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IMPORTANT NOTICE

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

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

Please be aware that Tl products are notintended for use in life-support appliances, devices, or systems.
Use of Tl product in such applications requires the written approval of the appropriate Tl officer. Certain
applications using semiconductor devices may involve potential risks of personal injury, property
damage, or loss of life. In order to minimize these risks, adequate design and operating safeguards
should be provided by the customer to minimize inherent or procedural hazards. Inclusion of Tl products
in such applications is understood to be fully at the risk of the customer using Tl devices or systems.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license,
either express or implied, 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 © 1993, Texas Instruments Incorporated
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INTRODUCTION

The 1993 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 (EPROMSs), One-Time
Programmable Read-Only Memories (OTP PROMs), Electrically Erasable Programmable Read-Only
Memories (Flash Memories), Video RAMs (VRAMs), Field Memories (FMEMs), and Memory Cards. Also
included are military specifications for DRAMs, EPROMSs, and VRAMs.

The data book is divided into 13 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 4-9. Product specifications for over 100 devices can be found in these sections.
Chapter 10. Logic Symbols — Includes an explanation and examples of the |EEE 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.

Chapter 13. Mechanical Data — Detailed package drawings and specifications are shown in this section.

For ordering information or further assistance, please contact your nearest Texas Instruments Sales Office or
Distributor as listed in the back of this book.
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TM497MBK36A ........ 5-21

TM497MBK36Q ......... 5-21

TM497TBM40 ......... 5-115
TM497TBM40S ........ 5-115
TM893CBK32S ........ 5-105
TM893VBM40 ......... 5-115
TM893VBM40 ......... 5-115
TM893VBM40S ........ 5-115
TMS27CO10A ......... 6-39

TMS27C020 ....... 6-61
TMS27C040 ....... 6-71
TMS27C128 ....... 6-2

TMS27C210A...... 6-51
TMS27C240 ....... 6-81
TMS27C256 ....... 6-3

TMS27C400 ....... 6-91
TMS27C510 ....... 6-15
TMS27C512 ....... 6-27

TMS27LVO10A .. ... 6-203
TMS27PCO10A ....6-39

TMS27PC020. .. ... 6-61
TMS27PC040....... 6-71
TMS27PC128...... 6-2
TMS27PC210A .. .. 6-51
TMS27PC240...... 6-81
TMS27PC256...... 6-3
TMS27PC400...... 6-91
TMS27PC510...... 6-15
TMS27PC512...... 6-27
TMS28F010 ....... 6-125
TMS28F040 ....... 6-185
TMS28F210 ....... 6-165
TMS28F512 ....... 6-145
TMS29F816 ....... 6-101
TMS4C1050B...... 7-109
TMS4C1060B...... 7-121
TMS4C1070B....... 7-133
TMS416100 ....... 4-385
4-249
TMS416160 ....... 4-253
TMS416160P ...... 4-253
TMS416400 ....... 4-203
4-249
TMS416800 ....... 4-341
TMS416800P ...... 4-341
TMS417400 ....... 4-227
4-249
TMS417800 ....... 4-363
TMS417800P ...... 4-363
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General Information

TMS418160 ........... 4-297
TMS418160P ... ....... 4-297
TMS426100 ........... 4-385
TMS426100P ... ........ 4-385
TMS426160 ........... 4-275
TMS426160P .. ........ 4-275
TMS426400 ........... 4-409
TMS426400P . ......... 4-409
TMS426800 ........... 4-457
TMS426800P . ......... 4-457
TMS427400 ........... 4-433
TMS427400P .......... 4-433
TMS427800 ........... 4-479
TMS427800P . ......... 4-479
TMS428160 ........... 4-319
TMS428160P .......... 4-319
TMS44100 ............ 45
TMS44100P ........... 4.5
TMS44165 ............ 4-115
TMS44165P ........... 4-115
TMS44400 ............ 4-27
TMS44400P ........... 4-27
TMS44800 ............ 4-93
TMS44800P ........... 4-93
TMS45160 ............ 4-137
TMS45160P ........... 4-137
TMS45165 ............ 4-159
TMS45165P ........... 4-159
TMS46100 ............ 4-49
TMS46100P ........... 4-49
TMS46400 ............ 4-71
TMS46400P ........... 4-71
TMS55160 ............ 7-3

TMS55165 ............ 7-57
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General Information

DRAM/VRAM/FMEM Ordering Information

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

T™MS 4 4 C 256 -10 DJ -
1. Prefix: J
TMS Commerical MOS
SMJ Military MOS
2. Product Family:
4 DRAM/VRAM/FMEM
3. Word Width:
Blank x 1
Blank x 4 (FMEM only)
4 x4
8 x8
16 x 16
4. Technology:
C CMOS
5. Density:
121 1 Meg VRAM ('48C121) 1024 1 Meg DRAM ('4C1024)
128 1 Meg DRAM ('48C128) 1025 1 Meg DRAM ('4C1025)
138 1 Meg DRAM ('48C138) 1027 1 Meg DRAM ('4C1027)
251A 1 Meg VRAM ('44C251A) 1050 1 Meg FMEM ('4C1050B)
256 1 Meg DRAM ('44C256) 1060 1 Meg FMEM ('4C1060B)
260 1 Meg Parity DRAM ('44C260) 1070 1 Meg FMEM ('4C1070B)
6. Speed Designator:
DRAMs/VRAMs FMEMs
-60 60ns -30 25ns
-70 70ns -40 30 ns
-80 80ns -60 50 ns
-10 100 ns
-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
JD Dual-In-Line (DIP)
SV Zig-Zag In-Line (ZIP)

8. Temperature Range:
Commerical Military
L 0°C to 70°C (VRAMs/FMEMSs) M
Blank 0°C to 70°C (DRAMs)

-55°C to 125°C

i
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General Information

DRAM Ordering Information

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

T™S 4 4 1 00 -80 DM
1. Prefix: ]
TMS Commercial MOS
SMJ  Military MOS
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 Refresh5V
26 16 Meg 4K Refresh 3.3V
27 16 Meg 2K Refresh 3.3V
28 16 Meg 1K Refresh 3.3V
4. Organization — 1/O:
10 x1 Std 90 x9 Std
26 x2 Quad-CAS 91 x9 WPB
40 x4 Std 16 x16 Std
41 x4 WPB 17 x16 WPB
46 x4 Quad-CAS 18 x18 Std
80 x8 Std 19 x18 WPB
81 x8 WPB
5. Functional Mode/Options:
0 Enhanced Page Mode 2 SCD 2CAS (x16 and x18 Devices)
0 Enhanced Page Mode 3 Serial Mode
2 CAS (x16 and x18 Devices) 5 Enhanced Page Mode
0 Enhanced Page Mode 2 WE (x16 and x18 Devices)
4 CAS (Quad-CAS Devices) 6 Burst Mode
1 Nibble Mode 7 SCD With Burst Mode
2 Static Column Decode Mode (SCD) 8 SCD 2 WE (x16 and x18 Devices)
6. Speed Designator:
-60 60ns -10 100 ns
-70 70ns -12 120ns
-80 80ns -15 150ns
7. Package:

Commercial (Plastic)

DGA
DGB

DGC
DGD

DGE
DGF

DC

8. Temperature Range:

300-mil Thin Small Outline (TSOP) (26-lead)
300-mil Reverse Lead Thin Small Outline (TSOP)
(26-lead)

400-mil Thin Small Outline (TSOP) (28-lead)
400-mil Reverse Lead Thin Small Outline (TSOP)
(28-lead)

400-mil Thin'Small Outline (TSOP) (44-lead)
400-mil Reverse Lead Thin Small Outline (TSOP)
(44-lead)

400-mil Thin Small Outline (TSOP) (50/44-lead)
0.8 mm pitch

400-mil Thin Small Outline (TSOP) (32-lead)

1.27 mm pitch

300-mil Small Outline J-Lead (SOJ) (26/24-lead)
350-mil Small Outline J-Lead (SOJ)

Thin Small Outline J-Lead (SOJ)

400-mil Small Outline J-Lead (SOJ)

400-mil Small Outline J-Lead (SOJ) (50-mil pitch)
Zig-Zag In-Line (ZIP)

Vertical Package (VPAK)

Military (Ceramic)

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

HR Flatpack
JD Side-Brazed Dual-In-Line

Commercial

Blank

0°C to 70°C

Military
M -55°Cto125°C
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General Information

Standard DRAM Module Ordering Information

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

™ 024 E AD 9 -10 -
1. Prefix: |
™ Commerical 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:
-6 60ns
-70 70ns
-80 80ns
-10 100ns

7. Temperature Range:
Blank 0°C to 70°C
L 0°C to 70°C (1 Meg only)

Texas ‘QP
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 1-7



General Information

Differentiated DRAM Module Ordering Information

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

™ 124 E AO 9 B -Z -10 -

1. Prefix: i J

™ Commerical 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

(o] K T

E L \Y
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 -'44C256s ('256BBK32)
Blank 16 -'44C256s ('512CBK32)
Blank 8 -'44400s ('124BBK32)
Blank 10 -’44400s ('124TBK40)
Blank 20 - '44400s ('248VBK40)
Blank 10 -'416400s ('496TBM40)
Blank 10 -'417400s ('497TBM40)
Blank 20 -’416400s ('892VBM40)
Blank 20 - '417400s ('893VBM40)
2 -'44400s ('124GU8A)
8 - '44400s + 4 '4C1024s ('124MBK36A)
2-'44400s + 1°'4C1024 ('124EAD9B/'EAD9BZ)
8 - '44C256s + 1 '44C260 ('256KBK36B)
16 - '44C256s + 2 '44C260s ('512LBK36B)
8 - '44400s + 144460 ('124MBK36B)
16 - '44400s + 2 '44460s ('248NBK36B)
2-'44C256s + 1'4C1024 ('256GUIC)
2-'44400s + 1°44100 ('124EADSC/'EAD9CZ)
2-'44400s + 144100 ('124EU9C/'EU9CZ)
8 - '44C256s + 2 '44C260s ('256KBK36C)
16 - '44C256s + 4 '44C260s ('512LBK36C)

7. Relaxed Thickness Tolerance:
Blank Standard

00000 WWWWWm > >

V4 Relaxed Board Thickness

8. Speed Designator:
Vee £5% Ve = 10%
-6 60 ns -60 60 ns
-7 70 ns -70 70 ns
-8 80 ns -80 80 ns
-100 100 ns -10 100 ns

9. Temperature Range:
Blank 0°Cto 70°C

/
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General Information

Nonvolatile Ordering Information

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

TMS 27 P c
|

512

-10

FM

L

4

1. Prefix:
TMS Commerical MOS
SMJ Military MOS
2. Product Family:
27 EPROM/OTP
28 12-V Flash EPROM
29 5-V Flash EEPROM
3. Erasability:
P Non-erasable (One-Time Programmable)
Blank Erasable
4. Technology:
C CMOS
F CMOS Flash EEPROM
Lv Low Voltage
5. Density:
816 16K 010A 1 Meg
128 128K 210A 1 Meg
256 256K 020 2Meg
257 256K 040 4 Meg
510 512K 240 4 Meg
512 512K 400 4 Meg
6. Speed Designator: -
80 ns -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)
bu 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:
Commerical Military
L 0°C to 70°C M —55°Cto 125°C
E ~40°Cto 85°C
Q ~40°Cto 125°C
T ~40°Cto 110°C
9. 168 Hour Burn-in Option:
Commerical Military
4 168 Hour Burn-in Blank 5004 Processing

‘Blank No Burn-in

EXAS {'f
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General Information

VRAM Ordering Information

Factory orders for 4 Meg VRAMs described in this book should include an eight-part type number as explained in the
following example:

T™S 5 5 16 5 -80 DGH -
1. Prefix: 1
™S Commerical MOS
sMmJ 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:
Commerical Military
Blank 0°C to 70°C M —55°C to 125°C

xas W
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General Information

Memory Card Ordering Informationt

Factory orders for memory cards (excluding CMS401-CMS410 and CMS209-CMS216 OTP PROM memory cards)
described in this book should include a nine-part type number as explained in the following example:

CMS 68 F 1MB - - - N -250

1. Prefixt —— |
CMS Card Module Standard
CMP Prototype Card Module

2. Number of Pins:

60
68
88
3. Memory Type:
D DRAM
F Flash EPROM
P OTP PROM
S SRAM

4. Total Density:
256 256K Byte
512 512K Byte
1MB 1M Byte
2MB 2M Byte
4MB 4M Byte
8MB 8M Byte

5. Width:
Blank User Selectable (x 8/x 16)
8 x 8
9 x 9
16 x16
18 x18
32 x32
36 x36
6. Power:
Blank Standard
L Low Power
S Super-Low Power
7. Differentiator:
A, B, C, etc. Alpha characters will be used when necessary

to differentiate between similar card types.

8. Attribute Memory:
Blank Attribute Memory

N No Attribute Memory
9. Speed:
-70 70 ns
-80 80 ns
-200 200 ns
-250 250 ns

t This is the new memory card part numbering system. This system excludes existing DRAM memory cards CMS401-CMS410 and OTP PROM
memory cards CMS209-CMS216.
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Selection Guide

DRAM
MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU&F)’LY ACTIVE | STANDBY PINS | PACKAGE! NOTES PAGE
(ns) (mw) (mw)
SMJ4C1024-80 80 413 FQ H Military
SMJ4C1024-10 100 385 18, 20, o CMOS
1024Kx1 | gmyacroza-12 | 120 5210% | 339 7 12 'J"g g‘b Enhanced | %7
1024K SMJ4C1024-15 150 303 ' Page Mode
SMJ44C256-80 80 440 FQ. H Military
SMJ44C256-10 100 385 s CMOS
256K x 4 SMJ440256.12 120 5:10% | .0 17 20,26 :lg,sl-|vL, Enhanced 95
SMJ44C256-15 150 303 ' Page Mode
TMS44100-60 60 523 DGA CMOS
TMS44100-70 70 5+10% | 468 1 20,26 |DGB,DJ, |Enhanced 45
TMS44100-80 80 413 sD Page Mode
TMS44100P-60 60 523 DGA gvv:‘os g
TMS44100P-70 70 5:10% | 468 11 |20,26 |DGB, DY, ng:‘"ﬁgde 45
TMS44100P-80 80 413 SD Low Power
Military
SMJ44100-80 80 468
SMJ44100-10 100 5+10% | 440 22 18,20, | HM, HR, | CMOS 9-47
26 JD Enhanced
4096K x 1 SMJ44100-12 120 385 Page Mode
TMS46100-70% 70 216 DGA, gw;os ;
TMS46100-80% 80 |33:10% | 180 36 20,26 |DGB,DYJ, |50 gi"ﬁid o | 440
a006K TMS46100-10% 100 144 SD Low Voltage
CMOS
TMS46100P-70% 70 216 DGA, E"“a"ﬁeg
TMS46100P-80% 80 |33:10% | 180 36 [20,26 |DGB,DJ, Lgv%e\/o,?a ;e 4-49
TMS46100P-10f | 100 144 SD Extended
: Refresh
TMS46400-70% 70 252 DGA, g"’Los 4
TMS46400-80% 80 [33:10% | 216 7.2 |20,26 |DGB, Dy, P;g:'md o | 471
TMS46400-10% 100 180 SD Low Voltage
1024K x 4 CMOS
TMS46400P-70% 70 252 DGA, E"“a’;jeg
TMS46400P-80% 80 |33:10%| 216 72 |20,26 |DGB, Dy, Lgv%eVol?a ;e 471
TMS46400P-10% | 100 180 sD Extended
Refresh
T DGA Plastic Small-Outline-Package (SOP)
DGB Plastic Small-Outline Reverse Form Package (SOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DN Plastic Thin Small-Outline J-Lead (ThinSOJ)
FQ Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HJ  Leaded Ceramic Chip Carrier (Military)
HK Flatpack (Military)
HL Small-Outline Leadless Ceramic Chip Carrier (Military)
HM  Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HR Flatpack (Military)
JD  Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
N Plastic Dual In-Line Package (DIP)
SD Plastic Zig-Zag In-Line Package (ZIP)
SV  Ceramic Zig-Zag-In-Line Package (Military)
% Advance Information for product under development by Tl
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Selection Guide

DRAM
MAX POWER Mg)é Powgn
ORGANIZATION ACCESS DISSIPATI
DENSITY | woRDs x giTs) | PEVICENUMBER | “uc su(v:;;w ~=mve Tsanoav] ™ PACKAGE! |  NOTES PAGE
(ns) (mW) (mW)
TMS44800-60 60 660 CMOS
TMS44800-70 70 605
TMS44800-80 80 5+ 10% 550 1 28 Dz, DGC ggg:rm:gge 4-93
TMS44800-10 100 495 ,
512K x 8
TMS44800P-60 60 660 cMos
TMS44800P-70 70 605 Enhanced
TMS44800P-80 80 5£10% | 550 1 [28  |DZDGC |pageMode | 493
TMS44800P-10 100 495 Low Power
TMS44165-70% 70 660 CMOS
TMS44165-80% 80 5:+10% | 578 11 |40,44 |Dz, DGE |Enhanced | 4-115
TMS44165-10% 100 523 Page Mode
TMS44165P-70% 70 660 (EJI\/:‘OS q
TMS44165P-80% 80 5:10% | 578 11 | 40,44 |DZ DGE ngz",;gde 4115
TMS44165P-108 | 100 523 Low Power
TMS45160-70 70 880 CcMOS
TMS45160-80 80 5:10% | 770 11 |40,44 |DZ, DGE |Enhanced | 4-137
TMS45160-10 100 660 Page Mode
256K x 16
x1 TMS45160P-70 70 880 glv:‘os g
4096K TMS45160P-80 80 5:10% | 770 11 |40,44 | Dz, DGE ng:",jgde 4137
TMS45160P-10 100 660 Low Power
TMS45165-70% 70 880 CMOS
TMS45165-80% 80 5:10% | 770 11 |40,44 |DZ,DGE |Enhanced | 4-159
TMS45165-10% 100 660 Page Mode
TMS45165P-70% 70 880 Eﬁ‘fs g
TMS45165P-80% 80 5+10% | 770 11 {40,244 | Dz DGE Pagg'}jgde 4159
TMsS45165P-10% | 100 660 - Low Power
TMS44400-60 60 550 20,26, [, ooy |CMOS
TMS44400-70 70 5:10% | 495 11 |20,26, | oo [Enhanced | 427
TMS44400-80 80 440 20 ' Page Mode
TMS44400P-60 60 550 20,26, | o pea gmgfce 4
TMS44400P-70 70 5:10% | 495 11 |20,26 | o 4-27
1024K x 4 *<% I DGB, SD | Page Mode
TMS44400P-80 80 440 20 Low Power
SMJ44400-80 80 468 20,20, | o, 1M, | MO
SMJ44400-10 100 5+ 10% 22 edl el 9-67
SMJ44400-12 12 440 20,20 |HR Enhanced
0- 0 358 Page Mode
Product Preview:
16384Kx1 | TMms416100, 60 440 DJ,DGA, |CMOS
16 384K and 5x+10% - 24,26 Enhanced 4-249
16384k x4 | TMS416400,and 70 385 DGB Page Mode
TMS417400 80 330 9

tDGA Plastic Small-Outline-Package (SOP)

DGB Plastic Small-Outline Reverse Form Package (SOP)

DGC Plastic Thin Small-Outline Package
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)

74
HM
HR
JD

SD

Plastic Small-Outline J-Lead (SOJ)
Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
Flatpack (Military)
Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
Plastic Zig-Zag In-Line Package (ZIP)

* Advance Information for product under development by TI
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Selection Guide

DRAM
ORGANIZATION acorss | POWER | scrve | stanoay +
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I::LY (mW) (mW) PINS PACKAGE NOTES PAGE
(ns)
TMS416100-60 60 495 DGC CMOS
TMS416100-70 70 5:10% | 440 11 24,28 oo |Enhanced | 4-385
TMS416100-80 80 385 ! Page Mode
SMJ416100-60 60 495 -
SMJ416100-70 70 | set0% | 40 11 |26.28 |FNG,HKB |Enhanced | 987
16384Kx1 | SMJ416100-80 80 385 ' ' Page Mode
SMJ416100-10 100 330
i %
51 10% 1 24,28 |FNC, HKB | Enhanced | 9-125
SMJ417100-80 80 495 Page Mode
SMJ417100-10 100 440 9
TMS416400-60 60 495 DGC CMOS
TMS416400-70 70 5+10% | 440 1 24,28 | o5’ o |Enhanced | 4-203
TMS416400-80 80 385 ' Page Mode
SMJ416400-60 60 495 Miltary
SMJ416400-70 70 | 440
SMJ416400-80 80 5+10% 285 1 24, 287 FNC, HKB Eggznﬁgge 9-105
SMJ416400-10 100 330
16 384K TMS417400-60 60 495 DGC CMOS
TMS417400-70 70 5:10% | 440 11 24,28 | QoK' o |Enhanced | 4-227
TMS417400-80 80 . 385 ! Page Mode
e | &
5+10% 1 24,28 | FNC, HKB | Enhanced 9-143
SMJ417400-80 80 495 Pags Mode
4096K x4 | SMJ417400-10 100 440 g
TMS426400-60§ 60 252 CMOS
TMS426400-70 70 216 DGA, Enhanced
TMS426400-808 go |33=10%| ygo | 36 |2426 |pgR Dy [PageMode | 440°
TMS426400-108 100 144 Low Voltage
TMS426400P-60§ 60 252 gmgfp od
TMS426400P-70 70 216 | DGA, .
TMs426400P-808 | 80 [33%19% | g | 36 [2426 pgp py f:fvev';"l‘t’:; 4-409
TMS426400P-108 | 100 144 Low Power
TMS427400-60§ 60 252 CMOS
TMS427400-70 70 216 DGA, Enhanced
TMS427400-808 go |33%10%| g0 | 36 |2426 |pgRipy |PageMode | 443
TMS427400-108 100 144 Low Voltage

T DGA Plastic Small-Outline-Package (SOP)
DGB Plastic Small-Outline Reverse Form Package (SOP)
DGC Plastic Thin Small-Outline Package (TSOP)
DGD Plastic Thin Small-Outline Reverse Form 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)
FNC Small-Outline Leadless Chip Carrier (Military) (SOLCC)
HKB Flatpack (Military)
HJ  Ceramic Small-Outline Leadless J-Lead (Military) (SOLCC)
HM  Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC)
HR Flatpack (Military)
JD  Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
SD Plastic Zig-Zag In-Line Package (ZIP)

% Advance Information for product under development by TI

§ 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
MAX POWER 'é'é’é:'.’:%gﬁ
ORGANIZATION ACCESS + E
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SUg,I)?LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAG!
(ns) (mw) (mW)
TMS427400P-60§ 60 252 gmgfc od
TMS427400P-70 70 216 24, |DGA,
TMS427400P-80§ go |33=10%| 44 [ 36 26 |DGB,DJ f:v%evrl‘:::e M
TMS427400P-10! 100 144 Low Power
TMS416800-60% 60 495 CMOS
4096Kx4 | 1)15416800-70% 70 5:10% | 440 1 i‘; DE, DZ Enhanced | 4-341
TMS416800-80% 80 385 Page Mode
TMs416800P-60¢f | 60 495 2 g"‘v'h(a)fce 5
TMS416800P-70% 70 5:10% | 440 1 3> |DE.DZ PageMode | 4341
TMS416800P-80% 80 385 Low Power
TMS417800-60% 60 688 28 CMOS
TMS417800-70% 70 5:10% | 633 1 3> |DE.DZ Enhanced | 4-363
TMS417800-80% 80 578 Page Mode
TMS417800P-60% 60 688 28 gmg:ce "
TMS417800P-70§ 70 5:10% | 633 11 3> |DE.DZ Page Mode | 4363
TMS417800P-80: 80 578 Low Power
: CMOS
TMS426800-70 70 288 28, Enhanced
16 384K TMS426800-80% go |[33=10%] 55 | 36 32 [PEDZ  fpagemode | 4457
Low Voltage
CMOS
2048K x 8 Enhanced
: TMS426800P-70% 70 288 28,
80t 3.3+10% 3.6 DE, DZ Page Mode | 4-457
TMS426800P-80 80 252 32 Low Voltage
Low Power
: CMOS
TMS427800-70 70 414 28, Enhanced
TMS427800-80% go [33=10%] 475 | 36 32 |PEDZ  [pageMode | 4470
Low Voltage
CMOS
Enhanced
TMS427800P-70% 70 414 28,
a0t 3.3x10% 3.6 DE, DZ Page Mode | 4-479
TMS417800P-80 80 378 32 Low Voltage
Low Power
TMS416160-60% 60 495 42, CMOS
TMS416160-70% 70 5:10% | 440 1 44, |DC,RE |Enhanced | 4-253
TMS416160-80% 80 385 50 Page Mode
1024K x 16
* TMS416160P-60¢ | 60 495 42, g{':’:gfce g
TMS416160P-70% 70 5:10% | 440 1 44, |DC,RE Page Mode | 4253
TMS416160P-80% 80 385 50 9
Low Power

tDGA Plastic Small-Outline-Package (SOP)
DGB Plastic Small-Outline Reverse Form Package (SOP)
DC Plastic Surface Mount Thin Small-Outline Package (TSOP)
DE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
DZ Plastic Small-Outline J-Lead (SOJ)
RE Plastic Surface Mount Small-Outline J-Lead Package (SOJ)
% 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 (concluded)

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION +
DENSITY | woRDS «Bits) | DEVICENUMBER | A0 SU(b:IF)’LY ~orve Tsanoav] PINS | Packace NOTES PAGE
(ns) (mW) (mW)
TMS418160-60% 60 990 2 CMOS
TMS418160-70% 70 5:10% | 880 11 44 50 | DC RE Enhanced 4-297
TMS418160-80% 80 770 ’ Page Mode
TMS418160P-60% 60 990 2 gmgfce ’
TMS418160P-70% 70 5:10% | 880 1 44 50 | DC: RE page Mode | 4297
TMS418160P-80% 80 770 ' 9
Low Power
: CMOS
TMS426160-70 70 288 42, Enhanced
TMS426160-80% go [33%10% [ o5 36 144,50 [PCRE  |pageMode | 4270
Low Voltage
CMOS
Enhanced
TMS426160P-70% 70 288 42,
a0t 3.3+ 10% 3.6 DC, RE Page Mode 4-275
1024K x 16 | TMS426160P-80 80 252 44,50 Low Voltage
Low Power
CMOS
16 384K
TMS428160-70% 70 42, Enhanced
TMS428160-80% 80 3.3+10% | TBD 36 44,50 DC, RE Page Mode 4-319
Low Voltage
CMOS
Enhanced
TMS428160P-70% 70 42,
TMS428160P-80% go | 33=10% | TBD 3.6 44 50 | P RE Page Mode | 4-319
Low Voltage
Low Power
TMS4261 00450115t 60 252 CMOS
TMS426100-70 70 216 y DGA, Enhanced
TMS426100-80% go |33=10% | 450 | 36 [24261pGR' Dy |pageMode | 4385
TMS426100-10% 100 144 Low Voltage
TMS4261 oop-eoi 60 252 gmgfce "
TMS426100P-70 70 | 216 DGA,
16K x 1 TMS426100P-80% g0 |33=19% | a0 3.6 24,26 | pag’py E:gevl:?:ee 4-385
TMS426100P-10% | 100 144 g
Low Power
SDRAM-68 Svnch
16385K | 1MBytex2 |SDRAM-8§ NA |33:10%| TBD | TBD |44 |DGE DRAM TouS | 4-501
SDRAM-108

1 Advance Information for product under development by Tl
tDC Plastic Surface Mount Thin Small-Outline Package (TSOP)
DGA Plastic Small-Outline-Package (SOP)
DGB Plastic Small-Outline Reverse Form Package (SOP)
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
RE Plastic Surface Mount Small-Outline J-Lead Package (SOJ)
$ Advance Information for product under development by TI
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 Module
MAX | powen MAX POWER
ORGANIZATION ACCESS DISSIPATION
DENSITY | QoD x BITS) DEVICE NUMBER trad suggl.v e Teranoav] PNS PACKAGE PAGE
(ns) ' (mW) (mW)
TM124EU9B-6 60 515% 1496 32
TM124EU9B-70 " 70 5x10% | 1403 33 a0 | Single-Sided 55
TM124EU9B-80 80 8210% | 1208 33 Socketable
TM124EU9B-1 * 1073 33
9216K 1024K x 9 U9B-10 100 0
TM124EU9C-6 60 5.5% | 1496 32
TM124EUSC-70 70 5+10% | 1403 33 a0 | Single-Sided 55
TM124EU9C-80 80 5x10% | 1238 33 Socketable
TM124EU9C-10 100 5x10% | 1073 | 33
TM497EADQB-60: 60 1843
TM497EAD9B-70 70 1678 Single-Sided
4096Kx9 | \1107EADOB-80 80 5£10% | 4543 17 30 | socketable 5-13
TM497EAD9B-10t 100 1348
TM497GAD8A-60T 60 1320
TM497GADS8A-70t 70 1210 Single-Sided
TM497GADBA-801 go | 3*10%| 450 | 22 30 | Socketable 5-83
4096K x8 | TM497GAD8A-10t 100 990
32 768K TM4100GADS-60 60 ~ | 3990 ) )
TM4100GADS-70 70 5:10% | 3740 88 30 22‘3,(';:{)‘::" 5-75
TM4100GAD8-80 80 3300
TM124BBK32-60 60 4620 ) )
TM124BBK32-70 70 5:10% | 3960 88 72 22’3&:{;‘::“' 5-29
TM124BBK32-80 80 3520
1024K x 32 : _
TM124BBK325-60 60 4620 Single-Sided
TM124BBK325-70 70 5:10% | 3960 88 72 | Socketable 5-29
TM124BBK32S-80 . 80 3520 Solder-Tabbed
TM4100EAD9-60 60 5198 ) .
4096Kx9 | TM4100EADS-70 70 5110% | 4455 99 30 gg‘fk':;:l':l’:d 5-67
TM4100EAD9-80 80 3960
TM124MBK36-6 60 5+5% | 6405 126 -
TM124MBK36-70 70 5x10% | 5720 132 72 gg;‘:: aﬁ:ged 5-39
TM124MBK36-80 80 [ 5=%10% | 5170 132
TM124MBK36Q-6 60 5+5% | 6405 126 Double-Sided
TM124MBK36Q-70 70 5:10% | 5720 132 72 | Socketable 5-39
TM124MBK36Q-80 80 5x10% | 5170 132 Solder-Tabbed
TM124MBK36B-60T 60 5198 Single-Sided
36 864K TM124MBK36B-70t 70 5+10% | 4455 99 72 | Socketable 5-47
TM124MBK36B-80t 80 3960 Gold-Tabbed
1024K x 36 - -
TM124MBK36R-60T 60 5198 Single-Sided
TM124MBK36R-70T 70 5+10% | 4455 99 72 | Socketable 5-47
TM124MBK36R-80T 80 3960 Solder-Tabbed
TM124MBK36C-60 60 5775 Single-Sided
TM124MBK36C-70 70 5:10% | 4950 110 72 | socketable 5-57
TM124MBK36C-80 80 4400 Gold-Tabbed
TM124MBK36S-60 60 5775 Single-Sided
TM124MBK36S-70 70 5:10% | 4950 110 72 | Socketable 5-57
TM124MBK36S-80 80 4400 Solder-Tabbed
TM124TBK40-60T 60 5225 . )
40 960K 1024K x40 | TM124TBK40-70t 70 5+10% | 4675 220 72 gg‘gg:gf:d 5-137
TM124TBK40-80% 80 4125

t Advance Information for product under development by Tl
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Selection Guide

DRAM Module

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION
DENSITY | WoRDS x BITS) DEVICE NUMBER e suggw morve Tsmanoav] PNS PACKAGE PAGE
(ns) (mW) (mw)
TM248CBK32-60 60 4708 Double-Sided
TM248CBK32-70 70 5+10% | 4048 176 72 | Socketable 5-29
TM248CBK32-80 80 3608 Gold-Tabbed
65 536K 2048K x 32
TM248CBK32S-60 60 4708 Double-Sided
TM248CBK32S-70 70 5+10% | 4048 176 72 | Socketable 5-29
TM248CBK32S-80 80 3608 Solder-Tabbed
TM248NBK36B-601 60 5297 Double-Sided
TM248NBK36B-70T 70 5:10% | 4554 198 72 | Socketable 5-47
TM248NBK36B-80T 80 4059 Gold-Tabbed
TM248NBK36R-60T 60 5297 Double-Sided
TM248NBK36R-70T 70 5:10% | 4554 198 72 | Socketable 5-47
TM248NBK36R-80t 80 4059 Solder-Tabbed
73 728K 2048K x 36 -
TM248NBK36C-60 60 5885 Double-Sided
TM248NBK36C-70 70 5:10% | 5060 220 72 | Socketable 5-57
TM248NBK36C-80 80 4510 Gold-Tabbed
TM248NBK36S-60 60 5885 Double-Sided
TM248NBK36S-70 70 5+10% | 5060 220 72 | Socketable 5-57
TM248NBK36S-80 80 4510 Solder-Tabbed
TM248VBK40-60T 60 5335 .
81 920K 2048K x40 | TM248VBK40-70T 70 5:10% | 4785 220 72 gg;‘:é;ﬁ:ged 5-137
TM248VBK40-80T 80 4235
TM497BBK32-601 60 5280 )
4006K x 32 | TMa97BBK32-701 70 5:10% | 4840 88 72 gg::‘:;zﬁ:ged 5-105
TM497BBK32-80t 80 4400
131 072K TM161ooesDa-eo1‘[ 60 3960
TM16100GBD8-70 70 3520 Double-Sided
16384Kx8 | 1\116100GBDs-80T 80 5210% | 3080 88 30 | socketable 591
TM16100GBD8-10t 100 2640
TM16100EBD9-60T 60 4455
. | TM16100EBD9-701 70 3960 Double-Sided
16384Kx9" | 1\116100EBDY-80T 80 5210% | 3465 99 30 | socketable 5-99
TM16100EBDS-101 100 2970
TM497MBK36A-60T 60 8140 .
147 456K TM497MBK36A-70T 70 5:10% | 6820 | 132 72 ggg:;?i:ged 521
TM497MBK36A-80T 80 6160
4096K x 36 -
TM497MBK36Q-601 60 8140 Double-Sided
TM497MBK36Q-70T 70 5:10% | 6820 132 72 | Socketable 5-21
TM497MBK36Q-801 80 6160 Solder-Tabbed
TM496TBM40-60T 60 4950 Double-Sided
TM496TBM40-701 70 5+10% | 4400 110 72 | Socketable 5-125
TM496TBM40-80F 80 3850 Gold-Tabbed
TM496TBM40S-601 60 4950 Double-Sided
TM496TBM40S-70T 70 5:10% | 4400 110 72 | Socketable 5-125
TM496TBM40S-80T 80 3850 Solder-Tabbed
163 840K 4096K x 40 -
TM497TBM40-60T 60 6600 Double-Sided
TM497TBM40-701 70 5+10% | 6050 110 72 | Socketable 5-115
TM497TBM40-80T 80 5500 Gold-Tabbed
TM497TBM40S-60T 60 6600 Double-Sided
TM497TBM40S-701 70 5x10% | 6050 110 72 | Socketable 5-115
TM497TBM40S-80T 80 . 5500 Solder-Tabbed
t Advance Information for product under development by TI
Tixas W
EXAS
INSTRUMENTS
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Selection Guide

DRAM Module (concluded)

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU&F;LY 2CTIVE | STANDBY PINS PACKAGE PAGE
(ns) (mW) (mW)

TM893CBK32-60T 60 5368 !

262144K | 8192Kx32 |TM893CBK32-70t 70 5:10% | 4928 176 72 gg;‘:;;sb::ed 5-105
TM893CBK32-801 80 4488
TM892vBM40-60T 60 5060 Double-Sided
TM892VBM40-70t 70 §5:10% | 4510 220 72 | Socketable 5-125
TM892VBM40-80t 80 3960 Gold-Tabbed
TM892VBM40S-60T 60 6710 Double-Sided
TM892VBM40S-70t 70 5:10% | 6160 220 72 | Socketable 5-125
TM892VBM40S-80T 80 5610 Solder-Tabbed

327 680K 8192K x 40 -
TM893VBM40-60T 60 5060 Double-Sided
TM893VBM40-70t 70 5:10% | 4510 220 72 | Socketable 5-115
TM893vBM40-80T 80 3960 Gold-Tabbed
TM893VBM40S-60T 60 5060 Double-Sided
TM893VBM40S-70t 70 5:10% | 4510 220 72 | Socketable 5-115
TM893VBM40S-80t 80 3960 Solder-Tabbed

t Advance Information for product under development by TI
Tixas WP
EXAS
INSTRUMENTS
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Selection Guide

EPROM
MAX powen | MAXPOWER
ORGANIZATION ACCESS DISSIPATION N
DENSITY | DS < Biry) | DEVICE NUMBER e SU(I:,F)’LY e Tsranoav] PNS [PAckacet | NOTES | PagE
(ns) (mW) (mw)
TMS27C128-12 120
TMS27C128-15 150
TMS270128.20 200 5:10% | 165 1.4 |28 J CMoS 6-2
TMS27C128-25 250
SMJ27C128-12 120 131 16
128K 16K x 8 9
* SMJ27C128-15 150 Si% | 220 17
SMJ27C128-17 170 5:10% | 220 17 o9 J Mitary | g o1
SMJ27C128-20 200 5:10% | 220 1.7 CMOS
SMJ27C128-25 250 g:]g‘;" 220 17
SMJ27C128-30 300 °1 220 1.7
TMS27C256-10 100
TMS27C256-12 120
TMS27C256-15 150
TMS27C56.47 170 5+10% | 165 14 |28 J CMOS 6-3
TMS27C256-20 200
256K 32K x 8 TMS27C256-25 250
SMJ27C256-15 150
SMJ27C256-17 170 Mit
SMJ27C256-20 200 5+10% | 220 17 |28 J c;\nnca)g 9-253
SMJ27C256-25 250
SMJ27C256-30 300
TMS27C510-12 120
TMS27C510-15 150
TMS27C510-17 170 5+10% | 165 14 |82 J cMos 6-15
TMS27C510-20 200
TMS27C510-25 250
TMS27C512-10 100
512K 64K x 8 TMS27C512-12 120
TMS27C512-15 150 5:10% | 165 14 |28 J CcMOSs 6-27
TMS27C512-20 200
TMS27C512-25 250
SMJ27C512-20 200 Mt
SMJ27C512-25 250 5:10% | 263 18 |28 J oMoy | o268
SMJ27C512-30 300
TMS27C010A-10 100
TMS27C010A-12 120
TMS27C010A15 150 5+10% | 165 055 |32 J CMOS 6-39
128K x 8 TMS27C010A-20 200
TMS27LV010A-20% 200 CMOS
1024K TMS27LVO10A-25t | 250 |33+10% | 54 09 |32 J Low 6-203
TMS27LV010A-30% 300 Voltage
TMS27C210A-10 100
TMS27C210A-12 120
64K x 16 TMS27C210A-15 150 5:10% | 165 055 |40 J cMOS 6-51
TMS27C210A-20 200
TMS27C210A-25 250
TMS27C020-12 120
TMS27C020-15 150
2048K | 256K x8 TMS270020-20 200 5:10% | 165 055 |32 FM, J CMOS 6-61
TMS27C020-25 250

TFM Plastic Leaded Chip Carrier
J Ceramic Dual In-Line Package (DIP)

% 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

EPROM (concluded)

MAX POWER 'S'.é”é;%gﬁ
ORGANIZATION ACCESS +
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SUKII)?LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
(ns) (mw) (mw)
TMS27C040-10 100
TMS27C040-12 120 5:10% | 275 055 |32 J CMOS 6-71
TMS27C040-15 150
512K x 8
SMJ27C040-10 100 Mil
SMJ27C040-12 120 5:10% | 330 055 |32 J C,'V'I'gg 9-275
SMJ27C040-15 150
4096K
TMS27C240-10 100
TMS27C240-12 120 5+10% | 275 055 |40 J CMOS 6-81
TMS27C240-15 150
256K x 16
TMS27C400-10% 100
TMS27C400-12¢ 120 5:10% | 275 055 |40 J CMOS 6-91
TMS27C400-15% 150

1y Ceramic Dual In-Line Package (DIP)
¥ Advance Information for product under development by TI
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Selection Guide

Flash EEPROM

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION +
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(F\’ID)’LY ACTIVE | STANDBY PINS PACKAGE NOTES PAGE
(ns) (mw) (mw)
CMOS
TMS29F816-06 N/A 5:10% | 110 NA 18 |FM SV FHash | 6101
JTAG Bus
16K 2K x 8
CMOS
SMJ2oF816-06t | N/A 5:10% | 110 NA |18 |Fm SvHash | 9285
JTAG Bus
TMS28F512-10% 100
CcMOS
TMS28F512-12% 120 . DD, DU,
512K 64K x 8 TMS28Fa12.15t 150 5:10% | 165 55 |32 FM. N Flash 6-145
EEPROM
TMS28F512-17% 170
TMS28F010-10% 100
TMS28F010-12% 120 pp,pu, |EMOS
128K x 8 TMS28FO1015¢ 150 5:10% | 165 55 |32 FM.N Flash 6-145
EEPROM
TMS28F010-17% 170
1024K
Tmsstzm-mg 100 cMos
64K x 16 | [MS28F210-12 120 5:10% | 275 55 |40,44 [FN,J Flash 6-165
TMS28F210-158 150
EEPROM
TMS28F210-178 170
CMOS
4096K 512K x 8 TMS28F040-80% 80 5:10% | 165 0.55 |32,40 |DD,DU, N |Flash 6-185
EEPROM
DD  Plastic Thin Small-Outline Package

DU
FM
FN

J Ceramic Dual In-Line Package (DIP)

N Plastic Dual In-Line Package (DIP)
~  Advance Information for product under development by TI
§ 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.

Plastic Thin Small-Outline Reverse Form Package
Plastic Leaded Chip Carrier
Plastic Leaded Chip Carrier
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Selection Guide

One-Time Programmable (OTP) PROM

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION R
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I",I;'LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
. (ns) (mW) (mW)
TMS27PC128-15 150
128K 16K x 8 TMS27PC128-20 200 5+10% | 165 1.4 |28,32 |FM,N CMOS 6-2
TMS27PC128-25 250
TMS27PC256-10 100
TMS27PC256-15 150
256K 32K x 8 TMS27PC256-17 170 5+10% 165 1.4 28,32 |FM, N CMOS 6-3
TMS27PC256:20 200
TMS27PC256-25 250
TMS27PC510-15 150
TMS27PC510-17 170
TMS27PC510-20 200 5+10% | 165 14 |32 FM, N CMOS 6-15
TMS27PC510-25 250
512K 64K x 8 TMS27PC512-10 100
TMS27PC512-12 120 DD. DU
TMS27PC512-15 150 5+10% | 165 14 (28,32 [ ™ [CMOS 6-27
TMS27PC512-20 200 '
TMS27PC512-25 250
TMS27PCO010A-12 120 DD. DU
TMS27PCO010A-15 150 5+10% 165 0.55 32 FMl N ! CMOS 6-39
TMS27PC010A-20 200 '
128K x 8
TMS27LV010A-20% | 200 CMOS
1024K TMS27LVO10A-25% | 250 |[3.3+10% | 54 0.09 |32 FM Low 6-203
TMS27LV010A-30% | 300 Voltage
TMS27PC210A-12 120
TMS27PC210A-15 150 " Y
64K x 16 TMS27PC210A-20 200 5x10% | 165 0.55 |44 FN CMOS 6-51
TMS27PC210A-25 250
TMS27PC020-12 120
TMS27PC020-15 150
2048K 256K x 8 TMS27PC020-20 200 5+10% | 165 055 |32 FM CMOS 6-61
TMS27PC020-25 250
TMS27PC040-10 100
512K x 8 TMS27PC040-12 120 5+10% | 275 055 |32 FM CMOS 6-71
TMS27PC040-15 150
TMS27PC240-10 100
4096K TMS27PC240-12 120 5+10% [ 275 055 |44 FN CMOS 6-81
TMS27PC240-15 150
256K x 16
TMS27PC400-10% 100 .
TMS27PC400-12% 120 5+10% | 275 0.55 |44 N CMOS 6-91
TMS27PC400-15% 150
DD  Plastic Thin Small-Outline Package

FN Plastic Leaded Chip Carrier
Plastic Dual In-Line Package (DIP) .
* Advance Information for product under development by TI

Plastic Thin Small-Outline Reverse Form Package
Plastic Leaded Chip Carrier
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Selection Guide

Video RAMs/Field Memories

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION +
DENSITY | \oRDS  BITS) | DEVICE NUMBER TIME SU(I:,I)?LY ~orve Tstanoav] PINS | PAckace NOTES PAGE
(ns) (mw) (mW)
Military
SMJ44C250-10 100 635 90 CMOS
SMJ44C250-12 120 | 5=19% | 550 g3 |28 |HID I Muttiport 9-161
Video RAM
Military
SMJ44C251-10 100 550 CMOS
SMJ44C251-12 120 | 5=19% | 495 83 |28 [HLID putiport 9-199
Video RAM
TMS4C1050B-30 30 275 CMOS
1024K 256K x 4
* TMS4C1050B-40 40 5+10% | 248 55 ;g’ 26 |DJ.N, SD | Field 7-109
TMS4C1050B-60 60 193 ' Memory
TMS4C1060B-30 30 275 16 CMOS
TMS4C1060B-40 40 5:10% | 248 55 20, 26 | P N SD | Field 7-121
TMS4C1060B-60 60 193 ' Memory
TMS4C1070B-30% | 30 275 CMOS
TMS4C1070B-40% 40 5+10% | 248 55 18 N Field 7-133
TMS4C1070B-60% | 60 193 Memory
CMOS
TMS55160-70 70 908 -
5+ 10% 28 64 DGH Multiport 7-3
TMS55160-80 80 880 Video RAM
4096K 256K x 16 VoS
TMS55165-70 70 908 "
51+ 10% 28 64 DGH Multiport 7-57
TMS55165-80 80 880 Video RAM
T DGH Plastic Super Small-Outline Package (SSOP)
DJ  Plastic Small-Outline J-Lead (SOJ)
HJ  Ceramic Small-Outline J-Lead (Military) (SOJ)
JD  Ceramic Sidebrazed Dual In-Line Package (Military) (DIP)
N Plastic Dual In-Line (DIP)
SD Plastic Zig-Zag In-Line Package (ZIP)
t Advance Information for product under development by TI
Texas W
EXAS
INSTRUMENTS
2-15
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Selection Guide

Memory Card
MAX « | Power 'S.é”ém‘fgﬂ
ORGANIZATION ACCESS
’ IN NOTES PAGE
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(!:,F)’LY ACTIVE | STANDBY PINS
(ns) (mW) (mW)
256K x 8 PCMCIA Standard
or CMS68F256-2501 250 5+ 5% 420 131 68 Flash EEPROM 8-45
128K x 16 Memory Card
PCMCIA Standard
256K x 8 OTP PROM Memory
256K or CMS68P256-200 200 5+ 5% 1050 52.5 68 Card 8-35
128K x 16 Includes Attribute
Memory
256K x 8 PCMCIA Standard
or CMS68P256N-200 200 5+5% 1050 52.5 68 OTP PROM Memory | 8-35
128K x 16 Card
512K x 8 PCMCIA Standard
or CMS68F512-250F 250 5+5% 420 131 68 Flash EEPROM 8-45
256K x 16 Memory Card
PCMCIA Standard
512K = 8 OTP PROM Memory
or CMS68P512-200% 200 5+5% 1050 52.5 68 ICall'dd Attrib 8-35
ncludes Attribute
512K 256K x 16 Memory
512K x 8 PCMCIA Standard
or CMS68P512N-200 200 5+5% 1050 52.5 68 OTP PROM Memory | 8-35
256K x 16 Card
CMS213-200 200 OTP PROM Memory
64K x 8 CMS213-250 250 5:5% | 263 21 60 | Garg 8-65
1024K x 8 PCMCIA Standard
or CMS68F1MB-2501 250 5+5% 420 131 68 Flash EEPROM 8-45
512K x 16 Memory Card
PCMCIA Standard
1024K x 8 OTP PROM Memory
or CMS68P1MB-200 200 5+5% 1050 52.5 68 Card 8-35
512K x 16 Includes Attribute
Memory
1024K
1024K x 8 PCMCIA Standard
or CMS68P1MBN-200 200 5+5% 1050 52.5 68 OTP PROM Memory | 8-35
512K x 16 Card
CMS209-200 200 OTP PROM Memory
64K x 16 CMS209-250 250 5+5% 525 42 60 Card 8-65
CMS214-200 200 OTP PROM Memory
128Kx8 | (0o 4 oe0 250 5:5% | 263 42 60 | Card 8-65

1 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

Memory Card (concluded)

MAX | power MAX POWER
ORGANIZATION ACCESS DISSIPATION
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(F",I;LY ACTIVE TSTANDBY PINS NOTES PAGE
(ns) (mW) (mW)
2048K x 8 PCMCIA Standard
or CMS68F2MB-250% 250 5£5% | 420 131 68 | Flash EEPROM 8-45
1024K x 16 Memory Card
CMS407-7 70 3098 DRAM Memory g
1024Kx 18 | oo g 80 55% | poaq 68 60 | card 8-3
2048K CMS408-7 70 2153 DRAM Memory ¥
1024Kx16 | s a8 80 5£5% | (943 47 60 | card 8-3
CMS210-200 200 OTP PROM Memory | o
128K x 16 CMS210-250 250 5+5% 525 84 60 ard 8-65
CMS216-200 200 OTP PROM Memory y
256Kx8 | Cy\iao16.250 250 5:5% | 263 84 60 | Carg 8-65
CMS405-7 70 3161 DRAM Memory
oo 2048Kx 18 | Sicie g 80 525% | Loae 131 60 | card 8-3
CMS406-7 70 2195 DRAM Memory ¥
2048Kx 16 | Syic s s 80 525% | Joae 89 60 | Card 8-3
CMsg8D4aMB36-7t 70 4988 DRAM Memory
1024Kx36 | Sycoa amBas-at 80 525% | ,acq 58 88 |card 8-27
CMS409-7 70 8768 DRAM Memory
1o 4096Kx 18 | Sois o8 80 525% | _o0q 194 60 | Card 8-17
CMS410-7 70 7823 DRAM Memory _
4096K x 16 CMS410-8 80 5+5% | pog3 173 60 | card 8-17
CMS88D8MB36-71 70 5045 DRAM Memory
2048Kx36 | Jcconevpas et 80 525% | Leo0 110 88 |card 8-27

t Advance Information for product under development by Ti )
¥ 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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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 digiti.e., a1 ora 0. In electrical terms, the value of a bit may be represented by the presence
or absence of charge, voltage, or current.

Byte — A word of 8 bits (see Word).

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

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

Chip Enable Input — A control input to an integrated circuit that, when active, permits operation of the integrated cir-
cuit for input, internal transfer, manipulation, refreshing, and/or output of data and, when inactive, causes the inte-
grated 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 asynchro-
nous chip select functions like an output enable.

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

be active high (CAS) or active low (CAS).

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

DIP - Dual In-line Package.

DESC - Defense Electronics Supply Center.

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

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

2. Such repetitive application of the control signals is normally called a refresh operation.
3. A dynamic memory may use static addressing or sensing circuits.
4. This definition applies whether the control signals are generated inside or outside the integrated circuit.

Electrically Erasable Programmable Read-Only Memory (EEPROM) — 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 sig-
nals at its inputs.

EPIC — Enhanced Performance Implanted CMOS.

TExXAS {?
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 3-3



Definition of Terms/Timing Conventions

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

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

ESD - Electrostatic Discharge.

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

capacity.)
Field-Programmable Read-Only Memory — See One-Time Programmable Read-Only Memory.
FIFO — First-In, First-Out.
Fit — Originally stood for Failures-In-Time. Currently means a failure rate of one failure in one billion hours.

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

Flash EEPROM —
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 Testability Action Group.

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

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.

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

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

MIL-M-38510 — A military controlling specification pertaining mainly to JAN qualified devices (microcircuits).
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Definition of Terms/Timing Conventions

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

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

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

OTP — One-Time Programmable.

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

Output Enable — A control input that, when true, permits data to appear 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-In-line Package.
PLCC - Plastic Leaded Chip Carrier.

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

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

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

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

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

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

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

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

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

Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addresses. It can be

active high (RAS) or active low (RAS).

SCD - Source Control Drawings.

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

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

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

SIP - Single In-line Package.

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

SMD - Standard Military Drawing.

SOLCC — Small Outline Leadless ceramic Chip Carrier.
S0J — 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 lev-
els. 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 a on-chip serial data register.
Volatile Memory — A memory in which the data content is lost when the power supply is disconnected.

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

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

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

ZIP - Zig-zag In-line Package.
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Definition of Terms/Timing Conventions

OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS)

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

Example symbology:

GCi Input capacitance

Co Output capacitance

C;(D) 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, Igy

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

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

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

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

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

Short-circuit output current, lgg

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

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

Operating Free-Air Temperature
The temperature (Ta) range over which the device will operate and meet the specified electrical characteristics.

Voltage
High-level input voltage, Viy

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

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

High-level output voltage, VoH

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

Low-level input voltage, V.

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

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

Low-level output voltage, Vo

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

Supply voltages, Vgg, Vccs Vbps 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 in this book when intervals
can easily be 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 will be described first. Since some manufacturers use this form for
all time intervals, symbols in the un-classified form are given with the examples for most of the classified time
intervals.

Unclassified time intervals

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

taB-cD :

Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of state
or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and end

of the time interval. Every effort is made to keep the A and C subscript length down to one letter, if possible (e.g.,
R for RAS and C for CAS).

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

H = high or transition to high
L = low or transition to low
V = a valid steady-state level
X = unknown, changing, or “don’t care” level
Z = high-impedance (off) state
The hyphen between the B and C subscripts is omitted when no confusion is likely to occur.

3-8
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Definition of Terms/Timing Conventions

Classified time intervals (general comments, specific times follow)

Because of the information contained in the definitions, frequently the identification of one or both of the two signal
events that begin and end the intervals can be significantly shortened compared to the unclassified forms. For
example, itis not necessary to indicate in the symbol that an access time ends with valid data at the output. How-
ever, 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(ra) tAvAV(R) Read cycle time
tew) tAvAV(W) Write cycle time

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

Disable time (of a three-state output)

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

Example symbology:

Classified Unclassified Description
tais(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) tsLqv Output enable time after chip select low

These symbols supersede the older from tpz,.
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Hold time

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

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the system

in which the digital circuit operates. A minimum value is specified that is the shortest interval for WhICh
correct operation of the digital circuit is guaranteed.

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

Example symbology:

Classified Unclassified ‘Description
th(D) tWHDX Data hold time (after write high) .
th(RHrd) tRHWH Read (write enable high) hold time after 16_ high
th(CHrd) tcHWH Read (write enable high) hold time after CAS high
thicLcA) toL-cAx Column address hold time after % low
th(RLCA) tRL-cAX Column address hold time after RAS low
th(rA) tRL-RAX Row address hold time (after RAS low)
These last three symbols supersede the older forms:
NEW FORM OLD FORM
thcLea) th(aC)
th(RLCA) th(ARL)
thrA) 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
tww) 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
e Refresh time interval
' TEXAS 'b
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Setup time

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

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

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

Example symbology:
Classified Unclassified Description
tsu(D) tbvwH Data setup time (before write high)
tsu(cA) tcavicL Column address setup time (before CAS low)
tsu(RA) tRAV-RL Row address setup time (before RAS low)

Transition times (also called rise and fall times)

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

Example symbology:

Classified Unclassified Description
t Transition time (general)
tycH) tcHCH Low-to-high transition time of CAS
t©) tcHCH CAS rise time
tf(c) toLeL CAS fall time
Valid time -
(@) General

The time interval during which a signal is (or should be) valid.

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

Example symbology:

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

This supersedes the older form 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 changés 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

NN/ N/ N/NIN/N/N/N/N/

.""‘.“0‘0.0’00 Don’t care State unknown or changing

VAN A’A’A A‘A’A’A’A JAN

M (Does not apply) Centerline represents high-impedance
(off) state.
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16-Meg Shrink
TMS416160
TMS416160P
TMS426160
TMS426160P
TMS418160
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TMS428160
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TMS416800
TMS416800P
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TMS426100P
TMS426400
TMS426400P
TMS427400
TMS427400P
TMS426800
TMS426800P
TMS427800
TMS427800P
SDRAM

16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 777 216-bit
16 778 240-bit

(2048K x 8) Enhanced PageMode ................ccviinnen... 4-363
(2048K x 8) LOW POWEr . ... ..ot e 4-363
(16Kx 1) LowVoltage ..........cooviiiiiiiiiiii e 4-385
(16K x 1) Low Voltage, LowPower .......................ooue. 4-385
(4096K x 4) LowVoltage . .......oviiii i 4-409
(4096K x 4) Low Voltage, Low POWer ................... R 4-409
(4096K x4) LowVoltage .. .......covieeiii i 4-433
(4096K x 4) Low Voltage, Low Power .................c.oovvnann 4-433
(2048K x 8) Low\Voltage . ........cvvveeiiiiiiiiii i 4-457
(2048K x 8) Low Voltage, Low Power .................ccoviunne.. 4-457
(2048K x8) LowVoltage . ........covveeii it 4-479
(2048K x 8) Low Voltage, Low Power ................cccoviinne.. 4-479
(1024K x 2) Synchronous DRAM ........ ... ..ccoiiiiiiinanan, 4-501
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

® Organization...4194304 x 1 DJ PACKAGE? SD PACKAGEt
Single 5-V Power Supply (+10% Tolerance) (TOP VIEW) (TOP VIEW)
¢ Performance Ranges: D 0 Y 260 vss Ao[]1 2o
ACCESS ACCESS ACCESS  READ w2 2s[]Q a[ls +0v
TIME TIME TIME ORWRITE RAS[|3 24| ] CAS p[ds 6] WSS
(tRAC) (tcac) (taa) CYCLE NC[]a 23| INC RAS[]7 s at0
(MAX) (MAX) (MAX) (MIN) Al0[]s 22[ ] A9 NC[]9 1wne
TMS44100/P-60 60 ns 15ns 30 ns 110ns A0 :| 1 12 E A1
TMS44100/P-70 70 ns 18ns 35ns 130 ns A0 o 18 ?:| A8 A2 :] 13 4 E A3
TMS44100/P-80 80ns 20ns 40ns  150ns A1 [ 10 170 A7 Vecld 15 :6 i
® CAS-Before-RAS Refresh A2 (] 11 16]_] A6 :3 % g 18[] A6
* Long Refresh Period ... Asfrz 15[ ]As 20[] A8
- 1024-Cycle Refresh in 16 ms (Max) Vecll13 14 1A4
- 128 ms for Low Power, Self-Refresh + +
Version (TMS44100P) DG(.‘r‘gF‘,‘stAWG)E DG;(;’:S:‘EAV;’)E
¢ 3-State Unlatched Output
* Low Power Dissipation EE 1 26 % Vss VSSE 1 26 % D
* Texas Instruments EPIC™ CMOS P ez ospa a2 SpIW
: xas Instruments C™ CMOS Process rAS s 24[ ] CAS As[s 24| RAS
All Inputs/Outputs and Clocks are TTL Nc [ 4 23 INC Nc [« 23 JNC
Compatible A10[]s 22[] A9 As[]s 22[ ] A10
® High-Reliability Plastic 300-Mil 20/26-Lead
Surface Mount (SOJ) Package, 20-Pin Ao[le 18] A8 As]s 18] A0
Zig-Zag In-line (Zip) Package, 20/26-Lead A1 10 17 A7 A7 10 17 A1
Thin Small Outline (TSOP) Package, and A2 [ 11 161 A6 e 11 16 ] A2
Reverse Thin Small Outline Package A3[]12 15[ 1 A5 A5[] 12 15[ ] A3
® Operating Free-Air Temperature Range Vee [ 13 14[ ] A4 A4[] 13 14 JVee
0°C to 70°C
1 The packages shown are for pinout reference only.
description
The TMS44100 series are high-speed PIN NOMENCLATURE
4194 304-bit dynamic random-access memo- AG-A10 Address Inputs
ries, organized as 4 194 304 words of one bit gAs g°1”"|’"'Add'ess Strobe
each. They employ state-of-the-art EPIC™ NG Nz gor:mecﬁon
(Enhanced Performance Implanted CMOS) tech- Q Data Out
nology for high performance, reliability, and low BAS Row-Address Strobe
power at a low cost. W Write Enable
The TMS44100P series are high-speed, low Vee 5-V Supply
power, self-refresh 4 194 304-bit dynamic ran- Vss Ground

dom-access memories organized as
4 194 304-words of one bit each.

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power consumption
is as low as 385 mW operating and 6 mW standby.

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

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated

ﬁgﬁ E.::Eé?vm : ::cmutlonl per mad::.r:n; ‘:I exas Inltrr’::‘o:dl: T %
INSTRUMENTS
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TMS44100, TMS44100P
4194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

(continued)

The TMS44100 and TMS44100P are offered in a 300-mil 20/26-lead plastic surface mount SOJ package (DJ
suffix), a 20-pin zig-zag in-line package (SD suffix), a 20/26-lead plastic small outline package (DGA suffix), and
a 20/26-lead plastic small outline package reverse form (DGB sufflx) All packages are characterized for
operation from 0°C to 70°C.

operation

enhanced page mode

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

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

address (A0 through A10)

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

write enable (W)

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

data in (D)

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

data out (Q)

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

4-6
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TMS44100, TMS44100P
4194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

with the negative transition of CAS as long as trac and tap are satisfied. The output becomes valid after the
access time has elapsed and remains valid while CAS is low; CAS going high returns it to a high-impedance
state. In a delayed-write or read-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the 1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each
row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses
must be used for aRAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at V||_after a read operation and cycling RAS after a specified
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh
cycles.

CAS-before-RAS refresh

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

A low-power battery-backup refresh mode that requires less than 500 pA refresh current is available on the
TMS44100P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 ms while holding
RAS low for less than 1 us. To minimize current consumption, all input levels need to be at CMOS levels
(ViLs0.2V,V|g2Vcc—-0.2V).

power-up

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

test mode

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

self refresh (TMS44100P)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS 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 since 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 tcys. 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 will ensure the DRAM is fully
refreshed.
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TMS44100, TMS44100P

4 194 304-BIT

DYNAMIC RANDOM-ACCESS MEMORY

" SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

logic symbolt

RAM 4096K x 1
A0 ?0 30D11/21D0 Y
A1 "
Az 12
A3 14
A4
As 2 S A-—0
16 4194 303
A6 p
A7
As 18
a9 -2
A10 31D21/21D10 /
P> C30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
P> C31[COL]
G34
— 24
CAS & > 33C32
w -——ﬁf 33,31D 33EN 25
D A, 32D AV Q
1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ package.
" functional block diagram
RAS CAS w
I Timing and Control I
y Ji
A0 8, 18
Al ______L_., Column Decode
®| Column 7: Sense Amplifiers
e| Address
.| Butfers 7 128K Array 128K Array v T
A10 o 128K Array ': 128K Array 16 In 4
. w . /0 < Reg. 4+ D
° ° Buffers
. . 10f16 4
. 169 2 16 Selection | » | Data ] 5 ¢
Row 19 c Out
®l Address 7 o < Reg.
o| Buffers / d 11
L e
128K Array 128K Array
1 ﬁm___f T
Texas W
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

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

Voltage range onany pin (see Note 1) ... ..ottt it -1Vto7V
VoRage range ON VO G .t vttt it it -1Vto7V
Short circuit oUtPUL CUITENt .. .. . e, 50 mA
PoWer diSSiPation ... ... ...t e 1w
Operating free-air temperature range ............ouuiiirienrie it iie i ennneanns 0°Cto 70°C
Storage temperature range . ...........iiiiiii e —55°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 45 5 55 \%
ViH High-level input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.
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TMS44100, TMS44100P

4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

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

noted)
TEST TMS44100-60 TMS44100-70 TMS44100-80
TMS44100P-60 | TMS44100P-70 | TMS44100P-80
PARAMETER CONDITIONS UNIT
MIN MAX MIN MAX MIN MAX
VOH High-level output voltage | loH =—5mA 24 ‘ 24 24 \
VoL Low-ievel output voltage | loL = 4.2 mA 0.4 0.4 0.4 \'
1] Input current (leakage) XIII T)t?\:: :i.:sv; \é(\;lct:\?:c\/' +10 +10 +10 pA
lo Output current (leakage) xg; ? ;°5V\,C%ﬁ high +10 +10 +10 A
Read or write cycle . _
lcci1t current (see Note 3) Minimum cycle, VoG = 5.5V 105 90 80 mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
VIH =24V (TTL)
| Standby current After 1 memory ,
CC2 cycle, RAS and 44100 1 1 1 mA
CAS high,
VIH=Vcc-02V | :44100pP 500 500 500 | pA
(CMOS)
Average refresh current g—/'_\%rll;r;iséde‘ Vec=55V.
Icca (RAS-only or CBR) TAS high (R'_AS-onIy), 105 90 80 mA
(see Note 3) RAS low after CAS low (CBR)
Average page current tpc = minimum, Vcc =55V, -
lccat (see Note 4) RAS low, CAS cycling 90 80 70 mA
Icce’t Self-refresh current fw':assz ::: :f’tg;t\:;szzm\il;l 500 500 500 pA
icc7t  Standby current g:g :lX":"’Eg:‘S;V"-' 5 5 5| mA
) tRc = 125 ms, tRag s 1 ms,
Battery backup operating \750 _02Vs V|:Ss 6.5V,
current (equivalent ' o
lec1o? refresh time is 256 ms) OWVa::IOLEs 05 V. 500 500 S00 WA
CBR onl = ViH
y Address and Data stable

T Measured with outputs open.
% For TMS44100P only.

NOTES: 3. Measured with a maximum of one address change while RAS = V).
4. Measured with a maximum of one address change while CAS = V4.
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

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

PARAMETER MIN TYP MAX | UNIT
Cia) Input capacitance, address inputs 5 pF
Ci(D) Input capacitance, data input 5 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ci(W) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 5: Vg equalto 5V +0.5V and the bias on pins under test is O V.

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

temperature

TMS44100-60 TMS44100-70 TMS44100-80

PARAMETER TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | UNIT

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
tcPA  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 Z 0 0 0 ns
toFF  Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns
NOTE 6: toFF is specified when the output is no longer driven,

.
TEXAS {'P
INSTRUMENTS »

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

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

TMS44100-60 TMS44100-70 TMS44100-80
TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | UNIT
MIN ‘MAX | MIN MAX | MIN MAX
tRC Random read or write cycle (see Note 7) 110 130 150 ns
tRwCc  Read-write cycle time 130 153 175 ns
trc Page-mode read or write cycle time (see Note 8) 40 45 50 ns
tPRWC .Page-mode read-write cycle time 60 68 7% ns
tRASP  Page-mode pulse duration, RAS low (see Note 9) 60 100000 70 100 000 80 100 000 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 60 10 000 70 10 000 80 10 000 ns
tcAs Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 ns
tcp Pulse duration, CAS high 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 40 50 60 ns
twp Write pulse duration . 15 15 15 ns
taAsc  Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tps Data setup time (see Note 11) 0 0 [o] ns
trRcs  Read setup time before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 ns
trRwL  W-low setup time before RAS high 15 18 20 ns
twes  W-low setup time before CAS low (Early write operation only) 0 0 .0 ns
twsr  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twTs  W-low setup time (test mode only) 10 10 10 ns
tcAH Column-address hold time after CAS low 10 15 15 ns
tpHR  Data hold time after RAS low (see Note 13) 50 55 60 ns
tDH Data hold time (see Note 11) 10 15 15 ns
tAR Column-address hold time after RAS low (see Note 13) 50 55 60 ns
tRaAH  Row-address hold time after RAS low 10 10 10 ns
tRCH Read hold time after CAS high (see Note 12) : [ 0 0 ns
tRRH Read hold time after RAS high (see Note 12) 0 0 0 ns
twcH  Write hold time after CAS low (Early write operation only) 15 15 15 ns
tWCR  Write hold time after RAS low (see Note 13) 50 55 60 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
tWTH  W-low hold time (test mode only) 10 10 10 ns
WDt e S e o a0 B « =
(CHR (GRS belra RS rfish ony 15 15 20 ne
tcrp  Delay time, CAS highto RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 60 70 80 ns

Continued next page.
NOTES: 7. Allcycle times assume tT=5ns.
8. To assure tpc min, taAsc should be greater than or equal to 5 ns.
9. In aread-write cycle, trwp and trwL must be observed.
10. In a read-write cycle, tcwp and toyyL must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either tRRH or tRCH must be satisfied for a read cycle.
13. The minimum value is measured when tRcp is set to tRcp min as a reference.
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

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

temperature (concluded)

TMS44100-60 | TMS44100-70 | TMS44100-80
TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | yNIT
MIN MAX | MIN MAX | MIN MAX
Delay time, CAS low to RAS low
tcsR (CAS-before-RAS refresh only) 10 10 10 ns
Delay time, CAS low to W low
tcwp (Read-write operation only) 15 18 20 ns
tRAD Delay time, RAS low to column-address (see Note 14) 15 30 15 35 15 40 ns
tRAL Delay time, column-address to RAS high 30 35 40 ns
tcaL Delay time, column address to CAS high 30 35 40 ns
Delay time, RAS low to CAS low
tRCD (soe Note 14) 20 45 20 52 20 60 ns
tRpc  Delay time, RAS high to CAS low (CBR only) 0 0 0 ns
tRsH  Delay time, CAS low to RAS high 15 18 20 ns
Delay time, RAS low to W low
tRWD (Read-write operation only) 60 70 80 ns
tcrs CAS precharge before self-refresh [o] 0 0 ns
tRPS RAS precharge after self-refresh 110 130 150 ns
tRass  Self-refresh entry from RAS low 100 100 100 ms
tCHs CAS low hold time after RAS high (self-refresh) -50 -50 -50 ns
tTAA Access time from address (test mode) 35 40 45 ns
tTCPA  Access time from column precharge (test mode) 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 ns
. ’44100 16 16 16| ms
tREF Refresh time interval
'44100P 128 128 128 ms
tT Transition time 2 50 2 50 2 50 ns
NOTE 14: The maximum value is specified only to assure access time.
PARAMETER MEASUREMENT INFORMATION
131V Vec =5V
R =218Q R, =828 Q
Output Under Test Output Under Test —4
CL =100 pF I CL=100pF =< R, =295 Q
(a) Load Circuit (b) Alternate Load Circuit
Figure 1. Load Circuits for Timing Parameters
Texas W
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PARAMETER MEASUREMENT INFORMATION

1< trAS ol Vv
RAS N /) ‘|\ "
L || | — ViL
| e tcsH P | E"—‘ tRP — P
I I"—tnco—’l | I‘Jrf-—lcnp———ﬂ
j{¢———tRsH —+> |
_’! r—t'r l“—iCAS'--">|I | : ! , v
cAS | | N /| | N\ "
| | | ViL
| H trap | ! | H—:——-L——— tcp —P
H—HI' tASR tasc I } | :
| I < T tRAL [ ™
‘R/I\H —’{ :‘— , 1 tcak—» ||
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV. V|
roo X ror IBX_covmn IR -
‘tRCS —1 —» t
| |! —» etcaH ] | tRCH o "
VSRR T | R
| t ’ L
| |‘<— CAC—H ¢ topF———
: e taa—— OFF I
| ' \ © valid Y Vou
a | HI-Z (see Note A) 4 VoL
I | | |
| oLz ——y |
¢ tRAC »

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

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

r ﬁ
| I tRAS »! |
' ' ViH
RAS I\ J/r |\
| | | ViL
T T T e
L | 7l
— bl I VAl ViH
CAS I . | I | |
| [ ASC | ¢ » | l | l ViL
tRAH [P T’l < tcAH —tcp————
: - —_—
—» |4 tasr tf‘“— |
I el tan [WRAL T
| I ’ L1 \ ’vvvv.vvvvvvvvvvv’v’ VIH
oo QX._row X comn_ AERIBEEOCDTD
I | l ’A JAVAN A’A JAVAVAVAVAVAN A’A’A’A’A’ VIL
i :,4 T towL »
tRWL—————————¥
}‘_tRAD_H! | M twey — ¥
¢ — tWCR t :r Vi
twes
| |1 | VIH
AAAAANA, — AAAA viL
| | e—oa—
| —t—twp —F+—»

|
TN e KRR e
a ata VAVAVAVAVAVAN

ViL

y W

|

|

tDHR >
VoH

Q HI-Z
VoL

Figure 3. Early Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

N tRC =:
} e tRAS > |
| | VIH
RAS | \ [ | /r N
| f¢e——tgp ——»! ViL
RP
l— tRSH —— P> |

L
I IH—' tRCD ——tcas ————-—j IH—'— tcRP ———»
e tcsH >
— T ! T ViH
CAS : | N M | AN
|1 tasce— | 1 I ViL
tRAH -rbi - —— tCAL > : : !
} | —» e tcan | tcp >
—» el tasn F—‘—*‘ tRAL —————»!
Av-A10 QR BRRT e XORXERK) i
j& traD —¥] ' fow ,||
| j————t
| tps —»] :lﬁ— A |
o ViH
W QOB B DOCCERIN AR A2 QORI
N twer >
| || l——>tpy |

X ViH

° | KRG B e R KRR v.L
tcLz —¢—> toFF —» |[¢—
| |
Q {L Not Valid ]} :::

Figure 4. Write Cycle Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.

Figure 5. Read-Write Cycle Timing
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TMS44100, TMS44100P
4194 304-BIT ‘
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Access time is topa or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F—SEPTEMBER 1989-REVISED DECEMBER 1992

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

Figure 7. Enhanced Page-Mode Write Cycle Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Aread or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 8. Enhanced Page-Mode Read-Write Cycle Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTE A: A10is a don't care.
Figure 9. RAS-Only Refresh Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTE A: A10is adon't care.
Figure 10. Automatic (CAS-before-RAS) Refresh Cycle Timing
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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Figure 11. Hidden Refresh Cycle (Read)
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F—SEPTEMBER 1989-REVISED DECEMBER 1992
PARAMETER MEASUREMENT INFORMATION
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Figure 12. Hidden Refresh Cycle (Write)
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TMS44100, TMS44100P
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DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F—-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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TMS44100, TMS44100P
4 194 304-BIT
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PARAMETER MEASUREMENT INFORMATION
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Figure 14. Test Mode Entry Cycle
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TMS44400, TMS44400P
1 048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1989-REVISED APRIL 1993

¢ Organization... 1048576 x 4 DJ PACKAGET SD PACKAGET
¢ Single 5-V Power Supply (+10% Tolerance) (TOP VIEW) (TOP VIEW)
¢ Performance Ranges: pat[J1 Y 26 [ ] Vss OE[]1 2fcas
ACCESS ACCESS ACCESS  READ paz[]2 25| ] DQ4 DQ3 % 3 49 DQ4
TIME TIME TIME OR WRITE w[]s 24[]DQ3 VssHs A par
(tRAC) (tcAC) (taa) CYCLE RAS[]4 23[ ] CAS pQ2|]7 BE W
(MAX) (MAX) (MAX)  (MIN) A9[]s 22| 1OE RAS g °  ofas
TMS44400/P-60 60ns 15ns  30ns 110 ns AOL] 11 12[] A1
TMS44400/P-70 70ns 18ns  35ns  130ns Aol ]s 18] A8 A2 % 13 i A3
TMS44400/P-80 80ns 20ns  40ns 150 ns A1 10 17[] A7 Vecld 15 16 As
* Enhanced Page Mode Operation With A2 [ 11 161 A6 As[] 17 18% 26
CAS-Before-RAS Refresh A3[] 12 15[ A5 A7[]19 20 As
® Long Refresh Period Vec ] 13 14| ] A4

- 1024-Cycle Refresh in 16 ms (Max)
— 128 ms for Low Power, Self-Refresh

DGA PACKAGE? DGB PACKAGE?
Version (TMS44400P) (TOP VIEW) (TOP VIEW)
¢ 3-State Unlatched Output
* Low Power Dissipation pat [ 1 26[ JVss  Vss[]1 26 % DQt
® Texas Instruments EPIC™ CMOS Process DQV_\ZIE 2 zi % gg; gg; O ; ii i \%02
¢ All Inputs/Outputs and Flocks are TTL RAS [ 4 23| ] CAS WE 4 23 ] BAS
Compatible Aolls  22[0oE ?Ela 5 22[]A9
® High-Reliability Plastic 300-Mil 20/26-Lead
Surface Mount (SOJ) Package, Aol 19 187 A8 As[19 187 A0
20-Pin Zig-Zag In-Line (ZIP) Package, Al E 10 17 % A7 A7 10 17 % Al
20/26-Lead Thin Small Outline (TSOP) A2 11 18] A6 A6 1 1601 A2
Package, and A3z 15[JAs As[J12 15[ ]A3
Reverse Thin Small Outline Package Vee [ 18 14 A4 A4 13 14[JVee
¢ Operating Free-Air Temperature Range
...0°Cto 70°C tThe packages shown are for pinout reference only.
description
The TMS44400 series are high-speed PIN NOMENCLATURE
4 194 304-bit dynamic random-access AO-A9 Address Inputs
memories, organized as 1 048 576 words of four CAS Column-Address Strobe
bits each. They employ state-of-the-art EPIC™ DQ1-DQ4 Data In/Data Out
(Enhanced Performance Implanted CMOS) OE Output Enable
technology for high performance, reliability, and RAS Row-Address Strobe
low power at a low cost. w Write Enable
P . . NC No Internal Connection
The TMS44400P series are high speed, low vee 5-V Supply
power, self-refresh 4 194 304-bit dynamic Vss Ground

random-access memories, organized as
1 048 576 words of four bits each.

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power consumption
is as low as 385 mW operating and 6 mW standby.

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

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current ss of publication date. Copyright © 1993, Texas Instruments Incorporated

zr‘o::.crt: conform to specifications per the terms of Texas instruments i
testing ov':l.lr;:rr':ylﬁ;!m. y 9 doss not fnclude m
INSTRUMENTS
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TMS44400, TMS44400P
1 048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1989-REVISED APRIL 1993

description (continued)

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

operation

enhanced page mode

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

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

address (A0 through A9)

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

write enable (W)

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

data in/out (DQ1-DQ4)

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

4-28
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TMS44400, TMS44400P
1 048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1989-REVISED APRIL 1993

output enable (OE)

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

refresh

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

CAS-before-RAS refresh

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

A low-power battery-backup refresh mode that requires less than 500 pA refresh current is available in the
TMS44400/P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 ps while holding
RAS low for less than 1 ps. To minimize current consumption, all input levels need to be at CMOS levels
ViL=0.2V,V|g=sVcc-0.2V).

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

test mode

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

self refresh (TMS44400/P)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS 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 since 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 tcs. 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 will ensure the DRAM is fully
refreshed.
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logic symbolt

RAM 1024K x 4
AQ ——120D10/21D0"

1" °

1048575

EEXERX

A7

A9 20D19/21D9
> C20[ROW]
G23/[REFRESH ROW]
24[PWR DWN]

> C21[COLUMN]

5
4
23 G24
P> 23C22
—ﬁs 24,25EN

-

pQi —I:: A,22D ]
7 28 A,226

quz—q—b—

pa3s -2 <>

pas 22—«

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ packages.

functional block diagram

n¢s c¢s ';7 ?
| Timing and Control |
y )|
AD 8 16
Al —,L, Column Decode
*| column 7 Sense Amplifiers
o| Aackees 128K Array | | 128K Array
° uffers R \ 4 Data
A9 : 128K Array | | 128K Array 19 o e
- Reg.
I_ : v : Buffers g
. . 40f 16 4
o 16< | D > 16 Qalant > Data
Row 19 e Out
*| Address 7 ¢ N Reg.
o| Buffers | : 2|+
e DQ1-DQ4
128K Array 128K Array
10 k] T
Texas WP
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (Se@ NOte 1) ... ..ottt -1Vto7V
Volage rang@ ONM VGG v it vv vttt ittt e ia e eeaainns -1Vto7V
Short circuit output CUITeNt . ... ... e 50 mA
POWEr diSSIPatioN ... ..ot i e i e e e e e 1W
Operating free-air temperature range ...........coeeiireiieeineeenineerneennneeinennns 0°Cto 70°C
Storage temperature range ..........c.eeurenieennernreenneeenreennneeeneenaneenns —55°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 45 5 5.5 \'/
VIH High-level input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 v
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.
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elect‘;l)cal characteristics over full ranges of recommended operating conditions (unless otherwise
note

TMS44400-60 | TMS44400-70 | TMS44400-80
PARAMETER TEST CONDITIONS TMS44400P-60 | TMS44400P-70 | TMS44400P-80 | yNIT

MIN MAX | MIN MAX MIN MAX

High-level output

VOH voltage IoH=-5mA 24 24 24 \
Low-level output _
VoL voltage loL=42mA 0.4 0.4 0.4 Vv
Input current V)|=0t065V,Vcc=55V,
! (leakage) All other pins = 0 to Voo =10 =10 =10 pA
Output current BAS hi
lo (,eaﬁage) Vo =010 VcG, Veg = 5.5 V, CAS high £10 £10 10| pA
Read or write cycle .
icc1t current (see Note 3) | Minimum cycle, Vee =55V 105 90 80| mA
After 1 memory cycle, RAS and CAS high,
Vi =24V (TTL) 2 2 2| mA
lcc2  Standby current After 1 memory cycle, '44400 1 1 1] mA
RAS and CAS high,
VIH = Vcg —0.05 V (CMOS) '44400P 500 500 500 | pA
Average refresh Minimum cycle, Voc =5.5V,
Icca current (RAS-only RAS cycling, CAS high (RAS-only), 105 90 80| mA
or CBR) (see Note 3) | RAS low after CAS low (CBR)
Average page tpc = minimum, Vcc = 5.5 V RAS low,
lcca’  Gurrent (see Note 4) | CAS cycling 90 80 70 mA
t 3 CAS,RAS < 0.2V,
Icce Self-refresh current measured after tRags min. 500 500 500 | pA
RAS = VIH, CAS = VIL,
lcc7t  Standby current Data out = Enabled 5 5 5| mA
Eattery backup tRC = 125 us, tRAS s 1 ms,
perating current Vo -02V < Vi s 6.5V
Iccio  (equivalent refresh cc—b. IH=0.5% 500 500 500 [ pA

0V=V) <02V, Wand OE = V|,

time i 128 ms) Address and Data stable

CBR only

1t Measured with outputs open.
NOTES: 3. Measured with a maximum of one address change while RAS = V.
4. Measured with a maximum of one address change while CAS = V|H.
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capacitance over recommended ranges of supply voltage and operating free-air temperature,

f = 1 MHz (see Note 5)

PARAMETER MIN  TYP MAX| UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(Rc) Input capacitance, strobe inputs 7 pF
Ciw)  Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 6: Vcg equalto 5V £ 0.5V and the bias on pins under testis O V.

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

temperature
TMS44400-60 TMS44400-70 TMS44400-80
PARAMETER TMS44400P-60 | TMS44400P-70 | TMS44400P-80 | UNIT
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
tcpA  Access time from column precharge 35 40 45 ns
tRAC  Access time from RAS low 60 70 80| ns
toga Access time from OE low 15 18 20| ns
tcLz CASto output in low Z 0 0 0 ns
toFF  Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns
togz Output disable time after OE high (see Note 6) 0 15 0 18 0 20 ns
NOTE 6: tOFF and tOEZ are specified when the output is no longer driven.
TEXAS “'P
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

TMS44400-60 | TMS44400-70 | TMS44400-80
TMS44400P-60 | TMS44400P-70 | TMS44400P-80 | UNIT
MIN MAX MIN  MAX MIN  MAX

tRC Random read or write cycle (see Note 7) 110 130 150 ns
trRwc  Read-write cycle time 155 181 205 ns
trC Page-mode read or write cycle time (see Note 8) 40 45 50 ns
tPRWC Page-mode read-write cycle time 85 96 105 ns
tRAsp  Page-mode pulse duration, RAS low (see Note 9) 60 100 000 70 100000 80 100 000 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 60 10000 70 10000 80 10000 ns
tCAS Pulse duration, CAS low (see Note 10) 15 10000 18 10000 20 10000 ns
tcp Pulse duration, CAS high 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 ns
twp Write pulse duration 15 15 15 ns
tasC Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tDs Data setup time (see Note 11) (] 0 0 ns
tRcs  Read setup time before CAS low 0 0 0 ns
tcwL  W-low setup time before CAS high 15 18 20 ns
tRwL  W-low setup time before RAS high 15 18 20 ns
twcs  W-low setup time before CAS low (Early write operation only) 0 0 0 ns
twsR  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twTs  W-low setup time (test mode only) 10 10 10 ns
tCAH Column-address hold time after CAS low 10 15 15 ns
tDHR Data hold time after RAS low (see Note 12) 50 55 60 ns
tDH Data hold time (see Note 11) 10 15 15 ns
tAR Column-address hold time after RAS low (see Note 12) 50 55 60 ns
tRAH Row-address hold time after RAS low 10 10 10 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 0 ns
tRRH  Read hold time after RAS high (see Note 13) 0 0 0 ns
tWCH  Write hold time after CAS low (Early write operation only) 15 15 15 ns
tWCR  Write hold time after RAS low (see Note 12) 50 55 60 ns
tWHR  W-high hold time (CAS-before-RASr efresh only) 10 10 10 ns
tWTH  W-low hold time (test mode only) 10 10 10 ns
D eyt iy s ea . o

Continued next page.
NOTES: 7. Allcycle times assume tT =5 ns.
8. To assure tpc min, taosc should be greater than or equal to 5 ns.
9. In aread-write cycle, tRwp and trw must be observed.
10. In aread-write cycle, tcwp and tow| must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either tRRH or tRCH must be satisfied for a read cycle.
13. The minimum value is measured when trcp is set to tcp min as a reference.

TEXAs “’?
INSTRUMENTS

4-34 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44400, TMS44400P
1 048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1983-REVISED APRIL 1993

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

TMS44400-60 TMS44400-70 TMS44400-80
TMS44400P-60 | TMS44400P-70 | TMS44400P-80 | UNIT
MIN MAX | MIN MAX | MIN MAX

(CHR  (GAS befoa RS reffesh o) 15 15 20 s
tcrp  Delay time, CAS high to RAS low 0 0 0o ns
tcsy  Delaytime, RAS low to CAS high 60 70 80 ns
'csR %?%g:f:}ﬁ%ogftrgsmilaw 10 10 10 ns
towp  Delay time, CAS low to W low (Read-write operation only) 40 46 50 ns
toeH  OE command hold time 15 18 20 ns
toep  OE to data delay 15 18 20 ns
tROH  RAS hold time referenced to OE 10 10 10 ns
tRAD Delay time, RAS low to column-address (see Note 14) 15 30 15 35 15 40 ns
tRAL Delay time, column-address to RAS high 30 35 40 ns
tCAL Delay time, column address to CAS high 30 35 40 ns
tRCD Delay time, RAS low to CAS low (see Note 14) 20 45 20 52 20 60 ns
tgRpc  Delay time, RAS high to CAS low (CBR only) 0 0 0 ns
tRsH  Delay time, CAS low to RAS high 15 18 20 ns
trRwp  Delay time, m low to W low (Read-write operation only) 85 98 110 ns
tTAA Access time from address (test mode) 35 40 45 ns
tTcPA  Access time from column precharge (test mode) 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 ns
tcps CAS precharge before self-refresh 0 0 0 ns
tRPS RAS precharge after self-refresh 110 130 150 ns
tRASS  Self-refresh entry from RAS low 100 100 100 us
tcHs  CAS low hold time after RAS high (self-refresh) -50 -50 -50 ns
’ '44400 16 16 16 ms

REF Refresh time interval
'44400P 128 128 128 ms
tr Transition time 2 50 2 50 2 50 ns

NOTE 14: The maximum value is specified only to assure access time.
TEXAS {'f
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PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
R, =218Q ) Ry=828Q
Output Under Test Output Under Test ——4
Cp =100 pF I CL=100pF =< Ry=295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters
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s toLzde—» | ] ! o
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j&— toEA —» [ '
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o QRS K SRR
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ViL

1
NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Early Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

[« \ tRe ;Il
I ) tRAS :i {
ViH
RAS N l/) |
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Figure 4. Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

tRwC »
—_— . N VIH
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| | | ViL
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2 | : L1 ViH
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‘ - togz |
[ toea ¥ | |

>+ toE;
toED —¢——P»! i 'OEH

VVVVVYVVYVVYVYVYVVYVV'WVVVYV | VIH

ViL

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

Figure 5. Read-write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Access time is tcpA or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

trRP —K—NI '
e tRASP > ViH
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v
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NOTES: A. Referenced to CAS or W, whichever occurs last.
B. A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.

Figure 7. Enhanced Page-Mode Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Aread or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 8. Enhanced Page-mode Read-write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 9. RAS-Only Refresh Timing
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PARAMETER MEASUREMENT INFORMATION
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PARAMETER MEASUREMENT INFORMATION
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
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SMHS461-DECEMBER 1992

® Organization ... 4194 304 x 1 DJ PACKAGE' SD PACKAGEt
¢ Single 3.3-V Power Supply (TOP VIEW) (TOP VIEW)
(x0.3-V Tolerance) o+ YU 2sfdv s aof+ .
* Low Power Dissipation (TMS46100P) Wil =[pa afs 2HOAS
— 200 A CMOS Standby mAS[]s  =s[JCAS ofjs 4QVss
— 200 pA Self-Refresh NC[] 4 23 ]NC RAS[]7 BE xv
— 300 pA Extended Refresh Battery Backup A10 q 5 22| ] A9 NC[]o 13 0 N1CO
* Performance Ranges: A0 [] 11 120 A1
ACCESS ACCESS ACCESS  READ Ao[]o 18] A8 A2f]13 0 a3
TIME TIME TIME ORWRITE A1 10 17 A7 Vce % S 160 A4
(trac) (tcac) (taa) CYCLE A2 |11 16|_] A6 AS117 18[] A6
(MAX) (MAX) (MAX)  (MIN) A3[] 12 15 ] A5 A7[]19 20[] As
TMS46100/P-70  70ns  18ns 35ns  130ns Vee [ 13 14[ ] A4
TMS46100/P-80 80 ns 20ns 40 ns 150 ns
TMS46100/P-10  100ns 25ns 50 ns 180 ns DGA PACKAGEt DGB PACKAGET
¢ Enhanced Page Mode Opration for Faster (TOP VIEW) (ToP VIEW)
Memory Access
~ Higher Data Bandwidth Than v“ls)/E , o % s Vs E » o % o
Conventional Page-Mode Parts RAS[ 3 24 1CAS TAS[]s 24| ] RAS
— Random Single-Bit Access Within a Row NC [ 4 23] NC Nc[]4 23[]NC
__With a Column Address Aaods  22[Jas  Ae[]s  22[JAt0
® CAS-Before-RAS Refresh
* Long Refresh Period . .. Ao ]9 18 % A8 As[]o 18[] A0
— 1024-Cycle Refresh in 16 ms A1 [} 10 171 A7 A7 (] 10 17 A1
— 128 ms (Max) for Extended-Refresh A2 ] 11 16[ ] A6 A6 [] 11 16[ ] A2
Version (TMS46100P) A3[]12 15[ ] A5 A5[]12 15[ ] A3
*  3.State Unlatched Output Vec[13_ 14[TA4 Aal]1s  14] IVee

® Texas Instruments EPIC™ CMOS Process

¢ Al Inputs/Outputs and Clocks are TTL
Compatible

¢ High-Reliability Plastic 300-Mil 20/26-Lead

Surface Mount (SOJ) Packages,

20-Pin Zig-Zag In-line (ZIP) Package,

20/26-Lead Thin Small Outline Package,

and Reverse Thin Small Outline Package
® Operating Free-Air Temperature Range

0°C to 70°C

description

tThe packages shown are for pinout reference only.

PIN NOMENCLATURE

AG-A10
CAS

D

NC

Q

RAS

w

Vee
Vss

Address Inputs
Column-Address Strobe
Data In

No Connection

Data Out

Row-Address Strobe
Write Enable

3.3-V Supply

Ground

The TMS46100 series are high-speed, low-voltage 4 194 304-bit dynamic random-access memories,
organized as 4 194 304 words of one bit each.

The TMS46100P series are high-speed, self-refresh with extended-refresh, low-voltage, 4 194 304-bit dynamic
random-access memories, organized as 4 194 304 words of one bit each.

Both series employ state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) technology for high
performance, reliability, and low voltage at a low cost.

These devices feature maximum RAS access times of 70 ns, 80 ns, and 100 ns. Maximum power dissipation
is as low as 180 mW operating, 0.72 mW standby, and 1.1 mW battery backup for an 80-ns device.

EPIC is a trademark of Texas Instruments Incorporated.

ucts in the sampling or

:.'3""‘“&!3‘..’ %’I‘n"o‘c“g"dwmo:t% aracteristic data and other %
specifications are subject to change without notice. TEXAS
INSTRUMENTS
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

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

The TMS46100 and TMS46100P are offered in a 300-mil 20/26-lead plastic surface mount SOJ package
(DJ suffix), a 20-pin zig-zag in-line package (SD suffix), a 20/26-lead plastic small outline package (DGA suffix),
and a 20/26-lead plastic small outline package, reverse form (DGB suffix). All packages are characterized for
operation from 0°C to 70°C.

operation

enhanced page mode

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

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS46100 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performance improvement is referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after topc max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of toac
or tcpa (access time from rising edge of CAS).

address (A0 through A10)

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

write enable (W)

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

data in (D)

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

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

refresh

A refresh operation must be performed at least once every 16 ms (128 ms for TMS46100P) to retain data. This
can be achieved by strobing each of the 1024 rows (A0-A9). A normal read or write cycle will refresh all bits in
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at V|_ after a read operation and cycling RAS after a specified
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh
cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS 3AS [see parameter tcgg] and holding it
low after RAS falls (see parameter toyR). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is available on the
TMS46100P. Data integrity is maintained using CAS-before-RAS 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
(ViILs0.2V,Vig= Ve —-0.2V).

self refresh

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS 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 since 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 tcyg. 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 will ensure 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 Vg level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

An industry standard Design For Test (DFT) mode is incorporated in the TMS46100 and TMS46100P. A
CAS-before-RAS cycle with W low (WCBR) cycle is used to enter test mode. In the test mode, data is written
into and read from eight sections of the array in parallel. Data is compared upon reading and if all bits are equal,
the data out pin will go high. If any one bit is different, the data out pin will go low. Any combination of read, write,
read-write, or page-mode can be used in the test mode. The test mode function reduces test times by enabling
the 4 meg DRAM to be tested as if it were a 512K DRAM, where row address 10, column address 10, and also
column address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.
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logic symbolt
' RAM 4096K x 1
AO?O— 30D11/21D0
M
A=
A3 14
A4 —15 L
e ———————— e ———_——0
A5 16 A 4 194 303
As ————
A7 18
As—~
A9 —
A10 —=——— 31D21/21D10 J
> C30 [ROW]
. G33 [REFRESH ROW]
RAS 34 [PWR DWN]
> c31 [COoL]
G34
— 24
TAS &
> 33C32
w —Clif 33,31D 33EN 25
D———A 320 AVf——— = q

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ package (DJ suffix).

functional block diagram
RAS CAS W

Y v v

| Timing and Control j

y !
A0 LI AL
Al _____,[.__, Column Decode
*| Column 7: Sense Amplifiers
* ‘;‘L",;:f: 1 128K Array 128K Array
o R 16 Y Data
A10 . 128K Array | | 128K Array P In
/0 “1 Reg.
]_ : v : Buffers g
° . 10f16
. 169 b > 16 Selection | p | Data
Row 0 e Out
®| Address 7 g A Reg.
o| Buffers }-/ d 3 1] ﬂ'
L] e
128K Array 128K Array
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage rangeonanypin(see Note 1) ..., -05Vto4.6V
Voltage range ON VGG o v vttt it e i e -0.5Vto46V
Short circuit OUIPUL CUITENt ... . . i e ettt ettt e 50 mA
Power diSSiPation ... ... e 1w
Operating free-air temperature range ...............eiiiriinienneen i eaneenns 0°C to 70°C
Storage temperature range ... ... e —55°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX [ UNIT
Vcc  Supply voltage 3.0 3.3 3.6 \'
VIH High-level input voltage ) 2.0 Vce +0.3 \
ViL Low-level input voltage (see Note 2) -03 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

NOLLVINHOLNI SONVAQVY

noted)
: TMS46100-70 TMS46100-80 TMS46100-10
PARAMETER conT;ilTons TMS46100P-70 | TMS46100P-80 | TMS46100P-10 | uniT
MIN MAX MIN MAX MIN MAX
Vo High-level output voltage |loH =—2mA 24 24 2.4 v
H OH
VoL Low-level output voltage | lo =2 mA 0.4 0.4 0.4 Vv
VOH Option loH =-100 pA Vcc 0-0.2 Vcc 0-0.2 Vcg 0-0.2
Ol CcC
VoL Option loL = 100 pA 0.2 0.2 0.2
V|=0t03.9V,Vcc =36V,
] Input current (leakage) All other pins =0 1o VoG +10 =10 =10 pA
lo Output current (leakage) zg{: ? ;oev\?% high +10 +10 +10 A
Read or write cycle . .
Icct current (see Note 3) Minimum cycle, Vo = 3.6 V 60 50 40 mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
ViH =20V (LVTTL)
I Standby current After 1 memory ;
CC2 Y cycle, RAS and 46100 500 500 500
CAS high,
ViH=Vee =02V | 46100P 200 200 200
(CMOS)
Average refresh current g—:é—":;’gis;c’e’ Vec =36V,
iccs  (RAS-only or CBR) CAS high (RAS-only), 60 50 40 | mA
(see Note 3) RAS low after CAS low (CBR)
Average page current tpc = minimum, Voc =3.6 V,
Icca (see Note 4) RAS low, CAS cycling 50 48 40 mA
CAS<02V,RAS<0.2V,
Iccet  Self-refresh current fRrAS and {CAS > 1000 ms 200 200 200 pA
tRC = 125 us, tRaAS s 1 ms,
Vec-02VsVHs39YV,
icciot Ba.“:gé’;mp 0VsV)s02V, 300 300 300 | pA
(with CBR) W and OF = Vi,
Address and Data stable
t For TMS46100P only.

NOTES: 3. Measured with a maximum of one address change while RAS = V.
4. Measured with a maximum of one address change while CAS = V4.
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

TYP MAX

PARAMETER MIN UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(FlC) Input capacitance, strobe inputs 7 pF
Ciw) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 5: Vg equalto 3.3V + 0.3V and the bias on pins under test is 0 V.

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

temperature
TMS46100-70 TMS46100-80 TMS46100-10
PARAMETER TMS46100P-70 | TMS46100P-80 | TMS46100P-10 | yuNIT
MIN MAX MIN MAX MIN MAX
tAA Access time from column-address 35 40 45 ns
tcAC  Access time from CAS low 18 20 25 ns
tcPA  Access time from column precharge 40 45 50 ns
tRAC  Access time from RAS low 70 80 100 ns
tcLz CASto outputin low Z 0 0 ns
toFr  Output disable time after CAS high (see Note 6) 0 18 20 0 25 ns
NOTE 6: toFF is specified when the output is no longer driven,
TEXAs {'f
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

TMS46100-70 | TMS46100-80 | TMS46100-10
TMS46100P-70 | TMS46100P-80 | TMS46100P-10 | yniT
MIN MAX | MIN MAX | MIN MAX :
tRC Random read or write cycle (see Note 7) 130 150 180 ns
trRwc  Read-write cycle time 153 175 210 ns
tpc Page-mode read or write cycle time (see Note 8) 45 50 55 ns
tPRWC Page-mode read-write cycle time . 68 75 85 ns
tRASP  Page-mode pulse duration, RAS low (see Note 9) 70 100 000 80 100000 | 100 100 00O ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 70 10 000 80 10000 | 100 10 000 ns
tRASS  Self-refresh, RAS low time 100 100 100 ns
tCAS Pulse duration, CAS low (see Note 10) 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 ns
tRp Pulse duration, RAS high (precharge) 50 60 70 ns
tRPS Self-refresh, RAS high (precharge) 130 150 180 ns
twp Write pulse duration 15 15 20 ns
tAsC Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 ns
tRcs Read setup time before CAS low 0 0 0 ns
towL  W-low setup time before CAS high 18 20 25 ns
tRwWL  W-low setup time before RAS high 18 20 25 ns
twcs  W-low setup time before CAS low (Early write operation only) 0 0 0 ns
twsR  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twTs  W-low setup time (test mode only) 10 10 10 ns
tcAH  Column-address hold time after CAS low 15 15 20 ns
tpHR  Data hold time after RAS low (see Note 13) 55 60 75 ns
tDH Data hold time (see Note 10) 15 15 20 ns
tAR Column address hold time after RAS low (see Note 13) 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 15 ns
tRCH Read hold time after CAS high (see Note 12) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 12) (] 0 0 ns
twcH  Write hold time after CAS low (Early write operation only) 15 15 20 ns
tWCR  Write hold time after RAS low (see Note 13) 55 60 75 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
twTH  W-low hold time (test mode only) 10 10 10 ns
WD et sy s o s o
(CHR_ (GRS botoro RASrefesh on) s 20 20 s
tcrp  Delay time, CAS high to RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 70 80 100 ns

NOTES: 7. Allcycle times assume tT =5 ns.
8. To assure tpc min, tosc should be greater than or equal to 5 ns.
9. In aread-write cycle, trwp and try| must be observed.
10. In a read-write cycle, tcwp and tow| must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either tRrH or tRcH must be satisfied for a read cycle.
13. The minimum value is measured when trcp is set to trcp min as a reference.
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TMS46100, TMS46100P
4194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

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

TMS46100-60 TMS46100-70 TMS46100-80
TMS46100P-60 | TMS46100P-70 | TMS46100P-80 | it
MIN MAX | MIN MAX | MIN MAX
tcHS Self-refresh, CAS low hold time after RAS high -50 -50 -50 ns
WD s ooy o o E
tRAD Delay time, RAS low to column-address (see Note 14) 15 35 15 40 20 50 ns
tRaL  Delay time, column-address to RAS high 35 40 45 ns
tcAL Delay time, column address to CAS high 35 40 45 ns
tRCD z:':m't':’; SAS lowto CAS low 20 52| 20 60| 25 75| ns
tRpc  Delay time, RAS high to CAS low 0 0 0 ns
tRgH  Delay time, CAS low to RAS high 18 20 25 ns
o e S oo 7 o "
tTAA Access time from address (test mode) 40 45 50 ns
tTcPA  Access time from column precharge (test mode) 45 50 55 ns
tTRAC  Access time from RAS (test mode) 75 85 105 ns
tREF Refresh time interval 46100 1 1 1° s
'46100P 128 128 128 ms
T Transition time 2 50 2 50 2 50 ns

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

PARAMETER MEASUREMENT INFORMATION

1.4V Vecc =33V
R, =500 Q Ry =178 Q
Output Under Test Output Under Test
CL =100 pF I CL =100 pF R, =868 Q
(a) Load Circult (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

TEXAS {’P
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

-
; 14— tRAS > ViH

RAS N M |
} | | | : ViL

= |
| e tcsH > | I“_QRP_ﬁ
| l——1tgcp —¥ | | tcRp —
_,: — [¢—trsH —1—+~>|

ViH
N

ViL

tR;IAH —P} | ’ tcaL—¥ | |
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV. VIH
so-a10 GEX e SN conmn X BT SRR
" taes —¢—>» | | —pi X ViL
{ {¢—tRRH
| AR JEERE
| i —» [ tcau [P tRCH v
- H
w K Bt €2 3| | L RREEERL Bk Cara R
‘ l TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA V||_
| le—1t
| ; cAC —P ¢
B e N .
Q ' HI-Z | @q Valid Data Out D "
) | (see Note A) . £ v
I | I [ oL
| oLz —by |
e tRAC >

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

Figure 2. Read Cycle Timing
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TMS46100, TMS46100P
' 4194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

;'4 tRc
| 1< tRAS
|

e " ! o j—tcrRp ——»!
n oo |
oy | ‘\L | AT _ ViH
CAS I, | | |
AL e ke il N
A [ (T e
—’f [t tasr | iy IR
h——!AR—,—J’—ﬂI | 'RAL [

| I \ VVVVVVVVVVVVVVVV v
o-as0 X mow DERXcotumn HTEVTECIECTIN )

Vv
: I"—JI__IL_ tew.———» -
e trAD _’: < T tRWL >
| ! | .N— twcH —’J
N — tWCR { : 'i
twes
| I | VIH
VAVAVAVAVAVAN f } AAAAN V||_
| N
| e twp ——F—P
Hl— tps —»! }
|
’v.v.v’v.v’v’v’v‘v’v.v.v v.v ' \VAVAVAY/ v’v’v.v v‘v’v.v’v v‘v V|H
S T X R R B et RRIRRIIRR, -
|
!< tDHR >
VoH
Q HI-Z
VoL

Figure 3. Early Write Cycle Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

.= tre =;
} i= tRAS :i |
_ ViH
RAS |\_| '/T AN
h _ﬂl > thsH ———» ¢ 'RP > Vie
—tacp —— & 'RsH '
| | ——toas ——>| 1 tcRP ———>
| tcsH —
: | T ViH
@ N 7 .
| | tascle— | P : ViL
than TH @ e toaL————» | | |
: — tcaH [ N tcp >

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN ViH
> o] R ) v

U VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN VAV IL
<
> r
Cra ,»Non,no oS RXKIS
— |
z nl
m
o
= QLB SH LXK
> toLz —te——> 1OFF —»| e
:l | | VoH
(@) Q 4 Not Valid N
< X VoL

Figure 4. Write Cycle Timing -
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TMS46100, TMS4610

0P

4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1

992

PARAMETER MEASUREMENT INFORMATION

:4 tRwC »l
|
& ‘Ras g | Vi
| viL
—> e tr ———tcas ————» } le—>- trp
| teo —— : T tcpp —¥ Vi
CAS N LJ‘ ﬁi\i l/} | N
| V
| Qﬁlsiim | ! | le—L tcp——» -
| 0 ‘:—4— tasc I l
I e tRAD »! | le—»ttcan L '
| AR | > | |
l NV NVVVYVYYVYYVYVYVYVYVYVVVVVVV YV VIH
so-a10GEX_mow IERXcaumn R R R e 200 00008)
' N ke— towe Vie
! [tcAH H‘—’l f— tRwL 1’——-—>|'
| tRCS ‘I‘JI_” [ e—twp—p |
| T tawo— | y
L | IH
T T T N AT
| | [—tcwp —¥ | |
—+— tnwo'4ﬂl | |
| tps —» ﬂJ— [ ViH
V’V"’V’V’V’V \/ V’V \/ Y , \N/\/\/\/ V"’V’V’V’V‘ I 4
o Tt e SRARAK o MEKKR M EHIKAGLR .
| | |
| I —toz—s TR e torep
| ) : | (see Note A) | | VoH
Q : : HI-Z ; m Valid Out ) VoL
: | le——tcac —¥
| ———1tan ——»:
< tRAC >
NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.
' Figure 5. Read-Write Cycle Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

trRp —“——Hl |
la »l
" tRASP g | | ViH
RAS A\, m_
| | ' : | viL
I ﬁ—tnco—’: r——tpc———’: ] :
{ }4—_———tcs,|-|————>: H-tcp-’l r—:tclnp—ﬂ
—» et ' :‘—'tCAS"": | ! r—tnsuﬁ—ﬂLJ v
i) f—k F— H
CAS { i | V4 | | | :
l | [ | l ViL
l l
l |
| [

- ]
; | : I } | cAL AvAvAvAvAVAVAVAVAVAvAvAR |1
AO—A10@< Row X Column W Column «(t:’:t:’:’ "
“——_ —— —‘L_" tRRH M :

|

fL (see Note B) I|<—1— tReH —!
|
|

ViH

&

NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Access time is tcpa or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

CAS

A0-A10 :X

Q

tRp ——K—N
< t >
| RASP 'i l | VIH
s \ /N
| ViL
e————tcsH—— > | — {CRP —»
Ih— trRcp —»! I ¢ tee > !
| I‘— tcas —’l | l‘_ tRSH | |
' | | l : I ViH
' |
H—b{—| tASR |
| | tasc —H | | l,q—- tcp —»l | | ViL
! e !
|tAR |
| [ tRAL ¥
t | | t
TR T
Row N Column }@q Column on't Care
: I ‘ AAAAAN viL
1 —
[T 'RAD l*r-r————’f— tewL k—»t— tewl |
l‘— twer > |
H‘[—t—ﬂ— l<— trwL —»
l ‘ HR
XX \VAVAVAVAVAVAVAV VIH
» RN || M (TR
. VAVAVAVAN |
(see Note A) I I i | (see Note A) ViL
le—— 1t
[e——tps —¥ |¢-l— ,DHDH—q
fe—tps (see Note A)
| (see Note A)
VIH
D @{ Valid Data In
ViL
VOH
HI-Z
VoL

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

violated.

Figure 7. Enhanced Page-Mode Write Cycle Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

5 RP —  |¢—

e tRASP "] | v
T\ IH
RAS : | | ! vie

| |

: { . :‘——‘PRWLI——“’} \ H—H—tcnp
< CSH T > > —tcp
|1
E r—_‘RCD _lr’:h—“‘CAs —J, } : r——_tRSH_—lr:
s N { | l | | ViH
A
X | | ik it
| j&—>»—tgaD || | bl
—» Mttse lenpscd | | L
R ha e i
' |

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV, v
D D R 0

T
|

tRes — | | » : :4"CWL—‘H ||

| | &—tawp ¥ | j¢— tpwL —Hl

s e R O I A
V|
B TN D v
I | ! ViL

| : —'I—HHJ'—tDs 1 | |

L || e—on | | |

\VAVAVAVAVAVAVAVAVAVAVAVAV, VlH
AXXXEYs (X
QBRI

V’V‘V‘V’V’Y‘V’V.V VV \/\/\/ V’V’V’V’V’V‘V’
DRXRRXBoRY Care QA

|
ttiz—> e | b {

|
. (see Note A) XX\ Valid (see Note A) X)) - VOH
e KK o ) QAo = s

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

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

Figure 8. Enhanced Page-Mode Read-Write Cycle Timing

TEXAS *’?
INSTRUMENTS

4-64 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

tasr

| .
OXRUXRAXRNX Bon Cate XD “ Qorecae X0

(see Note A) ViL

AO-A10

N NN/ N N/\N/ v’v‘v’v’v’v’v‘v V’V"’V NN NN NN NN/N/ V’V V'V vv \VAYAYAYAYAYY v‘v’v NN N\ V’V’V \ \/ v’v.v’v v’v.v‘v’v le
XXX XA Dl Care a0 XXX RKKKNK

JAVAVAVAVAVAVAVAVAVAVAVA!' JAVAVAVAN TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

]

ViL

R R KRR B dare X KKK KRR

D JAN AA’A’AAAAAAAAA JAVAVAVAVAVAN
ViL
VoH
Q
VoL

NOTE A: A10is a don't care.
Figure 9. RAS-Only Refresh Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT N
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

r tac »

AP < tRAS > |
I | | | | ViH

RAS /-[ |'\| 1/
! [¢tcsr —F: ' -
tapc — N [ I"— tCHR —’} , Vin

__. :K —» tr )
CAS | | r— J[ ' ViL
tWSR | “—_’t‘ tWHR Vi
W RIS QLRIERLKRLLRLLRLIILRLLRLLRLLRLLKRLR

ViL

N NN NNN/NINININ/NINININININ/N/NNINNNNNNNN NN NN NN NN NN NN NN NNV NV NV VNV VVVYVYVYVYVYYYVYYVY VY Y VY Y le
w00 e S R

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VlL
(see Note A)

GRG0 Dan { Catend XX XX KRR

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

D

ViL

VoH
Q HI-Z

VoL
NOTE A: A10is adon't care.

Figure 10. Automatic (CAS-Before-RAS) Refresh Cycle Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

| | I tRASS Vi
|
|

RAS ‘/I l\
l I
trpc —P [4~ tosr ¥ I

T —

WsR Y e twim

> 5> ViH
W SLRRLLRLLRLLKS o

o A U oAl

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

0|
7]

g

A0-A10

SQLRLRILRLKR ’0’0!0202020202020202020’0!02022020!020202020202020fofo20?020202020202020!020202020202

AN TAVAN L

D

Q Hi-Z

Figure 11. Self Refresh Cycle Timing
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TMS46100, TMS46100P

4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

tRP

|
o |
|
!l 1 i
o T tcas |7 T yr
| : L || " L4
‘AR ¢ ’L_'t I i : : : I }
|| TH ¢tlcan | I | |
| ™ T tasc | I [ |
tran P | | I [ |1 |
—nmmsm:I [ [ |1 |
.V‘V.V’VV \/ V’V’V \/\/ V’V’V \N/\/ V’V’V’V‘V’V VvV VV VVV V’V’V‘V Y V’V’V’V’V’V’V‘V‘V’V’V‘V’V’V’"
o-a10 QAKX Do Care ZE8K KRR

SRR

AR XK XRXRXKKRXRX, Dot Care X5

AN JAVAY

{( |
R
Q —.& Valid Data ¥ }_
17

Figure 12. Hidden Refresh Cycle (Read)

ViH
ViL
ViH

ViL
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

[€¢—— Refresh Cycle —P|
|¢—— Memory Cycle ——ﬂ 4 (¢ Refresh Cycle —¥
|

| |
i MERP P o tras > [ tgp I
| |

| |
! |
I - 1 ol VIH
S I | '
CAS | N\
| | [ (¢
R | 5 viL
l I.., ™ A ||
| tasc |1
tran TRl 1 1] |
| *_‘_.LU_'AR |1
> jelltasq | | |
| VIH

OVVVVVVVVVVVVVVVVVV

\/ .V \/ VVYVVYVYVYYYVYVYVY)Y V’V‘V’V’V’V’V’V’V’V‘V’V’V’V’V’
R AR B S SRR RS

. tRR
'WCS_:‘“JF“": T : ; -}-N i twhR
twer .lq_—_H-H L —P} e twsr

:

QR R B Barg JR R XXX KRXKRXRXY

AA’A‘AAAAAAAA’AA AN vlL

%

VoH

Q HI-Z

VoL
Figure 13. Hidden Refresh Cycle (Write) Timing
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TMS46100, TMS46100P
4 194 304-WORD BY 1-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS461-DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

[} »l
je tRe i
l¢—— tRP ——»y
| RP .‘< tRAS » |
| | IF_ ViH
| ViL
| letogg—» |
tRPC —¥ [4':‘ CSR [ |l< tCHR #: v
—pl H
oS \, o Y/
Lyl twr Vic
WS —je—>i r_ "

ViH

W CRRRLX KRB CRRLLLRLLILILL "0!020!020202020‘020!020!020202

‘.AA TAVAVAVAVAVAVAVAVAVAVAVAVAVAN AN AN

ViL

V‘V‘V’V’V‘V’V’V‘V‘V‘V’V \/ V‘V \/ V‘V‘V‘V‘V V‘V’V’V \/ V’V V'V VV N\ \/ V’V‘V‘V‘V’V‘V’V’V’V’V‘V‘V‘V‘V‘V‘V‘V V’V‘V‘V‘V‘V‘V’V’V’V le
ao-a10 QXX KRR R Ban Cat XXX XA XRXICRAKIXKD

ViL

VVVVVVVVV’V'VVV' NN/ N N/N/N/N/

XXX Y X 2 XXX XXX XXX >
D R R Dot e e X XK KRR

X VIH

TAVAVAVAVAVAVAVAN A

ViL
VoH

Q HI-Z
VoL
Figure 14. Test Mode Entry Cycle

device symbolization

-ss
'|' T Speed (~70, -80, —10)

Power/Refresh Designator (Blank or P)
D TMS46100 Q{i

Package Code

W B P Y XX LLL
T T T T C

Lot Traceability Code

Month Code

Year Code

Assembly Site Code

Die Revision Code

Wafer Fab Code
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TMS46400, TMS46400P
1048 576-WORD BY 4-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS464-JANUARY 1993
® Organization...1048 576 x 4 DJ PACKAGEt SD PACKAGEt
* Single 3.3-V Power Supply (TOP VIEW) (TOP VIEW)
(+0.3-V Tolerance) pa1 [+ Y 26]7 Vss oE[ 1
* Low Power Dissipation (TMS46400P) paz2[]2 25[7] DQ4 pa3fl 3 2E ggﬁ
- 200 pA CMOS Standby Wls  2¢[Jpa3 vss[s ;E Do
— 200 pA Self-Refresh RAS[]4 23[ ] CAS pDQ2|]7 dw
— 300 uA Extended Refresh Battery Backup A9[]s 2[]°E RAS[ 9 12 H ro
¢ Performance Ranges: Ao[] 11 12[1 A1
ACCESS ACCESS ACCESS  READ Ao 18] A8 A2[]13 14 A3
TIME TIME TIME OR WRITE A1 10 170 A7 Vec 15 16[] A4
(tRAC) (tcac) (taa) CYCLE A2 1 16[] A6 As[l17 sl 6
(MAX) (MAX) (MAX)  (MIN) A3[]12 15[ 1 A5 A7[] 19 20[] A8
TMS46400/P-70  70ns  18ns 35ns  130ns Vec [ 13 14[] A4
TMS46400/P-80 80ns 20ns 40ns 150 ns
TMS46400/P-10  100ns 25ns  50ns 180 ns DGA PACKAGEt DGB PACKAGE?
¢ Enhanced Page Mode Operation for Faster (ToP VIEW) (TOP VIEW)
Memory Access O
) pai [+ 26[ v Vss []26 1 pa1
- Higher Data Bandwidth Than pazl]2  =[Joas DpasCles  2[paz
Conventional Page-Mode Parts wils 24 1paz DQ3[]24 s W
— Random Single-Bit Access Within a Row BAS ] 4 23[1CAS TAS[]2s 4[] RAS
With a Column Address aolls 2[]oE OE[]22 5[] A9
¢ CAS-Before-RAS Refresh .
® Long Refresh Period . . . NN K 18] A8 A8[]18 o[ A0
— 1024-Cycle Refresh in 16 ms A1[]10 17| A7 A7 []17 10]_J A1
— 128 ms for Extended-Refresh Version A2 ] 11 161 A6 A6[]16 11| J A2
(TMS46400P) A3[]12 15]_] A5 As5[ |15 12| ] A3
¢ 3-State Unlatched Output Vec ] 13 14[ T A4 A4[]14 13] 1Vee

® Texas Instruments EPIC™ CMOS Process
¢ Al Inputs/Outputs and Clocks are TTL

tThe packages shown are for pinout reference only.

Compatible
) T . . PIN NOMENCLATURE

¢ High-Reliability Plastic 300-Mil 20/26-Lead AC_A9 Address Inputs

Surf§ce _Mount (SO_J) Package, CAS Column-Address Strobe

20-Pin Zig-Zag In-line (ZIP) Package, DQ1-DQ4  Data In/Data Out

20/26-Lead Thin Small Outline Package, OE Output Enable

and Reverse Thin Small Outline Package RAS Row Address Strobe
® Operating Free-Air Temperature Range w Write Enable

0°C to 70°C Vce 3.3-V Supply

Vag Ground
description

The TMS46400 series are high-speed, low-voltage 4 194 304-bit dynamic random-access memories,
organized as 1 048 576 words of one bit each.

The TMS46400P series are high-speed, self-refresh and extended-refresh, low-voltage 4 194 304-bit dynamic
random-access memories, organized as 1 048 576 words of four bits each.

Both series employ state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) technology for high
performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 70 ns, 80 ns, and 100 ns. Maximum power dissipation
is as low as 180 mW operating, 0.72 mW standby, and 1.1 mW battery backup for an 80-ns device.

EPIC is a trademark of Texas Instruments Incorporated.

ADVANCE INFORMATION concerns new products in the sampling or Copyright © 1993, Texas Instruments Incorporated

prop phase and other
specifications are subject to change without notice.
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TMS46400, TMS46400P
1 048 576-WORD BY 4-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS464-JANUARY 1993

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

The TMS46400 and TMS46400P are offered in a 300-mil 20/26-lead plastic surface mount SOJ package
(DJ suffix), a 20-pin zig-zag in-line package (SD suffix), a 20/26-lead plastic small outline package (DGA suffix),
and a 20/26-lead plastic small outline package, reverse form (DGB suffix). All packages are characterized for
operation from 0°C to 70°C.

operation

enhanced page mode

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

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS46400 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performance improvement is referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after tcac max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence oftcac

or topa (access time from rising edge of CAS).

address (A0 through A9)

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

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

write enable (W)

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

data in/out (DQ1-DQ4)

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

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

refresh

Arefresh operation must be performed at least once every 16 ms (128 ms for TMS46400P) to retain data. This
can be achieved by strobing each of the 1024 rows (A0-A9). A normal read or write cycle will refresh all bits in
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at V|_ after a read operation and cycling RAS after a specified
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh
cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS 3AS [see parameter tcgg] and holding it
low after RAS falls (see parameter toyR). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is available on the
TMS46400P. Data integrity is maintained using CAS-before-RAS 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
(ViLs0.2V,V|g= Vg —-0.2V).

self refresh

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS 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 since 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 toyg. 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 will ensure 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 Vg level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

A Design For Test (DFT) mode is incorporated in the TMS46400 and TMS46400P. A CAS-before-RAS cycle
with W low (WCBR) cycle is used to enter test mode. In the test mode, data is written into and read from eight
sections of the array in parallel. All data is written into the array through DQ1. Data is compared upon reading
and if all bits are equal, all DQ pins will go high. If any one bit is different, a DQ pin will go low. Any combination
of read, write, read-write, or page-mode can be used in the test mode. The test mode function reduces test times
by enabling the 1-megabit x 4 DRAM to be tested as if it were a 512K DRAM where column address 0 is not
used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.
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logic symbolt

RAM 1024K x 4
20D10/21D0 Y

0
¢ A1 048 575

20D19/21D9  J

B> C20 [ROW]

G23/[REFRESH ROW]

24 [PWR DWN]

> C21[COLUMN]

G24

& > 23C22

23.21D 24,25 EN

G25

—

A,22D

Vv 26 A,Z226 —|-

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12,
The pin numbers shown are for the 20/26 pin SOJ package (DJ suffix).
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functional block diagram
RAS CAS W OE
l Timing and Control l
; i
A0 8 A6,
Al ,/ y Column Decode
*l column | 2, Sense Amplifiers
¢ gi?:::: 7 128K Array 128K Array v
. Dat
A10 ) 128K Array ': 128K Array 16 e 4
/o Reg.
L . W . Buffers Ll
s . s 10f16
. 169 2 16 Selection | » | Data | /
Row |4 c out [/
®| Address / o Reg. A
o| Buffers 4 d 2
v
L e
128K Array 128K Array DQ1-DQ4

—=—]

U

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

Voltage range on any pin (see Note 1)
Voltage range on Vg
Short circuit output current
Power dissipation

Operating free-air temperature range

Storage temperature range

-05Vto46V
-05Vto46V

0°C to 70°C

—55°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 3.0 3.3 3.6 \
VIH High-level input voltage 2.0 Vce +0.3 \
ViL Low-level input voltage (see Note 2) -0.3 0.8 \
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.
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electdrl)cal characteristics over full ranges of recommended operating conditions (unless otherwise
note

TMS46400-70 TMS46400-80 TMS46400-10

PARAMETER COJDEI?JONS TMS46400P-70 | TMS46400P-80 | TMS46400P-10 | UNIT
MIN MAX MIN MAX MIN MAX
VOH High-level output voitage | lpq =-2mA 2.4 2.4 2.4 \'
VoL  Low-level outputvoltage |loL =2mA ' 0.4 0.4 0.4 \Y
VoH Option loH =— 100 pA Vce-0.2 Vce-0.2 Vce-0.2 v
VoL _ Option loL = 100 pA 0.2 0.2 0.2

V|=01t03.9V, Voo =36V,

1] Input current (leakage) All other pins = 0 to VGG =10 +10 +10 pA
Vo =0to Ve, '

lo Output current (leakage) VGG = 3.6 V, GAS high +10 +10 =10 pA

lect ?;f:n‘:’(:’e':e@:':) Minimum cycle, Vo = 3.6 V 70 60 5 | mA

After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
VIH=2V (LVTTL)

After 1 memory
! Standb! t il )
cc2 andby curren cycle, RAS and 46400 500 500 500
TAS high,
ViH=Vgc-02V |,
(CMOS) '46400P 200 200 200
Average refresh current b_él%n;ugi%cle. Vcc=36V,
icca  (RAS-only or CBR) EAS h?gh (RAS-only): 70 60 50 | mA
(see Note 3) RAS low after CAS low (CER)
Average page current tpc = minimum, Vg = 3.6V,
ICC4 (e Note 4) RAS low, CAS cycling 60 50 40 | mA
Icce!  Self-refresh current t?;:;s;a?{czi t\é:sAfj gozt)\r/ns 200 200 200 pA
tRC = 125 pus, tRas < 1 us,
Vec-02VsViHs39YV,
lcciot m‘heg;;;k”p 0VsVy <02V, 300 300 300 | wA

W and OE = V|,
Address and Data stable

1 For TMS46400P only.
NOTES: 3. Measured with a maximum of one address change while RAS = V(..
4. Measured with a maximum of one address change while CAS = V|.

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

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

NOTE 5: Vg equal to 3.3 V 0.3 V and the bias on pins under test is 0 V.
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switching characteristics over recommended ranges of supply voltage and operating free-air ‘

temperature
TMS46400-70 TMS46400-80 TMS46400-10
PARAMETER TMSA46400P-70 | TMS46400P-80 | TMS46400P-10 | yniT
MIN MAX MIN MAX MIN MAX
tAA  Access time from column-address 35 40 45 ns
tcAC  Access time from CAS low 18 20 25 ns
tcPA  Access time from column precharge 40 45 50 ns
tRAC Access time from RAS low 70 80 100 ns
toEA  Access time from OE low 18 20 25 ns
tcLz CASto outputin low Z ns
toFF  Output disable time after CAS high (see Note 6) 18 20 25 ns
togz Output disable time after OE high (see Note 6) 0 18 20 25 ns
NOTE 6: tofF and togz are specified when the output is no longer driven.
TEXAS “'P
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

TMS46400-70 TMS46400-80 TMS46400-10
TMS46400P-70 | TMS46400P-80 | TMS46400P-10 | yniT
MIN MAX | MIN MAX | MIN MAX
tRC Random read or write cycle (see Note 7) 130 150 180 ns
tRwC  Read-write cycle time 181 205 245 ns
tpC Page-mode read or write cycle time (see Note 8) 45 50 55 ns
tPRWC Page-mode read-write cycle time 96 105 120 ns
trasp  Page-mode pulse duration, RAS low (see Note 9) 70 100000 80 100000 100 100 000 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 70 10000 80 10000 100 10000 ns
tRASs  Self-refresh, RAS low time 100 100 100 | ps
tcAs Pulse duration, CAS low (see Note 10) + 18 10000 20 10000 25 10000 ns
tcp Pulse duration, CAS high 10 10 10 ns
RP Pulse duration, RAS high (precharge) 50 60 70 ns
tRPS RAS precharge after self-refresh 130 150 180 ns
twp Write pulse duration 15 15 20 ns
tAsSC Column-address setup time before CAS low 0 0 . 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 ns
tRCS Read setup time before CAS low 0 0 0 . ns
tcowL W low setup time before CAS high 18 20 25 ns
tRWL W low setup time before RAS high 18 20 25 ns
twcs W low setup time before CAS low (Early write operation only) 0 0 0 ns
twsR W high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twTs W low setup time (test mode only) 10 10 10 ns
{CAH Column-address hold time after CAS low 15 15 20 ns
tDHR Data hold time after RAS low (see Note 12) 55 60 75 ns
tDH Data hold time (see Note 11) 15 15 20 ns
tAR Column-address hold time after RAS low (see Note 12) 55 60 75 ns
tRAH  Row-address hold time after RAS low 10 10 15 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 13) 0 0 0 ns
tweH  Write hold time after CAS low (Early write operation only) 15 15 20 ns
tWCR  Write hold time after RAS low (see Note 12) 55 60 75 ns
twHR W high hold time (CAS-before-RAS refresh only) 10 10 10 ns
tWTH W low hold time (test mode only) 10 10 10 ns
D e e O ea . " ns

Continued next page.
NOTES: 7. Allcycle times assume tT =5 ns.
8. To assure tpg min, taogc should be greater than or equal to tcp.
9. In aread-write cycle, trwp and tryy must be observed.
10. In aread-write cycle, tcwp and tow| must be observed.
11. Referenced to the later of CAS or W in write operations.
12. The minimum value is measured when trcp is set to trcp min as a reference.
13. Either tRrH or tRCH must be satisfied for a read cycle.
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (concluded)

TMS46400-70 | TMS46400-80 | TMS46400-10
TMS46400P-70 | TMS46400P-80 | TMS46400P-10 | yniT
MIN MAX MIN  MAX MIN  MAX

tcrRp  Delay time, CAS high to RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 70 80 100 ns
tcsr  Delay time, CAS low to RAS low (CAS-before-RAS refresh only) 10 10 10 ns
tcHs  CAS low hold time after RAS high (self-refresh) -50 —-50 -50 ns
tcwp  Delay time, CAS low to W low (Read-write operation only) 46 50 60 ns
toeH  OE command hold time 18 20 25 ns
tOED  OE to data delay 18 20 25 ns
tROH  RAS hold time referenced to OE 10 10 10 ns
tRAD Delay time, RAS low to column-address (see Note 14) 15 35 15 40 20 50 ns
tRAL  Delay time, column-address to RAS high 35 40 45 ns
tCAL Delay time, column address to CAS high 35 40 45 ns
tRcD  Delay time, RAS low to CAS low (see Note 14) 20 52 20 60 25 75 ns
tgpc  Delay time, RAS high to CAS low 0 0 0 ns
trsH  Delay time, CAS low to RAS high 18 20 25 ns
tRwp  Delay time, RAS low to W low (Read-write operation only) 98 110 135 ns
tTAA Access time from address (test mode) 40 45 50 ns
tTcPA  Access time from column precharge (test mode) 45 50 55 ns
tTRAC  Access time from RAS (test mode) 75 85 105 ns
) '46400 16 16 16| ms

tREF Refresh time interval
'46400P 128 128 128 ms
T Transition time 2 50 2 50 2 50 ns

NOTE 14: The maximum value is specified only to assure access time.
PARAMETER MEASUREMENT INFORMATION
1.4V Vec =33V
R, =500 Q Ry =1178Q
Output Under Test Output Under Test
C =100 pF I Cp =100 pF R, = 868 Q
(a) Load Circuit (b) Alternate Load Circuit
Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Early Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 4. Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.

Figure 5. Read-Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Access time is tcpa or taA dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing

TEXAS *9
INSTRUMENTS

4-84 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS46400, TMS46400P
1048 576-WORD BY 4-BIT
LOW-VOLTAGE DYNAMIC RANDOM-ACCESS MEMORIES

SMHS464—JANUARY 1993

PARAMETER MEASUREMENT INFORMATION
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B. Aread cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.

Figure 7. Enhanced Page-Mode Write Cycle Timing
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Figure 8. Enhanced Page-Mode Read-Write Cycle Timing
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Figure 11. Self Refresh Cycle Timing
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Figure 14. Test Mode Entry Cycle

device symbolization

T - Speed (-70, —80, -10)
Power/Refresh Designator (Blank or P)

:) TMS46400 DJ
T

Package Code

W B P XX LLL
T

Lot Tr bility Code

Month Code

A bly Site Code

Die Revision Code

Wafer Fab Code
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This data sheet is applicable to all
DZ AND DGC PACKAGESt
TMS44800/Ps symbolized with Revision“B” (TOP VIEW)
and subsequent revisions as described on
page 22. Vee 1o 28] vgg
Organization ... 524288 x 8 pQo []2 27[] pQ7
Single 5-V Power Supply (+10% Tolerance) DQ1 []3  26[] D@6
Performance Ranges: DQ2 [J4  25[] DQ5
ACCESS ACCESS ACCESS READ Da3 []s  24]] DQ4
TIME TIME TIME OR WRITE DQ4 []e  23]] CAS
(RAC) (CAC) (tan) CYCLE W]z 22[]OCE
(MAX)  (MAX) (MAX) (MIN) RAS [Js  21[] NC
’44800/P-60 60ns 15ns 30 ns 110 ns A9 []9 20| ] A8
’44800/P-70 70ns 20 ns 35ns 130 ns A0 [J10 19[] A7
'44800/P-80 80ns 20 ns 40 ns 150 ns A1 [: 11 1 8:| A6
'44800/P-10 100 ns 25 ns 45 ns 180 ns A2 112 17:] A5
Enhanced Page Mode Operation With A3 13  16[] A4
CAS-Before-RAS Refresh Vee (14 1s[] Vss

Long Refresh Period . . .
1024-Cycle Refresh in 16 ms (Max) 1 The package shown is for pinout reference only.
128 ms for Low Power With Self-Refresh

Version (TMS44800P) PIN NOMENGLATURE
3-State Unlatched Output
Low Power Dissipation AC-A9 Address Inputs

™ CAS Column-Address Strobe
Texas Instruments EPIC™ CMOS Process DQO-DQ7 Data In/Data Out
All Inputs/Outputs and Clocks are TTL NC No Internal Connection
Compatible OE Output Enable
High-Reliability Plastic 28-Lead oS Dow-Address Strobe
400-Mil-Wide Surface Mount (SOJ) v v Zup |
Package, and 28-Lead Thin Small Outline Ves oY
Package (TSOP)
Operating Free-Air Temperature Range
0°C to 70°C

Low-Power With Self-Refresh Version

description

The TMS44800 series are high-speed 4 194 304-bit dynamic random-access memories, organized as 524 288
words of eight bits each.

The TMS44800P series are high-speed, low-power with self-refresh, 4 194 304-bit dynamic random-access
memories, organized as 524 288 words of eight bits each.

They employ state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) technology for high
performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 495 mW operating and 11 mW standby on 100-ns devices.

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

EPIC is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
;r:d:c’t: conform to specifications per lhcdlmm vt:i oxas Innlrrmlcndu @
indard warranty. P p g does n y Include
testing of all parameters. IEXAS
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The TMS44800 and TMS44800P series are offered in a 400-mil 28-lead plastic surface mount SOJ package
(DZ suffix) and a 28-lead plastic surface mount TSOP package (DGC suffix). These packages are characterized
for operation from 0°C to 70°C.

operation

enhanced page mode

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

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44800 and TMS44800P to operate at a higher data
bandwidth than conventional page-mode parts, since data retrieval begins as soon as the column address is
valid rather than when CAS transitions low. This performance improvement is referred to as enhanced page
mode. Valid column address may be presented immediately after row address hold time has been satisfied,
usually well in advance of the falling edge of CAS. In this case, data is obtained after tcoc max (access time
from CAS low), if tap max (access time from column address) has been satisfied. In the event that column
addresses for the next cycle are valid at the time CAS goes high, access time for the next cycle is determined

by the later occurrence of tcac or topa (access time from rising edge of CAS).

address (A0-A9)

Nineteen address bits are required to decode 1 of 524 288 storage cell locations. Ten row-address bits are set
up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS). The nine
column-address bits are set up on pins A0 through A8 and latched onto the chip by the column-address strobe
(CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip
enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activating

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

write enable (W)

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

data in/out (DQ0-DQ7)

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

output enable (OE)

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

A refresh operation must be performed at least once every 16 ms (128 ms for TMS44800P) to retain data. This
can be achieved by strobing each of the1024 rows (A0—A9). A normal read or write cycle will refresh all bits in
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by holding
CAS at V|_ after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only
refresh cycle.

CAS-before-RAS refresh

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

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is available on the
TMS44800P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 us holding RAS
low for less than 1 us. To minimize current consumption, all input levels must be at CMOS levels (V)< 0.2V,
VIHzVec—-0.2V).

self refresh (TMS44800P)

The self refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both held
low for aminimum of 100 us. The chipis then refreshed by an on-board oscillator. No external address is required
since 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 toys.

power up

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

RAM 512K x 8
A0l 150pg/2100 )
a1 11
A2 12
A313 |
16 0
A4 17 ” A sz2az87
YL A—
asl8
P L
A820  126D17/21D8
A9 2 20018
—>P> c20[ROW]
G23/[REFRESH ROW]
=8
RAS 24[PWR DWN]
—>P> c21[coL)
_ 1G24
CAs 23 &
> 23C22
w ——ﬁ7 23,210 24,25EN
= 22
E << DN 925
2 m | L
DaQo A,22D
A,Z26 —
v26
Da13 ¢ p—
Da24 ¢p—
DA35S ¢ p—
pDas 24 ¢ p |
Da525 4 p |
Da6 25 ¢ p |
pDa7 27 _¢p|

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

A0
A1l

A8

A9

Pty

I Timing and Control J

|4 =

i
A 8 16
—,Ly Column Decode 1
®| column Sense Amplifiers
e| Address
o| Buffers 128K Array 128K Array v v
' 128K Array 128K Array 16 P Dlantﬂ 8
[ <
L . 3 . 161/0 Reg.
16 < o g . S 16 Buffers —=1:
° Row 10 3 {1 Out
*| Address 7 & Reg.
o| Buffers y
128K Array 128K Array DQO-DQ7
10 T

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

Supply voltage rangeon any pin (see Note 1) ... ... i -1Vto7V
Supply voltage range ON VoG . oo i it e -1Vto7V
Short circuit OUtPUL CUITENt . . ... 50 mA
Power dissSipation ... ... i s 1W
Operating free-air temperature range ........ ...ttt i 0°Cto 70°C
Storage temperature range . ..........o.utut ettt e —55°C to 150°C

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

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

recommended operaiing conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 55 \Y
VIH High-level input voltage 2.4 6.5 \%
ViL Low-level input voltage (see Note 2) -1 0.8 \Y
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

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

'44800-60 '44800-70 '44800-80 ’44800-10
PARAMETER TEST CONDITIONS '44800P-60 '44800P-70 '44800P-80 ’44800P-10 UNIT
MIN - MAX| MIN MAX| MIN MAX| MIN MAX
High-level output _
VoH voltage loH=-5mA 2.4 2.4 2.4 2.4 \
v Lowleveloutput ) _ 4 2 ma 0.4 0.4 0.4 04| v
oL voltage oL =4 ' ' ' '
Input current Vcc=55V,V|=0t06.5V, . . .
l' (leakage) All other pins = 0to Voo =10 10 =10 =10 wA
Output current Vee =55V, Vo=0toVge, )
lo (leakage) CAS high +10 +10 =10 +10 | pA
Read or write
icc1T  cycle current Ve = 5.5V, Minimum cycle 120 110 100 90 | mA
(see Note 3)
ViH =24V (TTL),
After 1 memory cycle, 2 2 2 2| mA
RAS and CAS high
lcc2 Standby current ViH=Veg-02V 144800 1 1 1 1] ma
(CMOS), After 1
memory cycle, RAS |,
and CAS high 44800P 200 200 200 200 | pA
Average refresh | Vcc = 5.5V, Minimum cycle,
current (RAS-only | RAS cycling, CAS high
_— — 1 100 90 A
lccs  oreaR) (RAS-only); RAS low 120 1o m
(see Note 3) after CAS low (CBR)
Average page '
Vee =55V, tpe = minimum,
Ilccat  current RAS low, CAS cycling 120 110 100 90| mA
(see Note 4)
Battery backup tRC = 125 us, tRas = 1 us,
operating current ' |Voc-0.2VsV|Hs6.5V,
Iccst  (equivalent refresh [0V sV <02V, 300 300 300 300 | pA
time is 128 ms), W and OE = V|,
CBR only Address and Data stable
Self refresh CASs0.2V,RAS<0.2V, .
ICCGT* current Measured after tgags minimum 200 200 200 200 wA

t Measured with outputs open.

¥ For TMS44800P only.

NOTES: 3. Measured with a maximum of one address change while RAS = V.
4, Measured with a maximum of one address change while CAS = V|.
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX | UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(OE) Input capacitance, output enable 7 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ci(W) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 5: Vg equalto 5V + 0.5V and the bias on pins under test is 0 V.

switching characteristics over recommended ranges

of supply voltage and operating free-air

temperature
’44800-60 ’44800-70 ’44800-80 ’44800-10
PARAMETER '44800P-60 '44800P-70 ’44800P-80 ’44800P-10 UNIT
MIN  MAX MIN  MAX MIN  MAX MIN MAX
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 20 20 25| ns
tcpA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100| ns
toEa Access time from OE low 15 20 20 25| ns
tcLz CAS to output in low Z 0 0 0 0 ns
toFr  Output disable time after CAS high (see Note 6) 0 15 0 20 0 20 (] 25 ns
togz Output disable time after OE high (see Note 6) 0 15 0 20 0 20 0 25 ns
NOTE 6: tOFF and tOEZ are specified when the output is no longer driven.
TEXAS *’?
INSTRUMENTS
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TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B-AUGUST 1992-REVISED DECEMBER 1992

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

’44800-60 '44800-70 ’44800-80 ’44800-10
’44800P-60 ’44800P-70 '44800P-80 ’44800P-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
(=Te] Random read or write cycle (see Note 7) 110 130 150 180 ns
tRwc -~ Read-modify-write cycle time 155 185 205 245 ns
tpe ;‘-‘saegeer-\ln;:)edg)read or write cycle time 40 45 50 55 ns

tPRWC Page-mode read-modify-write cycle time 85 90 105 - 120 ns

t Page-mode pulse duration, RAS low
RASP (see Note 9)

60 100 000 70 100000 80 100000 | 100 100000 ns

Non-page-mode pulse duration, RAS low

tRAS (see Note 9) 60 10000 | 70 10000| 80 10000 100 10000 | ns

tcas Pulse duration, CAS low (see Note 10) 15 10000 20 10000 20 10000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tasc Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 11) 0 0 0 0 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
towL W Iow setup time before CAS high 15 20 20 25 ns
tRWL W low setup time before RAS high 15 20 20 25 ns
Wes W low setup time before CAS low (Early o 0 0 0 ns

write operation only)

Continued next page.
NOTES: 7. Allcycle times assume tT =5 ns.
8. To assure tpc min, tosc should be greater than or equal to tcp.
9. Inaread-modify-write cycle, trwp and try| must be observed. Depending on the user’s transition times, this may require additional
RAS low time (tRAS)-
10. Inaread-modify-write cycle, tcywp and tow| must be observed. Depending on the user’s transition times, this may require additional
CAS low time (tCAS)-
11. Referenced to the later of CAS or W in write operations.

TEXAS {'P
INSTRUMENTS
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TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B-AUGUST 1992-REVISED DECEMBER 1992

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

’44800-60 ’44800-70 ’44800-80 ’44800-10
'44800P-60 | '44800P-70 ’44800P-80 '44800P-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tCAH Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 12) 30 35 35 45 ns
tDH Data hold time (see Note 11) 10 15 15 20 ns
Column-address hold time after RAS low
tAR (see Note 12) 30 35 35 45 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 ns
tRRH Read hold time after RAS high (see Note 13) 0 0 ns
Write hold time after CAS low
WCH  (Early write operation only) 10 15 15 20 ns
twcr  Write hold time after RAS low (see Note 12) 30 35 35 45 ns
Delay time, column address to W low
tAWD (Read-modify-write operation only) 55 65 70 80 ns
Delay time, RAS low to CAS high
ICHR (CAS-before-RAS refresh only) 15 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 0 0 0 ns
tcsH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
ICSR  (TAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, CAS low to W low
tcwp (Read-modify-write operation only) 40 50 50 60 ns
toEH OE command hold time 15 20 20 25 ns
toep  OE to data delay 15 20 20 25 ns
tRoH  RAS hold time referenced to OE 10 10 10 10 ns
Delay time, RAS low to column-address
tRAD (see Note 14) 15 30 15 35 15 40 20 50| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tCAL Delay time, column address to CAS high 30 35 40 45 ns
tRCD Delay time, RAS low to CAS low (see Note 14) 20 45 20 50 20 60 25 75 ns
tRPC Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 20 20 25 ns
Delay time, RAS low to W low _
IRWD (Read-modify-write operation only) 85 100 110 135 ns
NOTES: 11. Referenced to the later of CAS or W in write operations.
12, The minimum value is measured when tRcp is set to tycp min as a reference.
13. Either tRrH or TRCH must be satisfied for a read cycle.
14. The maximum value is specified only to assure access time.
Texas W
EXAS
INSTRUMENTS
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TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B-AUGUST 1992-REVISED DECEMBER 1992

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

’44800-60 ’44800-70 ’44800-80 ’44800-10
’44800P-60 ’44800P-70 ’44800P-80 ’44800P-10 UNIT
) MIN MAX | MIN MAX | MIN MAX | MIN MAX

tcPR  CAS precharge before self refresh 0 0 0 0 ns
tRAs  RAS precharge after self refresh 110 130 150 180 ns
tRASS Self refresh entry from RAS low 100 100 100 100 us
tcHs  CAS low hold time after RAS high - 50 - 50 - 50 - 50 ns
tREfF  Refresh time interval (TMS44800 only) 16 16 16 16 ms
tREF  Refresh time interval, Low power (TMS44800P only) 128 128 128 128 ms
tT Transition time ) 2 50 2 50 2 50 2 50| ns

PARAMETER MEASUREMENT INFORMATION

131V Vec =5V

RL=218Q Ry =828Q
Output Under Test Output Under Test
R2=295Q

CL =100 pF
CL =100 pF I . L P T

(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

TEXAS {?
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TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B-AUGUST 1992-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTE A: Output may go from a high-impedance state to an invalid data state prior to the specified access time.

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Early Write Cycle Timing
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TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B-AUGUST 1992-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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NOTE A: Referenced to the later of CAS or W in write operations.

Figure 4. Write Cycle Timing
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TMS44800, TMS44800P
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DYNAMIC RANDOM-ACCESS MEMORIES
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: Output may go from a high-impedance state to an invalid data state prior to the specified access time.
Figure 5. Read-Modify-Write Cycle Timing

TEXAS {if
INSTRUMENTS

4-106 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44800, TMS44800P
524 288-WORD BY 8-BIT
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS480B—AUGUST 1992-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

tRp —1¢—>
¢ tRASP > ' '
RAS \L % AN
» = | '
trRcD tcrp —»

|

|

| —> < tpc Ple—

| I|<————tcsr1—>| F—tcp-’: l'<—tFxS|4—[—>‘I |
|

|

|

e NN
[ tRAH | l| CAL | } :

—»
t tcAH |
™ H—:— ASR —H E—tAsc | | e tRAL ——

Il’VVVVVVVVV’V’V
AO-A9 | Row IXI  Column | | Column \00000
\’AAAAAAAAA‘AA

i tAR 1 i : ——tan . tRRH ¥
k]_ trcs — ! | | (see Note A) l|<—1—+ RCH _NI
W | [ [ W I ‘Q&
{¢— tRAD —P | | | |
| [ e ——  topa ——— M
| | l¢——tcac —» (see Note B) | |
| e——tap —— le—L— torrF —
e tRAC > ‘
tcLz -a—q (see Note C) | |
(XXXXNA Valid (XXX X Valid
pac-par oot A O out KA. ou
| | [¢— topa —»! |

| —» M—toez tOEZ —j4——»

NOTES: A. Output may go from a high-impedance state to an invalid data state prior to the specified access time.
B. Access time is tcpa or taa dependent.
C. 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.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Referenced to CAS or W, whichever occurs last. .
B. Aread cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write timing
specifications are not violated.

DQo-DQ7 | Valid Data In

Figure 7. Enhanced Page-Mode Write Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. Output may go from a high-impedance state to an invalid data state prior to the specified access time.
B. A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write 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 Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 10. Automatic (CAS-Before-RAS) Refresh Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 11. Hidden Refresh Cycle
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Figure 12. Self Refresh Timing
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device symbolization

4-114

Tl P -SS .
T ——1 —— Speed Code
—— Power/Self-Refresh Code
[ )_Tmsassoopz
= T Package Code
W B P OOX LL
L Lot Traceability Code
Month Code
A bly Site Code
Die Revision Code
Wafer Fab Code
Texas WP
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TMS44165, TMS44165P
262 144-WORD BY 16-BIT HIGH-SPEED
DYNAMIC RANDOM-ACCESS MEMORIES

SMHS166A-SEPTEMBER 1991-REVISED DECEMBER 1992

This data sheet is applicable to all DZ PACKAGE? DGE PACKAGET
TMS44165/Ps symbolized with Revision “B” (TOP VIEW) (TOP VIEW)
and subsequent revisions as described on
N TR T R -
s 0f2 39 15 g2 43f
* Organization .. .262 144 x 16 pa1]s ssp DQ14  DQ1i(3 42h DQ14
* Single 5-V Supply (+10% Tolerance DQ2( 4 37g DQ13 DQ2qg 4 41p) DQ13
gle 5V Supply (« ) pa3ls  sefpai2  Da3ds  4of DQi2
® Performance Ranges: Vec s 35f Vgs Vec(e 39p Vss
ACCESS ACCESS ACCESS READ OR DQ4g7 34p DQ1 DQ4g7 3sp DQ11
TIME TIME  TIME WRITE DQ51( 8 33 DQ10 DQ5{ 8 37h DQ10
tRAC  tCAC taa  CYCLE DQ6( 9 32fl DQ9 DQ6( 9 3sp DQ9
MAX MAX MAX MIN DQ7( 10 31]) DQ8 DQ7q10 3sp DQ8
'44165/P-70 70ns  20ns 35ns 130ns NCO 11 30p NC
'44165/P-80 80 ns 20ns 40 ns 150 ns LWiQ 12 29p NC
'44165/P-10 100ns  25ns 45ns  180ns owi 13 28)) CAS NC[ 13 32p NC
: . RAS{ 14 27p OE W14 31f NC
¢ Enhanced Page Mode Operation With ned s 6h A8 owd 15 aop CAS
CAS-Before-RAS Refresh Aot 16 250 A7 RAS({ 16 29§ OE
. A117 24 A6 NC{ 17 28] A8
® Long Refresh Perloc'I a2 18 23h A5 aod 18 o7h A7
1024-Cycle Refresh in 16 ms (Max) A3d 19 220l A4 Ald 19 26 A6
128 ms for Low Power With Self-Refresh Veeld 20 21 Vgg A2(] 20 25p) A5
Version (TMS44165P) A3( 21 24g A4
. Ve 22 2301 Vgs
¢ High-Impedance Unlatched Output
¢ Lower Power Dissipation ’ 1 Packages are shown for pinout reference only.
° ™
Texas Instruments EPIC™ CMOS Process oIN NOMENCLATURE
¢ All Inputs, Outputs and Clocks are TTL AO-A8 Address Inputs
Compatible CAS Column-Address Strobe
) N A DQo-DQ15 Data In/Data Out
® High-Reliability Plastic 40-Lead OE Output Enable
400-Mil-Wide Surface Mount (SOJ) w Lower Write Enable
Package, and 40/44-Lead Thin Small uw Upper Write Enable
Outline Package (TSOP) RAS Row-Address Strobe
NC No Internal Connection
® Operating Free-Air Temperature Range vee 5.V Supply
0°C to 70°C Vss Ground

¢ Self-Refresh With Low-Power

® Upper and Lower Byte Control During Write
Operations

description

The TMS44165 series are high-speed, 4 194 304-bit dynamic random access memories organized as
262 144 words of sixteen bits each.

The TMS44165P series are high-speed, low-power with self-refresh, 4 194 304-bit dynamic random-access
memories organized as 262 144 words by sixteen bits each.

They employ state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) technology for high
performance, reliability, and low power at low cost.

EPIC is a trademark of Texas Instruments Incorporated.

ADVANCE INFORMATION concerns new products in the sampling or Copyright © 1992, Texas Instruments Incorporated

preproduction phase of development. Characteristic data and other
specifications

are subject to change without notice. TEXAS %
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TMS44165, TMS44165P

262

144-WORD BY 16-BIT HIGH-SPEED

DYNAMIC RANDOM-ACCESS MEMORIES

SMHS166A-SEPTEMBER 1991-REVISED DECEMBER 1992

These devices feature maximum RAS access times of 70 ns, 80 ns, and 100 ns. Maximum power dissipation -
is as low as 522 mW operating and 11 mW standby on 100 ns devices.

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

The TMS44165 and TMS44165P are each offered in a 40-lead plastic surface fnount SOJ (DZ suffix) package,
and a 40/44-lead plastic surface mount TSOP (DGE suffix). These packages are characterized for operation
from 0°C to 70°C.

operation

enhanced page mode

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

Unlike conventional page-mode DRAMSs, the column-address buffers in these devices 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 TMS44165 and TMS44165P to operate at a
higher data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column
address is valid rather than when CAS transitions low. This performance improvement is referred to as
enhanced page mode. Valid column address may be presented immediately after tgay (row address hold time)
has been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after tcac
max (access time from CAS low) if taa max (access time from column address) has been satisfied. In the event
that column addresses for the next page cycle are valid at the time CAS goes high, access time for the next cycle
is determined by the later occurrence of tcac or topa (access time from rising edge of the last CAS).

address (A0—-A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins A0 through A8 and latched onto the chip by the row-address strobe (RAS). Then nine column-address
bits are set up on pins A0 through A8 and latched onto the chip by the column-address strobe (CAS). All
addresses must be stable on or before the falling edge of RAS and CAS. RAS is similar to a chip enable in that
it activates the sense amplifiers as well as the row decoder. In the TMS44165 and TMS44165P, CAS is used
as a chip select activating the output buffer, as well as latching the address bits into the column-address buffers.

write enable (UW, LW)

data

The read or write mode is selected through the upper or lower write-enable (UW, LW) input. LW controls
DQ0-DQ7, and UW controls DQ8-DQ15. A logic high on the UW and LW input selects the read mode and a
logic low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without
a pullup resistor. The data input is disabled when the read mode is selected. When UW or LW goes low prior
to CAS (early write), data out will remain in the high-impedance state for the entire cycle permitting a write
operation with OE grounded.

NOTE: Either UW or LW can be brought low in a given write cycle and only eight data bits will be written into.
The user may bring both UW and LW low at the same time and all 16 data bits will be written into.

in (DQ0-DQ15)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS, UW, or LW strobes data into the on- ‘on-chip data latch. In an early write cycle, UW or LW is brought low
prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this s signal. In a delayed
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by UW or LW with setup
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and hold times referenced to this signal. In a delayed write or read-modify-write cycl_g,_ﬁ must be high to bring
the output buffers to high-impedance prior to impressing data on the 1/O lines. The LW pin controls DQ0-DQ7.
The UW pin controls DQ8-DQ15.

data out (DQ0-DQ15)
The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The outputis in the high-impedance (floating) state
until CAS and OE are brought low. In a read cycle the output becomes valid after the access time interval tcac
that begins with the negative transition of CAS as long as tgac and taa are satisfied.

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 CAS 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 CAS is brought high.

RAS-only refresh

A refresh operation must be performed at least once every eight milliseconds (64 ms for TMS44165P) to retain
data. This can be achieved by strobing each of the 512 rows (A0—A8). A normal read or write cycle will refresh
all bits in each row that is selected. ARAS-only operation can be used by holding CAS at the high (inactive) level,
thus conserving power as the output buffer remains in the high-impedance state. Externally generated
addresses must be used for a RAS-only refresh.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by holding
CAS at V|_after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only
refresh cycle.

CAS-before-RAS refresh (CBR)

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

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is available on the
TMS44165P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 ps while holding
RAS low for less than 1 ps. To minimize current consumption, all input levels must be at CMOS levels
ViLs0.2V,VIH=Vpcc—-0.2V).

self-refresh (TMS44165P)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both
held low for a minimum of 100 us. The chip is then refreshed internally by an on-board oscillator. No external
address is required since 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 toHs.

power up

To achieve proper device operation, an initial pause of 200 ps followed by a minimum of eight RAS cycles is
required after power-up to the full Vgg level.
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logic symbolt

RAM 256K x 16

0 18 N
= 20D8/21D0
A1
a2 18
As ;’52’— 0
A4 o A2
Y- A——
e 28
A7 25—
as 26 |20017/21D8/
> C20[ROW]
o G23/[REFRESH ROW]
RAS 24[PWR DWN]
& 1 G229
Z31
> c21 [COL]
G24
o z
N > 23c22
w 12 23210 29,25EN26
N
ow 13 2321D__J 29,25EN27 .
OE LIEEE
2 -}\ 22D L
DQo "—: A2z A, 226 -
pa1 2 ¢»—|
Da2 4 —¢»—
DQ3 5 —¢p—]
pas T —¢»—]
Das &>
Das 2 ¢»—]
pa7 1% ¢-»—]
pas 3! A32D
i 27 A, 227 -
Da9 32 ¢
DQ10 B ¢»—
pat1 2 ¢»—
DQ12 26 ¢p—
Da13 3L ¢p—
DQ14 32 ¢p—
Da15 32 ¢p—

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown correspond to the DZ package.
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functional block diagram
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+++++
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rray | o rray In
. w : 16 10 Reg.
16 J . D . S 16 Buffers 16
° e Data
® Az:lor:lss 7 : Roeugt.
o| Buffers / d
L] e
128K Array 128K Array
9 a T DQo-DQ15
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage rangeonany pin (see Note 1) ... ... i -1Vto7V
Supply vORage range ON VGG .« v v vttt e —-1Vto7V
Short Circuit OUtPUL CUITENt ... .. e et et e 50 mA
PoWer diSSIPation . ... . it e 1w
Operating free-air temperature range ...ttt 0°C to 70°C
Storage temperature range ...t —55°C to 150°C

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

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

recommended operating conditions

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

logic voltage levels only.
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
'44165-70 '44165-80 '44165-10
PARAMETER TEST CONDITIONS '44165P-70  |'44165P-80 | '44165P-10 UNIT
MIN MAX| MIN MAX| MIN MAX
VoH High-level output voltage loH=-5mA 24 24 24 Vv
VoL Low-level output voltage loL=42mA 0.4 0.4 0.4 Vv
I Input current (leakage) Xﬁ:octh:ef:lr:/s’ \—/|0=V0 tt:\?:CV' +10 +10 +10 HA
lo Output current (leakage) xgci Z i‘?sVVC,C TAS high +10 +10 +10 nA
Read or write cycle current _ .
Iiccit (see Note 3) VGG = 5.5V, Minimum cycle 120 105 95| mA
VIH=24V (TTL)
After 1 memory cycle, 2 2 2 mA
\ Standb ‘ RAS and CAS high
cC2 andby curren
ViH=Vcc—0.2V (CMOS) |'44165 1 1 1] mA
After 1 memory cycle,
RAS and CAS high ’44165P 200 200 200 pA
Ve = 5.5V, Minimum cycle,
Average refresh current RAG. BAS evali
lccs  (RAS-only or CBR) E:RT?h?:r:yzbggsoﬁﬁmg' 120 105 95| mA
(see Note 3) RAS low after CAS low
Average page current Vce =55V, tpc = minimum,
lccat  (see Note 4) RAS low, CAS cycling 120 105 951 mA
. tRc=125us, t <1ups,
Battery backup operating \/Ré:c; —02Vs \%:Ss 6.5V
Ilccst  current (equivalent refresh e 300 300 300 RA
time is 64 ms) (CBRonly) | 2¥ < ViL =02V, UW, LWand
OE=V|H, Address and Data stable
Iccet*  Self refresh current fnﬁiﬁ;ﬁ ;/f't:?:;szzm\ilr'\imum 200 200 200 pA
t Measured with outputs open.
 For TMS44165P only.

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

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

capacitance over recommended ranges of supply voltage and operating free-air temperature,

f = 1 MHz (see Note 5)

PARAMETER MIN TYP MAX| UNIT
Ci(a) Input capacitance, address inputs 5 pF
Ci(oE) Input capacitance, output enable 7 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ci(W) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 5: Vgc equalto 5V + 0.5 V and the bias on pins under test is 0 V.
TEXAS {’?
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

'44165-70 '44165-80 '44165-10
PARAMETER '44165P-70 | '44165P-80 | ’'44165P-10 UNIT
MIN MAX| MIN MAX| MIN MAX
tCAC Access time from CAS low 20 20 25| ns
tAA Access time from column address 35 40 45 ns
tRAC Access time from ﬁ_rg low 70 80 100 ns
tOEA Access time from O_EIow 20 20 25 ns
tcPA Access time from column precharge 40 45 50 ns
tcLz ET?IOW to output in low Z 0 0 0 ns
tOFF Output disable time after CAS high (see Note 6) 0 20 0 20 0 25 ns
toEz Output disable time after OE high (see Note 6) 0 20 0 20 0 25 ns

NOTE 6: tofFF and togz are specified when the output is no longer driven.
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