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IMPORTANT NOTICE

Texas Instruments (Tl) 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.

Tiwarrants 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 TlI 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
representthat 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 PROMSs), Electrically Erasable Programmable Read-Only
Memories (Flash Memories), and Video RAMs (VRAMs). Also included are military specifications for DRAMSs,
EPROMSs, and VRAMSs.

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 dewces 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 st;ge 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:

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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TM124MBK36V ............ 6-91 TMS27PC240 ........... 7223 TMS45165 ..........cvvnn. 4-113
TM248CBK32 ............. 6-29 TMS27PC256 ........... 7-145 TMS45165P ......... P 4-113 -
TM248CBK32F ............ 6-39 TMS27PC510 ........... 7-157 TMS46100 .........cvvunen 4-25
TM248CBK32S ............ 6-29 TMS27PC512 ........... 7-169 TMS46100P ............... 4-25
TM248CBK32U ............ 6-39 TMS28F010B.............. 725 TMS46400 ................ 4-49
TM248NBK36B ............ 6-63 TMS28F020 .........o00vnn. 7-67 TMS46400P ............... 4-49
TM248NBK36C ............ 6-81 TMS28F200 ..........c0nn. 7-89 TMS464160 ............. 4-185
TM248NBK36F ............ 6-73 TMS28F210 .........counn. ‘ 7-47 TMS464400 ............. 4-185
TM248NBK36G ............ 6-91 TMS28F400 .............. 7-117 TMS464800 ............. 4-185
TM248NBK36R ............ 6-63 TMS28F512A ............... 7-3 TMS55160 ............... . 5-79
TM248NBK36S ............ 6-81 TMS416160 ............. 4-161 TMS55161 .............. 5-191
TM248NBK36U ............ 6-73 TMS416160P ............ 4-161 TMS55165 .........cuunn 5-135
TM248NBK36V ............ 6-91 TMS416169 ............. 4-189 TMS55166 .............. 5-251
, TM4100EADY ............. 6-15 TMS416169P ............ 4-189 TMS626402 .........c00vtvns 5-3
TM4100GAD8 .............. 6-3 TMS416400 ............. ~4-133 TMS626802 ............... 5-41
‘Vi TEXAS
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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 inthe
following example:

T™MS 4 4 C 256 -10 DJ -

1. Prefix: J
T™S Commercial MOS
SMJ Military MOS

2. Product Family:
4 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:
DRAMs/VRAMs
-60 60ns
-70 70ns
-80 80ns
-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) HL Low Profile Leadless Surface Mount
DGA Thin Small-Outline Package JD Dual-In-Line (DIP)
sV 2Zig-Zag In-Line (ZIP)

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

s
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General Information

DRAM Ordering Information

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

T™MS
|

1. Prefix:

TMS Commercial MOS
SMJ  Military MOS

1 00 -8

2. Product Family:
4 DRAM

3. Density — Refresh:
2 2Meg 1KRefresh
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 5V
18 16 Meg 1K Refresh 5V
26 16 Meg 4K Refresh 3.3
27 16 Meg 2K Refresh 3.3
28 16 Meg 1K Refresh 3.3
3

i
i
i
64 64 Meg 8K Refresh 3.3V

4. Organization — |/O:
10 x1 Std

Quad-CAS

Std

41 x4 WPB

Quad-CAS

Std

81 x8 WPB

90 x9 Std
91 x9 WPB
16 x16 Std
17 x16 WPB
18 x18 Std
19 x18 WPB

6. Functional Mode/Options:
0 Enhanced Page Mode
0 Enhanced Page Mode
2 CAS (x16 and x18 Devices)
0 Enhanced Page Mode
4 CAS (Quad-CAS Devices)

5 Enhanced Page Mode
2 WE(x16 and x18 Devices)
9 Extended Data Out
Extended Data Out
9 2CAS (x16 and x 18 Devices)

6. Speed Designator:

-60 60ns
-70 70ns

-80 80ns

DM

7. Package:
Commercial (Plastic)

DGA  300-mil Thin Small Outline (TSOP)
DGB 300-mil Reverse Lead Thin Small Outline
(TSOP)
DGC  400-mil Thin Small Outline (TSOP)
(50-mil-pitch)
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 Outiine J-Lead (SOJ)

Military (Ceramic)
HM - Small-Outline Leadless Chip Carrier
(SOLCC)
HJ  Small-Outline J-Lead (SOJ)

HR Flatpack
JD Side-Brazed Dual-in-Line

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

Military
M -55°Cto125°C

‘V TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



General Information

Standard DRAM Module Ordering Information

Orders forthe 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)

{f‘ TeExAS
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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

1. Prefix: J

™ Commercial TI MOS Module
2. Density:

256 256K 496 4 Meg

512 512K 497 4 Meg - 2KRefresh

124 1 Meg 892 8Meg

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

B G M

C K T

E L \
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 ('124GUSBA)

2-'44400s + 1 '4C1024 (124EAU9B)

8 -'44400s + 1 '44460 ("124MBK36B)
16 - '44400s + 2 '44460s ('248NBK36B)
8- '44400s + 2 '44460s (124MBK36C)
16 - '44400s + 4 '44460s (124NBK36C)

OO0OWwWwW>»
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General Information

EPROM, FLASH, OTP Ordering Information

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

TMS 27 P Cc 512 -10 FM L 4
1. Prefix: I
T™S Commercial MOS
SMJ Military MOS
2. Product Family:
27 EPROM/OTP
28 12-V Flash Memory
29 5-V Flash Memory
3. Erasability:
P Non-erasable (One-Time Programmable)
Blank Erasable
4, Technology:
(o} CMOS
F CMOS Flash Memory
Lv Low Voltage
5. Density:
816 16K 010A 1 Meg
128 128K 210A 1Meg
256 256K 020 2Meg
257 256K 040 4Meg
200 2Meg
510 512K 240 4Meg
512 512K 400 4 Meg
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, - 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:
Commercial Military
L 0°C to 70°C M -55°Cto 125°C
E —40°C to 85°C
Q —40°Cto 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

“'? TExXAS
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General Information

VRAM Ordering Information

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

T™MS 5 5 16 5 -80 DGH -
1. Prefix: _J
T™MS Commercial MOS
sSMJ 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°Cto 70°C M -55°Cto 125°C

“l‘ TEXAS
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~ General Information
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Selection Guide

DRAM
MAX POWER
ORGANIZATION AcCESs | POWER DISSIPATION
DENSITY | WoRps x Bits) | PEVICENUMBER | ACip su(lc;l.v ACTVE STQ"(‘D' PINS |PACKAGE! | NOTES PAGE
ns)
(ns) (mW) mW)
SMJ4C1024-80 80 HJ. FQ.
SMJ4C1024-100 | 100 18,20, | " "
1024Kx 1 | o 1024120 120 5:10% 22 20/26 :tk',JsD\'/ Military 8-25
1024K SMJ4C1024-150 150
SMJ44C256-80 80 HY. FQ
SMJ44C256-100 | 100 ey )
256K x 4 SMU440256-120 120 51 10% 20/26 nlk:Jg\./ Military 8-5
SMJ4C1024-150 | 150
TMS44460-60% 60 578 gmgfm
TMS44460-70% 70 51 10% 495 1 24/26 |DJ, DGA Page Mode 45
TMS44460-80% 80 440 Quad CAS
TMS44460P-60% 60 578 gmgﬁwd
TMS44460P-70% 70 5+ 10% 495 11 24/26 |DJ, DGA Page Mode 45
TMS44460P-80% 80 440 Quad CAS
CMOS
4
10241 TMS46460-60% 60 385 Enhanced .
TMS46460-70% 70 51 10% 330 36 |24/26 |DJ,DGA |PageMode | 45
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 51 10% 468 1 20/26 |DGADJ |Enhanced 4-27
TMS44100-80% 80 413 Page Mode
TMS441 oom;o: 60 523 gmgrsmd
TMS44100P-70 70 5:10% 468 1 20/26 |DGA, DJ 427
4096K x 1 h
098Kx1 " | TMsast00P-80¢ | 80 413 Page Mode
SMJ44100-80 80 468 Military
SMJ44100-10 100 | s+10% | 440 22 ;:' 20, Tgéift CMOS od | 845
SMJ44100-12 120 385 ' Page Mode
Military
60 495
SMJ416160% CMOS
16384K 1024x16 | o\siaieot ;g 5+ 10% ;gso 1 50 HKD Enhanced | 8123
Page Mode
tDGA Plastic Thin Small-Outline-Package (TSOP)
DJ  Plastic Small-Outline 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 Ti
‘U TEXAS
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Selection Guide

DRAM (Continued)
Mocs | Power DISSIPATION
ORGANIZATION ACCESS DISSIPA t
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I:’I)’LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
(ns) (mw) (mW)
TMS46100-70% 70 216 gmgfce g
TMS46100-80% 80 |33:10% | 180 36 |20/26 |DGA, DJ 427
| Page Mode
TMS46100-10% 100 144 Low Voltage
4096K x 1 CMOS
TMS46100P-70% 70 216 Enhanced
TMs46100P-80F | 80 |3.3x10% Page Mode
- 3210% | 180 36 |20/26 |DGADJ | AR | 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 gm,‘gf  od
TMS44400P-70% 70 5+10% 495 11 |20/26 |DJ,DGA |poiciode | 451
TMS44400P-80% | 80 440 Low Power
Shhi44400-80 o | 468 HR, JOB, |CMOS
SMJ44400-10 100 5x10% 22 20 ! ! 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:z10% | 216 | 72 |20/26 |[DGA, Dy |Enhanced | 4 g
Page Mode
TMS46400-10% 100 180 Low Voltage
CcMOS
TMs46400P-70f | 70 252 , E"h:"ﬁﬁ
TMS46400P-80% 80 |33:10% | 216 72 |20/26 [DGA,DJ [ 29 Voha:e 4-51
TMS46400P-10¥ | 100 180 Extended
Refresh
TMS44165-70 70 660 40 CMOS
TMS44165-80 80 5+£10% | 578 1 - | 40/as |DGE DZ |Enhanced 473
TMS44165-10 100 523 Page Mode
TMS44165P-70 70 660 « gr'fhgf od
TMS44165P-80 80 5:10% | 578 " |4044 |PGE.DZ |pagemode | 473
TMS44165P-10 100 523 Low Power
256K x 16
TMS45160-70 70 880 % cMos
TMS45160-80 80 5:10% | 770 11 |40/44 |DGE DZ |Enhanced 493
TMS45160-10 100 660 Page Mode
TMS45160P-70 70 880 20 gmgfc od
TMS45160P-80 80 5:10% | 770 " |40/44 |PGEDZ |pacemode | 493
TMS45160P-10 100 660 Low Power

tDGA Plastic Thin Small-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)
HL Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HR Flatpack (Military)
JDB 300-mil Ceramic Side-Brazed Dual In-Line Package (Military) (DIP)
8V Ceramic Zig-Zag Package (ZIP) (Military)
% Advance Information for product under development by Ti
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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) V) ACTIVE | STANDBY
(ns) (mW) (mW)
TMS45165-70% 70 880 ™ CMOS
TMS45165-80% 80 5£10% | 770 11 4044 |DGE,DZ |Enhanced | 4-115
TMS45165-10% 100 660 Page Mode
6
4096K | 256Kx16 I vsastesprot | 70 880 40 cmos
TMS45165P-80% 80 5+10% | 770 1 |40/as |DGE.DZ ngg",ﬁde 4-115
TMS45165P-10% | 100 660 Low Power
Military
SMJ416100-70 70 440
16 384K x 1 5+ 10% 1 24/28 |FNC, HKB | Enhanced 8-85
SMJ416100-80 80 385 Page Mode
TMS416400-60 60 440 CMOS
TMS416400-70 70 5:10% 385 1 24/26 |DGA,DJ |Enhanced | 4-135
TMS416400-80 80 330 Page Mode
TMS416400P-60 60 440 CMOS
TMS416400P-70 70 5z 10% 385 1 24/26 |DGA,DJ |Enhanced | 4-135
TMS416400P-80 80 330 Page Mode
SMJ416400-60 60 495 Miltary
SMJ416400-70 70 440 FNC,
SMJ416400-80 80 52 10% 385 1 24/28 | g gy |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 x 4 TMS417400-80 80 495 Page Mode
TMS417400P-60 60 605 CMOS
TMS417400P-70 70 5:10% 550 1 24/26 |DGA,DJ |Enhanced | 4-135
TMS417400P-80 80 495 Page Mode
TMS426400-608 60 252 : gm‘c;ﬁce "
TMS426400-70§ 70 |33:10% | 216 36 |24/26 |DGA, DJ Page Mode 4135,
TMS426400-80 80 180 Low Vottage
. CMOS
TMS426400P-608 60 252 Enhanced
TMS426400P-708 70 |33:10% | 216 36 |24/26 |DGA,DJ |PageMode | 4-135
TMS426400P-808 80 180 Low Voltage
Low Power

tDGA Piastic Thin Small-Outline-Package (TSOP)
DGE Plastic Surface Mount Thin Smali-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DZ Plastic Small-Outline J-Lead (SOJ)
FNC Smali-Outline 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 +
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I:II,’LY A STANDBY PINS | PACKAGE NOTES PAGE
(ns) (mW) (mW)
TMsS42740060¢ | 60 360 MO
TMS427400-70§ 70 |33:10% | 324 36 |24/26 [DGADJ g age Mode 4-135
TMS427400-80 80 288 Low Vohtage
4096K x 4 CMOS
TMS427400P-60% 60 360 Enhanced
TMS427400P-70+ 70 |33210% | 324 3.6 24/26 | DGA,DJ | Page Mode | 4-135
TMS427400P-80# 80 : 288 Low Voltage
Low Power
TMS416160-60% 60 495 o CMOS
TMS416160-70% 70 5+10% 440 1 44/50 |DGE,DZ | Enhanced 4-163
TMS416160-80% 80 385 Page Mode
TMS416160P-60% | 60 495 . gmgfoe "
TMS416160P-70# 70 51 10% 440 1 ' | DGE, Dz 4-163
TMs416160P-80% | 80 385 44180 Page Made
Low Power
TMS418160-60% 60 1045 a2 CMOS
TMS418160-70% 70 5+ 10% 990 1 44/60 | DGE,DZ |Enhanced | 4-163
TMS418160-80% 80 935 Page Mode
16 364K TMS418160P-60% | 60 1045 " oMOS
TMS41B160P-701 70 51 10% 990 1 44/50 | PGE. DZ Page Mode 4-163
TMS418160P-80 80 935 Low Power _
TMS426160-60% | 60 a24 42 CMOS o
1024K x 18 | TMS426160-70% 70 |33:z10% | 288 36 » | DGE, bZ 4-163
TMs426160-80% | 80 252 44/50 Page Mode
Low Voltage
CMOS
TMS426160P-60% 60 324 @ Enhanced
TMS426160P-70# 70 |33:10% | 288 3.6 44/50 |DGE. DZ |PageMode | 4-163
TMS426160P-80% | 80 252 Low Voltage
Low Power
TMS428160-60% 60 684 2 gmgfm
TMS428160-70% 70 |33:10% | 648 36 ' |DGE,DZ | 4-163
TMS428160-80% 80 612 44/50 Page Mode
. Low Voltage
CMOS
TMS428160P-60% 60 684 2 Enhanced
TMS428160P-70% 70 |33210% | 648 3.6 44/80 | DGE,DZ [PageMode | 4-163
TMS428160P-80% 80 612 Low Voltage
Low Power

T DGA Plastic Thin Small-Outline-Package (TSOP)
DGE Plastic Surface Mount Thin Small-Outline Package (T SOP)
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 DISSIPATION t
DENSITY | WoRDS x BiTs) | PEVICENUMBER | “iue SU(I;I;LY 2orve Tstanoav] PINS [Packace NOTES PAGE
(ns) (mw) (mW)
TMS416169-60% 60 495 o 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 w2 gx“:ﬁc o
TMS4161 69P-70: 70 5+ 10% 440 1 44/50 | PGE. DZ Page Mode 4-191
TMS416169P-80 80 385 Low Power
TMS418169-60% 60 1045 2 CMOS
TMS418169-70% 70 5+ 10% 990 1 44/50 |DGE.DZ |Enhanced | 4-191
TMS418169-80% 80 935 Page Mode
TMS418169P-60% | 60 1045 " gmgﬁ -
TMS4181 69P-70: 70 5£10% 990 1 44/80 | DGE: DZ PageMode | 41!
TMS418169P-80 80 935 Low Power
TMS42616960¢ | 60 324 @ il
16384K |  1024Kx 16 | TMS426169-70% 70 |33:10% | 288 3.6 :, | DGE, DZ 4-191
TMS426169-80% 80 252 44/50 Page Mode
Low Voltage
CMOS
TMS426169P-60% | 60 324 a2 Enhanced
TMS426169P-70% | 70 |3.3=10% | 288 3.6 44/80 | PGE DZ | Page Mode | 4-191
TMS426169P-80% 80 252 Low Voltage |
’ Low Power
TMS428169-60% 60 684 " gr“":gfc o
TMS428169-70% 70 |33x10% | 648 3.6 ' | DGE, DZ 4191
TMS428169-80% 80 612 44/50 Page Mode
Low Voltage
CMOS
TMS428169P-60% 60 684 2 Enhanced
TMS428169P-70% 70 |33:10% | 648 36 44/50 | PGE.DZ | Page Mode | 4191
TMS428169P-80F 80 612 Low Voltage
Low Power
msm‘:soo-sgtt 50 504 CMOS
TMS464800-6 60 432 DZ, Enhanced
TMs4s4800.70f | 70 | 33=10% | 596 7.2 32 Ipac Page Mode | 4187
TMS464800-80% 80 360 Low Voltage
65536K | 8192K x 8
X Tmswmopﬂ 50 504 cMos
TMS464800P 60 432 DGC,
Tmsasasoor7ot | 70 33£10% | o0 72 2 |5y f;‘%"v r;lli;::e 4-187
TMS464800P-80% | 80 360 Low Power

1t 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 acoss | POWER | acrve | stanoey + ~
DENSITY (WORDS x BITS) DEVICE NUMBER 'I;IM)E SU:II,’LY (mW) (mW) PINS | PACKAGE NOTES PAGE
ns}
TMS464160-50; 50 504 CMOS
TMS464160-60° 60 432 50, DGE, Enhanced
TMs46416070f | 70 [33%10% | 3gg 72 |rgp |bz Page Mode | 4187
TMS464160-80% 80 360 Low Voltage
4096K x 16
X TMS464160P-$ 50 504 cwos
TMS464160P- 60 432 50,  |DGE,
TMs464160P-70t | 70 [38=10% | 396 | 72 7D |DZz o e, | #187
: TMS464160P-80% | 80 360 Low Power
65536K
TMS464400—58: 50 504 v CMOS
TMS464400-6 60 432 DGC, Enhanced
TMS464400-70% 70 |33210% | 396 72 132  pz Page Mode | 4187
TMS464400-80% 80 360 Low Voltage
16384K x 4
X TMS464400P-:<£ 50 504 omos
TMS464400P- 60 432 DGC,
TMSa6ad00P-70f | 70 [33%10% | 596 | 72 132 |p7 st Rt
TMS464400P-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

SDRAMs
MAX s | POwER DISSIPATION
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I:II”LY STANDBY PINS | PACKAGE? NOTES PAGE
(ns) W) | mw
TMS626402-10 9 612
4AM x 4 TMS626402-12 10 3.3+10% 504 3.6 44 DGE 5-3
16M TMS626402-15 12 468
TMS626802-10 9 612
2M x 8 TMS626802-12 10 3.3x10% 504 36 44 DGE 5-41
TMS626802-15 12 468 :

T DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)

‘V) TEXAS
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Selection Guide

Video RAMs
MAX | Power DISSIPATION
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) | - DEVICE NUMBER TIME SU(F\’,I”LY Y STANDBY PINS | PACKAGE' NOTES PAGE
(ns) (mw) (mW) - }
SMJ44C251B HJ, HM i
44C251B-10 100 550 s s CMOS
1024K 256Kx4  |oMisacsiB-12 | 120 | 3*10% | 405 8 128 Ippsv  |Mmutiport  |&145
Video RAM
4 Military
SMJ55161-70 70 1050 825 GB, CMOS
SMJ55161-80 go | 5%19% | o755 | 800 |48 |HKe Muttiport | &1%7
Video RAM
Military
SMJ55166-70 70 1050 825 GB, CMOS
SMJ55166-80 go | 5%19% | o75 | 800 |48 |HKkec Mutipot | &2%°
Video RAM
TMS55160-60 60 1 908 ’ CMOS
TMS55160-70 70 5+ 10% 880 28 64 DGH Multiport 5-79
4096K | 256Kx16 | TMS55160-80 80 Video RAM
TMS55161-60 60 908 CMOS
TMS55161-70 70 5+10% 880 28 64 DGH Multiport 5-191
TMS55161-80 80 Video RAM
TMS55165-60 60 908 CMOS
TMS55165-70 70 5+ 10% 880 28 64 DGH Multiport 5-135
TMS55165-80 80 Video RAM
TMS55166-60 60 908 CMOS
TMS55166-70 70 5+10% 880 28 64 DGH Multiport 5-251
TMS55166-80 80 Video RAM
tDGH Plastic Super Small-Outiine Package (SSOP)
GB Ceramic Pin Grid Array
HJ  Ceramic Small-Outline J-Lead (Military) (SOJ)
HKC 0.5 mm Pitch Ceramic Flatpack {(Non-conductive tie bar) (Military)
HM Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
JD  Ceramic Sidebrazed Dual in-Line Package (Military) (DIP)
SV  Ceramic Zig-Zag Package (ZIP) (Military)
: ‘V TEXAS
INSTRUMENTS
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Selection Guide

DRAM Module
MAX EN%:E‘ Nsrllovewr
' POWER x HEl
DENSITY | QRGANZATION DEVICENUMBER [ ASCESS | syppry INCH! PINS | PACKAGE PAGE
w x BITS) Toe) Vv (MILLIMETERS)
TM4100GADS-60 60 35 % 0.8" Single-Sided
TM4100GAD8-70 70 | 510% | ggoq. 009 30 | Socketable 63
Mt TM4100GADS-80 80 ' ’ Solder-Tabbed
* TM497GUS-60 60 - Single-Sided
TM497GUS-70 70 5£10% | (ag'o0x 16,65) 30 | Socketable 69
TM497GUS-80 80 ' g Solder-Tabbed
TM4100EAD9-60 60 35" x0.8" Single-Sided
TM4100EADS-70 70 | 5210% | (gg50.2032) 30 | Socketable 6-15
Mxo TM4100EADS-80 80 ' ' Solder-Tabbed
x
TM497EU9-60 60 35" % 0.6" Single-Sided
TM497EU9-70 70 | 5210% | (gg50.2032) 30 | Socketable 6-23
TM497EU9-80 80 ! ! Solder-Tabbed
TM124BBK32-60 60 35" x 0.65" Single-Sided,
TM124BBK32-70 70 | 5210% | (gg'a0y 1665) 72 | Socketable 6-29
TM124BBK32-80 80 ' ' Gold-Tabbed
TM124BBK32S-60 60 4.25" x 1.00" Single-Sided
TM124BBK32S-70 70 | 5210% | 070, 55.40) 72 | Socketable 629
Mxgp  |TM124BBK32S-80 80 ’ g Solder-Tabbed
* TM124BBK32F-60 60 25 1.00" Single-Sided
TM124BBK32F-70 70 510% | ((7osxosa0) | 72 |Socketable 6-39
TM124BBK32F-80 80 ’ g Gold-Tabbed
TM124BBK32U-60 60 425" x 1.00" Single-Sided
TM124BBK32U-70 70 5:10% | ((o70s5x2540) | 72 |Socketable 6-39
4 MBvie TM124BBK32U-80 80 ’ ' Solder-Tabbed
" TM124MBK36B-60 60 PR Single-Sided
TM124MBK36B-70 70 | 5210% | qo7os, o540 | 72 |Socketable 6-63
TM124MBK36B-80 80 ! ' Gold-Tabbed
TM124MBK36R-60 60 4.25" x 1.00° Single-Sided
TM124MBK36R-70 70 | 5x10% | oooc o540 | 72 | Socketable 6-63
TM124MBK36R-80 80 ' " Solder-Tabbed
TM124MBK36C-60 60 4.25" % 1.00” Single-Sided
TM124MBK36C-70 70 | 5210% | o7os. o640 | 72 | Socketable 6-81
TM124MBK36C-80 80 : ' Gold-Tabbed
TM124MBK36S-60 60 425" % 1.00" Single-Sided
TM124MBK36S-70 70 | 5210% | yoros, o540 | 72 | Socketable 6-81
Mx36 TM124MBK36S-80 80 ’ g Solder-Tabbed
x
TM124MBK36F-60 60 ' 425" % 1.00" Single-Sided
TM124MBK36F-70 70 510% | ((o705x2540) | 72 |Socketable 6-73
TM124MBK36F-80 80 ’ R Gold-Tabbed
TM124MBK36U-60 60 425" x 1.00° Single-Sided
TM124MBK36U-70 70 5210% | (o705x2540) | 72 |Socketable 6-73
TM124MBK36U-80 80 ’ " Solder-Tabbed
TM124MBK36G-60 60 425" % 1.007 Single-Sided
TM124MBK36G-70 70 5:10% | (1o705x2540) | 72 Socketable 6-91
TM124MBK36G-80 80 ' ' Gold-Tabbed
TM124MBK36V-60 60 4.25" x 1.00" Single-Sided
i TM124MBK36V-70 70 510% | (107 o5 x 25.40) 72 | Socketable 6-91
TM124MBK36V-80 80 ! ! Solder-Tabbed
‘V TEXAS
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Selection Guide

DRAM Module (continued)
‘ ' MAX | power LENQHT » HEIGHT
B X
DENSITY | QRGANIZATION | pevior yymBer | ASCESS | suppLy INCHES PINS | PACKAGE PAGE
(WORDS x BITS) oy ) (MILLIMETERS)
TM248CBK32-60 60 425" % 1.00" Double-Sided
TM248CBK32-70 70 | 5210% | o0 asaq) | 72 |Socketable 6-29
TM248CBK32-80 80 ! ' Gold-Tabbed
TM248CBK32S-60 60 4.25" x 1.00" Double-Sided
TM248CBK325-70 70 | 5x10% | (000 2540 | 72 |Socketable 6-29
TM248CBK32S-80 80 g g Solder-Tabbed
2M x 32
X TM248CBK32F-60 60 425 1.00" Double-Sided
TM248CBK32F-70 70 | 5210% | (070 asa0) | 72 |Socketable 6-39
TM248CBK32F-80 80 ’ g Gold-Tabbed
TM248CBK32U-60 60 425" % 1.00° Double-Sided
TM248CBK32U-70 70 5210% | (107 osxzsa0) | 72 |Socketable 6-39
TM248CBK32U-80 80 ! ' Solder-Tabbed
TM248NBK36B-60 60 4 25.. % 1.00" Double-Sided
TM248NBK36B-70 70 | 5:10% ; : 72 | Socketable 6-63
TM248NBK36B-80 80 (107,95 x 25,40) Gold-Tabbed
TM248NBK36R-60 60 425" % 1.00° Double-Sided
TM248NBK36R-70 70 | 5x10% | (000 sga0) | 72 |Socketable 6-63
TM248NBK36R-80 80 ’ g Solder-Tabbed
8 MByte
TM248NBK36C-60 60 . ou
v M248NBK36C 4.25" x 1.00" Double-Sided
TM248NBK36C-70 70 | 5x10% | (000 o5a0) | 72 | Socketable 6-81
TM248NBK36C-80 80 ' ' Gold-Tabbed
TM248NBK365-60 60 425" % 1.00° Double-Sided
TM248NBK36S-70 70 | 5:10% ; ; 72 | Socketable 6-81
M x 36 TM248NBK36S-80 80 (107,95 x 25,40) Solder-Tabbed
x
TM248NBK36F-60 60 425" % 100" Double-Sided
TM248NBK36F-70 70 5+ 10% - : 72 | Socketable 6-73
TM248NBK36F-80 80 (107,95 x 25,40) Solder-Tabbed
TM248NBK36U-60 60 A2 100" Double-Sided
TM248NBK36U-70 70 | 5x10% | (o0 a0 | 72 |Socketable 673
TM248NBK36U-80 80 ‘ ¥ Solder-Tabbed
TM248NBK36G-60 60 4.25" x 1.00” Double-Sided
TM248NBK36G-70 70| 5210% | o asaq) | 72 |Socketable 6-91
TM248NBK36G-0 80 ! ! Solder-Tabbed
TM248NBK36V-60 60 4.25" x 1.00" Double-Sided
TM248NBK36V-70 70 5x10% | (107osx2540) | 72 |Socketable 6-91
TM248NBK36V-80 80 ! ’ ‘Solder-Tabbed
‘U TEXAS
INSTRUMENTS
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Selection Guide

DRAM Module (Concluded)
MAX | power LENGHT w MEIGHT
x
DENSITY g,}‘g:g‘s'zx‘;}?g) DEVICENUMBER | ASCESS | suppLy INCHES PINS | PACKAGE PAGE
ot ™ (MILLIMETERS)
TM497BBK32-60 60 4.25" % 1.00" Single-Sided
TM497BBK32-70 70 | 5x10% | oo ssa0) | 72 |Socketable 6-47
aMxsz  |TM4S7BBKS280 80 ' " Gold-Tabbed
x
TM497BBK32S-60 60 425" x 1.00" Single-Sided
TM497BBK32S-70 70 | 5210% | oy osaq) | 72 |Socketable 6-47
TM497BBK325-80 80 v v Solder-Tabbed
TM497MBK36A-60 60 425" % 1.00" Double-Sided
TM497MBK36A-70 70 | 5£10% | (ooc, o540 | 72 |Socketable 6-99
TM497MBK36A-80 80 ’ g Gold-Tabbed
TM497MBK36Q-60 60 425" 1.00° Double-Sided
TM497MBK36Q-70 70 | 5210% | (0o os40) | 72 |Socketable 6-99
16 MByte Mxss  |TM4STMBK36Q-80 80 A ' Solder-Tabbed
X
TM497MBM36A-60 60 425" x 1.25" Single-Sided
TM497MBM36A-70 70 | 5210% | (o arrs | 72 | Socketable 6-107
TM497MBM36A-80 80 ’ ' Gold-Tabbed
TM497MBM36Q-60 60 425" x 1.25° Single-Sided
TM497MBM36Q-70 70 | 5210% | (oo otz | 72 | Socketable 6107
TM497MBM36Q-80 80 ’ ' Solder-Tabbed
TM893CBK32-60 60 4.25° x 1.25" Double-Sided
TM893CBK32-70 70 5:10% | (\roswarzs | 72 |Socketable 6-55
oMx3p  LTMB93CBK32:80 80 ' ’ Gold-Tabbed
X
TM893CBK32S-60 60 4.25" % 1.25" Double-Sided
TM893CBK325-70 70 5:10% | (o oswarzs | 72 | Socketable 6-55
TM893CBK32S-80 80 ’ ' Solder-Tabbed
TM893NBM36A-60 60 425" x 1.25" Double-Sided
TM893NBM36A-70 70 | 5x10% | oo ai7s | 72 |Socketable 6107
TM893NBM36A-80 80 7 ' Gold-Tabbed
32 MByte 8M x 36
TM893NBM36Q-60 60 425" x 1.25" Double-Sided
TM893NBM36Q-70 70 | 5210% | (oo ar7s) | 72 | Socketable 6107
TMB93NBM36Q-80 80 ! ' Solder-Tabbed
' ‘V TEXAS
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Selection Guide

EPROM
MAX | powen |  DissipaTION
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME suggl.v Y STANDBY PINS | PACKAGE! | NOTES PAGE
(ns) (mW) (mW)
SMJ27C128-12 120
SMJ27C128-15 150
16K x 8 SMJ27C128-17 170 5£10% | 138 17 |28 J Miltary | 8-319
SMJ27C128-20 200
SMJ27C128-25 250
TMS27C256-10 | 100
TMS27C256-12 120
TMS27C256-15 150
256K 32Kx 8 TMS270256-17 170 5:10% | 165 14 |28 J cMmos | 7-143
TMS27C256-20 200
TMS27C256-25 250
TMS27C510-12 120
TMS27C510-15 150
TMS27C510-17 170 5+ 10% 165 14 32 J CMOS 7-155
TMS27C510-20 200
TMS27C510-25 250
512K 64K x 8
TMS27C512-10 100
TMS27C512-12 120
TMS27C512-15 150 5+ 10% 165 14 28 J CMOS 7-167
TMS27C512-20 200
TMS27C512-25 250
TMS27C010A-10 100
TMS27C010A-12 120
128Kx8 | 01015 150 5£10% | 165 055 |a2 J cMos | 7179
TMS27C010A-20 200
1024K TMS27C210A-10 100
TMS27C210A-12 120
64Kx 16 | TMS27C210A-15 150 5+£10% | 165 055 |40 J cMos | 7-191
TMS27C210A-20 200 :
TMS27C210A-25 250
TMS27C020-12 120 ;
TMS27C020-15 150 .
2048K 256Kx8 | Ms276020-20 200 5:10% | 165 055 |32 J CMOS | 7-201
TMS27C020-25 250
tJ4  Ceramic Dual In-Line Package (DIP)
"J TEXAS
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Selection Guide

Flash
MAX s | power DISSIPRTION
ORGANIZATION ACCESS D
DENSITY | \oRDS xBiTs) | PEVICENUMBER | “up su:ll;w ~orve Tstanoev] PNS PACKAGE! | 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 ﬂ:rsnhory 7-3
TMS28F512A-17 170
TMS28F010B-90 100 cMOS
TMS28F010B-10 120 DD, DU,
128K x 8 TMS28F010B-12 150 5+10% 165 .55 32 M 3::?0” 7-25
1024K TMS28F010B-15 170
TMS28F210-10 100 cMOS
64Kx 16 | TMS28F210-12 120 ) 5.10% | 275 55 (40,44 |FN,J Flash 7-47
TMS28F210-15 150 Memory
TMS28F210-17 170
TMS28F020-10 100 cMOS
TMS28F020-12 120
256K x 8 TMS28F020-15 150 5+10% 275 .55 32 FM, DD FIM:?:\OW 7-67
TMS28F020-17 170
2048K
Tmszanoowo: 60 . | 5.5% CMOS
256K x80r | TMS28F200x-70 70 5+10% Boot-Block
128Kx 16 | TMS28F200x-80% | 80 | 5=10% | 358 85 44,56 | DBJ,DBR |giagn 787
TMS28F200x-90 % g0 | 5=10% Memory
TM828F400x-60: 60 | 5.5% CMOS-
517Kx80r | TMS28F400x-70 70 51 10% Boot-Block
4096K 266Kx 16 | TMS28F400x-80% 80 5110% 358 .55 44,56 |DBJ,DBR |coop 7-115
TMS28F400x-00% | g0 | 5x10% 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
x| poven | Basraven
ORGANIZATION ACCESS
DENSITY | oRps BiTs) | PEVICE NUMBER TIME suggl.v 2oTIVE TSTANDEY PINS |PACKAGE!T | NOTES | PAGE
(ns) (mW) (mW)
TMS27C040-10 100
TMS27C040-12 120 5+ 10% 275 0.55 |32 J CcMOs 7-211
12K x 8 TMS27C040-15 150
X SMJ27C040-10 100
4096K SMJ27C040-12 120 5+10% 275 0.55 32 J Military 8-331
SMJ27C040-15 150
TMS27C240-10 100
256K x 16 TMS27C240-12 120 5x10% 275 055 |40 J CMOS 7-221
. TMS27C240-15 150
ty Ceramic Dual In-Line Package (DIP)
“c‘ TEXAS
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Selection Guide

One-Time Programmable (OTP) PROM

MAX | Power M?é ’°¥§5
ORGANIZATION ACCESS DISSIPA
DENSITY | WORDS xBiTS) | DEVICE NUMBER TIME suggw ACTVE |STANDEY PINS | PACKAGET | NOTES | PAGE
(ns) (mW) (mW)
TMS27PC256-10 100
TMS27PC256-15 150
256K 32K x 8 TMS27PC256-17 170 5+10% 165 14 |28,32 |FM,N CMOS 7-143
TMS27PC256-20 200
TMS27PC256-25 250
TMS27PC510-15 150
TMS27PC510-17 170
TMS27PC510-20 200. 51 10% 165 1.4 32 FM,N CMOS 7-155
TMS27PC510-25 250
512K 64Kx 8 TMS27PC512-10 100
TMS27PC512-12 120 DD. DU
TMS27PC512-15 150 5 10% 165 1.4 28,32 | o'y |cMOs 7-167
TMS27PC512-20 200 '
TMS27PC512-25 250
TMS27PC010A-12 120 DD. DU
128K x 8 TMS27PC010A-15 150 5+10% 165 055 |32 N |cMOs 7-179
TMS27PC010A-20 200 ’
1024K TMS27PC210A-12 | 120
TMS27PC210A-15 150
64K x 16 TMS27PC210A-20 200 5+10% 165 055 |44 FN CMOS 7-191
TMS27PC210A-25 250
TMS27PC020-12 120
TMS27PC020-15 150
2048K 256K x 8 TMS27PC020-20 200 5+10% 165 055 |32 FM CMOS 7-201
TMS27PC020-25 250
TMS27PC040-10 100
512K x 8 TMS27PC040-12 120 5+£10% 275 055 |32 FM CMOS 7-211
TMS27PC040-15 150
4096K
TMS27PC240-10 100
256K x 16 TMS27PC240-12 120 5+10% 275 055 |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)
":’ 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 a0. 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. A dynamic 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 Programniable 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.

‘Vf 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 out gyEt
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 outputimpedance. Descriptions of OE and WE further explains EDO operation
benefit.

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.)
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, EEPROMSs, etc., containing data that |s 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 field-programmed 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 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
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.

“’? TeExAS
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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 whict; 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 amemory by which all the bits of a byte or word are entered simultaheo‘usly atseveral
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 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 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 RAMSs 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 ailowing 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.

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.

SIMM - Single In-Line Memory Module.

Small Outline integrated Circult (SOIC) — A package in which an integrated circuit chip can be mounted to form
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 Carrler
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 (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 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 controi 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
Ciip) 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, Ioy

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, Iy
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 conditioné applied that, according to the product specification, establishes
a low level at the output.

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

The currentinto* 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, Ipps Ipp
The current into, respectively, the Vgg, Vcc, Vpp: Vep 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|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
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 applied 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 specifi ed for which operation of the Iogic 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, Vgg, Vcc: Vpp: 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 some 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 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 Aand C subscnpt 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.
Howaever, 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
te(R) te(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.

a

Example symbology:
Classified 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:
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
inwhich the digital circuit operates. Aminimum value is specified that is the shortest interval for which
correct operation of the digital circuit is guaranteed.

2. Theholdtime canhavea 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 :_RA_S high
th(CHrd) tcHWH Read (write enable high) hold time after CAS high
th(CLCA) toL-CAX Column address hold time after CAS low
th(RLCA) tRL-CAX Column address hold time after_m 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:
Classified . 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:
Classified Unclassified ~Description
t ) 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 intervél 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 can have a negative value in which case the minimum limit defines the longestinterval
(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) 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)

Thetime 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
1t Transition time (general)
tycH) tCHCH Low-to-high transition time of CAS
trc) tCHCH CAS rise time
ti(c) toLeL CAS fall time
Valid time
(a) General

The time interval during which a signal is (or should be) valid.
(b) Output data-valid time
" Thetime 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 tpy/x.
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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

V’V’V’V’V V’V \/ \/ \/

QOOOOXXXX) Don't care State unknown or changing

A’A’A‘A A‘A‘A TAVAVAL

M (Does not apply) 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

DGA PACKAGE
(TOP VIEW)

DJ PACKAGE
(TOP VIEW)

©® Organization... 1048576 x 4
@ Single 5-V Power Supply for TMS44460/P

(x10% Tolerance) 26] ] Vss
@ Single 3.3-V Power Supply for TMS46460/P 25| | DQ4
(10% Tolerance) 24| 1 DQ3
® Low Power Dissipation (for TMS46460P) 23] | CAS4
- 200-uA CMOS Standby 22| |OE
- 200-pA Self Refresh 21| | CAS3
- 300-pA Extended-Refresh Battery
Backup 19| |NC
® Performance Ranges: 18| | A8
ACCESS ACCESS ACCESS  READ 17 27
TME TIME TIME ORWRITE :6 Ag
(RAC) (CAC) (an) CYCLE F e
(MAX) . (MAX) (MAX)  (MIN)
'4x460/P - 60 60 ns 15ns 30 ns 110ns
'4x460/P-70 70ns 18ns 35ns  130ns
'4x460/P - 80 80ns 20ns 40ns  150ns PIN NOMENCLATURE
® Four Separate CASx Pins Provide for AO—A9 Address Inputs
Separate I/O Operation " TAST-CASE  Column-Address Strobe
©® Parity-Mode Operation DQ1-DQ4 Data In/Data Out
® Enhanced Page-Mode Operation for Faster - OE_ Output Enable
Memory Access RAS Row-Address Strobe
—_— —_— \"/ 5-V or 3.3-V Suppl
e CAS-Before-RAS (CBR) Refresh Ves oy ey
® Long Refresh Period w Write Enable
- 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 AVAILABLE OPTIONS
The TMS4x460 series are high-speed, power |SELF-REFRESH | = oo oroH
4194304-bit dynamic random-access memories, DEVICE | suppy | BITTERY CYCLES
organized as 1048576 words of four bits each. -
The TMS4x400P series are high-speed, TMS44460 5V - 1024In 16 ms
low-power, self-refresh with extended-refresh, TMS44460P sV YES 1024 in 128 ms
4194 304-bit dynamic random-access memories, TMS46460 33V — 1024 in 16 ms
organized as 1048576 words of four bits each. TMS46460P | 3.3V YES 1024in 128 ms -

- Both series employ state-of-the-art enhanced
performance implanted CMOS EPIC™ technology
for high performance, reliability, and low power.

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.

Copyright © 1995, Texas Instruments Incorporated

ADVANCE INFORIIATION CONCOMs new oﬁ:odueh In the umpllng or
specifications are uubkem change without notice.
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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 I/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

+++++++J

| Timing and Control
J

A
A$ Column Decode
*! Column- Sense Amplifiers
*| Address | 128K Array| [ 128K Array Data-
o| Buffers R in 4
A9 128K Array ° 128K Array o Reg. |—e
L . w . Buffers
. D . 16 10f16 4
Selection - >
Row- e Dé“ :
*| Address c Aot 4
*| Buffers o 9-
L] d A 4
]
§ 128K Array 128K Array DQ1-DQ4

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 enablesits 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
CASXx 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 CASXx, 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 CASx low are written into. Each CASx has to meet tcas 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 meettcp.

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.

{i‘ TeExas
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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 is 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 tcac max (access time from CASx low)
if taa max (access time from column 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 topa (access time from rising edge of CASX).

address (A0—-A9)

Twenty address bits are required to decode 1 of 1048576 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 A0 through A9 and latched onto the chip by the column-address strobe (CASXx). 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.Ina reado_ycle 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. ThlS is
accomplished by bringing OE 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 CASXx is brought high.

refresh

Arefresh 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 Vy_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)

CBRrefresh is utilized by bringing CASx low earlier than RAS (see parameter togr) and holding it low after RAS
falls (see parameter tcHR). 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-uA (TMS46460P) or 500-uA
(TMS44460P) refresh current is available on the low-power devices. Data integrity is maintained using CBR
refresh with a period of 125 us while holding RAS low for less than 1 ps. To minimize current consumption, all
input levels need to be at CMOS levels (V| 0.2V, V|2 Vcc—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 us. 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 tcqs. 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
is required after full Vog level is achieved. These eight initialization cycles must include at least one refresh
(RAS-only or CBR) cycle.

4-8
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vcc: TMS44460, TMS44460P ...........cvvvivvvnnennn -1Vto7V

TMS46460, TMS46460P ............ccvvvvnnnns -05Vto46V
Voltage range on any pin (see Note 1): TMS44460, TMS44460P .................c.oveune -1Vto7V

TMS46460, TMS46460P ..............cccvnnene -05Vtod46V
Short-circuit OUtPUL CUITBNE . ... ..ottt ittt i s et rarienessnrasnaesanssns 50 mA
PowWer dissipation ..........iiiiiiiiiii i i i e i i e 1w
Operating free-air temperature range, TA . ......vvieiiiiiiiiieninririirenernienreeenes 0°C to 70°C
Storage temperature range, Tsttg -« .-« .o v vvnettetiiiiiiiiii i —55°C to 150°C

1 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
Vcc  Supply voltage 4.5 5 55 3.0 3.3 3.6 \%
ViH High-level input voltage 24 6.5 20 Vecc +0.3 \%
ViL  Low-evel input voltage (see Note 2) -1 08| -03 0.8 v
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 output voltage lIoH=-5mA 24 24 24 V
Low-level output
VoL voltage loL=42mA 0.4 0.4 0.4 \%
Input current Vecc =55V, V|=0Vto6.5V,
" (leakage) Allothers =0V to Voc =10 =10 10 HA
Outputcurrent  |Voc =55V, Vo=0VtoVce,
lo (leakage) CASx high =10 =10 =101 wA
Read- or write-
lcct cycle current Vcc =55V, Minimum cycle 105 90 80| mA
(see Note )
After 1 memory cycle,
RAS and CASX high, 2 2 21 mA
ViH=24V (TTL) :
Icca  Standby current | Ater 1 memory cycle ,
faload d 44460 1 1 1 A
RAS and CASx high, m
ViH=Vcc-02V ,
(CMOS) 44460P 500 500 500 A
Averagte refresh Veg=55V, Minimum cycle,
lcca RS onyor | PASoycing, _ 105 90 80| mA
CBR) CASx high (RAS only);
(soe Note 4) RAS low after CASx low (CBR)
Average page :
current Vec=55V, tpc = minimum,
ICC4  (scoNotes4  |RAS low, CASK cycling % 80 701 mA
and 5)
Self-refresh ="
CASx< 0.2V, RAS< 0.2V,
lcce?  current ' ' 500 500 500 | pA
(see Note 4) tRAS and tcag > 1000 ms
Standby current, | === o=
. |RAS =V, CASx = Vi
Icc7  outputs enabled 5 5 5| mA
(see Note 4) Data out enabled
tRc=125us,  tRags1ps,
Icciof E;t::x.mkup Vec-02Vs V<65V, 500 500 500 | pA
(with CBR) 0VsVj <02V, Wand OE =V},
Address and data stable
1 For TMS44460P only

NOTES: 3. Igg 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 = Vi

4-10
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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
VoH High-level loH =—2 mA (LVTTL) 24 24 24 v
outputvoltage | |g = — 100 uA (LVCMOS) Vce-0.2 Vcc-0.2 Vce-0.2
Vo Low-level output | lOL =2 MA (LVTTL) 0.4 0.4 0.4 v
L vottage IoL = 100 uA (LVCMOS) 0.2 0.2 0.2
Input current Vecc=36V, V=0Vt 39V,
h (leakage) All others = 0V to Vg =10 =10 10| WA
Outputcurrent |Voc =36V, Vo=0VtoVce,
lo (leakage) CASKX high =10 =10 =10 A
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
ViH =2V (LVTTL)
Ilcca  Standby current | After 1 memory cycle ,
— ' 46460 300 3
RAS and CASXx high, 00 300 bA
VIH=Vcc-0.2V )
(LVCMOS) 46460P 200 200 200 A
Averagte refresh |yoc =36V, Minimum cycle,
lcca f:xgnonly or w yclingl__ 70 60 50| mA
CBR) CASXx high (RAS only); ;
(see Note 4) RAS low after CASx low (CBR)
Average page
current Vcc=36V, tpc = minimum,
lcca (see Notes 4 RAS low, CASx cycling 60 . 50 401 mA
and 5)
Self-refresh A =iE
CASx< 0.2V, RAS<0.2V,
iccet  current ' ' 200 200 200| pA
(see Note 4) tRAS and tcas > 1000 ms
Standby current, | 55 =xac
' | RAS =V}, CASx = V)
lcc7 outputs enabled 5 5 5| mA
(see Note 4) Data out enabled
tRc=125ps, tRrass1yps,
lcciot fﬂ:ﬁ"’“"“’ Vcc-02VsViH<39V, 300 300 300| pA
cci1o (with CBR) 0VsV) <02V, Wand OE = V|,
Address and data stable
1 For TMS46460P only
NOTES: 4. Icc 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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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 6) :

. PARAMETER 'MIN MAX | UNIT
| Ci(A) __Input capachtance, AO-A9 ‘ 5| PpF
Ci(Rg) Input capacitance, CASx and RAS 7] pF
_(_)_i_‘o_g) Input capacltaneeg,ﬁ_E 7 pF
Ciw)  Input capacitance, W ] 7| pF
Co Output capacitance 7 pF
NOTE 8: Vg =5V +.5V forthe TMS44460/P devices, Voo = 3.3V £ 0.3 V for the TMS46460/P devices, and the bias on pins under test is

oVv.

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

*4x400-60 *4%400-70 14x400-80
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 . 35 40 45 ns
tRAC Access time from ﬁ low 60 : 70 80 ns
tOEA _ Access time from OE low » 15 18 20| ns
tcLz  CASx to 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
togz Output disable time after OF 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
*4%400-60 *4%400-70 ’4%400-80
’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
tpc 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
T;-Asp Pulse duraﬁon,ﬁ low, page mode (see Note 10) 60 100 000 70 100 000 80 100 000 ns
[tRas _ Pulse duration, RAS low, nonpage mode (see Note 10) 60 10000| 70 10000 80 10000| ns
tRASs _ Pulse duration, RAS low, self refresh 100 100 100] ps
tCAS __ Pulse duration, CASX low (see Note 11) 10 10000 18 10000 20 10000 | ns
F Pulse duration, ETS'S(' precharge time 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 ns
tRPS Precharge time after self refresh using Tﬁg 110 130 150 ns
twp Pulse duration, write 10 10 10 ns
taAsc  Setup time, column address before CASX low 0 0 0 ns
Ksn 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
tcwL  Setup time, W low before CASX high 15 18 20 ns
tRWL - Setup time, W low before RAS high 15 18 20 ns
Wos_goup e T fre SRS : : : ;
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 after E“Ks‘ low (see Note 13) 50 55 60 ns
tcLcH Hold time, TASx low to CASX high 5 5 5 ns
tRAH  Hold time, row address after ﬁ low 10 10 10 ns
tRCH __ Hold time, W high after CASX high (see Note 14) 0 [) [) ns
tRRH  Hold time, W high after RAS high (see Note 14) 0 0 0 ns
twcH  Hold time, W low after CASK low (early-write operation only) 10 15 15 ns
twCcR  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 (seff refresh) ~50 _50 ~50 ns
[toEH__ Hold time, OF command 15 18 20 ns
NOTES: 8. Allcycle times assume tT =5ns.
9. To assure tpc min, tAsC should be = tcp.
10. In a read-write cycle, tRwp 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.
3 Texas
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

"4X460-60 "4%460-70 "4x460-80
’4x460P -60 '4x460P-70 '4x460P-80 UNIT
MIN MAX MIN MAX MIN = MAX
toED __ Hold time, OE to data delay 15 18 20 ns
tROH _ Hold time, RAS referenced to OE 10 10 10 ns
tawp . Delay time, column address to W low (read-write operation only) 55 63 - 70 ns
'CHR__ Delay time, RAS low to CASX high (CBR refresh only) 10 10 10 ns
tcrp  Delay time, CASx high to RA RAS low 0 0 0 ns
tcsH  Delay time, RA RAS low to m— x high 60 70 80 ns
tcsR  Delay time, b_§' Jow to RAS low (CBR refresh only) 5 5 5 ns
tcwp  Delay time, TASx low to W low (read-write operation only) 40 46 50 ns
tRAD Delay time, ﬁ_ﬁ low to column address (see Note 15) 15 30 15 35 15 40 ns
traL  Delay time, column address to RAS RAS high 30 ' 35 40 ns
tcAL _ Delay time, column address to CASx high 30 35 40 ns
[tRop__Delay time, RAS low to CASX low (see Note 16) 20 45| 20 52| 20 60| ns
tRPc  Delay ume,“Emgh to CASX low 0 0 0 ns
tRsH  Delay time, TASx low to RAS high 15 18 20 ns
trRwp  Delay time, F-TA7§ low to W low (read-write operation only) 85 98 110 ns
tREF Refresh time interval 4x460 18 16 16 T
'4x460P 128 128 128 ms
T Transition time 2 30 2 30 2 30 ns

NOTE 15: The maximum value is specified only to assure access time.

PARAMETER MEASUREMENT INFORMATION

VTH Vee
RL=218Q R1
Output Under Test Output Under Test ——¢
=L R2
CL = 100 pF I CL=100pF T~
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT
DEVICE | Vcc (V) R1(Q) R2 (Q) VTH (V) RL (Q)
46460/P 33 1178 868 1.4 500
44460/P 5 828 295 1.31 218

Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION
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: (see Note C) _@} Valid Data Out )
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tc| cH must be met.

B

C.

D

tCcAC is measured from CASx to its corresponding DQx.

Output can go from high-impedance to an invalid-data state prior to the specified access time.

CASx order is arbitrary.

Figure 2. Read-Cycle Timing (see Note D)
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tg cH must be met.

B. CASx order is arbitrary.

Figure 3. Early-Write-Cycle Timing (see Note B)
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tc cH must be met.
B. Referenced to the later of either the first CASx or W in write operations.
C. CASx order is arbitrary.

Figure 4. Write-Cycle Timing (see Note C)
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TMS44460, TMS44460P, TMS46460, TMS46460P
1048576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS564A — MARCH 1995 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tcp cH must be met.

B. tcAC is measured from CASx to its corresponding DQx. .
C. CASx order is arbitrary. .

Figure 5. Read-Write/Read-Modify-Write-Cycle Timing (see Note C)
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1048576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS564A — MARCH 1995 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tc| cH must be met.
. tcAC is measured from CASKX to its corresponding DQx.
Access time is topA or taA dependent.
Output can go from high-impedance to an invalid-data state prior to the specified access time.
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.
. CASx order is arbitrary.

Figure 6. Enhanced-Page-Mode Read-Cycle Timing (see Notes E and F)
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DYNAMIC RANDOM-ACCESS MEMORIES

SMHS564A —~ MARCH 1995 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tg cH must be met.
B. Referenced to the later of either the first CASx or W in write operations.
C. CASXx order is arbitrary. ' ;
D. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing
specifications are not violated.
Figure 7. Enhanced-Page-Mode Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. To hold the address latched by the first CASx going low, the parameter tc| g must be met.
B. té;&is measured from CASx to its corresponding DQx.
C. CASx order is arbitrary.
D. Aread or write cycle can be mtermnxed with read-modify-write cycles as long as the read- and write-cycle timing specifications
are not violated.

Figure 8. Enhanced-Page-Mode Read-Modify-Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 9. RAS-Only Refresh-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 10. Automatic CBR Refresh-Cycle Timing
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Figure 11, Self-Refresh-Cycle Timing
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Figure 12. Hidden—Hefrésh-Cycle (Read) Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 13. Hidden-Refresh-Cycle (Write) Timing
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device symbolization (TMS44460 lliustrated)

Tl -SS

'l' T - Speed ( -60, - 70, -80)
D TMS44460 DJ Low-Powsr/Solf-Reiresh Designator (Blank or P)
T Package Code
W B Y MLLLP
T Asembly Site Code

Lot Traceability Code

Month Code

Year Code

Die Revision Code

Wafer Fab Code
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TMS44100, TMS44100P, TMS46100, TMS46100P
4194304-WORD BY 1-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS561A — MARCH 1995 — REVISED JUNE 1995

©® Organization... 4194304 x 1 DGA PACKAGE DJ PACKAGE
® Single 5 V Power Supply, for TMS44100/P (TOP VIEW) (TOP VIEW)
(x10% Tolerance) o{s 26| Vss o7 O 26| 0vss
©® Single 3.3 V Power Supply, for TMS46100/P w2 2s{]Q w2 s/ ]Q
(x10% Tolerance) RAS[]s 24 JCAS RAS[]s 24 ]TAS
® Low Power Dissipation (TMS46100P only) NC[]4 23[JNC  NC[]4 23 INC
- 200-pA CMOS Standby A10(]s 22[]As  At0[]s 22[ ] A9
- 200-pA Self Refresh ,
- 300-pA Extended-Refresh Battery Ao ]e 18] JAs AOE 9 18[] A8
Backup A1[]10 17 ] A7 A1[]10 17[JA7
® Performance Ranges: A2[]1 1e[JAs A2(]11 1e[JAs
ACCESS ACCESS ACCESS  READ A3[]12  15[]As A3[J12  15[JAs
TIME TIME TIME ORWRITE Vec[{1s_ 14f1A4  vec[13  14f A4

(trRac) (tcac) (taan) CYCLE
(MAX) (MAX) (MAX)  (MIN)

'4x100/P-60 60 ns 15ns 30 ns 110 ns PIN NOMENCLATURE
'4x100/P-70 70 ns 18 ns 35ns 130 ns
4x100/P-80  80ns 20ns 40ns  150ns %“w g":”ess;’;“’;“s Stobo
® Enhanced Page-Mode Operation for Faster D D:;T: -hdcress Stro
Memory Access NC No Connection
® CAS-Before-RAS (CBR) Refresh Q Data Out
® Long Refresh Period S Row-Address Strobe
- 1024-Cycle Refresh in 16 ms . \V/V ‘SN\';‘" ?:b\'fs
- 128 ms (Max) for Low-Power, v°° G'm:r" had upply
Self-Refresh Version (TMS4x100P) ss
® 3-State Unlatched Output
® Texas Instruments EPIC™ Process
©® Operating Free-Air Temperature Range
0°C to 70°C
description
The TMS4x100 series are high-speed,
4194 304-bit dynamic random-access memories, POWER |SELF-REFRESH REFRESH
organized as 4194 304 words of one bit each. The DEVICE SUPPLY BATTERY CYCLES
TMS4x100P series are high-speed, low-power, BACKUP
self-refresh with extended-refresh, 4194304-bit TMS44100 5V — 1024 in 16 ms
dynamic random-access memories, organized as TMS44100P 5V YES 1024 in 128 ms
4194304 words of one bit eatT:D. Both series TMS46100 3.3V — 1024in 16 ms
employ state-of-the-art EPIC (Enhanced TMSa6100F | 33V YES 10241 128 ms

Performance Implanted CMOS) technology for
high performance, reliability, and low voltage.

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.

The TMS4x100 and TMS4x100P are offered in a 20-/26-lead plastic surface-mount small-outline (TSOP)
package (DGA suffix) and a 300-mil 20-/26-lead plastic surface-mount SOJ package (DJ suffix). Both packages
are characterized for operation from 0°C to 70°C. ,

EPIC is a trademark of Texas Instruments Incorporated.

ADVANCE mrommgﬂ d:nem new cﬂm In ”xu umlmr Copyright © 1995, Texas Instruments Incorporated
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TMS44100, TMS44100P, TMS46100, TMS46100P

4194304-WORD BY 1-BIT

DYNAMIC RANDOM-ACCESS MEMORIES

SMHS561A ~ MARCH 1995 — REVISED JUNE 1995

logic symbolt

RAM 4096K x 1
A0 9 30D11/21D0 Y
10
Al ”
A2
12
A3
14
A4 15 o
:: 16 T A Ziea303
17
A7
18
A8 22
A9 s
A10 31D21/21D10 /
> €30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
> €31 [COL]
24 834
CAS & > 33C32
w —ﬁf 33,31D 34EN 25
D — 1A, 32D AV Q
t 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 ]
)|
A0
Al Column Decode
*| column- Sense Amplifiers
e] Address A
128K Al 128K Al
.| Butters ey | rray v o
A10 . 128K Array ° 128K Array > in <4— D
° w . /o Reg.
° . Buffers
. D . 10f16
. p > 16 Selection Data-
Row- c p41 Out —» Q
*| Address o 4 Reg.
o| Buffers d
L e
128K Array 128K Array
¥ 1
EXAS
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TMS44100, TMS44100P, TMS46100, TMS46100P
4194304-WORD BY 1-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS561A — MARCH 1995 — REVISED JUNE 1995

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 eliminated. The
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CAS
page cycle time used.

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 TMS4x100 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 CAS transitions low. This performance improvement is 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 CAS. In this case, data is obtained after tcaoc max (access time from CAS low),
if tap max (access time from column address) has been satisfied. If column addresses for the next cycle are
valid at the time CAS goes hugh access time for the next cycle is determined by the later occurrence of tcac
or topa (access time from rising edge of CAS).

address (A0O-A10)

Twenty-two address bits are required to decode 1 of 4 194304 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 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 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 W selects the read mode
and a logic low selects the write mode. W can be driven from standard TTL circuits (TMS44100/P) or
low-voltage TTL circuits (TMS46100/P) without a pullup resistor. The datainput s disabled when the read mode
is selected. When W goes low prior to CAS (early write), data out remains in the high-impedance state for the
entire cycle, permitting common 1/O operation.

data in (D)

Data is written during a wnte 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 is already low and the data is strobed in by W with setup and hold times referenced to this signal.

data out (Q)

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS is brought
low. Inaread cycle, the output becomes valid after the access time interval tcoc (which begins with the negative
transition of CAS) as long as trac 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 the high-impedance state. In a
delayed-write or read-write cycle, the output follows the sequence for the read cycle.
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TMS44100, TMS44100P, TMS46100, TMS46100P
4194304-WORD BY 1-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS561A — MARCH 1995 — REVISED JUNE 1995

refresh

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x100P) 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 CAS at the high (inactive) level,
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 CAS at V_after a read operation and cycling RAS after a specified
precharge period, similarto a RAS-only refresh cycle. The external address is ignored during the hidden-refresh

cycle.
CAS-before-RAS (CBR) refresh

CBRrefresh s utilized by bringing CAS low earlier than RAS (see parameter tcgg) and holding it low after RAS
falls (see parameter tcHR). For successive CBR refresh cycles, CAS 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-uA (TMS46100P) or 500-pA
(TMS44100P) refresh current is available on the low-power devices. Data integrity is maintained using CBR
refresh with a period of 125 us 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| 2 Vcc - 0.2V).

self refresh

The self-refresh mode is entered by dropping CAS low prior to RAS going low. CAS and RAS are both held low
for a minimum of 100 ps. 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 CAS
are brought high to satisfy tcHg. 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, aninitial pause of 200 us followed by a minimum of eight initialization cycles
is required after full Vo level is achieved. These eight initialization cycles must include at least one refresh
(RAS-only or CBR) cycle.

test mode

An industry-standard design-for-test (DFT) mode is incorporated in the TMS4x100 and TMS4x100P. A CBR
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
terminal goes high. If any one bit is different, the data-out terminal goes low. Any combination of read, write,
read-write, or page-mode cycles can be used in the test mode. The test-mode function reduces test times by
enabling the 4-Mbit DRAM to be tested as if it were a 512K DRAM, where row address 10, column address 10,
and column address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.
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test mode (continued)

H————H— Entry Cycle Exit Cycle >
'4-——-—— Test-Mode Cycle ———-————H "— n:::.l

mmﬂﬂr

"\ /[ 7N

1 The states of W, data in, and address are defined by the type of cycle used during test mode.

Ty

absolute maximum ratlngs over operating free-air temperature range (unless otherwise noted)¥

Supply voltage range, Vgc: TMS44100, TMS44100P ...........ccovvinevnnnnnn -1Vto7V
TMS46100, TMS46100P ............ccvvvvnnnn. -0.5Vto46V

Voltage range on any pin (see Note 1): TMS44100, TMS44100P .............ccevvunnnnn. -1Vto7V
TMS46100, TMS46100P ..........ccvvvvennnnn -05Vto4.6V

Short-circuit OUtPUL CUITENt . ... ..t i i it ittt ettt ran e ennneeaaanaaaanns 50 mA
Power dissipation ..........iiuiiiiiiiii i i e i e e e e 1w
Operating free-air temperature range, TA  .....vviviitiiiieiiinn et iiiinerenienneneonens 0°C to 70°C

. Storage temperature range, Tgtg « ...« .vvrsttertettiiiiiiiii e —-55°C to 150°C

% 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

TMS44100/P TMS46100/P UNIT
MIN NOM MAX| MIN NOM MAX
Vcc  Supply voltage 45 5 55 3 33 3.6 v
ViH  High-level input voltage 24 6.5 2 Vece +0.3 \Z
ViL Low-level input voltage (see Note 2) -1 08| -03 0.8 \'
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)

TEST '44100-60 '44100-70 '44100-80
'44100P-60 '44100P-70 '44100P-80
PARAMETER CONDITIONS UNIT
MIN MAX| MIN MAX| MIN MAX
VOH High-level output voltage loH =—5mA 24 24 24 v
VoL Low-level output voltage loL=42mA 0.4 0.4 0.4 \'
vecec =55V,
] Input current (leakage) Vi=0Vto65YV, +10 =10 =10 uA
All others =0 Vto Voo
lo Output current (leakage) vc%% :i:r‘rs V. Vo=0VtoVce, +10 +10 +10| pA
lcc1 Z:id&:{ :g;t e-cycle current Vo =55V, © Minimum cycle 105 90 80| mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
ViH =24V (TTL)
lcc2  Standby current Atter 1 memory cycle, | 144100 1 1 1| ma
RAS and CAS high,
VIH=Vcc-0.2V )
(CMOS) '44100P 500 500 500 RA
=55V, Mi le,
Average refresh current % cyilin g inimurm cyc
! RAS only or CBR; el . 105 90 80| mA
cC3 fm ng’ po ) TAS high (RAS only);
RAS low after CAS low (CBR)
Average page current Vee=5.5V, tpc =minimum, .
lcce (see Notes 3 and 5) RAS low, CAS cycling %0 80 70| mA
Self-refresh current CAS=<0.2V, HAS <02V,
lcce' (see Note 3) tRAS and tcas > 1000 ms 500 500 500 vA
Standby current, outputs RAS=V|y, CAS=vV|,
IcC7  enabled (see Note 3) Data out = enabled 5 5 5| mA
tRc=125us, tRass1ms,
Vcc-02VsV|H=<65V,
icctot a‘;’ggp‘:)“"“p ourrent 0VsV) 502V, 500 500 500 | pA
W and OE = V|4,
Address and data stable
t For TMS44100P only

NOTES: 3. Icc 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 CAS = V|4
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electrical characteristics over recommended ranges of supply voitage and operating free-air
temperature (unless otherwise noted)

TEST '46100-60 '46100-70 '46100-80
PARAMETER CONDITIONS '46100P-60 '46100P-70 '46100P-80 UNIT
MIN MAX MIN MAX MIN MAX
V. High-level loH =—2mA (LVTTL) 24 2.4 24
'OH v
output voltage | |g = — 100 pA (LVCMOS) Veg-0.2 Vge-0.2 Vcc-0.2
Vi Low-level loL =2 mA (LVTTL) 0.4 0.4 0.4 v
OL  outputvottage [1oy = 100 pA (LVCMOS) 0.2 02 02
Inputcurrent |V|=0Vt039V, Vcc=36V,
h (leakage) Allothers =0V to Vco =10 =10 £10 WA
Output current | Vo =0VtoVce, Vec=3.6V,
lo (leakage) TAS high =10 =10 =10 pA
Read- or
write-cycle - )
Icct current Minimum cycle, Vcg=3.6V 70 60 50| mA
(see Note 3)
After 1 memory cycle,
RAS and CAS high, 2 2 2] mA
VIH =20V (LVTTL)
lccz Standby After 1 memory cycle
current allait |46 300 300 300
RAS and CAS high, 46100 pA
X_'\’,";M\(’)%f): —02V 1461000 200 200 200 pA
Average . _
refresh current ———gxgmc‘;z:i:zc'e’ Vec=36V, .
Icca g?:‘; onlyor |&rs high (RAS only); 70 60 50| mA
(see Note 4) RAS low after CAS low (CBR)
Average page
current tpc = minimum, Voo =36V,
lccs (see Notes 3 | RAS low, CAS cycling 60 50 40 mA
and 5)
Self-refresh wiE =ra
CAS<0.2V, RAS <0.2V,
lccet  current ’ ' 200 200 20| pA
(see Note 3) tRAS and tcas > 1000 ms
Standby
current e .
! RAS = V|4, CAS = V|,
‘Ylcer outputs o 5 5 5| mA
enabled Data out = enabled
(see Note 3)
tRc=125ps, tRAss1ms,
Battery-backup | VCCc—-02V=sV|H=<3.9YV,
icciot current OVsV|s02V, 300 300 300 uA
(with CBR) W and OE = V|4,
Address and data stable
t For TMS46100P only
NOTES: 3. Icgc 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 CAS = V|4
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capacitance over recommended ranges of supply voltage and operating free-air temperature,

1 MHz (see Note 6)
PARAMETER MIN MAX | UNIT
_C_i(A) Input capacitance, AO—A10 5 pF
Ci(RC) Input capacitance, CAS and RAS 7 pF
Ciw)  Input capacitance, W 7| pF
Co Output capacitance 7 pF

NOTE 6: Vog =5V .5V for the TMS44100 devices, Vo = 3.3 V £ 0.3 V for the TMS46100 devices, and the bias on pins under test is O V.

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

temperature
'4x100-60 '4x100-70 '4x100-80
PARAMETER '4x100P-60 '4x100P-70 '4x100P-80 | yniT
MIN MAX| MIN MAX| MIN MAX
tAA Access time from column address 30 35 40 ns
tcAC  Access time from CAS low 15 18 20| ns
tcpPA  Access time from column precharge 35 40 45 ns
tRAC Access time from RAS low 60 70 80| ns
tcLz CAS to output in low impedance 0 0 ns
toFF  Output disable time after CAS high (see Note 7) 15 0 18 0 20 ns
NOTE 7: toFF is 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
*4x100-60 '4x100-70 *4%100-80
‘ *4x100P - 60 *4x100P-70 *4x100P-80 UNIT
MIN MAX | MIN MAX | MIN MAX
tRC Cycle time, random read or write (see Note 8) 110 130 150 ns
trRwc  Cycle time, read-write (see Note 8) 130 153 175 ns
tpc 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) 60 68 75 ns
tRASP _ Plse duration, RAS low, page mode (see Note 10) 60 100 000 70 100 000 80 100000 | ns
m Pulse duration, RAS low, nonpage mode (see Note 10) 60 10000 70 10000 80 10000 ns
-tazés Pulse duration, RAS low, self refresh 100 100 100 us
tCAS Pulse duration, CAS low, (see Note 11) 15 10000 18 10000 20 10000 ns
E; Pulse duration, CAS high 10 10 10 ns
tRp __ Pulse duration, RAS high (precharge) 40 50 60 ns
tRPS Precharge time after self refresh using RAS 140 130 150 ns
twp Pulse duration, write 10 10 10 ns
tASC  Setup time, column address before CAS low 0 0 0 ns
tASR Setup time, row address before RAS low 0 0 0 ns
—tE)-é Setup time, data (see Note 12) 0 0 0 ns
tRCS _ Setup time, W high before CAS low 0 0 0 ns
tCWL __ Setup time, W low before CAS high 15 18 20 ns
tRWL __ Setup time, W low before RAS high 15 18 20 ns
twcs  Setup time, W low before CAS low (early-write operation only) 0 0 0 ns
twsR  Setup time, W high (CBR refresh only) 10 10 10 ns
twTs  Setup time, W low (test mode only) 10 10 10 ns
tcAH Hold time, column address after (TT"S’ 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 after RAS low (see Note 13) 50 56 60 ns
tRAH Hold time, row address after RAS low 10 10 10 ns
tRCH Hold time, W high after CAS 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 CAS 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
twTH  Hold time, W low (test mode only) 10 10 . 10 ns
oot il s 0w o s R
tcHR _ Delay time, RAS low to CAS high (CBR refresh only) 10 10 10 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
NOTES: 8. Allcycle times assume t1 =5 ns.
9. To assure tpc min, tAgc should be = 5 ns.
10. In a read-write cycle, trRyp and trw( must be observed.
11, In a read-write cycle, tcwp and tow must be observed.
12. Referenced to the later of CAS 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. '
“’? TEXAS
INSTRUMENTS
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 4-35

ADVANCE INFORMATION



NOILVINHO4NI 3ONVAQVY

TMS44100, TMS44100P, TMS46100, TMS46100P
4194304-WORD BY 1-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS561A ~ MARCH 1995 — REVISED JUNE 1995

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

'4x100-60 | 'ax100-70 | '4x100-80 _
'4x100P-60 *4x100P-70 ’4x100P-80 UNIT
MIN MAX| MIN MAX| MIN MAX
tcsR Delay time, CAS low to ﬁﬁs‘ low (CBR refresh only) 5 5 .5 ns
tcHs Hold time, CAS low after RAS high, self refresh 1 -50 -50 -50 ns
towp  Delay time, CAS low to W low (read-write operation only) 15 18 20 ns
tRAD Delay time, 'ﬁﬁ low to column address (see Note 15) 15 30 15 35 15 40 ns
tRAL Delay time, column address to ﬁ high . 30 35 40 ns
tCAL Delay time, column address to CAS high 30 35 40 ns
trRcp  Delay time, RAS low to TAS low (see Note 15) 20 45 20 52 20 60| ns
trpc  Delay time, RAS high to CAS low 0 0 0 ns
tasH  Delay time, CAS low to RAS high 15 18 20 ns
tRwp  Delay time, RAS low to W low (read-write operation only) 60 70 80 ns
tTAA  Access timefrom address (test mode) 35 40 45 ns
tTCPA  Access time from column precharge (test mode) 40 45 50 ns
tTRAC  Access time from m (test mode) 65 75 85 ns
'4x100 16 16 16 ms
'REF  Refresh time interval "4x100P 128 128 128 ms
T Transition time . 2 50 2 50 2 50| ns

NOTE 15: The maximum value is specified only to assure access time.

PARAMETER MEASUREMENT INFORMATION

131V Vec=5V
RL=218Q ' R1=828Q
Output Under Test Output Under Test —4
CL =100 pF I CL =100 pF ;1 R2=295Q
(a) LOAD CIRCUIT ’ (b) ALTERNATE LOAD CIRCUIT
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