further set of electrical tests is performed.

The TM024EAD9 SIP is available in the AD single-sided, leadless module for use with sockets.
The TM024EAD9 SIP is rated for operation from 0°C to 70°C.

operation

The TMO24EAD9 operates as nine TMS4C1024DJs shown in the functional block diagram. Refer to the
TMS4C1024 data sheet for details of its operation. The common 1/O feature of the TMO24EAD9 dictates the
use of early write cycles to prevent contention on D and Q.

specifications

For TMS4C1024DJ electrical specifications, refer to the TMS4C1024 data sheet.

single-in-line package and components

PC substrate: 1,27 (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate (or coat) on top of copper

6-32
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TM024EAD9
1048 576 BY 9-BIT
DYNAMIC RAM MODULE

SMMS109A — MARCH 1990 — REVISED NOVEMBER 19390

functional block diagram

Al
-y
A3 —
as-1
A5 12
A6
15
A7 —2——
A8 ———
Ag 18
RAS 27
CAS -2
w2
¢ A0-A9 ¢~ A0-A9
RAS 1024K x 1 RAS 1024K x 1
CAS cAS
w w
3 Vee V. 16 Vee V Q
Da1 D cC Vss Q pas o{ D CC Vss
1 e ! —r—]
-1 AO-A9 9~ A0-A9
RAS 1024K x 1 RAS 1024K x 1
CAS CAS
w w
8 Vee V. 20 Vee V. Q
DQ2 *+{D cc Vss @ DQs ) cc Vss
1 ===
8-~ A0-A9 | A0-A9
RAS 1024K x 1 RAS 1024K x 1
cAs CAS
w w
10 23 Q
* Vee Vss Q » Vce Vss
DQ3 D DQ7 D
— A0-A9 -1 A0-A9
RAS 1024K x 1 RAS 1024K x 1
CAS cAS
w w
13 25
bas ——¢{0 Vcc Vss Q ] oas 1o V?C V?S Q‘I
| !
— A0-A9
28 RAS 1024K x 1
CAS9 CAS
w
Do ;: p Vec Vss Q@
|
Q9

1
Vce
30
Vee * L 2

0 L
Vss 2]
Vsgs *

1
T c...C T
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TMO024EAD9
1048 576 BY 9-BIT
DYNAMIC RAM MODULE

SMMS109A — MARCH 1990 — REVISED NOVEMBER 1990

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Voltage range on any pin (see Note 1)

Voltage range on Vo (see Note 1)
Short circuit output current

Power dissipation:

Operating free-air temperature range
Storage temperature range

—-1Vto7V
-1Vto7V
50 mA

................ e To
—65°C to 150°C

T Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is notimplied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgs.
recommended operating conditions
MIN NOM MAX | UNIT

Voo Supply voltage (TMO24EAD9-6) 4.75 5 525 \Y
Vcc  Supply voltage (TMO24EAD9-70/-80/-10) 4.5 5 5.5 Vv
ViH  High-level input voltage 2.4 6.5 \%
ViL  Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 - 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
24 x 5 B -
PARAMETER TEST CONDITIONS TMO24EAD9-6 | TMO24EADS-70 | TMO24EADS-80 | TM024EAD9S-10 UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
High-leve!
VOH ou%put voltage loH=-5mA 24 24 24 2.4 v
Low-level
VoL output voltage loL=4.2mA 0.4 0.4 0.4 04 | Vv
nout t Vi=0t06.5V,
Iy (:‘ezuka";;)'e" Veg=5V, £10 +10 +10 +10 | pA
All other pins =0to Voo
Output current Vo =0toVce, .
'O (leakage) Ve = 5.5 V, CAS high =10 10 =10 =10 | pA
Read or write cycle Minimum cycle,
Icct current Veg=55V 855 720 675 585 mA
After 1 memory cycle,
lcc2 Standby current RAS and CAS high, 18 18 18 18 mA
VIH=24V
Minimum cycle,
Average refresh Vce =5.5V, RAS
Icc3 current (RAS-only cycling, CAS high 810 720 630 540 mA
or CBR) (RAS-only), RAS low
after CAS low (CBR)
te(p) = minimum,
lcca Average page current | Voo =5.5V, 630 540 450 405 mA
RAS low, CAS cycling
TEXAS ‘b
INSTRUMENTS
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1048 576 BY 9-BIT

DYNAMIC RAM MODULE

SMMS109A — MARCH 1990 — REVISED NOVEMBER 1990

capacitance over recommended ranges of supply voltage and operating free-air temperature,

f = 1 MHz (see Note 3)

PARAMETER MIN  MAX | UNIT
Cita) Input capacitance, address inputs 45 pF
Ci(D) Input capacitance, data input (D9 only) 5 pF
Ci(rc)  Input capacitance, strobe inputs 45 pF
Ci(W) Input capacitance, write-enable input 45 pF
Co(Dq) Output capacitance (DQ1-DQ8) 10 pF
Co Output capacitance (Q9 only) 7 pF
NOTE 3: V¢ equalto 5V = 0.5V and the bias on pins under testis 0 V.
Tl single-in-line package nomenclature

TM 9z 5 & - -5

Memory Pinout Board Word Width
Module Device Configuration Dimensions Output

. Temperature
S P
X peed X Range

)

AD Package

Page Mode (89,15 x 20,49 mm) (max)
(3.51 x 0.807 inches) (max)

Min Access

-6 60
-70 70
-80 80
~10 100

ns
ns
ns
ns

L.0°C to 70°C

TExas &#P
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TM124EAD9B, TM124EADIC
1048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES

SMMS191 — JANUARY 1991

This Data Sheet is Applicable to All
TM124EADSBs and TM124EADICs
Symbolized with Revision “B” and Subsequent
Revisions as Described on Page 6-44.

® 1048576 x9 Organization
* Single 5-V Power Supply
® 30-Pin Single-In-Line Package (SIP)

* TM124EAD9B... Utilizes Two 4-Megabit
and One 1-Megabit Dynamic RAMs in
Plastic Small-Outline J-Lead Packages
(S0Js)

* TM124EAD9IC... Utilizes Three 4-Megabit

Dynamic RAMs in Plastic Small-Outline
J-Lead Packages (SOJs)

®* Long Refresh Period... 16 ms
(1024 Cycles)

¢ All Inputs, Outputs, Clocks Fully TTL
Compatible

¢ 3-State Outputs

¢ Performance Ranges:
ACCESS ACCESS READ Vge
TIME  TIME OR TOLERANCE
tRAC taAA  WRITE
CYCLE
(MAX)  (MAX) (MIN)
'124EAD9B/C-6 60 ns 30ns 110ns +5%
"124EAD9B/C-70 70 ns 35ns 130ns x10%
'"124EAD9B/C-80 80 ns 40ns 150ns «10%
'124EAD9B/C-10 100 ns 45ns 180ns +10%

®* Low Power Dissipation

® Operating Free-Air Temperature Range
...0°Cto70°C

description

The TM124EAD9B and TM124EADIC are
9216K, dynamic random-access memory
modules organized as 1048 576 x 9 [bit nine is
generally used for parity] in 30-pin single-in-line
packages.

AD Single-Iin-Line
Package
(Top View)

O

Voo 1 [
cas 2 [
pal 3 |J
A0 4 [
A1 5[]
DQ2 6 %
A2 7
A3 8 [
vss 9 |2
DQ3 10 [
A4 11 ]
A5 12 [
DQ4 13 ]
A6 14 [
A7 15 [ ]
DQ5 16 [
A8 17 |7
A9 18 %}
NC 19
DQs 20 {1
W 2t [J
Vgg 22 ]
DQ7 23 [ ]
NC 24 [
DQ8 25 ]
Q9 26 ]
RAS 27 [
CASS 28 [
D9 29 []
Vpp 30 |
PIN NOMENCLATURE
AQ-A9 Address Inputs
CAS, CAS9 Column-Address Strobe
DQ1-DQ8 Data In/Data Out
D9 Data In
NC No Connect
Q9 Data Out
RAS Row-Address Strobe
Vop 5-V Supply
Vss Ground
w Write Enable

The TM124EADSB is composed of two TMS44400, 1048 576 x 4-bit dynamic RAMs in 20/26-lead plastic
small-outline J-lead packages (SOJs), and one TMS4C1024, 1048 576 x 1-bit dynamic RAM in a 20/26-lead

plastic small-outline J-lead package (SOJ).

PRODUCTION DATA documents contain information current as
of publication date. Products conform to specifications per the
terms of Texas Instruments standard warranty. Production
processing does not necessarily include tesling of ali
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1 048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES

SMMS191 — JANUARY 1991

The TM124EADIC is composed of two TMS44400, 1 048 576 x 4-bit dynamic RAMs in 20/26-lead plastic
small-outline J-lead packages (SOJs), and one TMS44100, 4 194 304 x 1-bit dynamic RAM in a 20/26-lead
plastic small-outline J-lead package (SOJ).

The TM124EAD9B and TM124EADSC are both mounted on a substrate together with three 0.2 uF decoupling
capacitors. The onboard capacitors eliminate the need for bypassing on the motherboard and offer superior
performance over equivalent leaded capacitors due to reduced lead inductance. With the elimination of bypass
capacitors on the motherboard, reduced PC board size, and fewer plated through-holes, a cost savings can be
realized.

The TM124EAD9B and TM124EADIC each feature RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TM124EAD9B and TM124EADC are characterized for operation from 0°C to 70°C.

operation

The TM124EAD9B operates as two TMS44400s and one TMS4C1024 connected as shown in the functional
block diagram.

The TM124EADIC operates as two TMS44400s and one TMS44100 connected as shown in the functional block
diagram.

The common|/O features ofthe TM124EAD9B and TM124EADIC dictate the use of early write cycles to prevent
contention on the DQ lines.

specifications

The refresh period is extended to 16 milliseconds and, during this period, each of the 1024 rows must be strobed
with BAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. For the
TM124EAD9B, the nine least significant row addresses (A0-A8) must be refreshed every 8 ms as required by
the TMS4C1024.

single-in-line package and components

PC substrate: 1,27 mm (0.05 inch) nominal thickness on contact area
Bypass capacitors: Multilayer ceramic
Leads: Tin/lead solder coated over phosphor-bronze

6-38
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TM124EAD9B, TM124EADIC
1 048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES

- SMMS191 — JANUARY 1991

functional block diagram (TM124EAD9B)

Ao 4
A1 3
A2 7
A3 8 00000
o S &
A5 12 0
A8 00000
A8 A7
A0-8& | . 1024K x 4
A0-A9 paQi 3 pat
RAS 27 RAS DQ2 6 pa2
CAS -2 CAS pa3 —10 pa3
w -2 W pa4 |—13 pas
— OE
||
10 1024K x 4
A0-A9 pas |——16 pas
RAS pas 20_ pae
CAS pa7 23 pay
w DQs 25 pas
Vgs OE
[ ]
1024K x 1
19 A0-A9
RAS
CAsg 28 CAS
w a|l—26 qo
D9 -29 D

TExas ‘b
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1048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES
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functional block diagram (TM124EADSC)

Ao 4
P
A2 0
A3 8__._—*
Y i .
A4 000000
PR | T
A7z 00
A8
1024K x 4
19 A0-A9 pa1 3 pot
RAS -27 RAS pQ2 8 pa2
CAS -2 CAS pa3 10. pa3
w2 w DQ4 13 pas
—{oE
|
1024K x 4
10 AO-A9 pas ——16 pas
RAS DQs 20 pqg
CAS DQ7 23 paz
W Da8 25 pas
Vss OE
L
4096K x 1
L at0
19 AO-A9
RAS
CAsg -28 CAS
w Q 26 q9
py 28 D

i
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TM124EAD9B, TM124EADIC
1 048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage range onany pin (see Note 1) ... .. i -1Vto7V
VoA rANGE ON VG -ttt ittt e e e e i e -1Vto7V
Short circuit OUtPUL CUITENE oo o s e e e 50 mA
PoWer disSipation .. ... o e e e 3w
Operating free-air temperature range ....... ...ttt i 0°C to 70°C
Storage temperature range ...ttt e —55°C to 125°C

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vece  Supply voltage (TM124EAD9B-6 and TM124EADSC-6) 4.75 5 575 \
Vee  Supply voltage (TM124EAD9B-70/-80/-10 and TM124EAD9C-70/-80/-10) 45 . 5 5.5 A%
Viq  High-level input voltage 24 6.5 Vv
ViL  Low-levelinput voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature ' 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

'124EAD9B-6 | '124EAD9B-70 | '124EADSB-80 | '124EAD9B-10
PARAMETER TEST CONDITIONS '124EADIC-6 | '124EADSC-70 | '124EADSC-80 | '124EAD9B-10 | UNIT

MIN MAX | MIN MAX | MIN MAX [ MIN MAX

High-level output

VOH voltage loH=—-5mA 2.4 2.4 2.4 2.4 \
Low-level output _
VOL  yoltage IoL = 4.2 mA 0.4 0.4 0.4 04| V
Input current V|=0to6.5V,Vcc =55V, . .
' (cakage) . All other pins = 0 V to Vo =30 =30 £30 =30 | pA
Output current Vo =0toVce,
'0 (eakage) - VCG = 5.5 V, CAS high =10 +10 =10 =10 | pA
Read or write cycle . _
lcct current (ses Note 3) Minimum cycle, Vg =5.5V 285 255 225 195 | mA
After 1 memory cycle, RAS
and CAS high, Vi =24V 6 6 6 6| mA
| Ty
CC2 Standby current ‘After 1 memory cycle, RAS
and CAS high, 3 3 3 3] mA
Viy = Vee - 0.2 V (CMOS)
Average refresh _grémur;igycl__ch\Q h? ; 55V,
lcca  current (RAS-only 1A cycling, LAS Nig 285 255 225 195 mA
or CBR) (see Note 3) (RAS-only), RAS low after
CAS low (CBR)
lecs Average page tpc = minimum, Vo =5.5V, 210 180 150 120 | mA

current (see Note 4) | RAS low, CAS cycling

NOTES: 3. Measured with a maximum of one address change while RAS = V).

4. Measured with a maximum of one address change while CAS = V|H.

j
Texas {f
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TM124EAD9B, TM124EAD9C
1 048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES

SMMS191 — JANUARY 1991

capacitance over recommended ranges of suppiy voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

TM124EAD9B
PARAMETER TM124EAD9C UNIT

. MIN . MAX

Cia) Input capacitance, address inputs _ 15 pF
Ciipq) Input capacitance, data inputs/outputs 12 pF
Ci(RC) Input capacitance, strobe inputs 21 pF
Ci(W) Input capacitance, W input 21 pF
Ci(casg) Input capacitance, CASS input . 7 oF
Cipg) __Input capacitance on D9 s
Co(Q9) Output capacitance on Q9 7 oF

NOTE 5: Vg equalto 5V = 0.5V and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

'124EAD9B-6 | '124EAD9B-70 | '124EAD9B-80 | '124EAD9B-10
PARAMETER '124EAD9C-6 | '124EAD9C-70 | '124EAD9C-80 | '124EAD9C-10 UNIT

MIN MAX | MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcac  Access time from CAS low 15 18 20 25| ns
tcpA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100| ns
tcLz CASto outputin low Z 0 0 0 0 ns
tOFF g:t::ltodt:aé;:le time after CAS high 0 15 0 18 0 20 0 25 ns

NOTE 6: tofF is specified when the output is no longer driven.

/
: Texas 'Q
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timing requirements over recommended ranges

of supply voltage and

operating free-air

temperature
'124EAD9B-6 '124EAD9B-70 | '124EAD9B-80 | '124EAD9B-10
'124EAD9C-6 '124EAD9C-70 | "124EAD9C-80 | '124EADIC-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tRC Random read or write cycle (see Note 7) 110 130 150 180 ns
tpe ::ae%er-\ln;toedg)read or write cycle time 40 45 50 55 ns
tRASP  Page-mode pulse duration, RAS low 60 100000 70 100000 80 100 000 100 100000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10000 70 10 000 80 10000 | 100 10 000 ns
tCAS Pulse duration, CAS low 15 10000 | 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 70 ‘ns
twp Write pulse duration 15 15 15 20 ns
tasc Column-address setup time before CAS low 0 (¢} 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tDs Data setup time 0 0 0 0 ns
tRcs  Read setup time before CAS low 0 0 0 0 ns
tcwL W-low setup time before CAS high 15 18 20 25 ns
tRwL  W-low setup time before RAS high 15 18 20 25 ns
twes  W-low setup time before CAS low 0 0 0 0 ns
W-high setup time (CAS-before-RAS
tWsR refregh :ﬁl;')p fme 10 10 10 10 ns
tcAH Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 9) 50 55 60 75 ns .
toH Data hold time 10 15 15 20 ns
tAR (Csc::nr;xlg;:dgc)lress hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRcH  Read hold time after CAS high (see Note 10) 0 0 0 0 ns
tRRH Read hold time after RAS high (see Note 10) 0 0 0 0 ns
twcH  Write hold time after CAS low 15 15 15 20 ns
twor  Write hold time after RAS low (see Note 10) 50 55 60 75 ns
WHR :/;Ifgg: 22:3)“me (CAS-before-RAS 10 10 10 10 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns. )
8. To guarantee tpg min, togc should be greater than or equal to tcp.
9. The minimum value is measured when tRgp is setto trgp min as a reference.
10. Either tgrH or trcH must be satisfied for a read cycle.
i
TexAS {f
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TM124EAD9B, TM124EADIC
1048 576-WORD BY 9-BIT DYNAMIC RANDOM-ACCESS MEMORY MODULES
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'124EAD9B-6 | '124EAD9B-70 | '124EAD9B-80 | '124EAD9B-10
'124EADSC-6 | '124EAD9C-70 | "124EADSC-80 | '124EAD9C-10 | yniT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Delay time, RAS low to CAS high
ICHR  (GAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
ICSR  (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, RAS low to column-address
tRAD (see Note 11) 15 30 15 35 15 40 20 50 ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tCAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
tRCD (see Note 11) 20 45 20 52 20 60 25 75 ns
tRPC Delay time, RAS high to CAS low 0 0 . 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
tREF Distributed refresh time interval 16 16 16 16 ms
tT Transition time 2 50 2 50 2 50 2 50 ns

NOTE 11: The maximum value is specified only to guarantee access time.

device symbolization

The specifications contained in this data sheet are applicable to all TM124EAD9Bs and TM124EAD9Cs
symbolized as shown in Figure 1. Please note that the location of the part number may vary.

O O
TM124EAD9X-xx — REV B

A0n0a0anaaANANANARNANANANNANANAT

Figure 1. Device Symbolization

EXAS ‘Nf
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TM256KBK36B . .. 262 144 x 36 o Eﬂianced PﬁMﬂOperation With
Organization CAS-Before-RAS, RAS-Only, and Hidden
TM512LBK36B . . . 524 288 x 36 Refresh

Organization ® 3-State Output

Single 5-V Power Supply * Common CAS Control for Nine Common

- -Out Li ,in F Block
s 72-pin Single-In-Line Package (SIP) Data-In and Data-Out Lines, in Four Blocks

— Leadless Module for Use With Sockets * Performance Ranges:
) ACCESS ACCESS READOR Vg
* TM256KBK36B... Utilizes Elght 1-Megablt TIME TIME WRITE TOLERANCE
Dynamic RAMs in Plastic Small-Outline tRac  tcac CYCLE
J-Lead (SOJ) Packages and One 1-Megabit (MAX) (MAX) (MIN)
Quad-CAS Dynamic RAM in a Plastic '256KBK36B-6 60ns  15ns 110 ns +5%
Small-Outline J-Lead (SOJ) Package '256KBK368-70 70ns  18ns 130 ns £10%
* TM512LBK36B ... Utilizes Sixteen izgzggggfg f;%”s ;2 ns ‘gg ns *‘0;"
1-Megabit Dynamic RAMs in Plastic - ns .o 180ms o «10%
. '512LBK36B-6  60ns  15ns 110 ns 5%
Small-Outline J-Lead (SOJ) Packages and ,
= ) 512LBK36B-70 70ns  18ns 130 ns £10%
Two 1-Megabit Quad-CAS Dynamic RAMs , :
in Plastic Small-Outline J-Lead (SOJ) S12LBKIEB-80 80ns  20nms  150ns - 210%
'512LBK36B-10 100ns  25ns 180 ns £10%

Packages

. N
®* Long Refresh Period...8ms Low Power Dissipation

(512 Cycles) ¢ Operating Free-Air Temperature
* Al Inputs, Outputs, Clocks Fully TTL Range...0°Cto 70°C
Compatible
description
TM256KBK36B

The TM256KBK36B is a 9437K (dynamic) random-access memory module organized as four times
262 144 x 9 [bit nine is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed
of eight TMS44C256DJ, 262 144 x 4-bit dynamic RAMSs, each in 20/26-lead plastic small-outline J-lead
packages (SOJs) and one TMS44C260DJ, 262 144 x 4-bit Quad-CAS dynamic RAM in a 24/26-lead plastic
small-outline J-lead package (SOJ), mounted on a substrate. together with decoupling capacitors. Each
TMS44C256DJ and TMS44C260DJ is described in the TMS44C256 or TMS44C260 data sheets (repectively).

The TM256KBK36B is available in a single-sided BK leadless module for use with sockets.

The TM256KBK36B features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. This device is rated for
operation from 0°C to 70°C.

TM512L.BK36B

The TM512LBK36B is a 18 874K (dynamic) random-access memory module organized as four times
524 288 x 9 [bit nine is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed
of sixteen TMS44C256DJ, 262 144 x 4-bit dynamic RAMSs, each in 20/26-lead plastic small-outline J-lead
packages (SOJs) and two TMS44C260DJ, 262 144 x 4-bit Quad-CAS dynamic RAMSs in a 24/26-lead plastic
small-outline J-lead package (SOJ), mounted on a substrate together with decoupling capacitors. Each
TMS44C256DJ and TMS44C260DJ is described in the TMS44C256 or TMS44C260 data sheets (repectively).

PRODUCTION DATA documents contain Information
current as of publication date. Products conform to

speclfications per the terms of Texas Instruments »
mndlrd"mlmln . on;uc!lt')n processing does not EXAS
necessarlly Include testing of all parameters. lemUMENIS
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BK Single-In-line Packaget
(Top View)

L

NINNINnInunun AN

CONDOBWN =

®

®

TM256KBK36Bt TM512LBK36BT
(Stde View) (Side View)

o

——

Lo

L
PIN NOMENCLATURE

AO-A8 Address Inputs
CASO-CAS3 Column-Address Strobe
DQO-DQ31 Data In/Data Out
MPO-MP3 Parity

NC No Connection

PDO-PD3 Presence Detects
RAS0-RAS3 Row-Address Strobe
VpD 5-V Supply
Vss Ground
W Write Enable

tThe packages shown here are for pinout reference only and are not drawn to scale.

ixas X0
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The TM512LBK36B is available in a double-sided BK leadless module for use with sockets.

The TM512LBK368B features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. This device is rated for
operation from 0°C to 70°C. '

operation

TM256KBK36B

The TM256KBK36B operates as eight TMS44C256DJs and one TMS44C260DJ connected as shown in the
functional block diagram and Table 1. The parity bits MPO-MP3 are provided by the TMS44C260DJ and are
controlled by RAS2. To ensure proper parity bit operation allmemory accesses mustinclude a RAS2 pulse. Refer
to the TMS44C256 and TMS44C260 data sheets for details of operation. The common I/O feature of the
TM256KBK36B dictates the use of early write cycles to prevent contention on D and Q.

TM512LBK36B

The TM512LBK36B operates as sixteen TMS44C256DJs and two TMS44C260DJs connected as shown inthe
functional block diagram and Table 1. The parity bits MPO-MP3 are provided by the TMS44C260DJs and are
controlled by RAS2 and RAS3 on side 1 and side 2 respectively. To ensure proper parity bit operation all memory
accesses to side 1/side 2 must include a RAS2/RAS3 pulse. Refer to the TMS44C256 and TMS44C260 data
sheets for details of operation. The common 1/O feature of the TM512LBK36B dictates the use of early write
cycles to prevent contention on D and Q.

single-in-line package and components

PC substrate: 1,27 = 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

Table 1. Connection Table

RASx .
DATA BLOCK CASx
SIDE 1 SIDE 2

DQo-DQ7 RASO RAS1 CASO
MPO RAS2 RAS3 CASO
DQs-DQ15 RASO RAS1 CAS1
" MP1 RAS2 RAS3 CAS1
DQ16-DQ23 RAS2 RAS3 CAS2
MP2 RAS2 RAS3 CAS2
DQ24-DQ31 RAS2 RAS3 CAS3
MP3 RAS2 RAS3 CAS3

EXAS *’3
INSTRUMENTS
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functional block diagram (for TM256KBK36B and TM512LBK368B)

A0 12
© A113
A214
A315
A4 16
A517
A6 18
A7 28
A8 31
RAS3 33 4
RAS2 34
RAST 45 ‘>S
RAS0 44
CAS3 42 4
CAsz 41 4
CAs143 <
CAS0 40 '?2
W a7 )
Vss p
44C256 44C256
+9 a0-as -9 A0-A8 a9
RAS 2 DQo RAS 32 pas
CAS 4 pa1 CAS 51 pag
w 2 a2 W 3 pato
G -8 pa3 G pat
ng_ 44C256 44C256
A0-As |0 -2 Ao-A8
RAS DQ4 RAS DQ12
CAS % DQ5 CAS Fg DQ13
W 52 Das W 63 pQ1g
G DQ7 G DQ1s
o | 440256 L?- 340256
AO-A8 A0-AB
RAS -3 pate RAS 50 pQ2a
CAS DQ17 CAS DQ25
w DQ18 W DQ26
G paits G 56 pa27
_gL 44C256 ’_%L-l 44C256
A0-AB AQ-AB .
RAS 21 pazo RAS 158 pgog
CAS 23 paz1 TAS 2 paze
w =2 pQ22 w 2 DQ30
G 27 pa23 G 64 past
0 44C260
7 A0-A8
RAS
CAS
CAS2
CAS3 Dot (28 mp3
€AS4 DGz 132 mp1
w pa3 |38 mpo
G DQa |35 mp2
*i’
TExAS
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functional block diagram (for TM512LBK36B) .

A0-A8
RAS3 5
RAST 5
CAS3 5
CAS2 $y—
CAS1 $y—
CAso %
w
Vss 55
g | 94C256 44C256
1 A0-AB ) -9 po-ns 40
RAS -2 pao RAS 49 pas
CAS -2 pa1 CAS 21 0Q9
W -5 paz W 23 pa1o
G -2 pa3 G DQ11
9 44C256 9 44C256
7] Ao-A8 20 7] Ao-A8 57
RAS 22 DQ4 RAS 57 pQ12
CAS 55 DO5 CAs -8l ba13
W 24 pog- W 63 pQ1g
G DQ7 G 65 pa1s
o [#4c256 o [ 2aC256
= Ao-As s +—>] n0-a8 50
RAS -1 pate RAS 50 pa2a
CAS DQ17 CAS 52 pQ2s
W -Z pats W 54 paos
G DQ19 G DQ27
44C256 44C256
2 A0-A8 2| A0-AB
RAS 21 pazo RAS -8 pazg
CAS 23 pa21 CAS 59 D29
W pQ22 W -62 pago
G DQ23 G DQ31
° 44C260
‘—“- A0-AB
RAS
CAST
CAS2 a8
CAS3 DQ1|2mp3
cAsa- Da2|37 mps
W pa3 |38 mpo
G D435 mp2

i
Texas ‘V
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Voltage range on any pin (see Note 1)
Voltage range on Vg (see Note 1)
Short circuit output current

Power dissipation
Operating free-air

Storage temperature range

temperature range

—1Vto7)/

1 Stresses beyond those listed under “Absolute Maximum Ratinﬁs" may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX | UNIT
Vce  Supply voltage (TM256KBK36B-6 and TM512LBK368-6) 4.75 5 525 A
Vcc  Supply voltage (TM256KBK36B-70/-80/-10 and TM512LBK368B-70/-80/-10) 45" 5 55 \
Vgs  Supply voltage 0 \
ViH  High-level input voltage 2.4 6.5 \%
ViL  Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (uniess otherwise

noted)
'256KBK36B-6 | '256KBK36B-70 | '256KBK36B-80 | '256KBK36B-10
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
High-level output _
VOH voltage IoH =-5 mA 24 2.4 2.4 2.4 \%
Low-level output _ :
VoL voltage oL =4.2mA 0.4 0.4 0.4 04| Vv
Inout V=0t 65V,
I ('I‘epa”k;;é)’ ent VGG = 5.5V, All other £90 £90 +90 +90| pA
pins=0VtoVce
Output current Vo =0toVce,
'0 (eakage) VGG = 5.5 V, CAS high 10 £10 10 =10 | pA
Read or write Minimum cycle,
ICC1  cyele current Voo =55V 855 720 675 585 | mA
After 1 memory cycle,
Icc2 Standby current [ RAS and CAS high, 18 18 18 18 | mA
VIH=24V
Minimum cycle, Voo =
Average refresh o L T
ey 5.5V, RAS cycling, CAS
lcca g:xrcr;né)(RAS-only high (RAS-only), RAS 810 720 630 540 | mA
low after CAS low (CBR)
te(P) = minimum,
icca f:ﬁ;%e Page  veg =55V, RAS low, 630 540 450 405 | mA
CAS cycling
Texas b
_ INSTRUMENTS
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted) .
'512LBK36B-6 | '512L.BK36B-70 | '512LBK36B-80 | '512LBK36B-10
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
High-level output _
VOH voltage I0H = -5 mA 2.4 2.4 2.4 2.4 v
Low-level output _
VoL voltage loL=42mA 0.4 0.4 0.4 04| v
Inout . V|=0t06.5V,
N eakage) Ve = 5.5V, Al other +180 =180 £180 =180 | pA
pins=0VtoVcgo
Output current Vo =0toVee,
10 (eakage) VGG = 5.5 V, CAS high 20 20 20 20| pA
Read or write Minimum cycle, )
Icct cycle current Voo =55V 873 738 693 603 | mA
After 1 memory cycle,
iccz Standby current | RAS and CAS high, 36 36 36 36| mA
VIH=24V
Minimum cycle, Vg =
Average refresh AR L
e 5.5V, RAS cycling, CAS
| AS- i o
cCc3 glrxrggné)(ﬂ S-only high (RAS-only), RAS 828 738 648 558 | mA
low after CAS low (CBR)
A te(P) = minimum,
IcCa c:rii%e Page | yog =55V, RAS low, 648 558 468 423 | mA
CAS cycling

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 3)

TM256KBK36B TM512LBK36B
PARAMETER UNIT
MIN MAX MIN MAX
Ci(A) Input capacitance, address inputs 45 90 pF
Ci(R) Input capacitance, RAS inputs 25 25 pF
Ciic Input capacitance, CAS inputs 15 30 pF
Ciw) Input capacitance, write-enable input 45 90 pF
Co(DQ@) Output capacitance on DQ pins 7 14 pF
Co(MpP) Output capacitance on MP pins 7 14 pF
NOTE 3: Vg equalto 5V = 0.5V and the bias on pins under testis O V.
Texas Xp
INSTRUMENTS
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switching characteristics over recommended ranges of supply voitage and operating free-air
temperature

'256KBK36B-6 | '256KBK36B-70 | '256 KBK36B-80 | '256KBK36B-10

PARAMETER SYAML;OL '512LBK368-6 | '512LBK36B-70 | '512LBK36B-80 | '512LBK36B-10 | yNIT
MIN MAX MIN MAX MIN MAX MIN MAX
ta(C) Access time from CAS tcAC 15 18 20 25 ns
Access time from column- .
ta(CA)  address tcAA 30 35 40 45 ns
ta(R) Access time romBAS ' | tRac 60 70 80 100 | ns
Access time from column
ta(CP) precharge tCAP 35 40 40 50 ns
td(cLzy CAStooutputinlow Z tcLz 0 0 0 ns
. Output disable time after
tdIS(CH) TAS high (see Note 4) tOFF 0- 15 0 18 0 20 0 25 ns

NOTE 4: tofF is specified when the output is no longer driven.

timing requirements over recommended ranges of supply voltage and operating free-air
temperature :

'256KBK36B-6 | '256KBK36B-70 | '256KBK36B-80 | '256KBK36B-10
PARAMETER svl:lllg-OL '512LBK36B-6 -| '512LBK36B-70 | '512LBK36B-80 | '512LBK36B-10 | yniT
MIN MAX MIN MAX MIN MAX MIN MAX

Read cycle time

te(rd) (see Note §) tRc 110 130 150 180 ns

te(w) Write cycle time twe 110 130 150 180 ns
Page-mode read or write

te(P) cycle time tpc 40 45 50 ‘ 55 ns

tw(CH) Pulse duration, CAS high tcp 10 10 10 10 ns

tw(CL) Pulse duration, CAS low tCAS 15 10000 18 10 000 20 10 000 25 10000| ns
Pulse duration, RAS high

tw(RH) (precharge) tRp 40 50 60 70 ns
Non-page-mode pulse

tw(RL) duration, RAS low tRAS 60 10 000 70 10000 80 10 000 100 ‘ 10 000 ns
Page-mode pulse duration, ’

tw(RL)P ﬁ—Ags‘ low P tRASP 60 100000 70 100000 80 100000 100 100000 | ns

tw(wL) Write pulse duration twp 15 15 15 15 ns
Column-address setup time

'su(CA)  before GAS low 'ASC 0 0 0 0 ns
Row-address setup time

Su(RA)  pefore BAS low 'ASR 0 0 0 0 ns
Data setup time before CAS

tsu(D) o P 1Ds 0 0 0 0 ns
Read setup time before

tsu(rd) CAS low P trcs 0 0 0 0 ns
W-low setup time before

tsuwcet) TAS low P twes 0 0 0 0 ns
W-low setup time before

'SUWCH)  TAS high P towL 15 18 20 25 ns
Write-command setup time

tsu(WRH) before RAS high tRWL 15 18 20 25 ns

NOTE 5: All cycle times assume t; = 5 ns.

Texas ‘l?
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'256KBK36B-6 | '256KBK36B-70 | '256 KBK36B-80 | '256KBK36B-10
PARAMETER ALT. | '512LBK36B-6 | '512LBK36B-70 | '512LBK36B-80 | '512LBK36B-10 | ypiT
SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX
Column-address hold time
th(CA) after CAS low tcAH 10 15 15 20 ns
Row-address hold time af-
th(RA) ter RAS low tRAH 10 10 .12 15 ns
Column-address hold time )
th(RLCA) after RAS low (see Note 6) tAR 50 55 80 70 ns
Hold time, CAS low to CAS .
th(CLCH) high (see Note 7) tAR 50 55 60 70 ns
Data hold time after RAS
th(RLD) low (see Note 6) tDHR 50 55 60 70 ns
th(D) l[())evta hold time after CAS 1DH 10 15 15 20 ns
Read hold time after CAS
"h(CHrd)  high (see Note 8) tRCH 0 0 0 0 ns
Read hold time after RAS
th(RHrd) high (see Note 8) 'RRH 0 0 0 0 ns
thicLw) :/c\)lxte hold time after CAS tweH 15 15 15 20 ns
th@LW) x.\/;te hold time after RAS WeR 50 55 60 70 ns
Delay time, RAS low to
td(RLCH) m);ligh tcSH 60 70 80 100 ns
Delay time, CAS high to '
tCHRL)  RAg 10w 9 tCRP 0 0 0 0 ns
Delay time, CAS low to
td(CLRH) myhigh tRSH 15 18 20 25 ns
Delay time, RAS low to ) :
td(RLCL) C_As"y(see Note 9) tRCD 20 45 20 52 22 60 | 25 75 | ns
Delay time, RAS low to
t4(RLCA) co!ug'm_a iress tRAD 15 30 15 35 17 40 20 55 | ns
Delay time, column-ad-
WG(CARH)  grose to RAS high IRAL 30 35 40 45 ns
Delay time, column-ad-
'6(CACH)  grase to GAS high tcAL 30 35 40 45 ns
Delay time, RAS low to
.| 1dRLCH)R CASyhigh (see Note 10) tCHR 15 15 20 25 ns
Delay time, CAS low to
'd(CLRLR RAS);ow (see Note 10) tcsR 10 10 10 10 ns
Delay time, RAS high to
Y(RHCL)IR  GAS low (see Note 10) IRPC 0 0 0 0 ns
Distribution refresh time
trf interval tREF 8 8 8 8 ms
tt Transition time T 3 50 3 50 3 50 3 50 ns
NOTES: 6. The minimum value is measured when tg(RLCL) is set to tg(RLCL) Min as a reference.
7. Reference TMS44C260 data sheet.
8. Either th(RHrd) O th(CHrd) must be satisfied for the read cycle.
9. Maximum value specified only to guarantee access time.
10. CAS-before-RAS refresh only.
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

Vec=131v Veec=5V
' RL=218Q Ry=8280Q
Output Under Test Output Under Test
I Cg =100 pF CL=100pF R2 =295 0
(a) Load Circult (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

EXAS *”
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® TM256KBK36C. .. 262 144 x 36-Bit ® Performance Ranges:
Organization ACCESS ACCESS READOR  Vge
¢* TM512LBK36C. .. 524 288 x 36-Bit ' TIME TIME WRITE TOLERANCE
Organization tRAC  tcAC CYCLE
o (MAX)  (MAX)  (MIN)
® Single 5-V Power Supply '256KBK36C-6 60 ns  15ns 1ons  =5%
[] 72-pin Single-ln-Line package (SIP) '256KBK36C-70 70 ns 18 ns 130 ns +10%
— Leadless Module for Use With Sockets 256KBK36C-80 80 ns  20ns 150ns - £10%
'256KBK36C-10 100 ns  25ns 180ns  =10%
¢ TM256KBK36C ... Utilizes Eight '512LBK36C-6 60 ns  15ns 110 ns +5%
1-Megabit Dynamic RAMs in Plastic '512LBK36C-70 70 ns  18ns 130ns  =10%
Small-Outline J-Lead (SOJ) Packages and '512LBK36C-80 80 ns  20ns 150ns  =10%
Two 1-Megabit Quad-CAS Dynamic RAMs '512LBK36C-10 100 ns  25ns 180ns  =10%
in Plastic Small-Outline J-Lead (SOJ)
Packages * Common CAS Control for Nine Common
* TM512LBK36C . . . Utilizes Sixteen Data-In and Data-Out Lines
1-Megabit Dynamic RAMs in Plastic ¢ Separate RAS Control for Eighteen
Small-Outline J-Lead (SOJ) Packages and Data-In and Data-Out Lines in Two Blocks
Four 1-Megabit Quad-CAS Dynamic RAMs N L
in Plastic Small-Outline J-Lead (SOJ) Low Power Dissipation
Packages * Operating Free-Air Temperature
* Long Refresh Period . .. 8 ms (512 Cycles) Range...0°Cto 70°C
* All Inputs, Outputs, Clocks Fully TTL ¢ Enhanced Page Mode Operation with
Compatible CAS-before-RAS, RAS-only, and Hidden
Refresh

® 3-State Output

description

TM256KBK36C

The TM256KBK36C is a 9216K dynamic random-access memory module organized as four times
262 144 x 9 [bit nine is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed
of eight TMS44C256DJ, 262 144 x 4-bit dynamic RAMs, each in 20/26-lead plastic small-outline J-lead
packages (SOJs) and two TMS44C260DJ, 262 144 x 4-bit Quad-CAS dynamic RAMs in 24/26-lead plastic
small-outline J-lead packages (SOJs), mounted on a substrate together with decoupling capacitors. Each
TMS44C256DJ and TMS44C260DJ is described in the TMS44C256 or TMS44C260 data sheets (respectively).

The TM256KBK36C SIP is available in a single-sided BK leadless module for use with sockets.

The TM256KBK36C SIP features RAS access times of 60 ns, 70 ns, 80 ns and 100 ns. This device is rated for
operation from 0°C to 70°C.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

necessarily Include testing of all parameters. y Tm
e oilprind INSTRUMENTS
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TM512LBK36C

The TM512LBK36C is a 18 432K dynamic random-access memory module organized as four times
524 288 x 9 [bit nine is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed
of sixteen TMS44C256DJ, 262 144 x 4-bit dynamic RAMSs, each in 20/26-lead plastic small-outline J-lead
packages (SOJs) and four TMS44C260DJ, 262 144 x 4-bit Quad-CAS dynamic RAMSs in 24/26-lead plastic

" small-outline J-lead packages (SOJs), mounted on a substrate together with decoupling capacitors. Each

TMS44C256DJ and TMS44C260DJ is described inthe TMS44C256 or TMS44C260 data sheets (respectively).
The TM512LBK36C is available in a double-sided BK leadless module for use with sockets.

The TM512LBK36C features RAS access times of 60 ns, 70 ns, 80 ns and 100 ns. This device is rated for
operation from 0°C to 70°C.

operation

TM256KBK36C

The TM256KBK36C operates as eight TMS44C256DJs and two TMS44C260DJs connected as shown in the
functional block diagram and Table 1. Refer to the TMS44C256 and TMS44C260 data sheets for details of
operation. The common 1/O feature of the TM256KBK36C dictates the use of early write cycles to prevent
contention on D and Q. :

TM512LBK36C

The TM512LBK36C operates as sixteen TMS44C256DJs and four TMS44C260DJs connected as shown inthe
functional block diagram and Table 1. Refer to the TMS44C256 and TMS44C260 data sheets for details of
operation. The common |/O feature of the TM512L.BK36C dictates the use of early write cycles to prevent
contention on D and Q.

single-in-line package and components

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

Table 1. Connection Table

DATA BLOCK RASX CASx
Side 1 Side 2

00“2;3%07 BASO BAST OAS

DOS{PD1015 BRSO RAST CAST

DQ1 ’3;302023 . BASs RAS3 s

002'&1;?3031 RASS BASS CASS

6-56
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BK Single-in-line Packaget ’ TM256KBK36C TM512LBK36C
(Top View) BK Single-in-line Packaget BK Single-in-line Packaget
(Side View) (Side View)

® . .

L

i1
|
1

1 I | I T I | |
N | I | I ||
I

| I §

1

1!
1

||

1

51 PIN NOMENCLATURE

53 AQ-A8 Address Inputs

55 : CAS0-CAS3 Column-Address Strobe
6 RASO0-RAS3 Row-Address Strobe

58 DQO-DQ31 Data In/Data Out

80 ; W Wirite Enable

o NC No External Connection
63 Vee 5-V Supply

65 . Vss Ground

66 PDO-PD3 Presence Detects

68 MPO-MP3 Parity

®

1 The packages shown here are for pinout reference only and are not drawn to scale.

j
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functional block diagram (TM256KBK36C)

12

As —2
a3
A2 —5
A
g
17
RS
28
A
RASq —H
RAS: —3%
tAss 2
tasi
tas: 4
tass —22
= 47
W
o | TmSaacase o [ Tmsaaczss
AO-AB A0-AB ”
RS pa1 [—2 pao RS oot |-* pas
-~ paz -4 a1 i oe2 |- pag
b pa3 rl pa2 el pa3 |- pato
w pas |-& pa3 w pas }-22 po
. S vee Vss ' G vee vss
[ [
TMS44C256 TMS44C256
9 [ao-a8 9 {ao-a8
FAS pat -2 pas mas ~ oat |-Z patz
- paz2 -2 pos =S pa2 -8 pa1s
_ pa3 |24 pas _ pa3 |- pa1s
w pas |28 par w paa |55 pa1s
G |G
) Vee Vss Vee Vss
o | TMSasc260 o [ TMseaczeo
A0-AB AC-AB
RAS RAS
CAST oar |36 wmro CAs1 Dot }— Nc
i 37 it
cass ez -3 we N
s o ne Gass DB M2
" paaf-— Nc 27> pas |38 mpa
o-lcasa CAsa
w w
[r.__ G Vec Vss [ G Vec Vss
o | TMSasczse o [ TMsaaczss
A0-A8 A0-A8 s
s pat |2 pate FAS pat |22 pazs
cxs paz -5~ pat7 s po2 |32 pazs
b a3 |1~ oate et pa3 |-% pazs
w pos |2 pats w pas |58 pazz
—1¢ vec vss —1¢ vee vss
L 5 1 ———
TMS44C256 TMS44C256
9 [ Ac-A8 9 [ A0-a8 s -
RAS pa1 |2~ pazo FAS oot [~ DG
phtie 4 i pa2 }— Dpo29
oS paz |4 paz % p~
. pas |5 paz i D3 - DA%
hd oos |8 ooz v pos f— DA3t
& G
1" Vecc Vss 1" Vec Vss
Vee N T
Z<C1 F= C20 + |
. 0.22 uF Ad
Vss

j
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functional block diagram (TM512LBK36C)

A0
AT
A3
A4
A5
A6
a7 B
A
RASO ———i:;
RASt
RAS3 33 .
RAS2 38
CAS0 40
CAST %’
cass AU
22
s —2]
w Tar o [seaczss TMS24C255 o [THsacase o [TMswacase
AO-AS 2 AO-A8
2083 pat1|2 pao oa1 L = aas  bai
RAS  baz2f¢ pot pa2 s borls —  Dpaz
CAS  pa3j—- Da2 pa3 = Da3f—- CAS  bas
w pas}— pas W pQ4 w pas}— w paa
—{GVee Vss Gvce Vss —1%Vee Vss —1{SVcc Vss
L1 | | |
TMS44C256 TMSa4C256
9 1A0-A8 20 9 ] P v e 20 k] ;rxﬁgmzss
T e pat L ] mAS DOt
cas  bae}5; pos DQ2 cas D2 Sas  baz
i paa|-52 oas pa3 b paaj—2 ks Da3
s pas}-2 par w DQ4 W paa|-2 w DQ4
—1C Vec Vss G vee Vss 1% Vcevss —1C vec Vss
o [Msaacze0 o [TMs#aC260 o [TMs4acze0 o [TMsaacze0
Ac-As
ASA8 bat]2 wmeo oat ACAS pg |2 A8 pa
aas. oozl wey Da2 RAS  paz}-F RAS_ poa
CAS1  pasf— nc pa3 CAST  poal— —>JCAST  poy
CAS2  paaf— Ne DQ4 CAS2  pas|l — $—>CAS2  pg
—D4CAS3 ~ICAS3 CAS3
 +JCASA L ~cAsa CAsa
w w w w
| 1G Vcc Vss [_ G Vcc Vss [__ G Vcc Vss [ G Vcc Vss
o [Twsaacase TMS44C256 o [TMsacase TMS44C256
AD-A8 3 AO-AB o 9 lao-A8
RAS  Daif-g pate pat ms o Rmas  bat
chis Dozl pawz pa2 et —= Da2
i Da3f—- pats Da3 = ba3 €AS  paa
w pas|-2- paie w Da4 w DG4 w DQ4
—1S Vee Vss G vceVss —1% Vec Vss 1% Vec Vss
ot — o o
o [THsaicase o [Msaacass o [[Hsaic2ss o [THsaic25s
a5 ba1lZ ooz oat mas P! RAs DO!
Sas  Doz2l+ oozt Da2 cas 0% cas D%
= paaj=- ooz2 Da3 c pa3 C 503
w pas}-2 be23 W Da4 w Dpa4 w D4
vee M—C vee vss G vee Vss +—1C vee Vss +—1G vee Vss
1 1 1
L T 1
~C T~ C20
, L. 022uF + 4
Vss
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absolute maximum ratings over operéting free-air temperature range (unless otherwise noted)t

Voltage rangeonany pin (see Note 1) ..ot —1Vto7V
011 €= o o3 =T To TN 0T TNV Yo S -1Vto7V
Short circuit output CuUrrent ... oo e e e e 50 mA
Power dissipation ....... PN 10W
Operating free-air temperature range . ........c.ooeeiiiiiii it 0°C to 70°C

Storage temperature range

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: Alt voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT

Vcc  Supply voltage (TM256KBK36C-6 and TM512LBK36C-6) . 4.75 5 525 A\

Vce  Supply voltage (TM256KBK36C-70/-80/-10 and TM512LBK36C-70/-80/-10) 45 5 5.5 \Y

Vgs  Supply voltage 0 \%
ViH  High-level input voltage 2.4 6.5 \Y%

V)L Low-level input voltage (see Note 2) -1 0.8 A\

Ta  Operating free-air temperature 0 70| °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'256KBK36C-6 '256KBK36C-70 | '256KBK36C-80 | '256KBK36C-10
PARAMETER TEST CONDITIONS c UNIT
. MIN MAX MIN MAX MIN MAX MIN MAX
High-level
V =- X g . .
OH  Gutput voltage IoH =~ 5mA 2.4 24 2.4 2.4 \Y
Low-level
VoL sutput voltage | 'OL =42 ™A 0.4 0.4 0.4 04 | v
Vi=0to65V,Vcc=5V
Jy  Inputeurrent |y ther pins = 0V to £100 £100 +100 £100 | pA
(leakage)
Vee
Output
Vp=0t06.5V,
1o current _ = =10 =10 10 =10 HA
(leakage) Ve = 5.5V, CAS high
Read or write | trwC = minimum,
| 750
cct cyclecurrent |Vcc =55V 950 800 850 mA
After 1 memary cycle,
Standb _— —
ICC2 oo RAS and CAS high, 20 20 20 20 | mA
VIH=24V
Average trwC = minimum,
refresh Voo = 5.5V, RAS cycling,
lcca current CAS high (RAS-only), 900 800 700 600 mA
(RAS-only or | RAS low after CAS low
CBR) (CBR)
tpc = minimum,
Icca Q\ﬁ;ﬁe page Vg =55V, 700 600 500 450 | mA
RAS low, CAS cycling
Texas %p
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'512LBK36C-6 | '512LBK36C-70 | '512LBK36C-8 '512LBK36C-10
PARAMETER TEST CONDITIONS 0 5 UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
High-leve!
\Y =— X .4 . X
OH outputvoltage IoH 5mA 2.4 2 2.4 2.4 \
Low-level
VoL output voltage loL=42mA 0.4 0.4 0.4 0.4 \
Vi=0t0 65V,
Inputcurrent | Voo =5V,
ES E3 +2|
L (leakage) All other pins =0V to 200 200 00 =200 wA
Vee
Output
Vo=01t06.5V,
lo current _ s +20 220 +20 +20 uA
(leakage) Ve =5.5V, CAS high
Read or write | tgwc = minimum,
Icct cycle current | Vog < 55V 970 820 770 670 | mA
After 1 memory cycle,
Iccz S:,Tednl:y RAS and CAS high, 40 40 40 40 | ma
ViH=24V
Average tRWC = minimum,
refresh Ve = 5.5V, RAS cycling,
Icca current CAS high (RAS-only), 920 820 720 620 mA
(RAS-only RAS low after CAS low
or CBR) (CBR)
Average page | 7C = inimium,
lccs cu"engt P89 lvoc =55V, 720 620 520 470 | mA
RAS low, CAS cycling

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 3)

TM256KBK36C | TM512LBK36C
PARAMETER UNIT

MIN  mMAX | MIN MAX
Ci(a) Input capacitance, address inputs 50 100 pF
Ci(R) Input capacitance, RAS inputs 25 25 pF
Ciic) Input capacitance, CAS inputs 15 30 pF
Ciw) Input capacitance, write-enable input 50 100 pF
Co(DQ) Output capacitance, DQ 7 14 pF
Co(MP) Output capacitance on MP pins 7 14 pF

NOTE 3: Vgg equalto 5V + 0.5 V and the bias on pins under testis 0 V.
INSTRUMENTS
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
TM256KBK36C-6 TM256KBK36C-70 TM256KBK36C-80 TM256KBK36C-10
PARAMETER TM512LBK36C-6 TM512LBK36C-70 | TM512LBK36C-80 | TM512LBK36C-10 | UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
Access time from
tcaC TAS low 15 18 20 25 ns
Access time from
s
fcAn column-address 30 35 40 45 n
tRAG  Aass time from 60 70 80 100 | ns
Access time from
ICAP column precharge 35 40 40 50 | ns
Output disable time after ’
tOFF TAS high (see Note 4) 0 15 0 18 0 20 0 25 ns

NOTE 4: toFr is specified when the output is no longer driven.

timing requirements over recommended ranges of supply voltage and operating free-air

temperature
'256 KBK36C-6 '256KBK36C-70 | '256KBK36C-80 | '256KBK36C-10
PARAMETER '512LBK36C-6 | '512LBK36C-70 | '512LBK36C-80 |} '512LBK36C-10 | yNIT
MIN MAX MIN MAX MIN MAX MIN MAX
tRc Read cycle time (see Note 6) 110 130 150 180 ns
twe Write cycle time 110 130 150 180 ns
tpc :Ze;%er-\lrgzad%read or write cycle time 40 45 50 55 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tcas  Pulse duration, CAS low 15 10000 18 10 000 20 10 000 25 10000 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
tRAS -gz—g' ’I’:ﬁe'mm’e pulse duration, 60 10000 | 70 10000 | 80 10000 | 100 10000 | ns
trasp Page-mode pulse duration, RAS low 60 100000 70 100000 80 100000 100 100 000 ns
twp Write pulse duration 15 15 15 15 ns
tAsC %rlrg;address setup time before 0 0 0 2 ns
taASR  Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time before W low 0 0 0 0 ns
trcs Read setup time before CAS low 0 0 0 0 ns
twes  W-low setup time before CAS low 0 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRwL  W-low setup time before RAS high 15 18 20 25 ns
tcaAH  Column-address hold time after CAS low 10 15 15 20 ns
tRaH  Row-address hold time after RAS low 10 10 12 15 ns
AR gz;l:ng;:dsc;ress hold time after RAS low 50 55 60 70 ns
NOTES: 5. Timing measurements are referenced to Vj|_max or Vi min.
6. All cycle times assume ty = 5 ns.
7. tpc > tcp min + tcas min + 2tT.
8. The minimum value is measured when'tgcp is set to trgp min as a reference.
i
TExAS ‘l«‘
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'256KBK36C-6 | '256KBK36C-70 | '256KBK36C-80 | '256KBK36C-10
PARAMETER '512L.BK36C-6 '512LBK36C-70 | '512LBK36C-80 | '512LBK36C-10 | UNIT

MIN MAX MIN MAX MIN MAX MIN MAX

t Hold time, CAS low to CAS high
CLCH  (see Note 12)

tDH Data hold time after CAS low 10 15 15 20 ns
Data hold time after RAS low

5 5 5 5 ns

'DHR (506 Note 8) 50 55 60 70 ns
Read hold time after CAS high

'RCH (see Note 9) 0 0 0 0 ns
Read hold time after RAS high

'RRH (see Note 9) 0 0 0 0 ns

twcH  Write hold time after CAS low 15 15 : 15 20 ns
Write hold time after RAS low

tWCR (see Note 8) 50 55 60 70 ns

tcgH  Delay time, RAS low to CAS high 60 70 80 100 ns

tcrp  Delay time, CAS high to RAS low o] 0 0 0 ns

trRsH  Delay time, CAS low to RAS high 15 18 20 25 ns
Delay time, RAS low to CAS low

tRCD (see Note 10) 20 45 20 52 22 60 25 75 ns
Delay time, RAS low to column-address )

tRAD (see Note 10) 15 30 15 35 17 40 20 55 ns

traL  Delay time, column-address to RAS high 30 35 . 40 45 ns

tcaL  Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS high

tCHR (see Note 11) 15 15 20 25 ns
Delay time, CAS low to RAS Jow

tCSR (see Note 11) 10 10 10 10 ns
Delay time, RAS high to CAS low

'RPC (see Note 11) 0 0 0 0 ns

tRerF  Refresh time interval 8 8 8 8 ms

tT Transitiion time 3 50 3 50 3 50 3 50 ns

NOTES: 8. The minimum value is measured when trcp is set to tggp min as a reference.
9. Either trrH or tRcH must be satisfied for the read cycle.
10. Maximum value specified only to guarantee access time.
11, CAS-before-RAS refresh only.
12. See TMS44C260 data sheet.
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TM512LBK36C 524 288 BY 36-BIT DYNAMIC RAM MODULE
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PARAMETER MEASUREMENT INFORMATION

Veec=131V Vec=sVv

* RL=218Q Ry =828Q
Output Under Test Output Under Test
I Cp =100 pF CL =100 pF R2 =295 @
(a) Load Circult (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

j
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: TM4100GBD8
4194 304 BY 8-BIT DYNAMIC RAM MODULE

SMMS408 — JANUARY 1991

This Data Sheet is Applicable to All BD Single-In-Line
TM4100GBD8s Symbolized with Revision “B” Packaget
and Subsequent Revisions as Described on " (Top View)
Page 6-71.
® 4194 304 x 8 Organization —JO—
. : 5 Vee 1 [
Single 5-V Power Supply s 2
* 30-Pin Single-In-Line Package (SIP) P e L
— Leadless Module for Use with Sockets Al 5[]
. . pDQ2 6 |1
¢ Utilizes Eight 4-Megabit Dynamic RAMs in A2 7.
Plastic Small-Outline J-Lead Packages VA3 g %
(S0Js) b&s 10 [
* Long Refresh Period ... 16 ms :g :‘2 % L
(1024 Cycles) DQ4 13 [
A6 14 [
¢ All Inputs, Outputs, Clocks Fully TTL A7 15 [ [°
Compatible ‘ DQs 16 [
A8 17 [
® 3-State Output A9 18 [T
A10 19 [
. . DQ6 20 [
Performance Ranges: W =5
ACCESS ACCESS ACCESS  READ vss 22 |,
TIME TIME  TIME OR DQ7 23 { ]
trRAC tan tcac WRITE D[\(IJCB: gg %
CYCLE NG 26 | o
(MAX) (MAX)  (MAX) (MIN) RAS 27 [ 1
'4100GBD8-6 60 ns 30ns  15ns 110 ns NC 28 []
'4100GBD8-70 70ns  35ns  18ns  130ns VNC ;g _;_‘ .
‘4100GBD8-80 80ns  40ns  20ns  150ns cc
'4100GBD8-10 100 ns 50 ns 25 ns 180 ns O

® Common CAS Contro! for Eight Common

. t i i
Data-In and Data-Out Lines The package shown is for pinout reference only.

* Seperate CAS Control for One Separate - PIN NOMENCLATURE

Pair of Data-In and Data-Out Lines A0-A10 Address Inputs
. . CAS Column-Address Strobe
Low Power Dissipation DQ1-DQ8 Data In/Data Out
. . ti
¢ Operating Free-Air Temperature Range %f—s gzvf_;rg;i;znsmbe
...0°Cto 70°C Vee 5-V Supply
e Vss Ground
description w Write Enable

The TM4100GBD8 is a 36 864K (dynamic)
random-access memory module organized as
4194 304 x 8-bits in a 30-pin single-in-line
package (SIP).

The SIP is composed of eight TMS44100DM or TMS44100DJ, 4 194 304 x 1-bit dynamic RAMs in 20/26-lead
plastic small-outline J-lead packages (SOJ), mounted on a substrate with decoupling capacitors.

PRODUCTION DATA documents contaln Information current as Copyright © 1991, Texas Instruments Incorporated
of publication date. Products conform to specifications per the i

terms of Texas Instruments standard warranty. Production .

processing does not necessarily include testing of all EXAS
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TM4100GBD8
4 194 304 BY 8-BIT DYNAMIC RAM MODULE

SMMS408 — JANUARY 1991

The TMS4100GBDS SIP is available in the BD single-sided, leadless module for use with sockets.
The TMS4100GBD8 SIP is characterized for operation from 0°C to 70°C.

operation

The TMS4100GBDS8 operates as eight TMS44100DMs or TMS44100DJs connected as shown in the functional
block diagram. Refer to the TMS44100 data sheet for details of its operation. The common I/O feature of the
TM4100GBDS8 dictates the use of early write cycles to prevent contention on D and Q.

single-in-line package and components

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nicke! plate and solder plate on top of copper

j
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TM4100GBD8
4 194 304 BY 8-BIT DYNAMIC RAM MODULE
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functional block diagram

a0 2
At i
A2
A3
A4 —
As —=
A6 :5
A7 ==
A8 -
A9 —
at0 12
aac 27
RAS
cas 2
w21
W
1 4096K x 1 “ 4096K x 1
A0-A10 A0-A10
RAS ) RAS
CAS CAS
3 w Q w Q
oat 3 D pas 1 D .
Vcc  Vss Vec  Vss
" 4096K x 1 " 4096K x 1
AC-A10 A0-A10
AAS RAS
CAS CAS
6 w [+] w Q
pa2 D pas 2 D
Vcc  Vss Vcc _ Vss
1" 4096K x 1 1" 4096K X 1
A0-A10 A0-A10
RAS RAS
CAS CAS
] w Q w Q
pa3 12 D pa7 & D
Vcc_ Vss Vcc_Vss
“ 4096K x 1 " 4096K x 1
A0-A10 AC-A10
RAS . RAS
CAS CAS
w Q W Q
pas 2 D . pas -2 D
Vec Vss Vcc  Vss
1 .
v ] I
9 c..c
z:: 22 /‘l\ /I\

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply voltage range on any pin (se@ NOte 1) .. ..o i i e -1Vto7V
Voltagerange onVeog ovvvvviiiii i e e -1Vto7V
Short CirCUIt OUIPUL CUITENE ..o e e s e e eae s 50 mA
Power dissipation . ...t e .. BW
Operating free-air temperature range ...........ooinii it e 0°Cto 70°C
Storage temperature raNGE ..ottt e —55°C to 125°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. !

NOTE 1: All voltage values are with respect to Vgg.
i
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TM4100GBD8
4 194 304 BY 8-BIT DYNAMIC RAM MODULE

SMMS408 — JANUARY 1991

recommended operating conditions

MIN  NOM MAX | UNIT
Ve Supply voltage (TM4100GBD8-6) 4.75 5 525 \Y
Ve Supply voltage (TM4100GBD8-70/-80/-10) 4.5 5 5.5 \Y
VIH High-level input voltage 2.4 6.5 \%
ViL  Low-levelinput voltage (see Note 2) -1 08 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted) :
'4100GBD8-6 '‘4100GBD8-70 | '4100GBD8-80 '4100GBD8-10
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT
High-level : ’
VoH output voltage 'oH =~5mA 2.4 24 2.4 24 v
Low-level ]
VoL output voltage loL=4.2mA 0.4 0.4 0.4 0.4 v
Inputcurrent [V =0t06.5V,Voc=5V,
L (leakage) All other pins =0 V to Vg =10 =10 =10 =10 nA
~ Outputcurrent { Vo =0to Voo,
— * 1
0 (eakage) VGG = 5.5V, CAS high 10 =10 «10 =10 | wA
Read or write
Icc1 cycle current | Minimum cycle, Voo = 5.5V 760 680 600 520 | mA
(see Note 3) '
' After 1 memory cycle,
RAS and CAS high, 16 16 16 16 mA
| Standby Vig =24V (TTL)
CC2 current After 1 memory cycle,
RAS and CAS high, 8 8 8 8 | mA
ViH =Vcgc - 0.2V (CMOS)
Average -
lcca refresh current %ﬁugi:yc%ﬁ?h— 55V, 760 680 600 520 | mA
(see Note 3) yeling, 9
Average page -
t = , =55V,
lcos current o(p) = minimum, VGG = 5.5 560 480 400 320 | mA
RAS low, CAS cycling
(see Note 4)

NOTES: 3. Measured with a maximum of one address change while RAS = V| .
4. Measured with a maximum of one address change while CAS = V|y.
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TM4100GBD8
4 194 304 BY 8-BIT DYNAMIC RAM MODULE

SMMS408 — JANUARY 1991

capacitance over recommended ranges of supply voltage and operating free-air temperature,

f=1MHz
PARAMETER MIN MAX UNIT
Cia) Input capacitance, address inputs 40 pF
Ci(RC) Input capacitance, strobe inputs 56 pF
Ciw) Input capacitance, write-enable input 56 pF
Co Output capacitance (pins DQ1-DQ8) 12 pF

NOTE 5: Vg equalto 5V = 0.5V and the bias on the pin under testis 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
'4100GBD8-6 '4100GBD8-70 | '4100GBD8-80 | '4100GBD8-10
PARAMETER MIN MAX MIN MAX | MIN MAX MIN MAX UNIT
tAA Access time from column-address 30 35 40 45 ns
tcACc  Access time from CAS low 15 18 20 25 ns
tcpA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tcrz CAStooutputinlow Z 0 0 0 0 ns
tOFF g:g;):;oc:lesg;ale time after CAS high 0 15 0 18 0 20 0 5 ns
NOTE 6: tofF is specified when the output is no longer driven.
TEXAS xp
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

‘4100GBD8-6 '4100GBD8-70 | '4100GBD8-80 | '4100GBD8-10
MIN _ MAX|MIN __ MAX| MIN ___MAX| MIN __ MAx | YUNIT
tRC Random read or write cycle (see Note 7) 110 130 150 180 ns
tpG :’Szgeer-\'mo;):g)read or write cycle time 40 45 A 50 56 ' ns
tRasP  Page-mode pulse duration, RAS low 60 100000 70 100000 80 100000| 100 100000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10000 | 70 10 000 80 10000 100 10 000 ns
tcAS Pulse duration, CAS low 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 70 ns
tWwp Write pulse duration 15 15 15 20 ns
tAsc  Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time 0 0 0 [¢] ns
tgcs  Read setup time before CAS low 0 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 25 ns
tRWL  W-low setup time before RAS high 15 18 20 25 ns
twcs  W-low setup time before CAS low 0 0 0 0 ns
WSR :',Zfrhe,S: zﬁ};:)p time (CAS-before-RAS 10 10 10 10 ns
tWTs W-low setup time (test mode only) 10 10 10 10 ns
tCAH Column-address hold time after CAS low 10 15 15 20 ns
tpHR  Data hold time after RAS low (see Note 9) 50 55 60 75 ns
toH Data hold time 10 15 15 20 ns
AR gc::nr;;:dgc;ress hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 10) 0 0 0 0 ns
tRRHY  Read hold time after RAS high (see Note 10) 0 0 0 0 ns
tweH  Write hold time after CAS low 15 15 - 15 20 ns
twcR  Write hold time after RAS low (see Note 10) 50 55 60 75 ns
TWHR \rlz;rt:g: gs:g)tlme (CAS-before-RAS 10 10 10 10 ns
twTH  W-low hold time (test mode only) 10 10 10 10 ns

Continued next page.
NOTES: 7. All cycle times assume t1 = 5 ns.
8. To guarantee tpc min, togc should be greater than or equal to top.
9. The minimum value is measured when trcp is set to trcp min as a reference.
10. Either tyRy or tRcH must be satisfied for a read cycle.

/
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TM4100GBD8

4 194 304 BY 8-BIT DYNAMIC RAM MODULE
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

device symbolization

'4100GBD8-6 | '4100GBD8-70 | '4100GBD8-80 | '4100GBD8-10
MIN MAX [ MIN MAX | MIN MAX | MIN MAX UNIT
Delay time, RAS low to CAS high
ICHR  (CAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
'CSR (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, RAS low to column-address
tRAD  (see Note 11) 15 30 15 35 15 40 20 50| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
- tcAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low
tRCD (see Note 11) 20 45 20 52 20 60 25 75 ns
tRPC Delay time, RAS high to CAS low o] o] 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
TAA Access time from address (test mode) 35 40 45 50 ns
Access time from column precharge
tTCPA (test mode) 40 45 50 55 ns
tTRAC  Access time from RAS {test mode) 65 75 85 105 ns
tREF Refresh time interval 16 16 16 16 ms
tT Transition time 2 50 2 50 2 50 2 50 ns
NOTE 11: The maximum value is specified only to guarantee access time.

The specifications contained in this data sheet are applicable to all TM4100GBD8s symbolized as shown in
Figure 1. Please note that the location of the part number may vary.

IRERRNRN

TM4100GBD8-xx —

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Figure 1. Device Symbolization
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TM124BBK32
1048 576 BY 32-BIT
DYNAMIC RAM MODULE

SMMS132 — JANUARY 1991

This Data Sheet is Applicable to All

TM124BBK32s Symbolized with ® 3-State Output
Revision “B” and Subsequent Revisions .
as Described on Page 6-79. ® Common CAS Control for Eight Common
Data-In and Data-Out Lines, In Four Blocks
TM124BBK32...1 048 576 x 32
Organization * Performance Ranges:
. ACCESS ACCESS READ Vg
* Single 5-V Power Supply TME  TIME  OR TOLERANCE
® 72-pin Single-In-Line Package (SIP) tRAC  tcAC WRITE
— Leadless Module for Use With Sockets CYCLE
(MAX)  (MAX)  (MIN)
¢ Utilizes Eight 4-Megabit Dynamic RAMs in '124BBK32-6 60ns 15ns  110ns 5%
Plastic Small-Outline J-Lead (SOJ) '124BBK32-70 70ns 18ns  130ns  =10%
Packages '124BBK32-80 80ns 20ns  150ns  =10%

- . '124BBK32-10100 ns 25ns  180ns  =10%
¢ Distributed Refresh Period ... 16 ms 0

(1024 Cycles) * Low Power Dissipation
¢ All Inputs, Outputs, Clocks Fully TTL * Operating Free-Air-Temperature
Compatible Range ... 0°C to 70°C
description

The TM124BBK32 is a 33 526K (dynamic) random-access memory organized as four times 1 048 576 x 8 in
a 72-pin single-in-line package (SIP). The SIP is composed of eight TMS44400, 1 048 576 x 4-bit dynamic
RAMSs, each in 20/26-lead plastic small-outline J-lead packages (SOJs), mounted on a substrate with decoupling
capacitors mounted beneath the SOJs. Each TMS44400 is described in the TMS44400 data sheet.

The TM124BBK32 SIP is available in the single-sided BK leadless module for use with sockets.

The TM124BBK32 SIP features RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. This device is rated for
operation from 0°C to 70°C

operation

The TM124BBK32 operates as eight TMS44400DMs connected as shown in the functional block diagram. Refer
to the TMS44400 data sheet for details of operation. The common /O feature of the TM124BBK32 dictates the
use of early write cycles to prevent contention on D and Q.

specifications

Refresh period is extended to 16 milliseconds and, during this period, each of the 1024 rows must be strobed
with RAS in order to retain data. A0-A9 address lines must be refreshed every 16 ms as required by the
TMS44400 DRAM. CAS can remain high during the refresh sequence to conserve power.

single-in-line package and components

PC substrate: 1,27 = 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

current 83 of publication date. Products conform to
specifications per the terms of Texas Iastruments
standard warranty. Production processing does not

necessarlly Include testing of all parameters. TEXAS
yietesto ' INSTRUMENTS
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BK Single-in-line Packaget TM124BBK32t
(Top View) (Side View)

L

O

CONONE LN -

I M i N N i Ny O

s
[~
v

54 L

56 PIN NOMENCLATURE

59 AQ0-A9 Address Inputs

60 CAS0-CAS3 Column-Address Strobe
62 . DQO-DQ31 Data In/Data Out

64 NC No Internal Connection
e RAS0-RAS3 Row-Address Strobe

67 Voo 5-V Supply

o Vss Ground

[ w Write Enable

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUgu ININRIN VIR LIS N s nIs iRy

®

1t The packages shown here are for pinout reference only and are not drawn to scale.
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functional block diagram

AD12 —
A113 —
A214 —
A3 15 —
Ag416 —
A517 —
A618 —
A728 —
AB31 —
A932 —
CAS3 42
CAS2 41
CAS143
RAS1 45
RASQ 44
CAS040 —
wa7
Vss
10 | 44400 10 { 44400 10 | 44400 10 | 44400
& A0-A9 84 n0-A9 ¢~ no-a9 - A0-A9
RAS RAS RAS RAS
CAS CAS CAS CAS
w w W w
G G G G
DQO- DQoO- DQO- DQo-
DQ4 DQ4 DQ4 DQ4
DQo 2 DQ163 DQs8 49 DQ24 50
DQ14 DQ175 DQ9 51 DQ25 52
DQ26 DQ187 DQ10 53 DQ26 54
DQ3 8 DQ199 DQ1155 DQ27 56
10 | 44400 10 | 44400 10 | 44400 10 | 44400
- A0-A9 ] A0-A9 —“— A0-A9 “{ A0-A9
RAS RAS RAS RAS
CAS CAS CAS CAS
w w w W
G G G G
DQo- DQo- DQo- DQo-
DQ4 DQ4 DQ4 DQ4
DQ4 20 DQ20 21 DQ1257 DQ28 58
DQS 22 DQ21 23 DQ13 61 DQ29 60
DQ6 24 DQ22 25 DQ14 63 DQ30 62
DQ7 26 DQ23 27 DQ1565 DQ31 64
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TM124BBK32
1048 576 BY 32-BIT
DYNAMIC RAM MODULE

SMMS132 — JANUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range on any pin (SEE NOE 1) ...\ v'tirr ettt ettt ettt iieeenan, -1Vto7V
Voltagerangeon Voo (seeNote 1) ... i -1Vto7V
Short circuit oUtPUL CUITENt ... .o e 50 mA
POWET dISSIPAtION ..\ttt ettt e e e e e 8w
Operating free-air temperature range ........ ..ottt e 0°C to 70°C

Storage temperature range

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgg. :

recommended operating conditions

MIN  NOM MAX | UNIT
Vcc  Supply voltage (TM124BBK32-6) 4.75 5 525 \
Vcc  Supply voltage (TM124BBK32-70/-80/-10) 4.5 5 5.5 \
Vi4  High-level input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \%
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

PARAMETE TEST CONDITI '124BBK32-6 | '124BBK32-70 | '124BBK32-80 | '124BBK32-10 UNIT
R ONS MIN  MAX MIN MAX MIN~ MAX MIN  MAX
High-level output __
VOH voltage IOH =—5mA 2.4 2.4 2.4 2.4 \%
VoL \';gl‘:’a'gee"e' output oL = 42mA 0.4 0.4 0.4 04 | v
Input current V|=0t065V,Vcc=5V, . .
' (eakage) All other pins = 0 to VoG =10 10 =10 £10 | wA
Output current Vo =0toVce, R . .
0 (eakage) VG = 5.5V, CAS high 10 10 10 10 1 uA
Read or write cycle . _
Icc current (see Note 3) Minimum cycle, Vcg =5.5V 760 680 600 520 mA
After 1 memory cycle, RAS
and CAS high, 16 16 16 16
ViH =24V (TTL
lccz Standby current H am mA
After 1 memory cycle, RAS
and CAS high, 8 8 8 8
VIH =Vgcc-0.2V (CMOS) .
Average refresh Minimum cycle, Vcc = 5.5 V,
current RAS cycling, CAS - high .
'CC3  (RAS-only or CBR) | (AAS-only), FAS low after 760 680 600 520 | mA
(see Note 3) CAS low (CBR)
Average page tpc = minimum, Vcg =565V,
lcca current (see Note 4) | RAS low, CAS cycling 560 480 400 320 mA

NOTES: 3. Measured with a maximum of one address change while RAS = V||
4. Measured with a maximum of one address change while CAS = V4.
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TM124BBK32
1048 576 BY 32-BIT
DYNAMIC RAM MODULE

SMMS132 — JANUARY 1991

capacitance over recommended ranges of supply voitage and operating free-air temperature
f =1 MHz (see Note 5)

MIN MAX UNIT
Ci(A) Input capacitance, address inputs 40 pF
Cim) Input capacitance, RAS ) 28 pF
Cicc)  Input capacitance, CAS 14 pF
Ciw) Input capacitance, write-enable input 56 pF
CQ(DQ) Output capacitance on DQ pins 7 pF
NOTE 5:- Vg equal to 5 V = 0.5 V and the bias on pins under testis 0 V. b

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER '124BBK32-6 '124BBK32-70 | '124BBK32-80 | '124BBK32-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcAC Access time from CAS low 15 18 20 25 ns
tCPA Access time from column precharge 35 40 45 50 ns
tRAC Access time from RAS low 60 70 80 100 ns
tcLz CAS to output in low Z 0 0 0 0 ns
1OFF g:ga:}ocﬂ:zfle time after CAS high 0 15 0 18 0 20 0 25 ns

NOTE 6: toFF is specified when the output is no longer driven.
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1048 576 BY 32-BIT
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timing requirements over recommended range of supply voltage and operating free-air
temperature .

‘124BBK32-6 '124BBK32-70 | '124BBK32-80 | '124BBK32-10
MIN  MAX | MIN __ MAX| MIN __ MAX| MIN __ max| UNT
tRC Random read or write cycle 110 130 150 180 ns
tpc Page-mode read or write cycle time 40 45 50 55 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tCcAS Pulse duration, CAS fow 15 10 000 18 10 000 20 10000 25 10 000 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 70 ns
tRASP Page-mode pulse duration, RAS low 60 100000 70 100000 80 100000 | 100 100000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10 000 70 10 000 80 10000 | 100 10 000 ns
twp Write pulse duration 15 15 15 20 ns
tAsc lCf;;;umn -address setup time before CAS 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 ] 0 ns
tps Data setup time before CAS low 0 0 (9] 0 ns
tRcs Read setup time before CAS low 0 0 [ 0 ns
twes W-low setup time before CAS low 0 0 0 0 ns
W-high setup time (CAS-before-RAS
tWSR - refresh only) 10 10 10 10 ns
tocwL W-Iow setup time before CAS high 15 18 20 25 . ns
tRWL W-low setup time before RAS high 15 18 20 v 25 ns
tcAH Column-address hold time after CAS low 10 15 15 20 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
Column-address hold time after RAS low
tAR (see Note 7) 50 55 60 75 ns
Data hold time after RAS low
tDHR (see Note 7) 50 55 60 75 ns
tDH Data hold time after CAS low 10 15 15 20 ns
Read hold time after CAS high
RCH (see Note 8) 0 0 0 0 ns
Read hold time after RAS high
'RRH (see Note 8) 0 0 0 0 ns

NOTES: 7. The minimum value is measured when tgcp is setto tgcp min as a reference
8. Either trrH or tRcH must be satisfied for a read cycle.
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timing requirements over recommended range of supply voltage and operating free-air
temperature (concluded)

'124BBK32-6 '124BBK32-70 | '124BBK32-80 | '124BBK32-10
MIN _ MAX | MIN __ MAX| MIN _ MAX| MmN max | UNIT
tWCH Write hold time after CAS low 15 15 15 20 ns
W-high hold time (CAS-before-RAS
WHR refresh only) 10 10 10 10 ns
tWCR  Write hold time after RAS low 50 55 60 75 ns
tCSH Delay time, RAS low to CAS high 60 70 80 100 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
Delay time, RAS low to CAS low
'RCD  (see Note §) 20 45| 20 52| 20 60| 25 75| ns
Delay time, RAS low to CAS high
tCHR (see Note 10) 15 15 20 20 ns
Delay time, CAS low to RAS low
tcsR (see Note 10) 10 10 10 10 ns
tRAD Delay time, RAS low to column-address 15 30 15 35 15 401} . 20 50 ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tcAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS high to CAS low
tRPC (see Note 10) 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns
twTs W-low setup time (test mode only) 10 10 10 10 ns
tWTH W-low hold time (test mode only) 10 10 10 10 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
Access time from column precharge
tTCPA (test mode) 40 45 50 55 ns
tREF Refresh time interval 16 16 16 16| ms
T Transition time 2 50 2 50 2 50 2 50 ns

NOTES: 9. Maximum value specified only to guarantee access time.

10. CAS-before-RAS refresh only.

device symbolization

The specifications contained in the data sheet are applicable to all TM124BBK32s symbolized as shown in
Figure 1. Please note that the location of the part number may vary.

O
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Figure 1. Device Symbolization
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TM4100EBD9
4 194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMMS409A — JANUARY 1990 — REVISED JANUARY 1991

This Data Sheet is Applicable to All BD Single-In-Line PackageT
TM4100EBD9s Symbolized with Revision “B” (Top View)
and Subsequent Revisions as Described on D
Page 6-87. Or
Vv
4194 304 x 9 Organization cag ; %
pat
® 30-Pin Single-In-Line Package (SIP) A0 3 % °
— Leadless Module for Use with Sockets 0812 5 %
' 6
¢ Utilizes Nine 4-Megabit Dynamic RAMs in ﬁg 7 2 °
Plastic Small-Outline J-Lead (SOJ) vss 0 P
Packages ba3 s e
A4
¢ Single 5-V Power Supply A5 112 %
DQ4
13
®* Longrefresh period ... 16 ms (1024) A6 4y % °
cycles Dg; :2 %
* Al Inputs, Outputs, and Clocks Fully TTL : 17 = °
Compatible A10 13 ]
D& 5 O °
® 3-State Output : : Lo
Vss 2 O
¢ Performance of Unmounted RAMs: DA7 5 G
ACCESS ACCESS  READ NC 24 O
DQs8 25 [
TIME TIME OR Qs o |/
tRAC tcac WRITE _RAS 27 1 °
(MAX) (MAX)  CYCLE CASS 28 [
29 O
(MIN) vee 30 B
TMS44100-6 60 ns 15ns 110ns
TMS44100-70 70 ns 18ns 130 ns O
TMS44100-80 80ns 20 ns 150 ns
TMS44100-10 100 ns 25ns 180 ns

TThe package shown is for pinout reference only.
®* Common CAS Control for Eight Common

Data-In and Data-Out Lines PIN NOMENCLATURE
¢ Separate CAS Control for One Separate A____g-m____oA éd?ressxl\r:i%ms Strob

Pair of Data-In and Data-Out Lines goigog ° th:Tr? }Dat;esosut o
* Low Power Dissipation Eg Ss‘g(‘)’;neotion

. ; Q9 Data Out

® Operating Free Air Temperature RAS Ris_A;dress Strove

...0°Cto70°C Ve 5-V Supply

Vss Ground
description w Write Enable

The TM4100EBDS is 36 864K dynamic random-access memory module organized as 4 194 304 bits [bit nine
(D9, Q9) is generally used for parity and is controlled by CAS9] in a 30-pin single-in-line (SIP) package.

The SIP is composed of nine TMS44100, 4 194 304 x 1 bit dynamic RAMs, each in a 20/26-lead plastic
small-outline J-lead package (SOJ), mounted on a substrate with decoupling capacitors.

The TM4100EBDS SIP is available in the BD sihgle-sided, leadless module for use with sockets.
‘The TM4100EBDS SIP;is characterized for operation from 0°C to 70°C.

current as of publication date. Products conform o

specifications per the terms of Texas Instruments

standard warranty. Production rrocessing does not
I

necessarily include testing of all parameters. TEXAS
s, INSTRUMENTS
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TM4100EBD9
4 194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

“operation

The TM4100EBD9 operates as nine TMS44100s connected as shown in the functional block diagram. Refer
to the TMS4100 data sheet for details of its operation. The common /O feature of the TM4100EBDS dictates
the use of early write cycles to prevent contention on D and Q.

single-in-line package and components

PC substrate: 1,27 (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate (or coat) on top of copper

i
Texas “J
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TM4100EBD9
4 194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

functional block diagram

Ao 4
A1 3
A2 L
A3 B
A4 :12
As
Ae 14
a7 15
as 7
Ag 18
aA10 12
RAS -27
cas -2
W 21 " 4096K x 1
A0-A10
1 4096K x 1 RAS
A0-A10 CAS
RAS W
%AS pas 18 D Q
) Vee Vss
pa1 2 D Q ? :
Vi Vi s L
cc Vss| | | T
i ' A0-A10
1 4096K x 1 BAE
A0-A10 CAS
-> RAS w
%S pas -2 D Q
M Vss
pa2 -8 D, Q c,c , —I
v V 1 L
cc Vss| | e
L 1 1, | ao-a10
1 4096K x 1 BAS
A0-A10 CAS
RAS w
%S pa7 -2 D Q
V Vgg
pa3 12 D a cl:c ? —l
Vi Vi L L
co vss| | =
' . AD-A10
“ 2096K x 1 BAS
A0-A10 CAS
RAS w
%As pas -25 D Q
v v
pas 13 D Q ?c ?S _l
Vi Vi 1 1
ce SS —' " 4096K x 1
A0-A10
RAS
CAsg 28 CTAS
W
(oL —— . Q
2 MR 4)
vee _1;0 a9
Vi 3 = C...C
sS T—l -~ . =4
Vss

Texas {’f
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100EBD9

4194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltagerangeonany pin (seeNOte 1) ... vttt -1Vto7V
Voltagerangeon Voo (SeeNote 1) .o e e -1Vto7V
Shortcircuit output current ... e e e 50 mA
PoWer diSSipatioNn: .. .. e e s 9w
Operating free-air temperature range . ........oviiiiiiit it e 0°C to 70°C

Storage temperature range

T Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and

funct

ional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Ali voltage values in this data sheet are with respect to Vgs.
recommended operating conditions
MIN NOM MAX | UNIT

VoG Supply voltage (TM4100EBD9-6) 4.75 5 5§25| V

Vcc  Supply.voltage (TM4100EBDO-70/-80/-10) 4.5 5 5.5 v

ViH  High-level input voltage 2.4 6.5 \%

VL  Low-level input voltage (see Note 2) -1 0.8 Vv

Ta Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic ‘

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'4100EBD9-6 | '4100EBD9-70 | '4100EBD9-80 | '4100EBD9-10
PARAMETER TEST CONDITIONS MIN_ MAX MIN_ MAX MIN_ MAX MIN_ MAX UNIT
High-level output __ .
VOH voltage IoH=-5mA 2.4 2.4 2.4 2.4 \
Low-level output _
VoL voltage loL =4.2mA 0.4 0.4 0.4 0.4 \
Input current VI=0to65V,Vcc=5V, . . . .
l (leakage) Ali other pins =0 Vto Voo =10 =10 =10 10 . HA
Output current Vo =0VtoVce, . ®
1o (eakage) VoG = 5.5 V, GAS high 10 10 =10 10 HA
Read or write cycle
Icct1  current Minimum cycle, Vo =55V 855 765 675 585 mA
(see Note 3)
After 1 memory cycle, RAS
and CAS high, 18 18 18 18
VIH = 2.4V (TTL)
Icc2 Standby Current H (am) — mA
After 1 memory cycle, RAS
and CAS high, 9 9 9 9
VIH = Vgg - 0.2V (CMOS)
Average refresh Minimum cycle, Vog = 5.5 V,
current (RAS-only | RAS cycling, CAS high )
lces o ceRy (RAS-only), RAS low after GAS 855 765 675 585 | mA
(see Note 3) low (CBR)
Average page — mini _
lcca current % le'“g\%mé \éffno =55V, 630 540 450 360 | mA
(see Note 4) ! yeling
NOTES: 3. Measured with a maximum of one address change while RAS = V(..
4. Measured with a maximum of one address change while CAS = V|.
INSTRUMENTS
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TM4100EBD9
4 194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN  MAX UNIT
Cia) Input capacitance, address inputs 45 pF
Ci(D) Input capacitance, data input (D9 only) 5 pF
Ci(RC) Input capacitance, strobe inputs 63 pF
Ciw)  Input capacitance, write-enable input 63 pF
Co(DQ) Output capacitance (DQ1-DQ8) 12 pF
Co Output capacitance (Q9 only) 7 pF
NOTE 5: Vg equalto 5V = 0.5V and the bias on pins under testis 0 V. .
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature ' ‘
'4100EBD9-6 ‘4A100EBD9-70 | '4100EBD9-80 '4100EBDS-10
PARAMETER MIN  MAX| MIN  MAX| MIN _MAX | MmN Max | UNIT
tAA Access time from column-address 30 35 40 45 ns
tcAC Access time from CAS low 15 18 20 25 ns
tcPA Access time from column precharge 35 40 45 50 ns
tRAC Access time from RAS low 60 70 80 100 ns
toLz CAS to output in low Z 0 0 0 0 ns
1OFF git;l;ltoc:‘iasg?le time after CAS high 0 15 0 18 0 20 0 25 ns

NOTE 6: toFF is specified when the output is no longer driven,

timing requirements over recommended ranges of supply voltage and operating free-air

temperature
'4100EBD9-6 '4100EBD9-70 '‘4100EBD9-80 '4100EBD9-10
MIN __ MAX| MIN __ MAX| MIN _ MAX | MmN max | UNIT
tRC Random read or write cycle (see Note 7) 110 130 150 180 ns
tpc gi%e&mo?:g)read or write cycle time 40 45 50 55 ns
tRASP f;i%eﬁ’gf:g)p“'se duration, RAS low 60 100000| 70 100000| 80 100000| 100 100000 ns
tRAS Pulse duration, RAS low (see Note 9) 60 10 000 70 10 000 80 10000 | 100 10 000 ns
tcAs Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 25 10 000 ns
top Pulse duration, CAS high 10 10 10 10 ns
trp Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tASC ]C;a:umn-a@dress setup time before CAS 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 0 ns
tRcs Read setup time before CAS low 0 0 0 0 ns
tcwl  W-low setup time before CAS high 15 18 20 25 ns
tRWL W-low setup time before RAS high 15 18 20 25 ns
Continued next page.
NOTES: 7. All cycle times assume tT =5 ns.
8. To guarantee tpc min, tagc should be greater than or equal to tgp.
9. In a read-write cycle, trywp and try must be observed.
10.1n a read-write cycle, tcwp and tcyyt. must be observed.
11. Referenced to the later of CAS or W in write operations.
i
Texas ‘b
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TM4100EBD9

4194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

timing i’equirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'‘4100EBD9-6

'4100EBD9-70 '4100EBD9-80 | '4100EBD9-10
MIN  MAX| MIN __ MAX| MIN __ MAX| MIN __ max | UNIT

W-low setup time before CAS low

twes (Early write operation only) 0 0 0 0 ns
W-high setup time (CAS-before-RAS

tWSR refresh only) 10 10 10 10 ns

twTs W-low setup time (test mode only) 10 10 10 10 ns

tCAH Column-address hold time after CAS low 10 15 15 20 ns
Data hold time after RAS low

tDHR (see Note 12) 50 55 60 75 ns

toH Data hold time (see Note 10) 10 15 15 20 ns
Column-address hold time after RAS low

tAR (see Note 12) 50 55 60 75 ns

tRAH Row-address hold time after RAS low 10 10 10 15 ns
Read hold time after CAS high

tRCH (see Note 13) ‘ 0 0 0 0 ns
Read hold time after RAS high

'RRH (see Note 13) 0 0 0 0 ns
Write hold time after CAS low

tWCH (Early write operation only) 18 15 15 20 ns
Write hold time after RAS low

tWQR (see Note 12) 50 55 60 75 ns
W-high hold time (CAS-before-RAS

tWHR refresh only) 10 10 10 10 ns

tWTH W-low hold time (test mode only) 10 10 10 10 ns
Delay time, RAS low to CAS high .

ICHR  (GAS-before-RAS refresh only) 15 15 20 20 ns

tcRP Delay time, CAS high to RAS low 0 0 V] 0 ns

tCSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low

ICSR  (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, RAS low to column-address )

tRAD (see Note 14) 15 30| 15 38| 15 40| 20 50| ns

tRAL Delay time, column-address to RAS high 30 35 40 45 ns

tCAL Delay time, column-address to CAS high 30 35 40 45 ns
Delay time, RAS low to CAS low

tRCD (see Note 14) 20 45 20 52 20 60 25 75 ns

tRPC Delay time, RAS high to CAS low 0 0 0 0 ns

tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

tTAA Access time from address (test mode) 35 40 45 50 ns

tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
Access time from column precharge

fTCPA et mode) 40 45 50 55 ns

tREF Refresh time interval 16 . 16 16 16 ms

tT Transition time 2 50 2 50 2 50 2 50 ns

'NOTES: 10.In a read-write cycle, towD and towi must be observed.

12.The minimum value is measured when tRcp is set to trcp min as a reference.
13.Either tyrH or tRcH must be satisfied for a read cycle.
14.The maximum value is specified only to guarantee access time.

xas W
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4 194 304 BY 9-BIT DYNAMIC RAM MODULE

REV A — SMSS409A — JANUARY 1990 — REVISED JANUARY 1991

device symbolization

The specifications contained in this data sheet are applicable to all TM4100EBD9s symbolized as shown in
Figure 1. Please note that the location of the part number may vary.
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Figure 1. Device Symbolization
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TM124MBK36A
1048 576 BY 36-BIT
DYNAMIC RAM MODULE

SMMS136 — JANUARY 1991

This Data Sheet is Applicable to All
TM124MBK36As Symbolized with .
Revision “B” and Subsequent Revisions
as Described on Page 6-95.

Common CAS Control for Nine Common
Data-In and Data-OQut Lines, in Four Blocks
¢ Separate RAS Control for Eighteen Data-In
and Data-Out Lines, in Two Blocks

TM124MBK36A ... 1048 576 x 36

Organization ® Performance Ranges:

ACCESS ACCESS ACCESS READ

TIME TIME  TIME OR

® 72-pin Single-In-Line Package (SIP) trRac  tcac  taa  WRITE

— Leadless Module for Use With Sockets CYCLE
(MAX) (MAX) (MAX) (MIN)
TM124MBK36A-6  60ns  15ns  30ns  110ns

® Single 5-V Power Supply (5% Tolerance)

¢ Utilizes Eight 4-Megabit Dynamic RAMs in

Plastic Small-Outline J-Lead (SOJ) TM124MBK36A-7  70ns  18ns  35ns  130ns
Packages and Four 1-Megabit Dynamic TM124MBK36A-8 80 20 40 150
RAMs in Plastic Small-Outline J-Lead (SOJ) e ens Aons n
Packages ® Low Power Dissipation

* Long Refresh Period ® Operating Free-Air Temperature
...16 ms (1024 Cycles) Range...0°C to 70°C

¢ All Inputs, Outputs, Clocks Fully TTL ® Presence Detect
Compatible

¢ 3-State Ouiput

description

The TM124MBKB36A is a 37 748K (dynamic) random-access memory organized as four times 1 048 576 x 9 [bit
9 is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed of eight
TMS44400DM or TMS44400D4J, 1 048 576 x 4-bit dynamic RAMs, each in 20/26-lead plastic small-outline
J-lead packages (SOJs), and four TMS4C1024DJ, 1 048 576 x 1-bit dynamic RAMs, each in 20/26-lead plastic
small-outline J-lead packages (SOJs) mounted on a substrate with decoupling capacitors. Each TMS44400DM
orTMS44400DJ and TMS4C1024DJis described inthe TMS44400 and TMS4C1024 datasheets (respectively).

The TM124MBK36A SIP is available in a double-sided BK leadless module for use with sockets.

The TM124MBKB36A SIP features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation
from 0°C to 70°C

operation

The TM124MBK36A operates as eight TMS44400DMs or TMS44400DJs and four TMS4C1024DJs connected
as shown in the functional block diagram and Table 1. Refer to the TMS44400 and TMS4C1024 data sheets
for details of operation. The common I/O feature dictates the use of early write cycles to prevent contention on
D and Q.

specifications

Refresh period is extended to 16 milliseconds and, during this period, each of the 1024 rows must be strobed
with RAS in order to retain data. Address line A9 must be used as most significant refresh address line (lowest
frequency) to assure correct refresh for both TMS44400 and TMS4C1024. A0-A8 address lines must be
refreshed every 8 ms as required by the TMS4C1024 DRAM. CAS can remain high during the refresh sequence
to conserve power.

ADVANCE  INFORMATION documents ~contain Copyright © 1991, Texas Instruments Incorporated

information on new plroducts in the sampling or . . i
preproduction phase of development, Characteristic

data and other specifications are subject to change EXAS
INSTRUMENTS
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TM124MBK36A
1048 576 BY 36-BIT
DYNAMIC RAM MODULE

SMMS 136 — JANUARY 1991

BK Single-In-line Packaget TM124MBK36AT
(Top View)

(Side View)

L

CONDNBWN =

—_

5 i

56 PIN NOMENCLATURE

59 AQ-A9 Address Inputs

81 CAS0-CAS3 Column-Address Strobe
62 DQO-DQ31 Data In/Data Out

64 MPO-MP3 Parity

86 . NC No Connection

67 PDO-PD3 Presence Detects

69 RASO, RAS2 Row-Address Strobe

7 Vee 5-V Supply

Vss Vss Ground
@ W Write Enable

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU@V LOUOUUUUUUUOUUCUUUULOUUUUUUUoUUU

tThe package shown here is for pinout reference only and is not drawn to scale.

j
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TM124MBK36A
1048 575 BY 36-BIT
DYNAMIC RAM MODULE

SMMS136 — JANUARY 1991

Table 1. Connection Table

DATA BLOCK RASX CASx
weo | A | oAso
ag?-nms RASH CAST
ag; 6-DQ23 FASS Ass
ﬁg§4-0031 BAS2 CAS3

single-in-line package and components

PC substrate: 1,27 + 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

/
Texas ‘b
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functional block diagram

166+ AUVINYE — SELSWINS
vaeranveInL

31NAON WVH JINVYNAQ
119-9€ A9 9.6 8v0 |

A0 12
A113
A214
A315
A4 16
A517
A6 18
A728
A8 31
A9 32
CAS3 42
CAS2 41
RAS2 34
CAS143
RASO 44
CAS040 —
Wa7
Vss
10| 44400 10| 44400 10| 44400 1033300
&~ A0-A9 . &~ A0-A9 ©- A0-A9 073 A0-A9
RAS RAS RAS RAS
D CAS CAS CAS CAS
W W W W
OE OE OE OE
DQo- DQO- . DQo- DQo-
DQ3 DQ3 s ]ek] DQ3
DQO 2 DQ8 49 DQ163 DQ24 50
pat 4 DQ9 51 ‘ DQ175 DQ25 52
DQ26 DQ1053 DQ187 DQ26 54
DQ3 8 DQ1155 DQ199 DQ27 56
10[ 23300 10| 24400 . 10} 44400 10| 44400
&1 A0-A9 9] A0-A9 9] A0-A9 & A0-A9
RAS RAS - RAS RAS
q CAS CAS CAs CAS
w w w w
OE OE ‘ > OE OE
DQO- DQo- DQo- DQo-
. D@3 DQa3 DQ3 DQ3
DQ4 20 DQ1257 DQ20 21 DQ28 58
DQs 22 DQ13 61 DQ2123 DQ29 60
DQ6 24 DQ1463 DQ22 25 - DQ30 62
DQ7 26 DQ15 65 DQ23 27 DQ31 64
. 10] 4c1024 L;3_4c1oz4 L;2_4°1°24 10}4C1024
4| A0-A9 A0-A9 A0-A9 7] A0-A9
RAS RAS RAS RAS
CAS CAS CAs CAS
w w w w




TM124MBK36A
1048 576 BY 36-BIT
DYNAMIC RAM MODULE

SMMS136 — JANUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (see Note 1) ... -1Vto7V
Voltagerangeon Vg (seeNote 1) ..o s —-1Vto7V
Short circuit output current ..... et e e 50 mA
Power dissipation ... .. oo e, 12W
Operating free-air temperature range . ..........oeuiuete et iiiiaeens 0°Cto 70°C

Storage temperature range

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgsg.

recommended operating conditions

MIN  NOM MAX | UNIT
Vcc  Supply voltage 4.75 5 5.25 \Y
VIH  High-level input voltage ' 2.4 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70| °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only. ’

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

PARAMETER TEST CONDITIONS 124MBK36A-6 124MBK36A-7 124MBK36A-8 UNIT
MIN MAX | MIN MAX | MIN MAX
VoH High-level output voltage lIoH=—-5mA 2.4 2.4 24 v
VoL Low-level output voltage loL=42mA 0.4 0.4 0.4 Vv
Vi=0to65V,Vcc=55V,
] Input current (leakage) Al other pins = 0V 1o Vo =120 +120 +120 A
Vo =0toVce, .
o Output current (leakage) VoG =55V, CAS high =10 +10 +10 pA
Read or write cycle current .
Icct (see Note 3) Minimum cycle, Voo = 5.5Y 1140 1000 900 mA
After 1 memory cycle, RAS and
CAS high, Vipy = 2.4 V (TTL) 24 24 24| mA
ICC2  Standby current After 1 memory cycle, RAS and .
: CAS high, Vi =Vgc-0.2V 12 12 12 mA
(CMOS) -
Minimum cycle, Vcg =5.5V,
Average refresh current == A i
o RAS cycling, CAS high
lcea E:&Sﬁg:g;r CBR) (RAS-only), RAS low after 1120 1000 880 | mA
CAS low (CBR)
Average page current tpc = minimum, Vgc =565V,
ICC4 (506 Note 4) RAS low, CAS cycling 840 720 600 | mA
NOTES: 3. Measured with a maximum of one address change while RAS = V).
4. Measured with a maximum of one address change while CAS = V).
INSTRUMENTS
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX | UNIT
Cia) Input capacitance, address inputs 60 pF
Ciic) Input capacitance, CAS inputs 19 pF
Ci(R) Input capacitance, RAS inputs ) 38 pF
Ciw) Input capacitance, write-enable input 76 pF
Co(DQ) Output capacitance on DQ pins 7 pF
Co(MpP) Output capacitance on MP pins 12 pF

NOTE 5. Vi equalto 5V = 0.5 V and the bias on pins under testis O V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER '124MBK36A-6 '124MBK36A-7 '124MBK36A-8 UNIT
MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 30 35 40 ns
tcAG  Access time from CAS low 15 18 20| ns
tcpA  Access time from column precharge 35 40 45 ns
tRAC  Access time from RAS low 60 70 80| ns
tcLz CAS tooutput in low Z 0 0 0 ns
topr  Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns

NOTE 6: topr is specified when the output is no longer driven.

timing requirements over recommended ranges of supply voltage and operating free-air
temperature

'124MBK36A-6 '124MBK36A-7 '124MBK36A-8

MIN MAX | MIN MAX | MIN MAX UNIT
trRc Random read or write cycle (see Note 7) 110 130 150 ns
tpc Page-mode read or write cycle time (see Note 8) 40 45 50 ns
trRasp  Page-mode pulse duration, RAS low : 60 100 000 70 100 000 80 100 000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10000 70 10 000 80 10 000 ns
tcAS Pulse duration, CAS low 15 10000 18 10 000 20 10 000 ns
top Pulse duration, CAS high 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 ns
twp Write pulse duration 15 15 15 ns
tasc Column-address setup time before CAS low 0 0 0 ns
tASR  Row-address setup time before RAS low 0 0 0 - ns
tps Data setup time 0 0 0 ns
trcs  Read setup time before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 ns
tRWL W-low setup time before RAS high 15 18 20 ns
twes  W-low setup time before CAS fow 0 0 0 ns
twsR  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns

NOTES: 7. Allcycles assume tT =5 ns.
8. To guarantee tpc min, taAgc should be greater than or equal to tgp.

j
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'124MBK36A-6 '124MBK36A-7 '124MBK36A-8
MIN MAX | MIN MAX | MIN max | YUNIT
tcAH  Column-address hold time after CAS low 10 15 15 ns
tDHR Data hold time after RAS low (see Note 9) 50 55 60 ns
tDH Data hold time 10 15 15 ns
tAR Column-address hold time after RAS low (see Note 9) 50 55 60 ns
tRAH Row-address hold time after RAS low 10 10 12 ns
tRCH Read hold time after CAS high (see Note 10) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 10) 0 0 . 0 ns
twcH  Write hold time after CAS low 15 15 15 ns
twcR  Write hold time after RAS fow (see Note 10) 50 55 ’ 60 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
{CHR i?:z;n;:;,y)RAS low to CAS high (CAS-before-RAS 15 15 20 ns
tcrp  Delay time, CAS high to RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 60 70 80 .ns
. P;::Z ;x?:l;l)CAS low to RAS low (CAS-before-RAS 10 10 10 ns
tRAD Delay time, RAS low to column-address (see Note 11) 15 30 15 35 17 40 ns
tRAL Delay time, column-address to RAS high 30 35 40 ns
tcaL  Delay time, column-address to CAS high 30 35 40 ns
trcp  Delay time, RAS low to CAS low (see Note 11) 20 45| 20 521 22 60| ns
tgpc  Delay time, RAS high to CAS low 0 0 0 . ns
trsH  Delay time, CAS low to RAS high 15 18 20 ns
tREF Refresh time interval 16 16 16 ms
T Transition time 3 50 3 50 3 50 ns

NOTES: 9. The minimum value is measured when tycp is set to tycp min as a reference.
10. Either trrH or trcH must be satisfied for a read cycle.
11. The maximum value is specified only to guarantee access time.

device symbolization

The specifications contained in this data sheet are applicable to all TM124MBK36As symbolized as shown in
Figure 1. Please note that the location of the part number may vary.

O O

Figure 1. Device Symbolization
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This Data Sheet is Applicable to All * Ccommon CAS Control for Nine Common
TM1‘2.4M[‘3.K?GBS Symbolized Wl[h. , Data-In and Data-Out Lines, in Four Blocks
Revision “B” and Subsequent Revisions

as Described on Page 6-103. ® Enhanced Page Mode Operation with CAS-

o TM124MBK36B . ..1 048 576 x 36 Before-RAS, RAS-Only, and Hidden Refresh

Organization ®* Performance Ranges:
* Single 5-V Power Supply (5% Tolerance) ACCESS  ACCESS ACCESS READ
TIME TIME  TIME OR
® 72-pin Single-In-Line Package (SIP) tRAC tAA tcac WRITE
— Leadless Module for Use With Sockets CYCLE
. - . . . . (MAX) (MAX)  (MAX)  (MIN)
Utlllz?s Eight 4-M(?gab|t Dynamic RAMs in 124MBK36B-6 60 ns 30ns  15ms 110 ns
Plastic Small-Outline J-Lead (SOJ) ____ 124MBK36B-7 70ns  35ns  18ns  130ns
Packages and One 4-Megabit Quad-CAS 124MBK36B-8 80 ns 40ns  20ns 150 ns
Dynamic RAM in a Plastic Small-Outline
J-Lead (SOJ) Package ® Low Power Dissipation
* Long Refresh Period...16 ms ® Operating Free-Air-Temperature
(1024 Cycles) Range ... 0°Cto 70°C
¢ Al Inputs, Outputs, Clocks Fully TTL ®* Presence Detect
Compatible

°  3.State Output

description

The TM124MBK36B is a 37 748K (dynamic) random-access memory organized as four times 1 048 576 x 9 [bit
9 is generally used for parity] in a 72-pin single-in-line package (SIP). The SIP is composed of eight
TMS44400DM or TMS44400DJ, 1 048 576 x 4-bit dynamic RAMs, each in 20/26-lead plastic small-outline
J-lead packages (SOJs), and one TMS44460DJ, 1 048 576 x 4-bit Quad-CAS dynamic RAM, in a 24/26-lead
plastic small-outline J-lead package (SOJ) mounted on a substrate with decoupling capacitors. Each
TMS44400DM or TMS44400DJ and TMS44460DJ is described in the TMS44400 and TMS44460 data sheets
(respectively).

The TM124MBK36B SIP is available in the single-sided BK leadless module for use with sockets.

The TM124MBK36B SIP features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation
from 0°C to 70°C

operation

The TM124MBK36B operates as eight TMS44400DMs or TMS44400DJs and one TMS44460DJ connected as
shown in the functional block diagram and Table 1. The parity bits MP0O-MP3 are provided by the TMS44460DJ
and are controlled by RAS2. To ensure proper parity bit operation all memory accesses should include a RAS2
pulse. Refer to the TMS44400 and TMS44460 data sheets for details of operation. The common 1/O feature
dictates the use of early write cycles to prevent contention on D and Q.

Information on new products in the sampling or
i [¥

ADVANCE  INFORMATION  documents  contain i Copyright © 1991, Texas Instruments Incorporated
hase of %

pr
dnt; and other specifications are subject to change

without notice. EXAS
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BK Single-In-line Packaget
(Top View)

) ®

CEDNONEWN =

TM124MBK36Bt
(Side View)

PIN NOMENCLATURE

- AO-AS

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU@V LUUUU0CuuuUJ0uoooUJuouuuuduuuuily

CAS0-CAS3
DQO-DQ31
MPO-MP3
NC
PDO-PD3
RASO, RAS2
Vee

®

Vss
W

Address Inputs
Column-Address Strobe
Data In/Data Out

Parity

No Connection
Presence Detects
Row-Address Strobe
5-V Supply

Ground

Write Enable

tThe package shown here is for pinout reference only and is not drawn to scale.
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Table 1. Connection Table

DATA BLOCK RASx CASx
DQO0-DQ7 . RASO CASO
MPO RAS2 CASO
DQs-DQ15 RASO CAS1
MP1 RAS2 CAS1
DQ16-DQ23 RAS2 CAS2
MP2 RAS2 CAS2
DQ24-DQ31 RAS2 CAS3
MP3 RAS2 CAS3

single-in-line package and components

PC substrate: 1,27 + 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and gold plate on top of copper

j
Texas ‘V
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functional block diagram

A0 12
A113
A214 .
A3 15
A4 16
A517
A618
A728
A8 31
A9 32
RASZ 34
RASO 44
CAS3 42
CAS241 ——
CAS1 43
CASD 40
W a7
Vss
24400 44400
- A0-A9 b~ AO-A9
RAS |~ ‘ RAS
CAS CAS
E | DQO YV'_ DQ8
OE ——DQ1 OE ——DQ9
DQo- DQ2 pQo-——DQ1i0
DQ3 DQ3 DQ3 pan
44400 44400
o A0-A9 ¢ A0-A9
RAS RAS
CAS CAS
w —paQa w |—DQ12
OE |——bas OE |—DQi3
DQo-[——DbQs6 pQo-f——DbaQ14
pas}l—opaz pa3[—Dba1s
44400 L‘_ 44400
o~ A0-A9 [ A0-A9
RAS RAS
CAS CAS
w —DaQ16 W [—Da24
OE l——pQi7 OE ———DQ25
DQo- DQ18 DQo-——ba26
DQ3 DQ19 DQ3|——DQ27
24400 44400
L ao-A9 9] A0-A9
RAS RAS
CAS CAS
W |—ba20 W }—obazs
OE |—pa21 OE | pa2e
DQO-|—— D@22 DQO-I —pqa3o
DG3 DQ23 DA3l __ paa1
44460
L] Ao-A9
I~ RAS
-~} CTAS1
R CAS2pq1f|— MP3
CAS3pQ@2|— MP1
CASapq3|— MmPo
W pas— MP2
OE

j
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Voltagerangeonanypin (seeNote 1) ... ...ttt e e -1Vto7V
VoltagerangeonVeg (seeNote 1) oo e -1Vto7V
Short circuit QUPUL CUITENt . ...t i 50 mA
POWer diSSIPation ... ..ot e e e e 9w
Operating free-air temperature range ........ ..o i e 0°C to 70°C

Storage temperature range

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgg.

‘recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.75 5 525 \
ViH High-leve! input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'124MBK36B-6 '124MBK36B-7 '124MBK36B-8
PARAMETER TEST CONDITIONS UNIT
MIN MAX [ MIN MAX | MIN MAX
VoH High-level output voltage IoH=—5mA 2.4 2.4 2.4 \'
VoL Low-level output voltage loL=4.2mA 0.4 0.4 0.4 \
Vi=0to65V,Vgcc=55V,
] Input current (leakage) All other pins = 0V to VoG 90 90 + 90 pA
Vo =0toVce, . . . .
lo Output current (leakage) VGG =55V, CAS high 10 10 =10 nA
Read or write cycle current -
lect (see Note 3) Minimum cycle, Vg =55V 855 765 675 mA
After 1 memory cycle, RAS and
TAS high, Vi = 2.4V (TTL) 18 18 18| mA
IcC2  Standby current After 1 memory cycle, RAS and
CAS high, Vi =Vcc—-02V 9 9 9 mA
(CMOS)
Minimum cycle, Vg =5.5 V,
Average refresh current =5e L=
RAG. RAS cycling, CAS high
lcca EZZZSNZTLy;r CBR) (RAS-only), RAS low after 855 765 675 mA
CAS low (CBR)
Average page current tpc = minimum, Vg =5.5V,
lcca (see Note 4) RAS low, CAS cycling 630 540 450 mA
NOTES: 3. Measured with a maximum of one address change while RAS = V.
4. Measured with a maximum of one address change while CAS = V|y.
INSTRUMENTS
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX| UNIT
Cia) Input capacitance, address inputs 45 pF
Ci(R) Input capacitance, RAS inputs 35 pF
Gic) Input capacitance, CAS inputs 21 pF
Ci(W) Input capacitance, write-enable input 63 pF
Co(DQ) Output capacitance on DQ pins 7 pF
Co(MP) Output capacitance on MP pins 7 pF

NOTE 5: Vg equalto 5V = 0.5 V and the bias on pins under test is 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER '124MBK368B-6 '124MBK36B-7 '124MBK36B-8 UNIT
MIN MAX [ MIN MAX [ MIN MAX
tcAC  Access time from CAS low 15 18 20| ns
tAA Access time from column-address 30 35 40 ns
tRAC  Access time from RAS low 60 70 80 ns
tcpA  Access time from column precharge 35 40 45 ns
toFF  Outputdisable time after CAS high (see Note 6) 0 15 0 18 0 20 ns

NOTE 6: toff is specified when the output is no longer driven.

timing requirements over recommended ranges of supply voltage and operating free-air
temperature

'124MBK36B-6 '124MBK36B-7 '124MBK36B-8

MIN MAX | MIN MAX | MIN mMAx | UNIT
trc Random read or write cycle (see Note 7) 110 130 150 ns
twe Write cycle time ’ 110 130 150 ns
tpc Page-mode read or write cycle time (see Note 8) 40 45 50 ns
tRASP  Page-mode pulse duration, RAS low 60 100 000 70 100 000 80 100 000 ns
tRAS Non-page-mode pulse duration, RAS low 60 10000 70 10 000 80 10000 ns
tcas Pulse duration, CAS low 15 10000 18 10 000 20 10 000 ns
top Pulse duration, CAS high } 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 ns
twp Write pulse duration 15 15 15 ns
tasc Column-address setup time before CAS low o] 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tps Data setup time 0 0 0 ns
trRcs  Read setup time before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 ns
trRwL  W-low setup time before RAS high 15 18 20 ns
twcs  W-low setup time before CAS low 0 0 0 ns
twsr  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns

NOTES: 7. All cycles assume tT =5 ns. ,
8. To guarantee tpc min, taAgc should be greater than or equal to tcp.

ixas X
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

'124MBK36B-6 '124MBK36B-7 '124MBK36B-8
. MIN MAX | MIN MAX | MIN max | UNIT
tCAH Column-address hold time after CAS low 10 15 15 ns
tpHR  Data hold time after RAS low (see Note 9) 50 55 60 ns
tDH Data hold time 10 15 15 ns
tAR Column-address hold time after RAS low (see Note 9) 50 55 60 ns
tcLcH Hold time, CAS low to CAS high 5 5 5 ns
tRAH Row-address hold time after RAS low 10 10 10 ns
tRcH  Read hold time after CAS high (see Note 10) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 10) o] 0 0 ns
twcH  Write hold time after CAS low 15 15 15 ns
twcR  Write hold time after RAS low (see Note 10) 50 55 60 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
{CHR Z?::Z;?;;FAS low to CAS high (CAS-before-RAS 15 15 20 ns
tcrp  Delay time, CAS high to RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 60 70 80 ns
1CSR :3;::;/ r:T:l,y)CAS low to RAS low (CAS-before-RAS 10 10 10 ns
tRAD Delay time, RAS low to column-address (see Note 11) 15 30 15 35 15 40 ns
tRAL Delay time, column-address to RAS high 30 35 40 ns
tcaL  Delay time, column-address to CAS high 30 35 40 ‘ns
tRCD Delay time, RAS low to CAS low (see Note 11) 20 45 20 52 20 60 ns
tapc  Delay time, RAS high to CAS low 0 0 0 ns
tasH  Delay time, CAS low to RAS high 15 18 20 ns
tREF Refresh time interval 16 16 16 ms
tT Transition time 2 50 2 50 2 50 ns

NOTES: 9. The minimum value is measured when tRcp is set to trcp min as a reference.
10. Either tyrH or trcH must be satisfied for a read cycle.
11. The maximum value is specified only to guarantee access time.

device symbolization

The specifications contained in this data sheet are applicable to all TM124MBK36Bs symbolized as shown in

Figure 1. Please note that the location of the part number may vary.

I
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Figure 1. Device Symbolization
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Memory Card Overview

TEXAS INSTRUMENTS MEMORY CARDS

Overview

With smaller and more dense end-equipment systems emerging in the marketplace, the needs of memory customers
are changing. Memories need to be smaller and more dense to fit in these systems. To meet this need, Texas
Instruments has developed a compact “memory card”.

This new packaging technology allows several memory devices to be surface-mounted together on a memory card
substrate with a two-piece pin-and-socket edge connector. The finished card is about the size of a credit card. Current
versions can hold as many as 12 devices, offering customers high-density memory in a small package.

Memory Card Evolution

Texas Instruments began working on the memory card concept a few years ago when a need arose for compact font
storage solution using one-time-programmable PROMs (OTPs). Since then, the needs anj applications for memory
cards have expanded, creating the need for an industry standard. Tl participates as a member of various standards
organizations to try to meet this need.

Both the Japan Electronic Industry Development Association (JEIDA) and the Personal Computer Memory Card
International Association (PCMCIA) have agreed to accept the same standard to encourage the use of IC memory
cards. Their guidelines propose that the standard IC card be 85.6 mm x 54 mm in size with a two-row 68-pin connector
that will transfer data in an MS-DOS format. The Type | memory card guideline is 3.3 mm thick. This standard was
needed so that memory cards can be interchanged between systems (i.e., desktop PC to laptop PC).

JEDEC format also is 85.6 mm x 54 mm in size, but uses a 60-pin, two-piece connector with 3.4 mm or 3.5 mm card
thickness.

Texas Instruments offers standard memory cards that follow the JEIDA and PCMCIA Type  memory card standards or
the JEDEC format.

Individual device packaging improvements were needed to allow for the evolution of memory cards. Thin and light-
weight packages that did not compromise device functionality had to be developed. To meet these requirements, Tl
developed the ThinSOJ, ThinSOP, QFP, and SQFP (small quad-flat package) packages to surface mount the
individual devices in the compact memory card.

Applications

There are many potential applications for memory cards. These credit-card size storage devices are often used in
place of floppy-disk drives in portable and hand-held computers since they reduce the cost and bulk. Below are a few of
the other applications for memory cards:

— Computers — Sales Automation
* Personal Computers ®  Hand-held terminals (Inventory Control)
d Notebook/Pocket Computers ®  Electronic Cash Register
®  Pocket Diaries .
— Office Equipment/Peripherals ' — Factory Automation
M Facsimile and Copy Machines (Usage Control) ®  Machinery Control
M Printer and Typewriter Fonts ®  Programmable Controllers

®  Word Processors (Text Storage) - (Process Contro! Data Storage)

j
Texas ‘b
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 6-105



Memory Card Overview

Not only are there several segmented applications for memory cards, but some card technologies are better suited for
different applications. OTP memory cards are ideal for font storage; DRAM memory cards are good for PC, facsimile
machine, and printer applications; and Flash EEPROMs can be used in “solid-state” disk applications.

Product Offering

TI has the capability to produce many standard and custom memory cards to meet the needs of our customers.

Currently, Tl offers standard cards made with OTPs and DRAMs. Flash EEPROM versions are in development.
Drivers or decoders, as applicable, are included on these memory cards to simplify system design. The table below
lists a few of TI's most popular OTP memory cards.

OTP PROM MEMORY CARD SELECTION GUIDE

DE(';’(E')TY B'{ng; H | ACCESS CARD SIZE CONNECTOR TYPE
64 16 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
128 16 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
256 16 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
512 16 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
32 8 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
64 8 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
128 8 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece
256 8 200 ns 85.6 mm x 54 mm x 3.5 mm 60-pin, two-piece

Custom memory cards can be designed and developed for customers with a high-volume specific application. These
. cards can contain additional IC circuitry to further enhance the memory card functionality.

The figure on the next page illustrates the typical construction of a memory card.

Quality and Reliability

Tlis committed to total quality control. There are quality checks at every step of the design and production processesto
make sure that TI memory products meet or exceed Tl and industry quality standards.

Allindividual components are carefully tested as standard TI product prior to assembly on the memory card. After as-
sembly, the memory card is then tested as a complete memory array.

j
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Figure 1. Memory Card Construction
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TMS27C128 131 072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY
TMS27PC128 131 072-BIT PROGRAMMABLE READ-ONLY MEMORY

REV A — SMLS128D — OCTOBER 1884 — REVISED JANUARY 1991

This Data Sheet is Applicable to All

TMS27C128s and TMS27PC128s Symbolized Jand N Packages
with Code “B” as Described on Page 7-12. (Top View)
Organization...16K x 8 vep[] 1 o 28] Vee
- A12[] 2 27]] PGM
Single 5-V Power Suppl
9 PRl A7[] 3 26{] A13
* Pin Compatible With Existing 128K MOS A6[] 4 25[] A8
ROMs, PROMs, and EPROMs Asfls 24l A9
A4f] 6 23[] A1
L] i —
All Inputs/Outqus Fully TTL Compatible A3l 7 22[] G
® Max Access/Min Cycle Times A2E 8 21 %510
. Alll s 20| E
Vee = 5% Vee = 10%
ce=27 —ce- - A0l 10 19f] DQ8
'27C128-100 . 100 ns DAt 1 18{] DQ7
'27C128-120 '27C128-12 120 ns . D@2l 12 17[] DQ6
'27C/PC128-1 '27C/PC128-15 150 ns Da3f] 13 16]] DQ5
'27C/PC128-2 '27C/PC128-20 200 ns GND[] 14 1s5[] DQ4
'27C/PC128 '27C/PC128-25 250 ns
®* Power Saving CMOS Technology FM Package
* Very High-Speed SNAP! Pulse Programming (Top View)
[N . Q % )
®  3-State Output Buffers T2 5=29F %
73271 32810
. ’ - . . -
g(t)o rgvgllgrtm SC Noise Immunity With Ashs o 20[] A8
andar 0ads As[]6 28] A9
® Latchup Immunity of 250 mA on All Input A4ll7 27[] Ant
and Output Lines A3f]8 26[NC
T A2f]9 25[| G
* LowPower Dissipation (Vcc =5.25V) A1f1 10 24[] A10
— Active ... 158 mW Worst Case Aof] 11 23} E
— Standby .. . 1.4 mW Worst Case Nchl 12 22[1DQs
(CMOS Input Levels) pQifi13 21]paz
® PEP4 Version Available With 168 Hour e T T T
Burn-in and Choices of Operating 58 & 2 366
Temperature Ranges o> 000
¢ 128K EPROM Available With MIL-STD-883C
Class B High-Reliability Processing
(SMJ27C128) PIN NOMENCLATURE
AO0-A13 Address Inputs
description E Chip Enable/Powerdown
The TMS27C128 series are 131 072-bit, ultra- S ouputEnadle
violet-light erasable, electrically programmable NC No Connection
read-only memories. ‘ NU Make No External Connection
. . PGM Program
The TMS27PC128 series are 131 072-bit, one- DQ1-DQ8  Inputs (programming)/Outputs
time, electrically programmable read-only memo- Ve 5-V Power Supply
ries. Vpp 12-13 V Programming Power Supply
PRODUCTION DATA documents contain information Copyright © 1991, Texas Instruments Incorporated
current as of publication date. Products conform to W
thindard waranty. Produchon proctssing. docs. no TExas

necessarily include testing of all parameters. lN SarRUMEN—rS
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These devices are fabricated using power-saving CMOS technology for high speed and simple interface with
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external
resistors.

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C128 and the
TMS27PC128 are pin compatible with 28-pin 128K MOS ROMs, PROMSs, and EPROMs.

The TMS27C128 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C128 is offered with two operating temperature
ranges of 0°C to 70°C and —40°C to 85°C (TMS27C128-_ _JL and TMS27C128-_ _JE, respectively). The
TMS27C128 is also offered with 168-hour burn-in’ temperature ranges (TMS27C128-__JlL4 and
TMS27C128-_ _JE4, respectively). (See table below).

The TMS27PC128 PROM s offered in a dual-in-line plastic package (N suffix) designed for insertion in mounting
hole rows on 15,2-mm (600-mil) centers. The TMS27PC128 is also supplied in a 32-lead plastic leaded chip
carrier package 'using 1,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC128 is also offered with two
operating temperature ranges of 0°C to 70°C and - 40°C to 85°C (TMS27PC128-_ _NL, TMS27PC128-_ _NE
and TMS27PC128-_ _FML, TMS27PC128-_ _FME respectively). The TMS27PC128 is also offered with 168
hour burn-in temperature ranges (TMS27PC128-_ _NL4, TMS27PC128-_ _NE4and TMS27PC128-_ _FML4,
TMS27PC128-_ _FME4, respectively). (See table below).

All package styles conform to JEDEC standards.

SUFFIX FOR OPERATING SUFFIX FOR OPERATING
EPROM TEMPERATURE RANGES TEMPERATURE RANGES WITH
P‘"%;ﬂ WITHOUT PEP4 BURN-IN PEP4 168 HR. BURN-IN
0°CTO70°C | —-40°CTO85°C | 0°CTO70°C | —40°C TO 85°C
TMS27C128-XXX JL JE JLa , JE4
TMS27PC128-XXX NL NE NL4 NE4
TMS27PC128-XXX FML FME FML4 FME4

These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use in
microprocessor-based systems. One other 12-13 V supply is needed for programming . All programming signals
are TTL level. These devices are programmable by using the SNAP! Pulse programming algorithm.The SNAP!
Pulse programming algorithm uses a Vpp of 13 V and a V¢ of 6.5 V for a nominal programming time of two
seconds. For programming outside the system, existing EPROM programmers can be used. Locations may be
programmed singly, in blocks, or at random.

7-2
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operation

There are seven modes of operation listed in the following table. Read mode requires a single 5-V supply. All
inputs are TTL level except for Vpp during programming (13 V for SNAP! Pulse) and 12V on A9 for signature

mode.
MODE
FUNCTION READ [c)’lls’zgﬂ STANDBY | PROGRAMMING | VERIFY | PROGRAM SIGNTURE
E N ViL ViH ViL ViL Vi ViL
G Vi, ViH xt ViH ViL X ViL
PGM Viy Vin X viL ViH X ViH
VPP Vce Ve Vee Vpp Vpp Vep Vee
Vee vVee Vee Vee Vee vVee vee vee
A9 X X X X X X VH vut
AO X X X X X X ViL ViH
CODE
DQ1-DQ8 Data Out HI-Z HI-Z Data In Data Out HI-Z MFG DEVICE
97 83
X can be V|_or V|4
tvy=12v=05V.
Texas ‘t'?
INSTRUMENTS
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read/output disable

When the outputs of two or more TMS27C128s or TMS27PC128s are connected in parallel on the same bus,
the output of any particular device in the circuit can be read with no interference from the competing outputs of
the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All
other devices inthe circuit should have their outputs disabled by applying a high-level signal to one of these pins.
Output data is accessed at pins DQ1 through DQS8.

latchup immunity

Latchup immunity on the TMS27C128 and TMS27PC128 is a minimum of 250 mA on all inputs and outputs.
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices
are interfaced to industry-standard TTL or MOS logic devices. Input/output fayout approach controls latchup
without compromising performance or packing density.

For more information see application report SMLAQO1, “Design Considerations; Latchup Immunity of the
HVCMOS EPROM Family”, available through TI Sales Offices.

power down

Active Icc supply current can be reduced from 30 mAto 500 pA (TTL-levelinputs) or 250 uA (CMOS-level inputs)
by applying a high TTL or CMOS signal to the E pin. In this mode all outputs are in the high-impedance state.

erasure (TMS27C128)

Before programming, the TMS27C128 EPROM is erased by exposing the chip through the transparent lid to
a high intensity ultraviolet light (wavelength 2537 A). EPROM erasure before programming is necessary to
assure that all bits are at the logic high level. Logic lows are programmed into the desired locations. A pro-
grammed logic low can be erased only by ultraviolet light. The recommended minimum ultraviolet light expo-
sure dose (UV intensity x exposure time) is 15-W-sfcm?2. A typical 12-mW/cm?2, filterless UV lamp will erase
the device in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. It should
be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using the
TMS27C128, the window should be covered with an opaque label.

initializing (TMS27PC128)

The one-time programmable TMS27PC128 PROM is provided with all bits at the logic high level. The logic lows
are programmed into the desired locations. Logic lows programmed into a PROM cannot be erased.

SNAP! Pulse programming

The 128K EPROM and PROM are programmed using the TI SNAP! Pulse programming algorithm illustrated
by the flowchart in Figure 1, which programs in a nominal time of two seconds. Actual programming time will
vary as a function of the programmer used.

Data is presented in parallel (eight bits) on pins DQ1 to DQ8. Once addresses and data are stable, PGM is
pulsed. '

The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (us) followed by a byte
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-us
pulses per byte are provided before a failure is recognized. .

The programming mode is achieved when Vpp = 13 V, Vgg = 6.5 V, G = Vjy, and E = V. More than
one device can be programmed when the devices are connected in parallel. Locations can be
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified
with Ve = Vpp =5 V.

program inhibit

Programming may be inhibited by maintaining a high level input on the E or PGM pin.

7-4
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program verify
Programmed bits may be verified with Vpp = 13 V when G = V), E = V), and PGM = V}.
signature mode

The signature mode provides access to a binary code identifying the manufacturer and type. This mode
is activated when A9 is forced to 12 V = 0.5 V. Two identifier bytes are accessed by A0; i.e., A0 = V|
accesses the manufacturer code, which is output on DQ1-DQ8; A0 = Vy accesses the device code, which
is output on DQ1-DQ8. All other addresses must be held at V,_. Each byte possesses odd parity on bit
DQ8. The manufacturer code for these devices is 97, and the device code is 83.

Tms"!f
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i
|  Address = First Location |
| Vcc=65V =025V, Vpp=13V=025V | Program
Mode
| Program One Pulse = ty = 100 us Je—{ Increment Address |
Last No
Address?
e
| Address = First Location |
— X=0 |
4—————1  Program One Pulse =ty =100us |
Increment Verify
Address One Byte Interactive
Mode
Last
Address?
Yes
|  Vec=Vpp=5V=05V | | Device Failed
Compare Fall
All Bytes Final
To Original Verification
Data
Device Passed
- A 4

Figure 1. SNAP! Puise ProgramminQ Flowchart
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logic symbolst

EPROM 16 384 x 8 PROM 16 384 x 8
Ao 10 0 ao 10 fo
a2 A1 -2
a2 -8 A2 -8
A3 — " Az L
Py Av|—11_ pas Az 8
A5 5 AV——*1—2— DQ2 A5 5
A6 2 A0 Avl—1'2 po3 a6 2 a9
a7 3 ~ 16383 Ay 15 pqa a7 3 > 16383
Ag-25 Avl— 16 pgs A 25 |
Ag-24 AV|—17 pos A9 28
Atp 21 | , AV 18 pa7 Ao 2L
At 2B — Avl— 19 pas a1 22
A12 i E— A12 2 |
A13 26 | 13/ A13 26 | 13/
E 2—0[; [PWR DWN] E2 [PWR DWN]
& | & ]
_G.. 22 N EN G 22 N EN
pam 27 N Pam 27N

AV
AV
AV
AV
AV
AV
AV
AV

1 These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are J and N packages.

DQ1
DQ2
DQ3
DQ4
DQ5
DQsé
DQ7
DQs

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)¥

Supply voltage range, Voo (seeNote 1) ... .. -06Vto7V

Supply voltage range, Vpp (seeNote 1) ... —-06Vto14V

Input voltage range (see Note 1), All inputs except A9 ........cooiiiiiiiiiiiinnnns —-06Vto65YV

D e -0.6Vto13.5V

Output voltage range (see Note 1) ... ... e -06VtoVeg+1V
Operating free-air temperature range ('27C128-_ _JL and JL4, '27PC128-_ _NL, and NL4

FML,and FML4) ... ... 0°C to 70°C

Operating free-air temperature range ('27C128-_ _JE and JE4, '27PC128-_ _NE, NE4,
FME,andFME4) ...
Storage temperature range  .........ottitetn it e e

NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND.

—40°Cto 85°C

—-65°C to 150°C

* Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

j
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recommended operating conditions

'27C128-100
'27C128-120 '27C128-12
'27C/PC128-1 '27C/PC128-15
'27C/PC128-2 © '27C/PC128-20 UNIT
'27C/PC128 '27C/PC128-25
MIN NOM MAX MIN NOM MAX
. .2 . X :
Vce Supply Voltage Read mode (see Note 2) 4.75 5 5.25 4.5 5 55 v
SNAP! Pulse programming algorithm 6.25 6.5 6.75 6.25 6.5 6.75
Read mode (see Note 3 Vee—-0.6 Vee+ 0.6 Voo- 0.6 Vi 0.6
Vpp Supply voltage ( ) - ce ce cc cer \
SNAP! Pulse programming algorithm 12,75 13 13.25 12.75 13 13.25
TTL 2 Vee+ 1 2 Vee+1
V|4 High-level input voltage ce ce \%
CMOS Vee-0.2 Veec+1 | Veg-0.2 Vee+ 1
. TTL -05 0.8 -05 0.8 \
ViL Low-level input voltage
CMOSs -05 0.2 -05 0.2 \
'27C128-_ _JL,JL4
TA Operating free-air temperature |'27PC128-__NL,NL4 0 70 0 70 °C
FML, FML4
_ '27C128-_ _JE,JE4
Ta Operating free-air temperature | '27PC128-_ _NE,NE4 -40 85 - 40 85 °C
FME, FME4

NOTES: 2. V¢ mustbe applied before or atthe sametime as Vpp and removed after or atthe same time as Vpp. The device must notbe inserted
into or removed from the board when Vpp or Vg is applied.
3. Vpp can be connected to Vg directly (except in the program mode). Vo supply current in this case would be Icc + lpp.

electrical characteristics over full ranges of operating conditions

PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
v Hiah-level outout volt loH= —2.5mA 3.5 \
OH igh-level output voltage loH = —204A Voo 0.1 v
loL=2.1mA 0.4 \
VoL Low-level output voltage oL
oL =20 A 0.1 A\
i Input current (leakage) Vi=0to55V =1 pA
lo Output current {leakage) Vo=0toVce =1 A
Ipp1  Vpp supply current Vpp=Vcc=55V 1 10 uA
Ipp2  Vpp supply current (during program pulse) Vpp =13V 35 50 |- mA
lcc1 Vo supply current (standby) | LT L-input level Voc=55V.E=Viy 250 500 pA
CMOS-input level Vec=565V,E=Veoeo 100 250 pA
Vec=55V.E=Vy,
lcc2 Ve supply current (active) ' teycle = minimum cycle time, 15 30 mA
outputs open

t Typical values are at TA = 25°C and nominal voltages.

capacitan%e over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Ci Input capacitance Vi=0,f=1MHz 6 10 pF
Co  Output capacitance Vo=0,f=1MHz 10 14 pF

1 Typical values are at Tp = 25°C and nominal voltages.
% Capacitance measurements are made on sample basis only.

EXAS {"
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switching characteristics over full ranges of recommended operating conditions (see Notes 4 and 5)

'27C128-120
'27C128-100 ,
PARAMETER (STEEESL g.?g‘sDATA?"[‘)ss) 27C128-12 | yNIT
- MIN MAX | MIN MAX
taja)  Access time from address 100 120 ns
t. Access time from chip enable 100 120
a(E) ess time Ir p enal Cp = 100 pF, il
ten(@) Output enable time from G * 1 Series 74 TTL Load, 50 55| ns
; : = = ot Input ty < 20 ns,
tdis Outputdisable time from G or E, whichever occurs first * Input tf = 20 ns 0 40 0 45 ns
\ Output data valid time after change of address, 0 0 n
V(A)  E, or G, whichever occurs firstt s
'27C/PC128-1 '27C/PC128-2 '27C/PC128
; TEST CONDITIONS '27C/PC128-15 | 27¢/PC128-20 | "2 -
PARAMETER (SEE NOTES 4 AND 5) C/ 7C/PC128-25 | UNIT
MIN MAX | MIN MAX | MIN MAX
ta(A) Access time from address 150 200 250 ns
ta(E) Access time from chip enable 150 200 250 ns
ten(G) Output enable time from G Cr = 100 pF, 75 75 100 | ns
Output disable time from G 1 Series 74 TTL Load,
. -t Input t; < 20 ns,
\dis or E, whichever occurs firstt S,‘;‘dt trfz 20ns 0 g0 0 60 0 60 ns
Output data valid time after
tv(A) change of address, E, or G, 0 0 0 ns
whichever occurs first!

T Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested.

switching characteristics for programming:Vee = 6.5 V and Vpp = 13 V (SNAP! Pulse), Tp = 25°C

(see Note 4)

PARAMETER MIN NOM MAX | UNIT
tdis(g) Output disable time from G 0 130 ns
ten(G)  Output enable time from G 150 { ns

recommended timing requirements for programming: Voo = 6.5 V and Vpp =13 V (SNAP!
Pulse), Ta = 25°C (see Note 4)

MIN NOM MAX | UNIT
tw(iPGM)  Initial program pulse duration [SNAP! Pulse programming algorithm 95 100 105 us
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 ps
tsu(G) G setup time 2 us
tsu(D) Data setup time 2 us
tsu(VPP) Vpp setup time 2 us
tsu(vcC)  Vcc setup time 2 us
th(A) Address hold time 0 us
th(D) Data hold time 2 us

NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high

and 0.8 V for logic low (reference page 7-10).
5. Common test conditions apply for tyis except during programming.

j
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PARAMETER MEASUREMENT INFORMATION

2,08V

R =800 Q

Output
Under Test

I CL =100 pF

Figure 2. AC Testing Output Load Circuit

AC testing input/output wave forms
2.4V

X 2V 2v7
04V 0.8V 0.8 v:x

AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at
2V for logic high and 0.8 V for logic low for both inputs and outputs.

read cycle timing

ViH
Addresses Valid |:>< :

A0-A13 X’
| I ViL
¢ ta(a) >‘1| I
_ | | VIH
E \ | J/r
! i | | ViL
——ta|) —¥ |
| ' ViH
| ViL
' | — tgis —
—ten(G) —H[ toia) . s :
/ . VoH
DQ1-DQ8 HI-Z \§<<<<<<£ Output Valid }>>>>>>}— HI-Z —
VoL

j
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program cycle timing

| ¢——— Verify ——»
i‘# Program —— > [
| | v
IH
AO-A13 X Address Stable 1}( Address
| | ™ ViL
¢ .I tsu(a) l K—‘h(Ai >
l ViH/ Vi
1H/ VoH
DQ1-DQ8 —{ Data In Stable }-_‘I—E@
R | | | | ViL/ VoL
N—*I*‘ tsu(D) i l | H—H-l tais(c)t
v [ ; | ; T Vep
PP | | | i | |
l ! | l | | Vee
> tsyvrp) i | | |
' | |
v ' ! ; | ; T veet
ce __/r | | | | |
I ! | | [ ! Vee
> tuvee) | | | {
| | | v
_ T\ | i | | H
E I | | | |
| | > et [ : i viL
h(D)
tsu(E) —¢—» [ r_ l I | ,
PGM N 7 H
PGM : : : i
| | e | } viL
tw(PGM) — & | ke teny’

ViH
° N
viL
T‘dis(G) and tgn(G) are characteristics of the device but must be accommodated by the programmer.
13-V Vpp and 6.5-V V¢ for SNAP! Pulse programming.

j
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device symbolization

This data sheet is applicable to all TI TMS27C128 CMOS EPROMs and TMS27PC128 PROMs with the data
sheet revision code “A” as shown below.

/o ~

TI FML \/\

TMS27PC128 ' ™S ”
27C128
B L X P YY ww B L X WW.
- . T T —~ TTTT T

Data Sheet Revision Code
Front End Code
Die Revision Code
Back End Code
Year of Manufacture
Week of Manufacture

j
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TYPICAL TMS27C/PC128 CHARACTERISTICS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

STANDBY SUPPLY CURRENT STANDBY SUPPLY CURRENT
vs vs
- FREE-AIR TEMPERATURE - SUPPLY VOLTAGE
T 150 — S 150
£ Vec=5V E . .
8 \\ 8 Ta=25°C /
> 125 > 125 A
B N a = /
o v
2 £ 1.00 2 3 1.00
g E — 8 £
s S \\ g § /
& €075 & 075 v
| I e
8 050 8 os0
- -75 -50 -25 O 25 50 75 100 125 - 425 45 4.75 5 5.25 5.5 5.75
Tp — Free-Air Temperature — °C Ve — Supply Voltage — V
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE - SUPPLY VOLTAGE
‘é 1.50 T T 5 1.50 ! l
£ Vee=sV 5 Tp=25°C
(] =
O 125 \\ > 125p f=Max
= o A~y -
2% ™~ 23 —
] N
? 5 1.00 2 E 1.00
> E \ .2 =
=5 I — 9 /
o 9 P ——— 2
<|t o075 T < 0.75—
§ 3]
8 os0 O o050
- -75 -50 -25 0 25 50 75 100 125 425 45 4.75 5 625 5.5 5.75
Tpa — Free-Air Temperature — °C Vcg — Supply Voltage — V
ACCESS TIME ACCESS TIME
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
1.50 et 1.50
Vec =5 \"J — °
E 125 ] E 125 Horiade
E_T L~ g NN
2 3 | 28 T~~~
Q = =
g g 1.00 - § g 1.00
< 5 / I o
| 2075 7 <075
‘s e . P P— .
0.50 0.50
-75 -50 =25 0 25 50 75 100 125 425 4.5 475 5 525 5.5 5.75
Ta — Free-Air Temperature — °C Vcc — Supply Voltage — V
i
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This Data Sheet is Applicable to All J and N Packages

TMS27C256s and TMS27PC256s (Top View)
Symbolized with Code “B” as Described
on Page 7-25.
- verl] 1~ 28] Voo
¢ Organization ...32K x 8 At2[] 2 o7[] A14
. A7[ls  26[] A13
® Single 5-V Power Suppl!
g pply 26l 4 25[] A8
* Pin Compatible With Existing 256K MOS As[ls  2a[] A9
ROMs, PROMs, and EPROMs A4[l e 23] At1
A3 G
® All Inputs/Outputs Fully TTL Compatible A2E ; 2? % A10
* Max Access/Min Cycle Time Atlle 20
Vee = 5% Vee = 10% DS?E 10 19 % 883
e ey ip— 11 18
'27C/PC256-100  '27C/PC256-10 100 ns pazfl 1z 17[] Das
'27C/PC256-120  '27C/PC256-12 120 ns pasfl 13 1s[] D5
'27C/PC256-150  '27C/PC256-15 150 ns aNpfl 14 1s{] DQ4
'27C/PC256-1 '27C/PC256-17 170 ns
'27C/PC256-2 '27C/PC256-20 200 ns
'27C/PC256 '27C/PC256-25 250 ns FM Package
) (Top View)
¢ Power Saving CMOS Technology e o
Nagonxe
® Very High-Speed SNAP! Pulse Programming §x5z29z%
(2327123
¢ 3-State Output Buffers As[]s o 20[] A8
*  400-mV Minimum DC Noise Immunity With As[]e 28[] A9
Standard TTL Loads Asfl7 27(] At1
A3[]s 26[| NC
¢ Latchup Immunity of 250 mA on All Input A2[]se 251 G
and Output Lines A1f]10 241 A10
* Low Power Dissipation (Vgg =5.5V) A0 111 EZE &
— Active ... 165 mW Worst Case Dr\cj)c 12 21% BQS
— Standby ... 1.4 mW Worst Case ! 1314 15 16 17 16 19 20 Q7
(CMOS Input Levels) i o o v s e
N MDD W O
* PEP4 Version Available With 168 Hour g8z2=2888

Burn-in, and Choices of Operating

Temperature Ranges PIN NOMENGLATURE
¢ 256K EPROM Available With MIL-STD-883C AO-A14 Address Inputs
Class B High Reliability Processing E Chip Enable/Powerdown
(SMJ27C256) G Output Enable
GND Ground
description NC No Internal Connection
) ) NU Make No External Connection
The TMS27C256 series are 262 144-bit, ultra- DQ1-DQs Inputs {programming)/Outputs
violet-light erasable, electrically programmable vee 5-V Power Supply
read-only memories. Vpp 13 V Programming Power Supply

The TMS27PC256 series are 262 144-bit,
one-time, electrically programmable read-only

memories.
PRODUCTION DATA contain current Copyright © 1991, Texas Instruments Incorporated
a3 of publication date. Products conform to specifications i
per the terms of Texas Instruments standard warranty.
P [ g does not Include testing EXAS
of alt parameters. INSTRUM ENTS
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These devices are fabricated using power-saving CMOS technology for high speed and simple interface with
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external
resistors.

The data outputs are three-state for connecting muitiple devices to a common bus. The TMS27C256 and the
TMS27PC256 are pin compatible with 28-pin 256K MOS ROMs, PROMs, and EPROMs.

The TMS27C256 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC256 OTP PROM is offered in a dual-in-line
plastic package (N suffix) designed for insertion in mounting hole rows on 15,2-mm (600-mil} centers. The
TMS27PC256 OTP PROM is also supplied in a 32-lead plastic leaded chip carrier package using 1,25-mm
(50-mil) lead spacing (FM suffix).

The TMS27C256 and TMS27PC256 are offered with two choices of temperature ranges of 0°C to 70°C and
—40°C to 85°C (TMS27C256-_ _JL and TMS27C256-_ _JE; TMS27PC256-_ _NL and TMS27PC256-_ _NE;
TMS27PC256-_ _FML and TMS27PC256-_ _FME, respectively). The TMS27C256 and the TMS27PC256 are
also offered with 168-hour burn-in on both temperature ranges (TMS27C256-_ _JL4 and TMS27C256-_ _JE4;
TMS27PC256-_ _FML4 and TMS27PC256-_ _FME4, respectively); see table below.

All package styles conform to JEDEC standards.

EPROM SUFFIX FOR OPERATING SUFFIX FOR PEP4
AND TEMPERATURE RANGES 168 HR. BURN-IN
oTP WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES
PROM 0°CTO70°C | —40°CTOB5°C | 0°CTO70°C | —40°C TO 85°C
TMS27C256-XXX JL JE JL4 JE4
TMS27PC256-XXX NL NE NL4 NE4
TMS27PC256-XXX FML FME FMLa FME4

These EPROMs and OTP PROMSs operate from a single 5-V supply (in the read mode), thus are ideal for use
in microprocessor-based systems. One other 13-V supply is needed for programming . All programming signals
are TTL level. These devices are programmable by the SNAP! Pulse programming algorithm. The SNAP! Pulse
programming algorithm uses a Vpp of 13-V and a Vg of 6.5-V for a nominal programming time of four seconds.
For programming outside the system, existing EPROM programmers can be used. Locations may be
programmed singly, in blocks, or at random.
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operation

There are seven modes of operation listed in the following table. The read mode requires a single 5-V supply. All
inputs are TTL level except for Vpp during programming (13-V for SNAP! Pulse) and 12-V on A9 for signature

mode.
MODE
FUNCTION READ &g:’;,’_; STANDBY | PROGRAMMING | VERIFY | PROGRAM SIGNATURE
E VIL ViL ViH ViL ViH ViH ViL
G VIL VIH xt ViH ViL ViH ViL
Vep Vee Vce Vee Vpp Vpp Vep Vee
Vce Vee Vece Vce Vce Vce Vce Vee
A9 X X X X X X vyt vpt
A0 X X X X X X ViL VIH
CODE
DQ1-DQ8 Data Out HI-Z HI-Z Datan Data Out HI-Z MFG DEVICE
97 04
X canbe Vj_or Viy.

tvy=12v=05V.

read/output disable
When the outputs of two or more TMS27C256s or TMS27PC256s are connected in parallel on the same bus,
the output of any particular device in the circuit can be read with no interference from the competing outputs of
the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these pins.
Output data is accessed at pins DQ1 through DQ8.

latchup immunity
Latchup immunity on the TMS27C256 and TMS27PC256 is a minimum of 250 mA on all inputs and outputs.
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup
without compromising performance or packing density.

For more information see application report SMLAQO1, “Design Considerations; Latchup Immunity of the
HVCMOS EPROM Family”, available through Tl Sales Offices.

power down

Active Icc supply currentcan be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 uA (CMOS-level inputs)
by applying a high TTL or CMOS signal to the E pin. In this mode all outputs are in the high-impedance state.

erasure (TMS27C256)

Before programming, the TMS27C256 EPROM is erased by exposing the chip through the transparent lid
to a high intensity ultraviolet light (wavelength 2537 A) EPROM erasure before programming is necessary
to assure that all bits are in the logic high state. Logic lows are programmed into the desired locations. A
programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose
(UV intensity x exposure time) is 15-Wes/cm2. A typical 12-mW/cm2, filterless UV lamp will erase the device
in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. It should be noted
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the
TMS27C256, the window should be covered with an opaque label.

Texas ‘b
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initializing (TMS27PC256)

The one-time programmable TMS27PC256 PROM is provided with all bits in the logic high state, then logic lows
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased.

SNAP! Pulse programming

The 256K EPROM and OTP PROM are programmed using the T SNAP! Pulse programming algorithm
illustrated by the flowchart in Figure 1, which programs in a nominal time of four seconds. Actual programming
time will vary as a function of the programmer used.

Data is presented in parallel (eight bits) on pins DQ1 to DQ8. Once addresses and data are stable, Eis pulsed.

The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (us) followed by a byte
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-us
pulses per byte are provided before a failure is recognized.

The programming mode is achieved when Vpp = 13 V, Voo = 6.5 V, G.= Vi, and E = V). More than
one device can be programmed when the devices are connected in parallel. Locations can be
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified
with Voo = Vpp = 5 V.

program inhibit

Programming may be inhibited by maintaining a high level inputs on the E and G pins.

program verify

Programmed bits may be verified with Vpp = 13 V when G = Vj_and E = V.

signature mode

The signature mode provides access to a binary code identifying the manufacturer and type. This mode
is activated when A9 is forced to 12 V = 0.5 V. Two identifier bytes are accessed by AQ; i.e., A0 = V)_
accesses the manufacturer code, which is output on DQ1-DQ8; A0 = Vyy accesses the device code, which
is output on DQ1-DQ8. All other addresses.must be held at V|_. Each byte possesses odd parity on bit
DQ8. The manufacturer code for these devices is 97, and the device code is 04.
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| Address = First Location |

Y

' Vec =65V, Vpp=13V |

y

| Program One Pulse = ty, = 100 us |<—| Increment Address

Last
Address?

|  Address = First Location |

v
r—-»{ X=0 |

D E—

Program One Pulse =ty = 100 us

y

Increment
Address

Verify
One Byte

Last
Address?

A

Program
Mode

Interactive
Mode

Device Failed

| Vee = Vpp =5V =10% | |

Compare
All Bytes
To Original
Data

Fall

Device Passed

Figure 1. SNAP! Pulse Programming Flowchart

Final
Verification
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logic symbolt
EPROM OTP PROM

A0 13 0 32 768 %8 AQ 13 0 32768x8
A1 Al
a2 -8 A2 8
A3 7L A3 L
Aa - & » as 8
A5 i AV [—,— ba1 A5 i AV
As — AV [——— =~ DQ2 As ——— AV
AT 35 > A2 _ AY 15 DA3 AT 25 A2 AV
A8 ETRE 32767 AV BARETS DQ4 A8 CYREREE F 32767 AV
Y B— AV f[——18 pos Ao 2 | A |
FAT A — avl—17 poe A0 | AV
PP A A S Y S ¢ g — AV
Al12 2__ AV __J_ [o]e}:] Al12 2_._.___. AV |
A3 28 | T —
NPT A J J - AR

E ——t;m {PWR DWN] E ——Km [PWR DWN]

= 22 & = 22 &

2 b Y lEen 622 EN

T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for J and N packages.

"
12
13
15
16
17
18
19

[a]e}}
DQ2
DQ3
DQ4
DQs
DQ6
DQ7
[o]e}:}

absolute maximum ratings over operating free-air tempefature range (unless otherwise noted)?

Supply voltage range, Voo (See Note 1) oottt e e e -06Vto7V
Supply Voltage range, VPP .. ouvit it e e -0.6Vto14V
Input voltage range (see Note 1): Allinputs except A9 ... .ot ennnn, —-0.6Vto6.5V

A e e e -0.6Vto13.5V
Output voltage range (see Note 1) ... e e -06VtoVgg+1V

Operating free-air temperature range ('27C256-_ _JL and JL4, '27PC256-_ _NL, NL4, FML,

andFML4) ... e 0° Cto 70°C

Operating free-air temperature range ('27C256-_ _JE and JE4, '27PC256-_ _NE, NE4, FME,
- and FME4) ... . . —40° Cto 85°C
Storage temperaturerange  ...........iea.... e e —65°C to 150°C

¥ Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
-functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

j
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recommended operating conditions

TMS27C/PC256-100 TMS27C/PC256-10
TMS27C/PC256-120 TMS27C/PC256-12
TMS27C/PC256-150 TMS27C/PC256-15
TMS27C/PC256-1 TMS27C/PC256-17 UNIT
TMS27C/PC256-2 TMS27C/PC256-20
TMS27C/PC256 TMS27C/PC256-25
MIN NOM MAX MIN NOM MAX
Voc  Supply voltage | Read mode (see Note 2) 4.75 5 5.25 4.5 5 5.5 Vv
SNAP! Pulse programming algorithm 6.25 6.5 6.75 6.25 6.5 6.75
Vpp Supply voltage Read mode (see Note 3) Vec-0.6 Vee+0.6 | Vog-0.6 Vec+0.6 v
SNAP! Pulse programming algorithm 12.75 13 13.25 12.75 13 13.25
V|H High-level input voltage T 2 Vee+! 2 veeH! \
CMOS Vec-0.2 Vee+t | Vee-0.2 Voot
ViL Low-level input voltage TTL -05 0.8 -05 0.8 v
CMOS -05 0.2 -05 0.2
. . '27C256-_ _JL, JL4
TA g';f’ :’r':t%rf;ee‘a" '27PC256-_ _NL, NL4, 0 70 0 70 C
P FML, FML4
) ) '27C256-_ _JE, JE4
TA g‘:’::'a"t%:;ee‘a" '27PC256-_NE, NE4, —40 85 - 40 85 °c
P FME, FME4

NOTES: 2. Vg mustbe applied before or atthe sametime as Vpp and removed after oratthe same time as Vpp. The device must not be inserted
into or removed from the board when Vpp or Vg is applied.
3. Vpp can be connected to Vg directly (except in the program mode). Vo supply current in this case would be Icc + Ipp.

electrical characteristics over full ranges of operating conditions

PARAMETER TEST CONDITIONS MIN TPt MAX] UNIT
VoH High-level output voltage loH=-25mA 3.5 v
loH =—20 pA Vee —- 0.1
VoL Low-level output voltage loL=2.1mA 0.4 \Y
IoL = 20 pA 0.1
Iy Input current (leakage) Vi=0to 55V =1 pA
o Output current (leakage) Vo =0toVce =1 HA
Ipp1  Vpp supply current Vpp=Vec =55V 1 10 uA
Ippa  Vpp supply current (during program pulse) Vpp=13V 35 50 mA
‘ TTL-input level Vecc=55V,E=V 250 500
lcc1 Vg supply current (standby) i p. ad cc =2 H HA
CMOS-input level Vecec =55V, E=V¢oe 100 250
Ve =55V, E= VIL,
lcc2 Vg supply current (active) - teycle = minimum cycle time, 15 30 mA
outputs open

tTypical values are at TA = 25°C and nominal voltages.

capacitan%e over recommended ranges of supply voitage and operating free-air temperature,
f=1 MHz

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Ci Input capacitance Vi=0,f=1MHz 6 10 pF
Co Output capacitance Vo=0,f=1MHz 10 14 pF
TTypicaI values are at Tp = 25°C and nominal voltages.
* Capacitance measurements are made on a sample basis only.
Texas b
INSTRUMENTS
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switching characteristics over full ranges of recommended operating conditions (see Notes 4

and 5)
'27C256-100 '27C256-120 '27C256-150
'27PC256-100 | '27PC256-120 | '27PC256-150
PARAMETER (TSE;TN?)&ZTTaﬂNSS) 27C256-10 | '27C256-12 | '27C256-15 | oo
'27PC256-10 '27PC256-12 '27PC256-15
MIN MAX MIN MAX MiN MAX
ta(a)  Access time from address 100 120 150 ns
tagg)  Access time from chip enable CL = 100 pF, 100 120 150 ns
ten(G) Output enable time from G 1 Series 74 TTL Load, 55 55 75 ns
- - S E Input t; <20 ns
. Output disable time from G or E, 4 !
tdis whichever occurs firstt Input tf < 20 ns 0 45 0 43 0 60 ns
Output data valid time after change of
W(A) address, E, or G, whichever occurs firstt 0 0 0 ns
'27C256-1 '27C256-2 '27C256
'27PC256-1 '27PC256-2 '27PC256
PARAMETER IsiiTNggzal:ﬁNss) '27C256-17 '27C256-20 '27C256-25 UNIT
'27PC256-17 '27PC256-20 '27PC256-25
MIN  MAX MIN  MAX MIN  MAX
ta(a)  Access time from address 170 200 250 ns
ta(E).  Access time from chip enable 170 200 250 ns
- — Cp =100 pF,
ten(G) Output enable time from G 1 Series 74 TTL Load, 75 75 100 ns
] Output disable time from G or E, Input t; = 20 ns,
'dis  \whichever occurs firstt Input tf < 20 ns 0 &0 0 60 0 & ns
Output data valid time after change of
W(A)  address, E, or G, whichever occurs firstt 0 0 0 ns

tvalue calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested.

switching characteristics for programming: Vg = 6.50 V and Vpp = 13 V (SNAP! Pulse) Ta=25°C
(see Note 4)

PARAMETER MIN NOM MAX [ UNIT
tdis(G) Output disable time from_@ 0 130 ns
L ten(G) Output enable time from G 150 ns

NOTES: 4. For all switching characteristics the input pulse levels are 0.4 Vto 2.4 V. Timing measurements are made at 2 V for logic high and 0.8

V for logic low). (Reference page 7-23.)

5. .,Common test conditions apply for the tgis except during programming.

7-22

TEXas ‘b
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS27C256 262 144-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY
TMS27PC256 262 144-BIT PROGRAMMABLE READ-ONLY MEMORY

REV A — SMLS256E — SEPTEMBER 1984 — REVISED JANUARY 1991

recommended timing requirements for programmmg Vee = 65 V and Vpp = 13 V,
Ta = 25°C (see Note 4)

MIN  NOM MAX UNIT
tw(IPGM) Initial program pulse duration 95 100 105 us
tsu(A) Address setup time 2 us
tsu(@) G setup time 2 us
tsu(E) E setup time 2 us
tsu(D) Data setup time 2 us
tsu(VPP) Vpp setup time 2 us
tsu(VCC) Ve setup time 2 us
th(A) Address hold time 0 us
th(D) Data hold time 2 us

NOTE 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 0.8
V for logic low). (Reference page 7-23.)

PARAMETER MEASUREMENT INFORMATION

2,08V

RL=8000Q

Output
Under Test

T Cp =100 pF

Figure 2. AC Testing Output Load Circuit

AC testing input/output wave forms
24V

>:' 2V 2V |§<
0.4V 0.8V 0.8V

A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at
2 V for logic high and 0.8 V for logic low for both inputs and outputs.
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read cycle timing

A0-At4 X Addresses Valld }(
) |
! |
| |
_ |
E I \ _l/:F
i l B
| —— tae) —— ! !
s | \ | Vi
| fe— -—H
‘ |<—ten(<:1)—N l dis

|
|| —— tv(a) -14-—>!

e })})};}}_H.z_

program cycle timing (SNAP! Pulse programming)

r Program P ¢ Verity '}
L
A0-A14 X Address Stable i Adrc‘i::ss
| ] T |
> ;4— tsu(a) l| ‘ f— ‘h(A) —>
DQ1-0as __( Data In Stable }__ HI-Z —t
I | by

u—»:— tsu(D) ! II ! tais(G)t 4'1—»
| | ! | ]
vep /1 | b !
[ | } | l
H——F:— tsu(vPp) : | { i
Y S

> tsuvee) b I

—pi- tsu(E) H— th(D) : : }
. I l | i |
E \ / | | |
—2 > ten@)t |
|
|

!
I
|
| |
twepamy » [ 4 tsu(g) > |

G N\ g
t tdis(G) and ten(G) are characteristics of the device but must be accomodated by the programmer.
13-V Vpp and 6.5-V Vg i for SNAP! Pulse programming.

VIH

viL

ViH

ViL

ViH

ViL

VoH

VoL

VIH

ViL

VIH/ VoH
ViL/VoH
Vppt

Vee

Voot

Vee

ViH

ViL

ViH

ViL
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device symbolization

This data sheet is applicable to all TI TMS27C256 CMOS EPROMs and TMS27PC256 CMOS OTP PROMs
with the data sheet revision code “B” as shown below.

TI FML ~__ )
TMS27PC256 ™S Q’
27C256
B L X P YY WW B L X P Y WW
Data Sheet Revision Code Data Sheet Revision Code
Fr