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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
represent that any 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.

Copyright © 1995, Texas Instruments Incorporated
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INTRODUCTION

The 1995 MOS Memory Data Book from Texas Instruments includes complete detailed specifications on the
expanding MOS Memory product line including Dynamic Random Access Memories (DRAMs), Single-In-Line
Memory Modules (SIMMs), Erasable Programmable Read-Only Memories (EPROMs), One-Time
Programmable Read-Only Memories (OTP PROMs), Electrically Erasable Programmable Read-Only
Memories (Flash Memories), and Video RAMs (VRAMS). Also included are military specifications for DRAMs,
EPROMS, and VRAMs.

The data book is divided into 12 chapters. Below you will find a brief description of each chapter.

Chapter 1. General Information — Includes an alphanumeric index for quickly finding device numbers and a part
number guide with ordering information.

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

Chapter 4-8. Product specifications for more than 100 devices can be found in these sections.
Chapter 9. Mechanical Data — Detailed package drawings and specifications are shown in this section.
Chapter 10. Logic Symbols — Includes an explanation and examples of the IEEE standard.

Chapter 11. Quality and Reliability — Details selected processes and the philosophies of Texas Instruments that
are used to ensure high quality standards.

Chapter 12. Electrostatic Discharge Guidelines — Because all MOS Memory devices are ESD-sensitive,
handling guidelines are included.

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



PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the development stage(s) of the
product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate statement from the
following list is placed in the lower left corner of the first page of the data sheet.

PRODUCTION DATA information is 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.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development.
Characteristic data and other specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of development.
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change
or discontinue these products without notice. ‘

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first statement below is
placed in the lower left corner of the first page of the data sheet. Subsequent pages of the data sheet containing
PRODUCT PREVIEW information or ADVANCE INFORMATION are then marked in the lower left-hand corner with
the appropriate statement given below:

vi

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA 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.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development.
Characteristic data and other specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of development.
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change
or discontinue these products without notice.
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TM248CBK32 ............. 6-29 TMS27PC256 ........... 7-145 TMS45165P .............. 4-113
TM248CBK32F ............ 6-39 TMS27PC510 ........... 7-157 TMS46100 .........ccennnn 4-25
TM248CBK32S ............ 6-29 TMS27PC512 ........... 7-169 TMS46100P ............... 4-25
TM248CBK32U ............ 6-39 TMS28F010B.............. 725 TMS46400 ................ 4-49
TM248NBK36B ............ 6-63 TMS28F020 ............... 7-67 TMS46400P ............... 4-49
TM248NBK36C ............ 6-81 TMS28F200 ............... 7-89 TMS464160 ............. 4-185
TM248NBK36F ............ 6-73 TMS28F210 ............... 7-47 TMS464400 ............. 4-185
TM248NBK36G ............ 6-91 TMS28F400 .............. 7-117 TMS464800 ............. 4-185
"TM248NBK36R ............ 6-63 TMS28F512A............... 7-3 TMS55160 ......ovvvvvvnns 5-79
TM248NBK36S ............ 6-81 TMS416160 ............. 4-161 TMS55161 .............. 5-191
TM248NBK36U ............ 6-73 TMS416160P ............ 4-161 TMS55165 .............. 5-135
TM248NEK36V ............ 6-91 TMS416169 ............. 4-189 TMS55166 .............. 5-251
TM4100EAD9 ............. 6-15 TMS416169P ............ 4-189 TMS626402 ............... . 5-3
TM4100GAD8 .............. 6-3 TMS416400 ............. 4-133 TMS626802 ...........cun. 5-41
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General Information

DRAM/VRAM/FMEM Ordering Information

Orders for DRAMs and VRAMSs described in this book should include an eight-part number as explained in the
following example:

T™S 4 4 (o} 256 10, DJ -
1. Prefix: I
TMS Commercial MOS
sMJ Military MOS
2, Produgt Family:
DRAM/VRAM

3. Word Width:
Blank x1
Blank x4
4 x4
8 x8
16 x 16

4, Technology:
c CMOS

5. Density:

6. Speed Designator:
DRAMsNRAMs
-60
-70 70 ns
-80 80ns
-10 100ns
-12 120ns
-15 150ns
-20 200ns
7. Package:
Oommerclal (Plastic) Military (Ceramic)
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) HL Low Profile Leadless Surface Mount
DGA Thin Small-Outline Package JD Dual-In-Line (DIP)
sV Zig-Zag In-Line (ZIP)

8. Temperature Range:
Commercial ) Military
L 0°C to 70°C (VRAMS) M -55°Cto-125°C
Blank 0°C to 70°C (DRAMs)

i3
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General Information

DRAM Ordering Information

Orders for the 4 Meg and 16 Meg and 64 Meg DRAMSs described in this book should include an eight-part
number as explained in the following example:

TMS 1 00 -80 DM -
J

1. Prefix:

TMS - Commercial MOS
SMJ Military MOS
2. Product Family:
4 DRAM
3. Density — Refresh:
2 2Meg 1K Refresh
4 4Meg 1KRefresh
5 4Meg 512 Cycle Refresh
6 4Meg 1KRefresh3.3V
7 4Meg 512 Cycle Refresh 3.3V
16 16 Meg 4K Refresh 5V
17 16 Meg 2K Refresh 5 V
18 16 Meg 1K Refresh 5V
26 16 Meg 4K Refresh 3.3V
27 16 Meg 2K Refresh 3.3 V
28 16 Meg 1K Refresh 3.3V
64 64 Meg 8K Refresh 3.3V

4. Organization — 1/O:

10 x1 Std 90 x9 Std
26 x2 Quad-CAS 91 x9 WPB
40 x4 Std 16 x16 Std
41 x4 WPB 17 x16 WPB
46 x4 Quad-CAS 18 x18 Std
80 x8 19 x18 WPB
81 x8 WPB
5. Functional Mode/Options:
0 Enhanced Page Mode 5 Enhanced Page Mode
0 Enhanced Page Mode 2 WE(x16 and x18 Devices)
2 CAS (x16 and x18 Devices) 9 Extended Data Out
0 Enhanced Page Mode Extended Data Out
4 CAS (Quad-CAS Devices) 9 2 CAS (x16 and x18 Devices)
6. Speed Designator:
-60 60ns -80 80ns
-70 70ns
7. Package:
Commercial (Plastic) Military (Ceramic)
DGA  300-mil Thin Small Outline (TSOP) HM  Small-Outline Leadless Chip Carrier
DGB 300-mil Reverse Liead Thin Small Outline (SOLCC]
(TSOP) HJ Small-Outline J-Lead (SOJ)
DGC  400-mil Thin Small Outline (TSOP) HR Flatpack
(50-mil-pitch) JD Side-Brazed Dual-In-Line

DGD 400-mil Reverse Lead Thin Small Outline
(TSOP) (50-mil-pitch)
DGE 400-mil Thin Small Outline (TSOP)
(31-mil-pitch)
DGF 400-mil Reverse Lead Thin Small Outline
(TSOP) (31-mil-pitch)
DJ  300-mil Small Outline J-Lead (SOJ)
(26/24-lead)
DN Thin Small Outline J-Lead (SOJ)
DZ  400-mil Small Outline J-Lead (SOJ)

8. Temperature Range: -
Commercial Military
Blank 0°C to 70°C M -55°Cto 125°C

‘b TeEXAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 1-6



General Information

Standard DRAM Module Ordering Information

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

™ 024 E AD 9 -10 -
1. Prefix:
™ ‘Commercial TI MOS Module
2. Memory Device:
024 1 Meg DRAM, Enhanced Page Mode
4100 4 Meg DRAM, Enhanced Page Mode
16100 16 Meg DRAM, Enhanced Page Mode
3. Pinout Configuration:
E
G
4. Board Dimensions:
AD
BD
5. Word Width Output:
8 x8
.9 x9
6. Speed Designator:
-60 60ns
-70 70ns
-80 80ns
-10 100ns
7. Temperature Range:
Blank 0°Cto 70°C
L 0°C to 70°C (1 Meg only)

{’? TEXAS
INSTRUMENTS
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General Information

Differentiated DRAM Module Ordering Information

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

™ 124 E AO 9 B

1. Prefix:

™ Commercial TI MOS Module
2. Density:

256 256K 496 4 Meg

5§12 512K 497 4 Meg - 2KRefresh

124 1 Meg 892 8Meg

248 2Meg 893 8Meg -2KRefresh
3. Pinout Configuration:

B G M

(o} K T

E L v
4. Board Dimensions:

U

AD

BK

BM
5. Word Width Output:

8 x8

9 x9

32 x 32

36 x 36

40 x 40

6. Devices Used:

Blank 8 -'44400s (124BBK32)

Blank 9 - (*4100EAD9)
2-'44400s ("124GUBA)
2444008 + 1°4C1024 (124EAU9B)
8444008 + 144460 (124MBK36B)
16 - 44400s + 2 '44460s (248NBK36B)
8-'44400s + 2 '44460s ("124MBK36C)
16 - '44400s + 4 '44460s ('124NBK36C)

O0OWWw>»
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General Information

EPROM, FLASH, OTP Ordering ’lnformatlonv

Orders for EPROMs, OTPs, and Flash Memories described in this book should include a nine-part number as
explained in the following example: :

T™S 27 P C 512 <10  FM L 4
1. Prefix: I :
T™MS Commercial MOS
SMJ Military MOS
2. Product Family:
27 EPROM/OTP
28 12-V Flash Memory
29 §-V Flash Memory
3. Erasability:
P Non-erasable (One-Time Programmable)
Blank Erasable .
4. Technology:
[} CMOS
F CMOS Flash Memory
w Low Voltage
5. Density:
816 16K 010A 1 Meg
128 128K 210A 1 Meg
256 256K 020 2Meg
257 256K 040 4 Meg
200 2Meg
510 512K 240 4 Meg
512 512K 400 4 Meg
6. Speed Designator: .
80 ns -8,-80 170ns -1,-17,-170
100 ns -10, - 100 200 ns -2,-20,-200
120 ns -12,-120 250 ns Blank, - 25, - 250
150 ns -1,-15,-150 300 ns - 30, - 300
7. Package:
DD Plastic Thin Small-Outline (TSOP)
DU Plastic Thin Small-Outline (TSOP, Reverse Form)
FM Plastic Chip Carrier (32-Pin) Rectangular
FN Plastic Chip Carrier (44-Pin) Square
J Ceramic Dual-In-Line (DIP)
N Plastic Dual-In-Line (DIP)
PM Square Quad Flat Package (SQFP)
8. Temperature Range:
Commerclal Military
L 0°C to 70°C . M -55°Cto 125°C
E ~40°C to 85°C
Q —40°C to 125°C
T ~40°Cto 110°C
9. 168 Hour Burn-in Option:
Commercial Military
4 168 Hour Burn-in Blank 5004 Processing

Blank No Burn-in

*’i TEXAS
INSTRUMENTS
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General Information

VRAM Ordering Information

Orders for 4 Meg VRAMs described in this book should include an elght-pan number as explained in the
following example:

™S 5 5 16 5 -80 DGH -
1. Prefix: )
T™S Commercial MOS
SMJ Military MOS
2. Product Family:
5 VRAM
3. Density — Refresh:
4 4 Meg — 1KRefresh
5 4 Meg — 512 Cycle Refresh
16 16 Meg — 4KRefresh
17 16 Meg — 2KRefresh
4. Organization — Features:
40 x 4 — Standard
41 x 4 — Enhanced Page Mode
80 x 8 — Standard
81 x 8 — Enhanced Page Mode
16 x16 — Standard
17 x16 — Enhanced Page Mode
5. Functional Mode — Options:
0 Enhanced Page Mode — 2CAS
1 Hyper Page Mode — 2CAS
5 Enhanced Page Mode — 2WE
6 Hyper Page Mode — 2WE
6. Speed Designator:
-60 60 ns
-70 70 ns
-80 80 ns
-10 100 ns
7. Package:
DGH Super Small-Outline (SSOP)

8. Temperature Range:
Commercial Military

Blank 0°C to 70°C M -55°Cto 125°C

‘V TEXAS
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General Information

*’f TEXAS
INSTRUMENTS

1-10 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001






22

X3
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



Selection Guide

DRAM
MAX POWER
ORGANIZATION AcCESs | POWER il
DENSTTY | woRDS x BiTs) | PEVICENUMBER | “o e su:om e | STAND- | PINS PACKAGE! NOTES PAGE
(ns) (mW) BY
(mW)
SMJ4C1024-80 80 HU, FQ
SMJ4C1024-100 | 100 18,20, | o O
1024Kx1 | S Ci024120 | 120 51 10% 22 20/26 :QJSD\., Military 8-25
1024K SMJ4C1024-150 | 150
SMJ44C256-80 80 HJ, FQ
SMJ44C256-100 | 100 v '
256K x 4 SMJ4ac256-120 | 120 51 10% 20/26 :k.'ag\./ Military 85
SMJ4C1024-150 | 150
TMS44460-60f | 60 578 cMos
TMS44460-70% 70 5x10% | 495 1 24/26 |DJ,DGA | ag e'M"’“"od o | 45
TMS44460-80% 80 440 Quad CAS
TMS44460P-60% 60 578 gmgnsce d
TMS44460P-70% 70 5x10% 495 11 24/26 |DJ,DGA | o age Mode 45
TM$44460P-eot 80 440 Quad CAS
CMOS
1026Kx4 | rmsasas0-60t 60 385 Enhanced
TMS46460-70% 70 51 10% 330 36 |24/26 |DJ,DGA |PageMode | 4-5
TMS46460-80% 80 275 Low Voltage
Quad CAS
CMOS
4096K TMS46460P-60% 60 385 Enhanced
TMS46460P-70+% 70 5% 10% 330 36 |24/26 |[DJ,DGA |PageMode | 4-5
TMS46460P-80% 80 275 Low Voltage
Quad CAS
TMS44100-60% 60 523 CMOS
TMS44100-70% 70 5=10% 468 1 20/26 |DGADJ | Enhanced 4-27
TMS44100-80% 80 413 Page Mode
TMS44100P-60% | 60 523 gmgﬁce g
4096K x 1 TMS44100P-70: 70 5x10% 468 1 20/26 [DGA,DJ |pagemode | 427
TMS44100P-80 80 413 Low Power
SMJ44100-80 80 468 Milltary
SMJ44100-10 100 | 5=10% | 440 22 ;:' 20, ";'gé ‘:_IE:_ SMOS o0 | 845
SMJ44100-12 120 385 ' an
Page Mode
, Military
, 60 . 495
sMJ416160% CMOS
16384K 1024x16 | gyiaieiant 70 52+ 10% 440 1 50 HKD Enhanced | 123
80 385
Page Mode
TDGA Pastic Thin Small-Outline-Package (TSOP)
DJ Plastic Small-Outiine J-Lead (SOJ)
FQ Leadless Ceramic Chip Carrier (Military) (CDCC)
HJ  Ceramic Small-Outline J-Lead (Military) (SOJ)
HK  Flatpack (Military)
HKD Flatpack (Military)
HL Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HR Flatpack (Military)
JD  400-Mil Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
JDB 300-mil Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)
SV Ceramic Zig-Zag Package (ZIP) (Military)
* Advance Information for product under development by Tl
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Selection Guide

DRAM (Continued)
MAX | power |  DISSIPATION |
ORGANIZATION ACCESS
DENSITY | S e Brrey | DEVICENUMBER | ASCES suggw —=mve Tenoov] PINS |Packacet | Notes | pace
_(ns) _mwW) | (mwW)
TMS46100-70% 70 216 gmgsce g
TMS46100-80% 8 (33:10% | 180 | 36 [20/26 |DGADJ |pardiisc, | 427
TMS46100-10% 100 144 Low Voltage
4096K x 1 CMOS
TMS46100P-70% 70 216 E"“a"m
TMS46100P-80% 80 |33x10% | 180 36 |20/26 |DGA, Dy L:\ge\loltagee 427
TMS46100P-10% | 100 144 Extended
Refresh
TMS44400-60% 60 550 | - cMos
TMS44400-70% 70 | 5=10% | 495 11 |20/26 |DJ,DGA [Enhanced | 4-51
TMS44400-80% 80 440 Page Mode
TMS44400P-60% | 60 550 g“?gs 4
TMS44400P-70 | 70 | 5:10% | 495 11 |20/26 |DJ,DGA nge'mde 4-51
TMS44400P-80% 80 440 Low Power
SMJ44400-80 80 Military
SMJ44400-10 100 | 5=10% | 468 22 |20 [HR.JDB, JCMOS 8-65
440 HL, sV Enhanced
1024K x 4 SMJ44400-12 120 358 Page Mode
TMS46400-70% 70 252 CMOS
4096K TMS46400-80% 80 |33=10% | 216 72 |20/26 |DGA, DJ E:g:"m | a5t
TMS46400-10% 100 180 Low Vothage
CMOS
TMS46400P-70% 70 252 5““‘"&2‘&
TMS46400P-80% 80 |s3z10% | 216 72 |20/26 |DGA, DJ ng"\,ona;e 4-51
TMS46400P-10% | 100 180 Extended
Refresh
TMS441656-70 70 660 0 CMOS
TMS44165-80 80 5+10% | 578 1 |4o4s |DGEDZ |Enhanced | 473
TMS44165-10 100 523 Page Mode
CMOS
TMS44165P-70 70 660 0, e osed
TMS44165P-80 80 5+10% | 578 1 |40/4s |[POEDZ |pacaMode | 473
TMS44165P-10 100 523 Low Power
256K x 16
TMS45160-70 70 880 “ CMOS
TMS45160-80 80 5:10% | 770 1 |40/44 |DGEDZ |Enhanced | 493
TMS45160-10 100 660 Page Mode
CMOS
TMS45160P-70 70 880 40, EMOS o
TMS45160P-80 80 5+10% | 770 11 |4a0/4a [POEOZ |pagaMode | 493
TMS45160P-10 100 660 Low Power

T DGA Plastic Thin Small-Outline-Package (TSOP) o
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DZ Plastic Small-Outline J-Lead (SOJ)
HL Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HR Flatpack (Military)
JDB 300-mil Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)

SV Ceramic Zig-Zag Package (ZIP) (Military)

% Advance Information for product under development by Tl
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Selection Guide

DRAM (Continued)
MAX MAX POWER .
ORGANIZATION ACCESs | POWER DISSIPATION
DENSITY (WORDS x DEVICE NUMBER TIME SUPPLY PINS | PACKAGE? NOTES PAGE
BITS) W ACTIVE | STANDBY .
(ns) (mwW) (mw)
TMS45165-70% 70 880 £ CMOS
TMS45165-80% 80 5:10% | 770 1 4044 |DGE.DZ |Enhanced | 4-115
TMS45165-10% 100 660 Page Mode
409K | 256K x16 [\ sast6sp-70t 70 880 0 gm?S  od
TMS45165P-80% 80 5£10% | 770 1 |40/as |DGE. DZ Pag:"Mode 4115
TMS45165P-10¢ | 100 660 Low Power
Military
SMJ416100-70 70 440
16 384K x 1 5210% 1 24/28 |FNC, HKB | Enhanced 8-85
SMJ416100-80 80 385 _ Page Mode
TMS416400-60 60 440 CMOS
TMS416400-70 70 51 10% 385 1 24/26 |DGA,DJ |Enhanced | 4-135
TMS416400-80 80 330 Page Mode
TMS416400P-60 60 440 CMOS
TMS416400P-70 70 5x10% 385 11 24/26 |DGA,DJ |Enhanced | 4-135
TMS416400P-80 80 330 Page Mode
SMJ416400-60 60 495 Mitary
SMJ416400-70 70 440 FNC,
SMJ416400-80 80 5+10% 385 11 24/28 HKB, SV Enhanced 8-105
Page Mode
SMJ416400-10 100 330
16 384K TMS417400-60 60 605 CMOS
TMS417400-70 70 5+ 10% 550 1 24/26 |DGA,DJ |Enhanced | 4-135
4096K x4 | TMS417400-80 80 495 Page Mode
TMS417400P-60 60 605 CMOS
TMS417400P-70 70 52 10% 550 1" 24/26 |DGA,DJ [Enhanced | 4-135
TMS417400P-80 80 495 Page Mode
TMS426400-60% 60 | 252 gng ced :
TMS426400-70§ 70 |33:10% | 216 36 |24/26 |DGA, DJ Page Mode 4-135
TMS426400-80 80 180 Low Vohage
CMOS
TMS426400P-608 60 252 . Enhanced
TMS426400P-708 70 |33=x10% | 216 36 |24/26 |DGA,DJ |PageMode | 4-135
TMS426400P-808 80 180 . Low Voltage
Low Power

TDGA Plastic Thin Small-Outiine-Package (TSOP)
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DZ Plastic Smali-Outline J-Lead (SOJ)
FNC Small-Outiine Leadless Chip Carrier (Military) (SOLCC)
HKB Flatpack (Military)
SV  Ceramic Zig-Zag Package (ZIP) (Military)
¥ Advance Information for product under development by T
§ Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice.
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Selection Guide

DRAM (Continued)

MAX | power |  DISSIPATION ‘
ORGANIZATION ACCESS t
DENSITY | woRDs x BiTs) | DEVICENUMBER | " e SU(I;I)’LY 2orve Tstanoev| PINS | PACKAGE NOTES PAGE
(ns) (mw) (mW)
TMs427400-60% | 60 360 gr'::gﬁm
TMS427400-70: 70 |33:10% | 324 36 |24/26 |DGA,DJ | age Mode 4135
TMS427400-80 80 288 Low Voltage
4096K x 4 . CMOS
TMS427400P-60% 60 360 Enhanced -
TMS427400P-70% | 70 |33:10% | 324 3.6 24/26 |DGA,DJ | Page Mode | 4-135
TMS427400P-80% 80 288 Low Voltage
Low Power
TMS416160-60% 60 495 .2 CMOS
TMS416160-70% 70 52 10% 440 1 44/80 |DGE.DZ |Enhanced | 4-163
TMS416160-80% 80 385 Page Mode
TMS416160P-60% | 60 495 2 cE:xgs
TMS41 e1sop-7o: 70 5210% 440 1 44/50 | DGE. DZ Page'M'“ od"e 4-163
TMS416160P-80 80 385 Low Power
TMS418160-60% 60 1045 2 CMOS
TMS418160-70% 70 5+ 10% 990 1 a4/50 |DGE.DZ |Enhanced | 4-163
TMS418160-80% 80 935 Page Mode
16 384K TMS418160P-60% | 60 1045 @ NS
TMS418160P-70: 70 5+ 10% 990 1 4450 | PGE. DZ Page Mode | 4162
TMS418160P-80 80 935 Low Power
TMS426160-60% | 60 324 @ gmgf o
1024Kx 16 | TMS426160-70% 70 |[33:10% | 288 3.6 : | DGE, Dz 4-163
TMs426160-80f | 80 252 44/50 Page Mode
Low Voltage
CcMOS
TMS426160P-60% 60 324 @ Enhanced
TMS426160P-70% | 70 |33:10% | 288 3.6 44/s0 | DGE:DZ | PageMode | 4-163
TMS426160P-80% | 80 252 Low Voltage
Low Power
TMS428160-60¢ 60 684 02 gm"ﬁ -
TMS428160—70: 70 |33:10% | 648 3.6 44/50 |PGE.DZ [ age Mode 4-163
TMS428160-80; 80 612 Low Voltage
CMOS
TMS428160P-60F | 60 684 2 " | Enhanced ,
TMS428160P-70% 70 |33:10% | 648 3.6 44/50 |DGE.DZ [PageMode | 4-163
TMS428160P-80% 80 612 Low Voltage
Low Power

tDGA Plastic Thin Smali-Outline-Package (TSOP)
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DZ Plastic Small-Outline J-Lead (SOJ)
# Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice.
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Selection Guide

DRAM (Continued)

MAX | powen |  DisSipaTION
ORGANIZATION ACCESS ;
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU:’I;LY STANDBY PINS | PACKAGE? NOTES PAGE
(ns) (mW) (mW)
TMS416169-60% 60 495 42 CMOS
TMS416169-70% 70 5+ 10% 440 1 44/50 |DGE.DZ |Enhanced | 4-191
TMS416169-80% 80 385 Page Mode
TMs416169P-60% | 60 495 2 gm,s' -
TMS4161 69P-70: 70 5x10% 440 1 44/50 | DGE. DZ Page Mode 4191
TMS416169P-80 80 385 Low Power
TMS418169-60% 60 1045 42 CMOS
TMS418169-70% 70 5= 10% 990 1 44/50 |DGE.DZ |Enhanced | 4-191
TMS418169-80% 80 935 Page Mode
TMS418160P-60% | 60 1045 @ gm‘::c o
TMS418169P-70§ 70 5210% 990 " 44/80 | DGE DZ Page Mode | 4191
TMS418169P-80 80 935 Low Power
. TMS426169-60% 60 324 2 ‘E’mgf -
16384K | 1024Kx 16 TMS426169-70§ 70 |33:10% | 288 3.6 44/50 | PGE: DZ Page Mode | 419!
TMS426169-80 80 252 Low Voltage
‘ CMOS
TMS426169P-60% 60 324 . Enhanced
TMS4261 69P-70% 70 3.3+10% 288 3.6 44 /:,';O DGE, Dz Page Mode 4-191
TMS426169P-80% 80 252 Low Voltage |-
Low Power
TMS428169-60% 60 684 @ (E"“":gf -»
TMS428169-70% 70 [33:10% | 648 3.6 a4/50 |POEDZ | oo Mode | 419
TMS428169-80% 80 612 9
Low Voltage
CMOS
TMS428169P-60% 60 684 .2 Enhanced
TMS428169P-70% 70 |33:10% | 648 36 44/50 |DGE.DZ | PageMode | 4-191
TMS428169P-80F 80 612 Low Voltage
Low Power
Tmsmsoo-sgt# 50 504 CMOS
TMS464800-6 60 432 Dz, Enhanced
TMss6ag00.70f | 70 | 33%10% ] 396 | 72 % |pec Page Mode | 4187
TMS464800-80% 80 360 Low Voltage
65536K | 8192K x 8
* TMS464800P-58*¢ 50 504 ' gmfc o
TMS464800P-6! 60 432 DGC,
Tmsasasoor-70t | 70 33£10% | o0 7.2 82 |7 mev Im:;e 4-187
TMS464800P-80% | 80 360 Low Power

T DGC Plastic Thin Small-Outline Package (TSOP) 400-mil (50-mil pitch)
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DZ Plastic Small-Outline J-Lead (SOJ)

% Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice.
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Selection Guide

DRAM (Continued)
ORGANIZATION acerss | POWER | scrve | stanpey |
DENSITY (WORDS x BITS) DEVICE NUMBER 1(1M)E SU(I;I;LY (mW) (mW) PINS | PACKAGET NOTES PAGE
ns)
TMS464160-50% 50 504 CMOS
TMS464160-60% 80 o, 0% | 432 72 |59 DGE, Enhanced | , (oo
TMS464160-70% 70 - 396 : TBD |Dz Page Mode
TMS464160-80% 80 360 Low Voltage
4096K x 16 , .
X TMS4641 sopﬂ 50 504 gm‘gg »
TMS464160P 60 432 50, DGE,
Tms4sateor-7ot | 70 [33*10% | 306 | 72 [7Bp |DZ esbeanl Rl
TMS464160P-80% | 80 360 : Low Power
65536K
TMS464400-50: 50 504 CMOS
TMS464400-60 60 432 DGC, Enhanced
TMsag4400708 | 70 | 33%10% | 59 | 72 |32 DZ Page Mode | 4187
TMS464400-80F 80 360 Low Voltage
16384K x 4
* TMS464400P:653** 50 504 2,“.1,‘;,? »
TMS464400P 60 432 DGC,
TMS46ad00P-70t | 70 [3310% | 596 | 72 (32 |pg P e | 187
TMS464400P-80% | 80 360 Low Power

tDGC Plastic Thin Small-Outline Package (TSOP) 400-mil (50-mil pitch)
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DZ Plastic Small-Outline J-Lead (SOJ)

¥ Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice.
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Selection Guide

SDRAMs
MAX | power |  Dissipamon
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I;I;LY ~ STANDBY PINS | PACKAGE? NOTES PAGE
(ns) (mW) (mW)
TMS626402-10 9 612
4M x 4 TMS626402-12 10 3.3x+10% 504 3.6 44 DGE 5-3
16M TMS628402-15 12 468
TMS626802-10 9 612
2Mx 8 TMS626802-12 10 3.3+£10% 504 3.6 44 DGE 5-41
TMS626802-15 12 468
1t DGE Plastic Surface Mount Thin Small-Outiine Package (TSOP)
b TEXAS
INSTRUMENTS
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Selection Guide

Video RAMs
MAX < | power DISSIPATION
ORGANIZATION ACCESS t
DENSITY (WORDS  BITS) DEVICE NUMBER TIME SU(I:II;LY ACTIVE | STANDBY PINS PACKAGE NOTES PAGE
(ns) (mw) (m
SMJ44C251B-10 100 550 HJ, HM gilltgsry
, HM, M
1024K | 256Kx4  |gyisacosiB12 | 120 | B%10% | 405 8 128 |ip,sv |Mutiport 8-145
: Video RAM
Military
SMJ55161-70 70 1050 825 GB, CcMOoS
SMJ55161-80 go | 5%19% | o975 | 800 5468 |nke Multiport 8197
Video RAM
Military
SMJ55166-70 70 1050 825 GB, cMoSs
SMJ55166-80 go |[5%19% | g75 | so0 [54©8 |nke Muttiport 8-259
Video RAM
TMS55160-60 60 908 CMOS
TMS55160-70 70 5210% | oo 28 |es DGH Multiport 579
4096K 256K x 16 TMS55160-80 80 Video RAM
TMS55161-60 60 08 , CMOS
TMS55161-70 70 5£10% | goo 28 |64 DGH Multiport 5-191
TMS55161-80 80 Video RAM
TMS55165-60 60 908 cMOS
TMS55165-70 70 5210% | goo 28 |64 DGH Multiport 5-135
TMS55165-80 80 Video RAM
TMS55166-60 60 908 cMos
TMS55166-70 70 5210% | goo 28 |64 DGH Multiport 5-251
TMS55166-80 80 Video RAM
tDGH Plastic Super Small-Outline Package (SSOP)
GB Ceramic Pin Grid Array
HJ  Ceramic Small-Outjine J-Lead (Military) (SOJ)
HKC 0.5 mm Pitch Ceramic Flatpack (Non-conductive tie bar) (Military)
HM  Small-Outiine Leadless Ceramic Chip Carrier (Military) (SOLCC)
JD  Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
SV  Ceramic Zig-Zag Package (ZIP) (Military)
b TEXAS
INSTRUMENTS
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Selection Guide

DRAM Module
MAX | power | LENGHT HEIGHT
x
DENSITY | O oy | DEVicENumBer  [AGEESS | suppiy INCHES PINS | PACKAGE | PAGE
(WORDS x TuE s (MILLIMETERS)
TM4100GADS-60 60 3.5 % 0.6" Single-Sided
TM4100GADS-70 70 | 5210% | ron o0 30 |Socketable 6-3
Mxs TM4100GADS-80 80 ' " Solder-Tabbed
* TM497GUS-60 60 35 x 065" Single-Sided
TM497GU8-70 70 | 5:10% | (o500 1665) 30 | Socketable 69
TM497GU8-80 80 ! ' Solder-Tabbed
TM4100EAD9-60 60 - 3.5"x 0.8" Single-Sided
TM4100EADS-70 70 | 5210% | (oo 20a2) 30 | Socketable 6-15
AMx9 TM4100EADS-80 80 ! ! Solder-Tabbed
x
TM497EU9-60 60 35" 08" Single-Sided
TM497EU9-70 70 | 5210% | ogono0a2) 30 | Socketable 6-23
TM497EU9-80 80 ! ! Solder-Tabbed
TM124BBK32-60 60 35" x 0.65" Single-Sided,
TM124BBK32-70 70 | 5:10% | 400 1665) 72 | Socketable 6-29
TM124BBK32-80 80 g g Gold-Tabbed
TM124BBK325-60 60 425" x 1.00" Single-Sided
TM124BBK32S-70 70 | 5x10% | o0 peaq) | 72 |Socketable 6-29
i 32 |TM124BBK32S-80 80 ’ ' Solder-Tabbed
* TM124BBK32F-60 60 425 1.00" Single-Sided
TM124BBK32F-70 70 51 10% (1 0'7 95 x 2;5 40) 72 | Socketable 6-39
TM124BBK32F-80 80 ' ' Gold-Tabbed
TM124BBK32U-60 60 425" x 1.00" Single-Sided
TM124BBK32U-70 70 | 5:10% | (o aea0) | 72 [Socketable 6-39
4 MBvie TM124BBK32U-80 80 ! ! Solder-Tabbed
" TM124MBK36B-60 60 4.25" x 1.00" Single-Sided
| TM124MBK36B-70 70 | 5£10% | (o0 osa0) | 72 |Socketable 6-63
TM124MBK36B-80 80 ’ ' Gold-Tabbed
TM124MBK36R-60 60 PP Single-Sided
TM124MBK36R-70 70 | 5x10% | (o0 seaq) | 72 | Socketable 6-63
TM124MBK36R-80 80 ! ! Solder-Tabbed
TM124MBK36C-60 60 4.25° x 1.00° Single-Sided
TM124MBK36C-70 70 | 5210% | (o osuosa0) | 72 |Socketable 6-81
TM124MBK36C-80 80 ' ! Gold-Tabbed
TM124MBK36S-60 60 4.95" x 1.00" Single-Sided
TM124MBK36S-70 70 | 5210% | (oo o540 | 72 |Socketable 6-81
Mxas | TM124MBK36S-80 80 ’ ' Solder-Tabbed
x
TM124MBK36F-60 60 4.25" x 1.00" Single-Sided
TM124MBK36F-70 70 | 510% | (oo ssa0) | 72 |Socketable 6-73
TM124MBK36F-80 80 ’ g Gold-Tabbed
TM124MBK36U-60 60 4.25" % 1.00" Single-Sided
TM124MBK36U-70 70 | 5x10% | oro Snaq | 72 |Socketable 673
TM124MBK36U-80 80 ' ' Solder-Tabbed
TM124MBK36G-60 60 4.25" % 1.00" Single-Sided
TM124MBK36G-70 70 | 5x10% | oo peaq) | 72 |Socketable 6-91
TM124MBK36G-80 80 ! ' Gold-Tabbed
TM124MBK36V-60 60 425" x 1.00" Single-Sided
TM124MBK36V-70 70 | 5x10% | (o0 ana0) | 72 |Socketable 6-91
TM124MBK36V-80 80 ' ' Solder-Tabbed

“5’ TEXAS
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Selection Guide

DRAM Module (continued)
' OWER | LENGHT » HEIGHT
POWER x
DENSITY | ORGANIZATION DEVICENUMBER | ACCESS | gyppry INCHES PINS | PACKAGE PAGE
, (WORDS x BITS) e ) (MILLIMETERS) ,
TM248CBK32-60 60 425 x 1.00" Double-Sided
TM248CBK32-70 70 | 5x10% ; R 72 | Socketable 6-29
TM248CBK32-80 80 (107,95 x 25,40) Gold-Tabbed
TM248CBK325-60 60 425 x 1.00" Double-Sided
TM248CBK32S-70 70 | sato% | (20 edq) | 72 |Socketable 6-29
TM248CBK32S-80 80 ’ : Solder-Tabbed
2Mx 32
* TM248CBK32F-60 60 425" 1.00" Double-Sided
TM248CBK32F-70 70 | 5210% | 000 heue) | 72 |Socketsble 6-39
TM248CBK32F-80 80 ’ g Gold-Tabbed
TM248CBK32U-60 60 425" x 1.00" Double-Sided
TM248CBK32U-70 70 | 5a10% | 020w | 72 |Sccketable 6-39
TM248CBK32U-80 80 ’ " Solder-Tabbed
TM248NBK36B-60 60 425 X 1.00" Double-Sided
TM248NBK36B-70 70 | 5210% | 070 psag | 72 |Socketable 6-63
TM248NBK36B-80 80 ’ ' Gold-Tabbed
TM248NBK36R-60 60 425" % 100" Double-Sided
TM248NBK36R-70 70 | 5210% | (070 aq) | 72 |Socketsble 6-63
TM248NBK36R-80 80 ’ ’ Solder-Tabbed
8 MByte
" TM248NBK36C-60 60 425 1.00" Double-Sided
TM248NBK36C-70 70 | 5e10% | (070 onan) | 72 | Socketable 6-81
TM248NBK36C-80 80 ' v Gold-Tabbed
TM248NBK36S-60 60 25" 2 100" Double-Sided
TM248NBK36S-70 70 | 5210% | 07 sea0 | 72 |Socketable 6-81
TM248NBK36S-80 80 ' " Solder-Tabbed
2M x 36 :
TM248NBK36F-60 60 25" % 1.00" Double-Sided
TM248NBK36F-70 70 | 5210% | (070 heae) | 72 |Socketable 673
| TM248NBK36F-80 80 ’ g Solder-Tabbed
TM248NBK36U-60 60 Double-Sided
TM248NBK36U-70 70 | 5:10% (1‘;'723;’;1,‘;20;0) 72 | Socketable 673
TM248NBK36U-80 80 v ' Solder-Tabbed
TM248NBK36G-60 60 . Double-Sided
TM248NBK36G-70 0 | saton | O ek | 72 |Socketade | 6ot
TM248NBK36G-0 80 ~ / ' Solder-Tabbed
TM248NBK36V-60 60 425" x 1.00" Double-Sided
TM248NBK36V-70 70 | sst0% | o070 " e | 72 |Socketable 6-91
TM248NBK36V-80 80 v ' Solder-Tabbed

{’? TEXAS
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Selection Guide

DRAM Module (Concluded)
MAX | POWER LENDG|=$N sr'«%’o‘enr
X
pensiTy | ORGANIZATION | pevicenumser | ASCESS | suppry INCHES PINs | PACKAGE PAGE
(Wi ) e} ™ (MILLIMETERS)
TM497BBK32-60 60 425" x 1.00" Single-Sided
TM497BBK32-70 70 | 5210% | (070 ea0) | 72 |Socketable 6-47
iMugs  |TM4S7BEK32-80 80 ’ J Gold-Tabbed
x TM497BBK325-60 60 425 x 1.00" Single-Sided
TM497BBK32S-70 70 | 5210% | o7 seag | 72 [Socketadle 6-47
TM497BBK32S-80 80 ! ' Solder-Tabbed
TM497MBIK36A-60 60 425" < 1.00" Double-Sided
TM497MBK36A-70 70 | 5x10% | . oror ssaq | 72 |Socketable 6-99
TM497MBK36A-80 80 ’ ’ Gold-Tabbed
TM497MBK36Q-60 60 425" 1.007 Double-Sided
TM497MBIK36Q-70 70 | 5210% | o0 seaq) | 72 |Socketavle 6-99
TM497MBK36Q-80 80 ’ d Solder-Tabbed
16 MByte 4M x 36
TM497MBM36A-60 €0 425" x1.25° Single-Sided
TM497MBM36A-70 70 | 5210% | (7o arys | 72 |Socketable 6-107
TM497MBM36A-80 80 ’ ' Gold-Tabbed
TM497MBM36Q-60 60 425" x 1.25" Single-Sided
TM497MBM36Q-70 70 | 5210% | o7 iys | 72 |Socketable 6-107
TM497MBM36Q-80 80 ’ J Solder-Tabbed
TM893CBK32-60 60 425" x 1.05" Double-Sided
TM893CBIK32-70 70 | 5210% | 7o oiys | 72 |Socketable 6-55
sMxap  |TMB93CBK32:80 80 ’ ' Gold-Tabbed
X TM893CBK32S-60 60 425" x 125" Double-Sided
TM893CBK325-70 70 | 5210% | (o o sirs | 72 |Socketable 6-55
TM893CBK325-80 80 ’ ' Solder-Tabbed
TMB9I3NBM36A-60 60 4.25°x 1.25 Double-Sided
TM893NBM36A-70 70 | 5210% | o7l aigs | 72 [Socketavle 6-107
TM893NBM36A-80 80 ' ' Gold-Tabbed
32 MByte 8M x 36 -
TM893NBM36Q-60 60 4.25" x 1.25" Double-Sided
TM893NBM36Q-70 70 | ss10% | 070 Girs | 72 |Socketable 6-107
TM893NBM36Q-80 80 ’ ' Solder-Tabbed
W3 Texas
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Selection Guide

EPROM '
MAX | power | DissipaTIoN
ORGANIZATION , ACCESS .
DENSITY (WORDS x BITS) DEVICENUMBER T ME SU&)PLY Y STANDBY PINS | PACKAGE' NOTES PAGE
(ns) (mW) (mW)
SMJ27C128-12 120 ,
. SMJ27C128-15 150
16Kx8  |SMJ27C128-17 170 5:10% | 138 17 |28 |y Military | 8-319
SMJ27C128-20 200 |
SMJ27C128-25 250
TMS27C256-10 100
TMS27C256-12 120
TMS27C256-15 150
256K 2Kx8 [ e 1y g 5:10% | 165 14 |28 |y cMos | 7-143
TMS27C256-20 200
TMS27C256-25 250
TMS27C510-12 120
TMS27C510-15 150
TMS27C510-17 170 5:10% | 165 14 (32 v cMos | 7-1s5
TMS27C510-20 200
s12K ks |TMSZTCS1025 250
X TMS27C512-10 100
TMS27C512-12 120
TMS27C512-15 150 5:10% | 165 14 |28 |y cmos | 7-167
TMS27C512-20 200 :
TMS27C512-25 250
TMS27C010A-10 100
TMS27C010A-12 120
128Kx8 [ 000 1a hpas 5x10% | 165 | os5 [32 |4 cMos | 7-179
TMS27C010A-20 200
1024K TMS27C210A-10 100
TMS27C210A-12 120
64Kx 16 | TMS27C210A-15 150 5:10% | 165 | 055 |40 | cMmos | 7191
TMS27C210A-20 200
TMS27C210A-25 250
TMS27C020-12 120
TMS27C020-15 150 :
208K | 256Kx8 [ 1Rt a0 Jed 5:10% | 165 | 055 |32 |4 cMos | 7-201
TMS27C020-25 250

tJ  Ceramic Dual In-Line Package (DIP)

2-14
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Selection Guide

Flash
MAX . | power DISSIPATION
ORGANIZATION ACCESS +
DENSITY | woRDS x BiTs) | DEVICENUMBER | “Tu sug,o;l.v 2oTve Tstanoev] PINS | PackacE NOTES | PAGE
(ns) (mw) (mwW)
) TMS28F512A-10 100 cMOS
TMS28F512A-12 120 FM, N,
512K 64K x 8 TMS28F512A.15 150 5x10% 165 55 |32 DD, DU al:;hory 7-3
TMS28F512A-17 170 )
TMS28F010B-90 100 cMosS
TMS28F010B-10 120 DD, DU,
128K x 8 TMS28F010B-12 150 5+10% 165 55 |32 M mm 7-25
1024K TMS28F010B-15 170
TMS28F210-10 100 cMOS
64Kx16 | TMS28F210-12 120 | 5.10% | 275 55 |40,44 |FN, U Flash 7-47
TMS28F210-15 150 Memory
TMS28F210-17 170
TMS28F020-10 100 cMOS
256K x8 | IMS28R02012 | 120 | 5,404 | 275 | 55 [s2 |FM,0D |Flash 7.67
TMS28F020-15 150 Memory
TMS28F020-17 170
2048K I
s .
x8or X-70 70 5+ 10% 00t
128Kx 16 | TMS28F200x-80% 80 5210% 358 .55 |44,56 [DBJ,DBR |pgoqon 7-87
TMS28F200x-90% | g0 | 5%10% Memory
Kt TM:28’§400x-60: 60 | 51:5% CMOS-
5 x8or | TMS28F400x-70 70 5+ 10% Boot-Block .
4096K [ “2sekx16 [TMs2eF4oox-0t | 8o [ Setox | 38 | 55 144,56 |DBJDBR pgeh 7118
TMS28F400x-90% | g0 | 5=10% Memory
tDBJ Plastic Small-Outline Package
DBR Plastic Small-Outline Package
DD Plastic Thin Small-Outline Package
DU Plastic Thin Small-Outline Reverse Form Package
FM Plastic Leaded Chip Carrier
FN Plastic Leaded Chip Carrier
J Ceramic Dual In-Line Package (DIP)
N  Plastic Dual In-Line Package (DIP)
% Advance Information for product under development by Tl
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Selection Guide

EPROM

MAX s | Power DISSIPATION
v | ORGANIZATION ACCESS t
DENSITY | O ey | DEVICENUMBER [ AGTEE sU(F"II)’LY e Temnosv] PINS |Packacet | notes | Pace
. (ns) (mW) (mW)
TMS27C040-10 100
TMS27C040-12 120 | 5+10% | 275 055 |32 J cMos | 7211
TMS27C040-15 150
512K x 8
SMJ27C040-10 100
4096K SMJ27C040-12 120 | 5+10% | 275 055 |32 J Military | 8-331
SMJ27C040-15 150
TMS27C240-10 100 |-
256K x 16 | TMS27C240-12 120 | 5210% | 275 055 |40 J cMos | 7-221
TMS27C240-15 150
tJ  Ceramic Dual In-Line Package (DIP)
It
INSTRUMENTS
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Selection Guide

One-Time Programmable (OTP) PROM

MAX | power |  DissipaTIoN
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SUK,F)’LY Iy STANDEY PINS | PACKAGEY | NOTES | PAGE
(ns) (mw) (mw)
TMS27PC256-10 100
TMS27PC256-15 150
256K 32K x 8 TMS27PC256-17 170 5+ 10% 165 1.4 28,32 |FM,N CMOS 7-143
TMS27PC256-20 200
TMS27PC256-25 250
TMS27PC510-15 150
TMS27PC510-17 170
TMS27PC510-20 200 5x10% 165 1.4 32 FM, N CMOS 7-1565
TMS27PC510-25 250
512K 64K x 8 TMS27PC512-10 100
TMS27PC512-12 120 DD. DU
TMS27PC512-15 150 5+ 10% 165 1.4 28, 32 FM, N ' IcMOSs 7-167
TMS27PC512-20 200 !
TMS27PC512-25 250 '
TMS27PC010A-12 120 DD, DU
128K x 8 TMS27PC010A-15 150 5+ 10% 165 0.55 32 FM’ N ! CMOS 7-179
TMS27PC010A-20 200 !
1024K TMS27PC210A-12 | 120
TMS27PC210A-15 150
64K x 16 TMS27PC210A-20 200 5+ 10% 165 0.55 44 FN CMOSs 7-191
TMS27PC210A-25 250
. TMS27PC020-12 120
TMS27PC020-15 150
2048K 256K x 8 TMS27PC020-20 200 5+ 10% 165 0.55 32 FM CMOSs 7-201
TMS27PC020-25 250
TMS27PC040-10 100
512K x 8 TMS27PC040-12 120 5+10% 275 0.55 32 FM CMOS 7-211
TMS27PC040-15 150
4096K
TMS27PC240-10 100 .
256K x 16 TMS27PC240-12 120 5+ 10% 275 0.55 44 FN CMOS 7-221
TMS27PC240-15 150 )
tDD Plastic Thin Small-Outline Package
DU Plastic Thin Small-Outline Reverse Form Package
FM  Plastic Leaded Chip Carrier
FN Plastic Leaded Chip Carrier
N  Plastic Dual In-Line Package (DIP)
‘U TEXAS .
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Definition of Terms/Timing Conventions

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 can be represented by the presence
or absence of charge, voltage, or current.

Byte — A word of eight 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 transistors with electron (N-channel) and hole (P-channel)
conduction.

Chip Enable Input — A control input to an integrated circuit that, when active, permits operation of the integrated
circuit for input, internal transfer, 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 control 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
asynchronous 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).

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” can 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 might use static addressing or sensing circuits.
4. This definition applies whether the control signals are generated inside or outside the integrated circuit.

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.

EPIC is a trademark of Texas Instruments Incorporated.

¥ Texas
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Definition of Terms/Timing Conventions

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

ESD - Electrostatic Discharge.

Extended Data Output — Extended data out allows for data output rates of up to 40 MHz for 60 ns devices. When
keeping the same row address while selecting random column addresses, the time for row-address setup and
hold and address multiplex is eliminated. The maximum number of columns that can be accessed is determined
by trasp, the maximum RAS low time.

Extended data out does not enter the DQs into the high-impedance state with the rising edge of CAS. The output
remains valid for the system to latch the data. After CAS goes high, the DRAM is decoding the next address.
and WE can be used to control the output impedance. Descriptions of OE and WE further explains EDO operation
benefit.

Fleld Memory (FMEM) — A serial-access memory that perfbrms 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.)
Field-Programmable Read-Only Memory — See One-Time Programmable Read-Only Memory.
FIFO — First-In, First-Out.
Fit — A failure rate of one failure in one billion hours.

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

Flash Memory — A nonvolatile memory that can be ﬁeldjarogrammed like an OTP PROM or EPROM but that can
be electrically erased by a combination of electrical signals at its inputs.

FRAM - First-in first-out pseudo-static RAM or Field RAM.

Fully Static RAM — In a fully static RAM, the periphefy 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
required 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 Test 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.

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.

“5’ TEXAS
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Definition of Terms/Timing Conventions

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
produce 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
pertaining 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 at the memory output, and when false, causes
the output to assume a high-impedance state. (See also chip select.)

PCMCIA - Personal Computer Memory Card International Association.
PDIP — Plastic Dual-Inline 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 avlow-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 1) 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 are 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 notintended 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 memoryin 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 control the input of the row addresses. It can be
active high (RAS) or active low (RAS).
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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 for improved performance.

SDRAM — Synchronous Dynamic Random Access Memory. SDRAM synchronizes all address, data and control
signals with the system clock. This makes the data transfer rates much higher than can be attained with
asynchronous data. System design will be made easier with timing relationships now similar to other system
operations.

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
peripheral circuitry must be allowed to reset after each active memory cycle for a minimum precharge time. No
refresh is required.

Serlal 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.

SIMM - Single In-Line Memory Module.

Small Outline Integrated Circuit (SOIC) — A package in which an integrated circuit chip can be mounted to for}n
asurface-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.

SOLCC — Small Outline Leadless Ceramic Chip Carrier.
SOJ — Small Outline J-lead package.

SOP - Small Outline Package.

SQFP - Small Quad Flat Pack.

Static RAM (SRAM) — A read/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 — (TSOJ) Thin Small-Outline J-Lead package.
ThinSOP — (TSOP) Thin Small-Outline package.

Very-Large-Scale Integration (VLSI) — The description of an IC technology that is much more complex than large-
scale integration (L.Sl) 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 an 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
parallel.

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.
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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, loy

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

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

The current into* an output with input conditions applied that, according to the product specification, establishes
alow level at the output.

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

The current into* an output having three-state capability with input conditions applied that according to the product
specification establishes the high-impedance state at the output.

Short-circuit output current, log

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: Ipp Ipp
The current into, respectively, the Vgg, Vcc, Vpp. Vpp supply terminals.
*Current out of a terminal is given as a negative value.

Operating Free-Air Temperature

The temperature (Ta) range over which the device operates and the range which meets the specified electrical
characteristics.

Voltage
High-level input voltage, V|

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
of the logic element within specification limits is guaranteed.
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High-level output voltage, Vo

The voltage at an output terminal with input conditions applled that, according to the product specification,
establishes a high level at the output.

Low-level input voltage, V).

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

NOTE: The most positive value of low-level input voltage is specified for which operation of the logic element
within specification limits is guaranteed.

Low-level output voltage, VoL

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

Supply voltages, Vg, Vce, Vops 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 (Vgs). "

Time Intervals

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

Unclassified time intervalis

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.

3-8
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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, it is not necessary to indicate in the symbol that an access time ends with valid data at the output.
However, 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:

Classified Unclassified Description
ta(a) tavav Access time from address
ta(s): ta(cs) tsLav 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:
Classified Unclassified Description
teR) te(rd) tAVAV(R) Read cycle time
- tw) 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:

Classified Unclassified Description . :
tdis(s) tsHaz Output disable time after chip select (high)
tais(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:
Classified Unclassified Description
ten(sy) tsLav Output enable time after chip select low

These symbols supersede the older from tpzy,.
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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
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 hold time can 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:
Classified Unclassified Description
th(D) tWHDX Data hold time (after write high) -
th(RHrd) tRHWH Read (write enable high) hold time after is high
th(CHrd) tCHWH Read (write enable high) hold tinEfter CAS high
th(CLCA) toL-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
th(cLCA) th(aC)
th(RLCA) - th(ARL)
th(rA) th(AR)

NOTE: The from-to sequence in the order of subscripts in the unclassified forn{ 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:

Classified ~ Unclassified Description
tww) tWLWH Write pulse dura&rl
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:
Classified Unclassified Description
4 Refresh time interval
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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 setup 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 for which
correct operation of the digital circuit is guaranteed.

2. Thesetup time can have a negative value in which case the minimum limit defines the longest interval
between the active transition and the application of the other signal) for which correct operation of
the digital circuit is guaranteed.

Example symbology:
Classified Unclassified Description
tsu(D) tDvwWH 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) on the 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:
Classified Unclassified Description
t Transition time (general)
tycH) tcHCH Low-to-high transition time of CAS
trc) tcHCH CAS rise time
t(c teLoL 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
tva) taxax Output data valid time after change of address

This supersedes the older form tpyx.

‘4‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 3-11



Definition of Terms/Timing Conventions

¥

Timing Diagram Symbol

g

QBRI

KXXXXXXXXX

]

" TIMING DIAGRAMS CONVENTIONS

Meaning

Input Forcing Functions

" Must be steady high or low

High-to-low changes permitted

Low-to-high changes permitted

Don't care

(Does not apply)

Output Response Functions
Will be steady high or low

Will be changing from high to low sometime
during designated intervals

Will be changing from low to high sometime
during designated intervals

State unknown or changing

Centerline represents high-impedance
(off) state. )
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TMS44460, TMS44460P, TMS46460, TMS46460P

1048576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS564A — MARCH 1995 — REVISED JUNE 1995

©® Organization... 1048576 x 4

® Single 5-V Power Supply for TMS44460/P
(x10% Tolerance)

® Single 3.3-V Power Supply for TMS46460/P
(x10% Tolerance)

® Low Power Dissipation (for TMS46460P)
— 200-pA CMOS Standby
- 200-pA Self Refresh
~ 300-uA Extended-Refresh Battery

Backup

® Performance Ranges:
ACCESS ACCESS ACCESS READ

TIME TIME TIME ORWRITE

(tRac) (tcac) (taa)  CYCLE

(MAX) (MAX) (MAX)  (MIN)
'4x460/P-60 60 ns 15ns 30ns 110 ns
*4x460/P -70 70ns 18 ns 35ns 130 ns
'4x460/P - 80 80ns 20ns 40ns 150 ns

® Four Separate CASx Pins Provide for

Separate 1/0 Operation

® Parity-Mode Operation
® Enhanced Page-Mode Operation for Faster
Memory Access
® CAS-Before-RAS (CBR) Refresh
® Long Refresh Period
~ 1024-Cycle Refresh in 16 ms
— 128 ms (Max) Low-Power, Self-Refresh
Version (TMS4x460P)
©® 3-State Unlatched Output
® Texas Instruments EPIC™ CMOS Process
®  Operating Free-Air Temperature Range
0°C to 70°C

description

The TMS4x460 series are high-speed,
4194 304-bit dynamic random-access memories,
organized as 1048576 words of four bits each.
The TMS4x400P series are high-speed,
low-power, self-refresh with extended-refresh,
4194 304-bit dynamic random-access memories,
organized as 1048576 words of four bits each.
Both series employ state-of-the-art enhanced
performance implanted CMOS EPIC™ technology
for high performance, reliability, and low power.

DJ PACKAGE DGA PACKAGE
(TOP VIEW) (TOP VIEW)

Vgs DaQi[]10 Vss
DQ4 DQzE 2 25| | DQ4
DQ3 w(]s 24/ 1 DQ3
CAS4 RAS[]4 23] ] CASa
OE CASi[]s 22| ]OE
CAS3 CAS2[ e 21| | CAS3
NC As(]s 19 ]NC
A8 Ao[ ]9 18] ] A8

A1[J10o 17
A2[] 1 16

A5 A3[J12 15[ ] As
A4 Veel]18 A4
PIN NOMENCLATURE
A0-A9 Address Inputs
CAS1-CAS4 Column-Address Strobe
DQ1-DQ4 Data In/Data Out
OE Output Enable
RAS Row-Address Strobe
vce 5-V or 3.3-V Supply
Vss Ground
w Write Enable
AVAILABLE OPTIONS
SELF-REFRESH
POWER REFRESH
DEVICE BATTERY
SUPPLY BACKUP CYCLES
TMS44460 5V —_ 1024 in 16 ms
TMS44460P 5V YES 1024 in 128 ms
TMS46460 33V —_ 1024 in 16 ms
TMS46460P 33V YES 1024 in 128 ms

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. 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.

AWMOENFORMMmmmmm sampling or
of m-umm
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TMS44460, TMS44460P, TMS46460, TMS46460P
1048576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS564A — MARCH 1995 — REVISED JUNE 1995 "

description (continued)

Four separate CAS pins (CAST—CAS4) provide for separate 1/O operations, allowing this device to operate
in parity mode. The TMS44460 also functions in enhanced page mode, similar to the TMS44400.

The TMS4x400 and TMS4x400P are offered in a 24/26-lead plastic small outline (TSOP) package (DGA suffix)
and a 300-mil 24/26-lead plastic surface mount SOJ package (DJ suffix). Both packages are characterized for
operation from 0°C to 70°C.

functional block diagram

RAS CAS1 CAS2 CAS3 CASa W ©OF

Y Y Y Y Y v ov¥

| Timing and Control ‘ |
)|

A0
A1l

Column Decode
Sense Amplifiers
(| 128K Array| | 128K Array
128K Array 128K Array

/o]
Buffers
10f16

Selection

L]
L]
L]
Row-

| Address
°| Buffers

S 16

Reg. L &
A 4

DQ1-DQ4

Q000U %0X

128K Array

128K Array

operation

: parity mode

Four CASx pins (CAS1—-CAS4) are provided to give independent control of the four data I/O pins (DQ1-DQ4).
For read or write cycles, the column addressed is latched on the first CASx falling edge. Each CASX pin going
low enables its corresponding DQ pin with data coming from the column address latched on the first CASx falling
edge. All address setup and hold parameters are referenced to the first CASx falling edge. The delay time from
CASx low to valid data out (see parameter tcac) is measured from each individual CASx to its corresponding
DQx pin.

To latch in a new column address, all four CASx pins must be brought high. The column precharge time (see
parameter tcp) is measured from the last CASx rising edge to the first CASx falling edge of the new cycle. In
order for a column address to remain valid while toggling CASX, there exists a minimum setup time (tcLcH)
where at least one CASx must be brought low before all other CASx pins are taken high. ,

For early-write cycles, the data is latched on the first CASx falling edge. Only the DQs that have the
corresponding CASXx low are written into. Each CASx has to meet toag minimum in order to ensure writing into
the storage cell. To latch a new address and new data, all CASx pins must come high and meet tgp.

This DQ independence allows the TMS4x460/P to provide four parity bits in memory designs that normally
require the use of four 1-megabit x 1 DRAMs.
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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 eliminated. The
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CASx
page-cycle time used. With minimum CASx 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 CASx is high. The falling edge of
CASx latches the column addresses. This feature allows the TMS4x400 to operate at a higher data bandwidth
than conventional page-mode parts because data retrieval begins as soon as the column address is valid rather
than when CASx transitions low. This performance improvement s referred to as enhanced page mode. A valid
column address can be presented immediately after row-address hold time has been satisfied, usually well in
advance of the falling edge of CASx. In this case, data is obtained after tcaoc max (access time from CASx low)
if taAa max (access time from éolumn address) has been satisfied. If column addresses for the next cycle are
valid at the time CASx goes high, access time for the next cycle is determined by the later occurrence of tcac
or tcpa (access time from rising edge of CASXx).

address (A0—A9)

Twenty address bits are required to decode 1 of 1048576 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 AQ through A9 and latched onto the chip by the column-address strobe (CASX). All addresses
must be stable on or before the falling edges of RAS and CASx. RAS is similar to a chip enable in that it activates
the sense amplifiers as well as the row decoder. CASx 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 W selects'the read mode
and alogic low selects the write mode. W can be driven from standard TTL circuits (TMS44460/P) or low-voltage
TTL circuits (TMS46460/P) without a pullup resistor. The data input is disabled when the read mode is selected.

When W goes low prior to CASx (early write), data out 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)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CASx and OE
are broughtlow. In aread cycle, the output becomes valid after all access times are satisfied. The output remains
valid while CASx and OE are low. CASx or OE going high returns it to a high-impedance state. This is
accomplished by bringing OFE high prior to applying data, satisfying togp. -

output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance
state. Bringing OE low during a normal cycle activates the output buffers, putting them in the low-impedance
state. It is necessary for both RAS and CASx to be brought low for the output buffers to go into the
low-impedance state. They remain in the low-impedance state until either OE or CASx is brought high.

refresh

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x400P) to retain data. This
can be achieved by strobing each of the 1024 rows (A0—A9). A normal read or write cycle refreshes all bits in
each row that is selected. A RAS-only operation can be used by holding CASx at the high (inactive) level,
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refresh (continued)

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 can be performed while maintaining valid data at the
output. This is accomplished by holding CASx 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

cycle.

CASx-before-RAS refresh (CBR)

CBRirefreshis utilized by bringing CASx low earlier than RAS (see parameter tcsg) and holding it low after RAS
falls (see parameter toHR). For successive CBR refresh cycles, CASx can remain low while cycling RAS. The
external address is ignored and the refresh address is generated internally.

A low-power battery-backup refresh mode that requires less than 300-puA (TMS46460P) or 500-pA
(TMS44460P) refresh current is available on the low-power devices. Data mtegnty is maintained using CBR
refresh with a period of 125 ps while holding RAS low for less than 1 us. To minimize current consumption, all
input levels need to be at CMOS levels (V| 0.2V, V| zVcc —-0.2V).

self refresh

The self-refresh mode is entered by dropping CASx low prior to RAS going low. CASx and RAS are both held
low for a minimum of 100 pus. The chip is then refreshed by an on-board oscillator. No external address is
required because the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS
and CASx are brought high to satisfy tops. Upon exiting the self-refresh mode, a burst refresh (refresh a full set
of row addresses) must be executed before continuing with normal operation. This ensures the DRAM is fully
refreshed.

power up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
ls uired after full Vgg level is achieved. These eight initialization cycles must include at least one refresh
-only or CBR) cycle.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vgg: TMS44460, TMS44460P ...........ovvvvinvnnnnns -1Vto7V
TMS46460, TMS46460P ..........c.covvvnvnnns -0.5Vto4.6V

Voltage range on any pin (see Note 1): TMS44460, TMS44460P ........................ -1Vto7V
TMS46460, TMS46460P ............c.c0vunnns -0.5Vto4.6V

Short-Circuit OUtPUL CUITBNE . ... ..ottt ittt it et a it i sninesannees 50 mA
Powerdissipation .. ........ciiiiiiiiiii i i e e i s 1w
Operating free-air temperature range, Tp  ......cvvutiiiiiiiuiieieninrinreninerneinaenns 0°C to 70°C
....... —55°C to 150°C

Storage temperature range, Tsttg - .« -« ccevrreetiiiiiiiiiiiiiiii

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” 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

'44460/P '46460/P UNIT
MIN NOM MAX| MIN NOM MAX
Vocc  Supply voltage 4.5 5 5.5 3.0 3.3 3.6 \Z
'VIH High-level input voltage 24 6.5 2.0 Vce +0.3 \4
ViL Low-level input voltage (see Note 2) -1 08} -03 0.8 Vv
TA Operating free-air temperature . 0 70 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS44460/P .
' '44460-60 '44460-70 '44460-80
PARAMETER TEST CONDITIONS ’44460P-60 '44460P-70 '44460P-80 UNIT
MIN MAX MIN MAX MIN MAX
High-level _ )
VOH  guputvoltage | 'OH=—5mA 24 24 24 v
: Low-level output _
VoL voltage loL=42mA 0.4 0.4 04| Vv
Input current Vec =55V, Vi=0Vto65V,
L (leakage) All others = 0 Vto Voo 10 =10 10| pA
Outputcurrent | Vec =55V, Vo=0VtoVce,
o (leakage) CASX high =10 =10 =10 pA
Read- or write- )
lcct cycle current Veec =565V, Minimum cycle 105 90 80| mA
(see Note )
' After 1 memory cycle,
RAS and CASx high, 2 2 2 mA
~ VIH =24V (TTL)
Icc2  Standby current | Atter 1 memory cycle , ‘
= ki 4 g 44 1 11 1 mA
. RAS and CASKx high, 460
ViH=Vcc-02V ,
(CMOS) 44460P 500 500 500| pA
Averangte refresh Ve =55V, Minimum cycle,
lcca ?:Vr{g only or RAS cycling, l 105 90 80| mA
CBR) CASx high (RAS only);
(see Note 4) RAS low after CASx low (CBR)
Average page
current Vee =565V, tpc = minimum,
ICC4  (s06 Notes 4 RAS low, TASx cycling 90 80 70| mA
and 5)
Self-refresh CASx
ASx< 0.2V, RAS< 0.2V,
Iccet  current ’ ’ 500 500 500 | pA
(see Note 4) tRAS and tcas > 1000 ms
Standby current, | =z= o™
' {RAS =V, CASx = V|
Icc7  outputs enabled 5 5 5] mA
(see Note 4) Data out enabled
tRc=125pus, tRAass1lus,
icciof ::r?:rr\yt-backup Vee—-02V<ViH<65Y, 500 500 500 | pA
(with CBR) 0VsV| =02V, Wand OE = V|4,
Address and data stable
1 For TMS44460P only

NOTES: 3. Igc max is specified with no load connected.
4. Measured with a maximum of one address change while RAS = V|
5. ‘Measured with a maximum of one address change while CASx = V|4
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

TMS46460/P
'46460-60 '46460-70 '46460-80
PARAMETER TEST CONDITIONS '46460P -60 '46460P-70 '46460P - 80 UNIT
MIN MAX MIN MAX MIN MAX
High-level IoH =—2 mA (LVTTL) 2.4 24 24
VoH v
output voltage | Iop = — 100 A (LVCMOS) Vce-0.2 Voc-0.2 Voo-0.2
Low-level output |0|_ =2mA (LV"L) 0.4 0.4 0.4
VoL v
voltage loL = 100 pA (LVCMOS) 0.2 0.2 0.2
Input current Vcc=3.6V, Vi=0Vto3.9V,
I (leakage) All others =0V to Voo =10 =10 =10 wA
Outputcurrent |Vcc=3.6V, Vo=0VtoVce,
o (eakage) CASX high =10 £10 £10| pA
Read- or write-
Icct cycle current Vecc =36V, Minimum cycle 70 60 50] mA
(see‘Note )
After 1 memory cycle, .
RAS and CASx high, 2 2 2| mA
Vig =2V (LVTTL)
lcca  Standby current | Atter 1 memory cycle, ,
== g 46460 300 300 300
RAS and CASx high, pA
V|H = Vcc -02V )
(LVCMOS) 46460P 200 200 200| uA
Average refresh Vec =38V, Minimum cycle,
q%m RAS cycling,
lcca C(RBR) only or TASx high (RAS only); 70 60 50| mA
(sse Note 4) RAS low after CASX low (CBR)
Average page
current Vec =36V, tpc = minimum,
lcca (see Notes 4 RAS low, CASx cycling 60 50 401 mA
and 5)
Self-refresh =RES =
CASx< 0.2V, RAS<0.2V,
iccet  current ' ' 200 200 200| pA
(se0 Note 4) tRAS and tcas > 1000 ms
Standby current, | 57
' | RAS =V|H, CASx=V)
lcc? outputs enabled 5 5 5] mA
(soe Note 4) Data out enabled
I t ?ﬁ:ﬁ' P :/ag;::z ;\4/3‘ VIHth * 300 300 300 pA
CC10" our 0VsV|Ls0.2V, Wand OE = V|,
(with CBR)
Address and data stable
T For TMS46460P only

NOTES: 4. I maxis specified with no load connected.

4. Measured with a maximum of one address change while RAS = V|
5. Measured with a maximum of one address change while CASx = V|4
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capacitance over recommended ranges of supply voltage and operating free-alr temperature,
f =1 MHz (see Note 6)

PARAMETER MIN MAX | UNIT
[Ci(A) _Inputcapacitance, AO-A9 ) 5| pF
Ci(Rc) Input capacitance, CASx and RAS 7] pF
Ci(OE) Input capacitance, 6@ 7 pF
Ciw)  Input capacitance, W ) 7| pF
Co Output capacitance 7 pF
NOTE 6: Vgoc =5V £.5V for the TMS44460/P devices, Voo = 3.3V + 0.3 V for the TMS46460/ P devices, and the bias on pins under test is

oV.

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

*4%400-60 "4%400-70 "4%400-80
PARAMETER ) '4x400P-60 '4x400P-70 '4x400P-80 UNIT
MIN MAX| MIN MAX MIN  MAX
tAA  Access time from column address 30 35 40 ns
tcAC  Access time from CASx low 15 18 20| ns
tcpA  Access time from column precharge i 35 40 45 ns
tRAC Access time from RAS low 60 70 80 ns
toEa Access time from OE low 15 : 18 20| ns
tcrz CASxto output in low-impedance state 0 0 0 ns -
toFF  Output disable time after CASx high (see Note 7) 0 15 0 18 0 20| ns
toez Output disable time after OE high (see Note 7) 0 15 0 18 0 20 ns

NOTE 7: toFF and togz are specified when the output is no longer driven.
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timing requirements over recommended ranges

of supply voltage and

operating free-air

temperature
*4x400-60 ’4%400-70 *4x400-80
'4x400P-60 '4x400P-70 '4x400P-80 UNIT
MIN MAX | MIN MAX MIN MAX
tRC Cycle time, random read or write (see Note 8) 110 130 150 ns
tRwC  Cycle time, read-write (see Note 8) 155 181 205 ns
_t;;:i Cycle time, page-mode read or write (see Notes 8 and 9) 40 45 50 ns
tPRWC Cycle time, page-mode read-write (see Note 8) 85 96 105 ns
tRASP  Pulse duration, Tm low, page mode (see Note 10) 60 100000 70 100000 80 100000 ns
-t—n-g Pulse duration, Tm low, nonpage mode (see Note 10) 60 10000 70 10000 80 10000 ns
_t;ss Pulse duration, m low, self refresh 100 100 100 us
tcAs  Pulse duration, CASx low (see Note 11) 10 10000 18 10000 20 10000 | ns
F Pulse duration, CASX precharge time 10 10 10 ns
tRp __ Pulse duration, RAS high (precharge) 40 50 60 ns
tRPS Precharge time after self refresh using ﬁA@ 110 130 150 ns
twp Pulse duration, write 10 10 10 ns
tasc  Setup time, column address before CASx low 0 0 0 ns
taASR  Setup time, row address before RAS low 0 0 0 ns
tps Setup time, data (see Note 12) 0 0 0 ns
tRcs  Setup time, W high before CASx low 0 0 0 ns
towL _ Setup time, W low before GASX high 15 18 20 ns
tRWL  Setup time, W low before ;ﬁs high 15 18 20 ns
WS e spomtonamy : : : o
twsR  Setup time, W high (CBR refresh only) 10 10 10 ns
tcAH  Hold time, column address after CASx low 10 15 15 ns
tpHR  Hold time, data after RAS low (see Note 13) 50 55 60 ns
tDH Hold time, data (see Note 12) 10 15 15 ns
tAR Hold time, column address aﬂerﬁs low (see Note 13) 50 55 60 ns
tCLCH _ Hold time, CASX low to CASX high 5 5 5 ns
tRAH Hold time, row address after 'E_A§ low 10 10 10 ns
tRcH  Hold time, W high after CASx high (see Note 14) 0 0 0 ns
tRRH  Hold time, W high after RAS high (see Note 14) 0 0 0 ns
twcH  Hold time, W low after CASX low (early-write operation only) 10 15 15 ns
twcr  Hold time, W low after RAS low (see Note 13) 50 55 60 ns
twHR  Hold time, W high (CBR refresh only) 10 10 10 ns
tcHS _ Hold time, CASX low after RAS high (self refresh) ~50 —50 —50 ns
toEH Hold time, ﬁcommand 15 18 20 ns
NOTES: 8. Allcycle times assume tT =5 ns.
9. To assure tpc min, tAsc should be = tcp.
10. In a read-write cycle, trywp and trw must be observed.
11, In a read-write cycle, tcwp and tcyy| must be observed.
12. Referenced to the later of CASx or W in write operations
13. The minimum value is measured when tRCp is set to tRcp min as a reference.
14. Either tRRH or tRCH must be satisfied for a read cycle.
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s

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

*4x460-60 *4x460-70 '4%460-80
'4x460P-60 | '4xasoP-70 | ‘ax460P-80 | yniT
MIN MAX| MIN MAX| MIN MAX
toED  Hold time, b_ E to data d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>