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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 (EPROMs), One-Time
Programmable Read-Only Memories (OTP PROMSs), 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 |IEEE standard.

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

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

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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TM124MBK36Q . ........ 5-39
TM124MBK36R ........ 5-47
TM124MBK36S ........ 5-57
TM124TBK40 .......... 5-137
TM124TBK40S ........ 5-137
TM16100EBDS ........ 5-99
TM16100GBDS ........ 5-91
TM248CBK32 ......... 5-29
TM248CBK32S ........ 5-29
TM248NBK36B ........ 5-47
TM248NBK36C ........ 5-57
TM248NBK36R ........ 5-47
TM248NBK36S ........ 5-57
TM248VBK40 . ......... 5-137
TM248VBK40S ........ 5-137
TM4100EADS ......... 5-67
TM4100GADS ......... 5-75
TM496TBM40 ......... 5-125
TM496TBM40S ........ 5-125
TM497BBK32.......... 5-105
TM497BBK32S ..... ... 5105
TM497EADSB ......... 5-13
TM497GADSA ......... 5-83

 TM497MBK36A ........ 5-21
TM497MBK36Q ... ....... 5-21
TM497TBM40 ......... 5-115
TM497TBM40S ........ 5-115
TM893CBK32S ........ 5-105
TM893VBM40 ......... 5-115
TM893VBM40 ......... 5-115
TM893VBM40S ........ 5-115
TMS27C010A ......... 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

TMS27PCO020...... 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 ............ 4-5
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, VRAMs, and FMEMs described in this book should include an eight-part type
number as explained in the following example:

T™S 4 4 c 256 -10 DJ
1. Prefix: |
T™MS Commerical MOS
SMJ Military MOS
2. Product Family:
4 DRAM/NVRAM/FMEM
3. Word Width:
Blank x 1
Blank x 4 (FMEM only)
4 x4
8 x 8
16 x 16
4. Technology:
(o} 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 30ns
-80 80ns -60 50 ns
-10 100ns
-12 120ns
-15 150 ns
-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/FMEMs) M -55°Cto 125°C
Blank 0°C to 70°C (DRAMs)
i
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General Information

DRAM Ordering Information

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

™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 5 V
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 Enphanced Page Mode 3 Serial Mode
2CAS (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) Military (Ceramic)
DGA  300-mil Thin Small Outline (TSOP) (26-lead) HM  Small-Outline Leadless Chip Carrier (SOLCC)
DGB  300-mil Reverse Lead Thin Small Outline (TSOP) HJ  Small-Outline J-Lead (SOJ)
(26-lead) HR Flatpack
DGC  400-mil Thin Small Outline (TSOP) (28-lead) JD Side-Brazed Dual-In-Line
DGD  400-mit Reverse Lead Thin Small Qutline (TSOP)
(28-lead)

DGE  400-mil Thin Small Outline (TSOP) (44-lead)
DGF  400-mil Reverse Lead Thin Small Qutline (TSOP)
(44-lead)
DC  400-mil Thln Small Outline (TSOP) (50/44-lead)
0.8 mm pitch

DE  40C-mil Thin Small Cutline (TSOP) (32-lead)

1.27 mm pitch
DJ  300-mil Small Outline J-Lead (SOJ) (26/24-lead)
DM  350-mil Small Qutline J-Lead (SOJ
DN  Thin Small Outline J-Lead (SOJ)
DZ  400-mil Small Outline J-Lead (SOJ)
RE  400-mil Small Outline J-Lead (SOJ) (50-mil pitch)
SD | Zig-Zag In-Line (ZIP)
RVA" Vertical Package (VPAK)

8. Temperature Range:

Commercial Military
Blank 0°Cto 70°C M -55°Cto 125°C
i
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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
-10 100 ns

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

Texas ‘t’?
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General Information

Differentiated DRAM Module Ordering Information

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

™ 124 E AO g B -Z -10 -

1. Prefix; ]

™ Commerical TI MOS Module
2. Density:

256 256K 496 4 Meg

512 512K 497 4 Meg -2KRefresh

124 1 Meg 892 8 Meg

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

B G M

Cc K T

E L \
4. Board Dimensions:

U

AD

BK

BM
5. Word Width Output:

8 x8

9 x9

32 x 32

36 x 36

40 x 40

6. Devices Used:
Blank 8 -'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 ('124GUSBA)
8 - '44400s + 4 '4C1024s ('124MBK36A)
2-'44400s + 1 '4C1024 ('124EAD9B/'EAD9BZ)
8 - '44C256s + 1 '44C260 ('256KBK36B)
16 - '44C256s + 2 '44C260s ('512LBK36B)
8 -’44400s + 1’44460 ('124MBK36B)
16 - '44400s + 2 '44460s ('24BNBK36B)
2-'44C256s + 1'4C1024 ('256GUIC)
2-'44400s + 1’44100 ('124EADI9C/'EAD9CZ)
2-'44400s + 1 '44100 ('124EUSC/EUSCZ)
8- '44C256s + 2 '44C260s ('256KBK36C)
16 - '44C256s + 4 '44C260s ('512LBK36C)
7. Reiaxed Thickness Toierance:
Blank Standard

00000 ®E > >

z Relaxed Board Thickness
8. Speed Deslignator:
Vee £5% Vce £10%
-6 60 ns -60 , 60ns
-7 70 ns -70 70 ns
-8 80ns -80 80 ns .
-100 100 ns -10 100 ns

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

j
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General Information

Nonvolatile Ordering Information

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

TIIVIS 27 P Cc

512

-10

FM

1. Prefix:
TMS Commerical MOS
sSMJ 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:
Cc 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
100ns  -10,-100 200 ns -2,-20,-200
120 ns -12,-120 250 ns Blank, - 25, - 250
150 ns -1,-15,-150 300 ns - 30, - 300
7. Package:
DD Plastic Thin Small-Outline (TSOP)
DU Plastic Thin Small-Outline (TSOP, Reverse Form)
FM Plastic Chip Carrier (32-Pin) Rectangular
FN Plastic Chip Carrier (44-Pin) Square
J Ceramic Dual-In-Line (DIP)
N Plastic Dual-In-Line (DIP)
PM Square Quad Flat Package (SQFP)

8. Temperature Range:

Commerical Military
L 0°Cto 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

T:-:xps‘@
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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: |
T™S Commerical MOS
S1N] 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
4 x 4 — Enhanced Page Mode
80 . x8 — Standard
81 x 8 — Enhanced Page Mode
. 16 x16 — Standard
17 x16 — Enhanced Page Mode
5. Functional Mode — Options:
0 Enhanced PageMode — 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 os
7. Package:
DGH Super Small-Outline (SSOP)

8. Temperature Range:

Commerical Military
Blank 0°C to 70°C M -55°C to 125°C

/
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General Information

Memory Card Ordering Informatibnf

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 —— |

CMSs 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 Byt
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

1 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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Seléction Guide

DRAM
MAX | power NS aTion
ORGANIZATION ACCESS DISSIPATION
DENSITY | /onps BiTs) | PEVICENUMBER | 2L iuc SU(I:,I;LY o Teanoav] PNS PACKAGE? NOTES PAGE
(ns) (mw) (mw)
SMJ4C1024-80 80 413 18 20, |FOHY Military
SMJ4C1024-10 100 385 , 20, S CMOS
1024Kx1 ) omuactoza12 | 120 | S=10% | 550 7 Jag o [MOHL | Enhanced | 927
1024K SMJ4C1024-15 150 303 ' Page Mode
SMJ44C256-80 80 440 FQ. HJ Military
SMJ44C256-10 100 385 Y CMOS
256Kx4 | smusaczse12 | 120 5=210% | 330 7 |20.26 :'['f sF\'/L' Enhanced | 9
SMJ44C256-15 150 303 ' Page Mode
TMS44100-60 60 523 DGA CMOS
TMS44100-70 70 5+10% | 468 1 20,26 |DGB,DJ, |Enhanced 4.5
TMS44100-80 80 413 sD Page Mode
TMS44100P-60 60 523 DGA gr':"h‘;fc q
TMS44100P-70 . 70 5+10% | 468 1" 20,26 |DGB, DJ, Page Mgde 4.5
TMS44100P-80 80 413 SD Low Power
Military
SMJ44100-80 80 468
SMJ44100-10 100 5x10% | 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, gr’:':gfce g
TMS46100-80% 80 33:10% | 180" 3.6 20,26 |DGB, DJ, Page Mode | 449
e TMS46100-10% 100 144 sD Low Voltage
CMOS
TMS46100P-70% 70 216 DGA, EnhanMceg
TMS46100P-80% 80 |[33z10%| 180 36 |20,26 |DGB,DJ, L:vgveVol?agee 4-49
TMS46100P-10% | 100 144 sD Extended
‘ Refresh
TMS46400-70% 70 252 DGA, gmgg g
TMS46400-80% 80 |[33:x10%| 216 72 20,26 |DGB,DJ, |ppod Mode | 471
TMS46400-10% 100 180 sb Low Voltage
1024K x 4 CMOS
TMS46400P-70% 70 ) 252 DGA, E“hanﬁeg
TMS46400P-80% 80 |[33:10%| 216 72 |20,26 |DGB, DY, Ljvgf\,ol?a;e 4-71
TMS46400P-10% | 100 180 sD Extended
Refresh
1t 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 Ti
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Selection Guide

DRAM
M | oowen MAX POWER
ORGANIZATION ACCESS DISSIPATION +
DENSITY | (woRps x aiTs) | DEVICENUMBER | “qie sug,I;LY 2CTvE Tstanoay] PINS | Packace NOTES PAGE
(ns) (mW) (mW)
TMS44800-60 60 660 oMoS
TMS44800-70 70 605
TMS44800-80 80 5210% | oo 11 28 DZ,DGC | Enhanced 4-93
Page Mode
TMS44800-10 100 495
512K x 8
TMS44800P-60 60 660 CMOS
TMS44800P-70 70 605 Enhanced
TMS44800P-80 go | S5*10%| g5 1 [28  |DZDGC p,eMode | 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 thofc 4
TMS44165P-80% 80 5:10% | 578 11 |40, 44 |Dz DGE ngg Mg Ge | 4115
TMs44165P-10% | 100 523 Low Power
TMS45160-70 70 880 CMOS
TMS45160-80 80 5+10% | 770 11 40,44 |DZ, DGE |Enhanced | 4-137
TMS45160-10 100 660 , Page Mode
256K x 16
* TMS45160P-70 70 880 gmrswe 4
4096K TMS45160P-80 80 5:10% | 770 11 - |40, 44 Dz DGE 4137
S Page Mode
TMS45160P-10 100 660 Low Power
TMS45165-70% 70 880 CMOS
TMS45165-80% 80 5:10% | 770 1 40,44 |DZ, DGE |Enhanced | 4-159
TMS45165-10% 100 660 Page Mode
TMS45165P-70% 70 880 thOfc 4
TMS45165P-80% 80 5:10% | 770 11 |40, 44 |Dz DGE ng: Mgde 4-159
TMS45165P-10% | 100 660 Low Power
TMS44400-60 60 550 20,26, | b pga | CMOS
TMS44400-70 70 5:10% | 495 11 20,26, | po" o | Enhanced 4-27
TMS44400-80 80 440 20 ’ Page Mode
TMS44400P-60 60 550 20,26, | o) paa gm'gfce 4
TMS44400P-70 70 5:10% | 495 11 20,26, | ol oy 4-27
1024K x 4 ' <™ | DGB, SD | Page Mode
TMS44400P-80 80 440 20 Low Power
Military
SMJ44400-80 80
SMJ44400-10 100 5:10% | 468 22 |29:20,1JD.HM, | CMOS 9-67
44 440 20,20 |HR Enhanced
SMJ44400-12 120 358 Page Mode
Product Preview:
16 384K x 1 CcMOS
16 384K and TMS416100, 60 | g 40n | 440 ~ loa 0 |DIDCGA | eipanced | 4240
16384Kx 4 | TMS416400, and 70 385 DGB Page Mode
TMS417400 80 330

T DGA 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)

374

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 acoess | POWER | acrive | stanoey t
DENSITY (WORDS x BITS) DEVICE NUMBER 'EIM)E SU(F\’;;LY (mW) (mW) PINS PACKAGE NOTES PAGE
ns,

TMS416100-60 60 495 GG CcMOS
TMS416100-70 70 5:10% | 440 11 |24,28 [DEC | Enhanced | 4385
TMS416100-80 80 385 ’ Page Mode
SMJ416100-60 60 495 Miltary

‘ SMJ416100-70 70 440

16384Kx1 | SMJ416100-80 go | °=19% ] ags |22 NG K e | °
SMJ416100-10 100 330
SMJ417100-60 60 605 itary
SMJ417100-70 70 sst0%| %9 | 11 |24,28 [FNC, HKB |Enhanced | 8-125
SMJ417100-80 80 495 Pago Mode
SMJ417100-10 100 440
TMS416400-60 60 495 bee CcMoS
TMS416400-70 70 5:10% | 440 11 |24,28 | D00 o, |Enhanced [ 4203
TMS416400-80 80 385 ' Page Mode
SMJ416400-60 60 495 ity
SMJ416400-70 70 440
Moo s 5:10% | aa 11 24,28 |FNC, HKB Eggzmge 9-105
SMJ416400-10 100 330

16 384K TMS417400-60 60 495 . cMOs

TMS417400-70 70 5:10% | 440 11 |24.28 (D35 py |Enhanced | 4227
TMS417400-80 80 385 ' Page Mode
SMJ417400-60 60 605 —
SMJ417400-70 70 | s.q0%| %50 | 41 |24,28 |FNC, HKB |Enhanced | 9-143
SMJ417400-80 80 495 v

4006Kx 4 | SMJ417400-10 100 440 g
TMS426400-60§ 60 252 CMOS
TMS426400-70 70 216 DGA, Enhanced
TMS426400-808 go |33%10% | ygo [ 36 2426 |nGg Dy |PageMode | 4400
TMS426400-108 100 144 Low Voltage
™ S426400P-60§ 60 252 gmgfc od
TMS426400P-70 70 216 DGA,
TMS426400P-80§ go |[33%10% | g | 36 |2426 |pgp py Ejgevglf::e 4-409
TMS426400P-108 | 100 144 o o
TMS427400-60§ 60 252 CMOS
TMS427400-70 70 216 DGA, Enhanced
TMS427400-808 go [33*10%| 4go | 36 12426 |nGp Dy |PageMode | 443
TMS427400-108 | 100 144 Low Voltage

tDGA Plastic Small-Outline-Package (SOP)
DGB Plastic Small-Outline Reverse Form Package (SOP)
DGC Plastic Thin Smal-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 Tl

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
ORGANIZATION AcChes | PoweR DISSIPATION __ : .
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I:};’LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
(ns) mw) | (mwW)
TMS427400P-60§ 60 252 gmg:c od
TMS427400P-70 70 216 24, |pGA,
TMS427400P-80§ go |33=10% | 480 | 36 | 26 |paB, by E:g‘;':)"lf::e 4-433
TMS427400P-10 100 144
Low Power
TMS416800-60F 60 495 CMOS
4096Kx4 1 1\15416800-70% 70 | s=to%| 440 1 2% |oE.oz  |Enhanced | 4341
TMS416800-80% 80 385 Page Mode
TMS416800P-60% 60 495 28 gr';‘rg:ce 4
TMS416800P-70§ 70 5:10% | 440 1 a2 |PE0Z  |pagaMode | 434
TMS416800P-80 80 385
Low Power
TMS417800-60% 60 688 o8 CMOS
TMS417800-70% 70 5:10% | 633 1 32 |DE.DZ  [Enhanced | 4-363
TMS417800-80% 80 578 Page Mode
TMS417800P-60% 60 688 28 gm]gﬁc.e g
TMS417800P-70% 70 5:10% | 633 1 ' | bE. DZ 4-363
TMS417800P-80% 80 578 32 Page Mode
Low Power
o CcMOS
TMS426800-7 70 288 28, Enhanced
16 384K TMS426800-80% go |33210%) o5 | 36 32 |PEDZ  [pageMode | 4457
Low Voltage
CMOS
2048K x 8 Enhanced
TMS426800P-70% 70 288 28,
_ant 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% | 479 3.6 32 [PEDZ  {pageMode [ 4470
Low Voltage
CcMOS
Enhanced
TMS427800P-70% 70 414 28,
TMS417800P.80% g0 |33t10% | 478 36 4> |DE.DZ  [PageMode | 4-479
. Low Voltage
Low Power
TMS416160-60% 60 ' 495 42, CMOS
TMS416160-70% 70 5:10% | 440 11 44, (DC,RE  [Enhanced | 4-253
TMS416160-80% 80 385 50 Page Mode
1024Kx16 | icatsisorcot | o 405 42, thofc 5
TMS416160P-70% 70 5+10% | 440 1 44, |DC,RE P“ a M° G | 4258
TMS416160P-80% 80 385 50 age Viode
Low Power

T DGA 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)

s | POWER DISSIPATION
ORGANIZATION ACCESS t
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(I:,I;LY ACTIVE | STANDEY PINS | PACKAGE NOTES PAGE
(ns) (mw) (mW)
TMS418160-60% 60 990 2 CMOS
TMS418160-70% 70 5+10% | 880 11 44 50 | DG RE Enhanced 4-207
TMS418160-80% 80 770 ' Page Mode
TMS418160P-60% 60 990 2 g"gf "
TMS418160P-708 [ 70 5:10% | 880 1 |y s |DC.RE Pz : n\;g G | 4297
TMS418160P-80% | 80 770 ' g
Low Power
R CMOS
TMS426160-70 70 288 42, Enhanced
TMs4zete0-80t | g0 | 33%F10% | a5 | 36 4450 [PCRE dpagemMode [ 427°
Low Voltage
CMOS
. Enhanced
TMS426160P-70% 70 . 288 42,
a0t 3.3:10% 3.6 | DC, RE Page Mode 4-275
1024k x 15 | TMS426160P-80 80 252 44,50 Low Voltage
Low Power
CMOS
16 384K
TMS428160-70% 70 42, Enhanced
TMS428160-80% go. |33=10% | TBD [ 36 |44 50 |PCRE  |pagemMode | 4310
Low Voltage
CMOS
Enhanced
TMS428160P-70% | 70 42,
TMSa28160P-80t go |33=10% | TBD 3.6 44 50 |DC.RE  [PageMode | 4.319
Low Voltage
Low Power
TMS426100-60§ 60 252 CMOS
TMS426100-70 70 216 DGA, Enhanced
TMs4z610080f | 8o [ 33*10% | ygo | 36 |2426 |pap Dy |PageMode | 4385
TMS426100-10% 100 144 Low Voltage
TMS426100P-60% 60 252 gmgfce "
TMS426100P-70% 70 216 DGA,
16K x 1 TMS426100P-80% go | 33=10% | ‘oo 36 24,26 |pag'p ffﬁev'fﬂ’:ee 4-385
TMS426100P-10% | 100 144 ‘ g
Low Power
SDRAM-68 Svnch
16385K | 1MBytex2 |SDRAM-8§ NA |33:10%| T80 | TBD |44 DGE D’g}:M’°”°“S 4-501
. SDRAM-108

1 Advance Information for product under development by TI
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 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 Module
X | ower MAX POWER
ORGANIZATION ACCESS DISSIPATION
VIC!
DENSITY | O RS = BITS) DEVICE NUMBER Soie sug;;x.v e Teroav] PNS PACKAGE PAGE
(ns) (mW) (mW)
TM124EU9B-6 60 525% | 1496 32
TM124EU9B-70 70 5+10% | 1403 33 a0 |Single-Sided 55
TM124EU9B-80 80 5210% | 1238 33 Socketable
TM124EU9B-1 10 * 1073 33
9216K 1024K x 9 0 0
TM124EUSC-6 60 5.5% | 1496 32
TM124EUSC-70 70 5x10% | 1403 a3 40 | Single-Sided 55
TM124EU9C-80 80 5:10% | 1238 33 Socketable
TM124EUSC-10 100 5x10% | 1073 33
TM497EADQB-GOI 60 1843 :
TM497EAD9B-70 70 | 1678 Single-Sided
4096Kx9 | TMag7EADOB-80T go | 5=1% | 4513 [ 17 | 30 |socketale | 53
TM497EAD9B-10t 100 1348
TM497GADBA-GOI 60 1320
TM497GADBA-70 70 1210 Single-Sided
TM497GADBA-80t go | 5=10% | 400 | 22 30 | socketable 5-83
4096Kx8 | TM497GADB8A-10t 100 990
32 768K TM4100GADS-60 60 3990 ) )
TM4100GADS-70 70 5+10% | 3740 88 30 gg‘f'l:t:;?:d 575
TM4100GADS-80 80 ~ 3300
TM124BBK32-60 60 4620 ) )
TM124BBK32-70 70 5:10% | 3960 88 72 g:‘f&gjﬁ:"' 5-29
TM124BBK32-80 80 3520
1024K x 32 _
TM124BBK325-60 60 4620 Single-Sided
TM124BBK325-70 70 5110% | 3960 88 72 | socketable 5-29
TM124BBK325-80 80 3520 Solder-Tabbed
TM4100EADS-60 60 5198 ) )
4096Kx9 | TM4100EAD9-70 70 5:10% | 4455 99 30 gg‘f‘lz{:ﬁ:d 5-67
TM4100EADS-80 80 3960
TM124MBK36-6 60 525% | 6405 126 =
TM124MBK36-70 70 5x10% | 5720 132 72 ggg:zasb::ed 5-39
TM124MBK36-80 80 5x10% | 5170 132
TM124MBK36Q-6 60 525% | 6405 126 Double-Sided
TM124MBK36Q-70 70 5x10% | 5720 132 72 | Socketabte 5-39
TM124MBK36Q-80 80 5:£10% | 5170 132 Solder-Tabbed
TM124MBK36B-60T 60 5198 Single-Sided
36 864K TM124MBK36B-701 70 5110% | 4455 99 72 | Socketable 5-47
. TM124MBK36B-801 80 3960 Gold-Tabbed
: 1024K x 36 .
TM124MBK36R-601 60 5198 Single-Sided
TM124MBK38R-70t 70 51+ 10% | 4455 99 72 | Socketable 5-47
TM124MBK36R-801 80 3960 Solder-Tabbed
Th124MBIK35C-60 0 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 | TM124TBKa0-70t | 70 5+10% | 4675 | 220 72 gg‘f&:;:;?:d 5137
TM124TBK40-801 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 TIME SU(I;I)’LY AGTIVE | STANDBY PINS 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
TM248CBK325-70 70 5:10% | 4048 176 72 | Socketable 5-29
TM248CBK32S-80 80 3608 Solder-Tabbed
TM248NBK368-60T 60 5297 Double-Sided
TM248NBK368-701 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 557
TM248NBK36S-80 80 4510 Solder-Tabbed
TM248VBK40-60T 60 5335 ,
81 920K 2048K x40 | TM248VBK40-70T 70 5:10% | 4785 | 220 72 gg;‘f::i:ged 5-137
TM248VBK40-80T 80 4235
TM497BBK32-60T 60 5280 )
4096K x 32 | TM497BBK32-701 70 5:10% | 4840 88 72 gggf;:ﬁ;ged 5-105
i TM497BBK32-80t 80 4400
131 072K TM16100GBDB-GOI 60 3960
TM16100GBD8-70 70 3520 Double-Sided
16384Kx8 | 1)416100GBD8-801 80 5210% | 3080 88 30 | socketable 591
TM16100GBD8-10T 100 2640
TM16100EBDQ-601 60 4455
TM16100EBD9-70 70 3960 Double-Sided
16384Kx9 | 1\116100EBD9-80T 80 5210% | 5465 | 99 30 | socketable 5-99
TM16100EBDS-10T 100 2970
TM497MBK36A:60T 60 8140 .
147 456K TM497MBK36A-701 70 5:10% | 6820 | 132 72 ggg::;sb:lged 521
TM497MBK36A-801 80 6160
4096K x 36
TM497MBK36Q-60T 60 8140 Double-Sided
TM497MBK36Q-701 70 5x10% | 6820 132 72 | Socketable 5-21
TM497MBK36Q-801 80 6160 Solder-Tabbed
TM496TBM40-60T 60 4950 Double-Sided
TM496TBM40-70T 70 5+10% | 4400 110 72 | Socketable 5-125
TM496TBM40-801 80 3850 Gold-Tabbed
TM496TBM40S-60T 60 4950 Double-Sided
TM496TBMA40S-70T 70 5+10% | 4400 110 72 | Socketable 5-125
TM496TBM40S-801 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-60F 60 6600 Double-Sided
TM497TBM40S-701 70 5+10% | 6050 110 72 | Socketable 5-115
TM497TBM40S-80T 80 5500 Solder-Tabbed
t Advance Information for product under development by Tl
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Selection Guide

DRAM Module (concluded)

MAX POWER E.é’éﬁﬁ‘r'féﬁ
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SUgIE)’LY ACTIVE | STANDBY PINS PACKAGE PAGE
(ns) (mW) (mw)

TM893CBK32-60T 60 5368 ’

262144K | 8192Kx 32 |TM893CBKa2-70t 70 5:10% | 4928 176 72 gg:&fﬁ;g"d 5-105
TM893CBK32-801 80 4488
TM892VBM40-601 60 5060 Double-Sided
TM892VEM40-70T 70 5110% | 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 -
TM893VBM40-601 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-701 70 51+10% | 4510 220 72 | Socketable 5.115
TM893VBM40S-80T 80 3960 : Solder-Tabbed

1t Advance Information for product under development by Tl '
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Selection Guide

EPROM
MAX | powen MAX POWER
ORGANIZATION ACCESS DISSIPATION '
DENSITY | woRDS ~BiTS) | DEVICE NUMBER YIME suglr;w ~orve Tstanoov| PINS [PACKAGET | NOTES | PAGE
(ns) (mw) (mW)
TMS27C128-12 120
TMS27C128-15 150
TMS270128.20 200 5+10% | 165 14 |28 J CMOS 62
TMS27C128-25 250
SMJ27C128-12 120 131 1.6
128K 1
SKx8 SMJ27C128-15 150 | 52552 | 220 17
SMJ27C128-17 170 5:10% | 220 17 g J Miitary | g o1
SMJ27C128-20 200 5+ 10% 220 1.7 CMOS
SMJ27C128-25 250 gz]g?} 220 1.7
SMJ27C128-30 300 ° 1 220 1.7
TMS27C256-10 100
TMS27C256-12 120
TMS27C256-15 150
TMS2705617 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 Milt
SMJ27C256-20 200 5:10% | 220 17 |28 J C“Sg 9-253
SMJ27C256-25 250
SMJ27C256-30 300
TMS27C510-12 120
TMS27C510-15 150
TMS27C510-17 170 5+10% | 165 14 |32 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 CMOS 6-27
TMS27C512-20 200
TMS27C512-25 250
SMJ27C512-20 200 Mt
SMJ27C512-25 250 5:10% | 263 18 |28 J C,'w'grsy 9-263
SMJ27C512-30 300
TMS27C010A-10 100
TMS27C010A-12 120
TMS27G010AS 150 5+10% | 165 055 |32 J CcMOS 6-39
128K = 8 TMS27C010A-20 200
TMS27LV010A-20F 200 CMOS
1024K TMS27LV010A-25¢ | 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 5x10% | 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 MAX POWER
ORGANIZATION ACCESS DISSIPATION t
DENSITY | woRDS x BiTs) | DEVICENUMBER SINE sug,l;l.v ~ove Tstanoav] 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 Mita
SMJ27C040-12 120 5:10% | 330 055 |32 J C;wlorsy 9-275
SMJ27C040-15 150
4096K
TMS27C240-10 100
TMS27C240-12 120 5x10% | 275 055 |40 J CMOS 6-81
TMS27C240-15 150
256K x 16
TMS27C400-10% 100
TMS27C400-12% 120 5:10% | 275 0.55 |40 J CMOS 6-91
TMS27C400-15% 150

tJ Ceramic Dual In-Line Package (DIP)
% Advance Information for product under development by Tl
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Selection Guide

Flash EEPROM
MAX POWER MA§|P°W53
DISSIPATI
DENSITY °R§$‘;ZA;'°N DEVICENUMBER |ACCESS | suppLy PINS |PACKAGE! | NOTES | PAGE
(Wi x BITS) i TIME ) ACTIVE | STANDBY
(ns) (mwW) (mW)
CMOS
TMS29F816-06 N/A 5:10% | 110 na |18 [Fm SV Fash | 6101
JTAG Bus
16K 2K x 8
CMOS
SMJ29F816-06f | N/A 5:10% | 110 nA (18 |Fm S Fash | 9.285
JTAG Bus
TMS28F512-10% 100
. CMOS
TMS28F512-12F 120 N DD, DU,
512K 64K x 8 TMS28Fe12-15¢ 150 5:10% | 165 55 |32 M. N Eléls’??OM 6-145
TMS28F512-17% 170
TMS28F010-10% 100
CMOS
TMS28F010-12% 120 : DD, DU,
128K x 8 TMS28F010-15¢ 150 5:10% | 165 .55 |32 M. N EE;T?OM 6-145
TMS28F010-17% 170
1024K
Tmszanm-tog 100 CMOS
TMS28F210-12 120
64K x 16 TMS28F210-165 150 5:10% | 275 55 (40,44 [FN,J E‘é;’;aom 6-165
TMS28F210-178 170 .
CMOS
4096K 512K x 8 TMS28F040-80% 80 5:10% | 165 055 |32,40 |DD, DU,N |Flash 6-185
EEPROM
TDD Plastic Thin Small-Outline Package

J Ceramic Dual In-Line Package (DIP)
N Plastic Dual In-Line Package (DIP)
¥ Advance Information for product under development by Tl
§ 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

ORGANIZATION aderss | powen DiSSIPATION +
DENSITY (WORDS x BITS) DEVICE NUMBER TIME SU(!:,I;’LY ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
(ns) (mW) (mw)
TMS27PC128-15 150
128K 16K x 8 TMS27PC128-20 200 5:10% | 165 1.4 128,32 |[FM,N CMOS 62
TMS27PC128-25 250
TMS27PC256-10 100
. TMS27PC256-15 150
256K 32K x 8 TMS27PC266-17 170 5:10% | 165 1.4  |28,32 |FM,N CMOS 63
TMS27PC256-20 200
TMS27PC256-25 250
TMS27PC510-15 150
TMS27PC510-17 170
TMS27PC510-20 200 5x10% [ 165 14 |32 FM, N CcMOS 6-15
TMS27PC510-25 250
512K 64K x 8 TMS27PC512-10 100
TMS27PC512-12 120 oD, DU
TMS27PC512-15 150 5+10% | 165 14 [28,32 [0 0™ [CMOS 6-27
TMS27PC512-20 200 '
TMS27PC512-25 250
TMS27PC010A-12 120 bD. DU
TMS27PC010A-15 150 5=x10% | 165 055 |32 MmN |CMOS 6-39
TMS27PC010A-20 200 '
128K x 8
TMS27LV010A-20% | 200 CMOS
1024K TMS27LV010A-25% | 250 |3.3=10% | 54 009 |32 FM Low 6-203
4 TMS27LV010A-30¢ | 300 Voltage
TMS27PC210A-12 120
: TMS27PC210A-15 150
64K x 16 TMS27PO210A-20 200 5+10% | 165 055 |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 0.55 - |44 FN CMOS 6-81
TMS27PC240-15 150
256K x 16
TMS27PC400-10% 100
TMSZ7PC400-12§ 120 5+10% . 275 | 055 |44 N CMOS 6-91
TMS27PC400-15 150
tDD Plastic Thin Small-Outiine Package

N Plastic Dual In-Line Package (DIP)
% Advance Information for product under development by T

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

Video RAMs/Fleld Memorles

MAX POWER MAX POWER
ORGANIZATION ACCESS DISSIPATION "
DENSITY (WORDS  BITS) DEVICE NUMBER TIME SU(I:};!. “ACTIVE | STANDBY PINS | PACKAGE NOTES PAGE
(ns) (mwW) (mw)
Military
SMJ44C250-10 100 635 90 CMOS
SMJ44C250-12 120 | 5=10% [ 559 gs |28 [MID InMuitipont 9-181
Video RAM
: Military
SMJ44C251-10 100 550 CMOS
SMJ44C251-12 120 5210% | 495 83 128 [HLJD  pyikiport 9-189
Video RAM
TMS4C1050B-30 30 275 CMOS
1024 4
K 256K x TMS4C1050B-40 40 5+10% 248 55 ;g' 26 DJ, N, SD | Field 7-109
TMS4C1050B-60 60 193 ' Memory
TMS4C10608-30 30 275 16 CMOS
TMS4C1060B-40 40 5+10% 248 55 20' 26 DJ, 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
TMS4C10708-60% | 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 MOoS
TMS55165-70 70 908 -
5§+10% 28 64 DGH Multiport 7-57
TMSSSj 65-80 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)
Advance Information for product under development by Tl
Texas WP
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INSTRUMENTS
2-15

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



Selection Guide

Memory Card
MAX | power DISSIPRTION
ORGANIZATION ACCESS
DENSITY (WORDS x BITS) DEVICE NUMBER TIME sug,r):LY 2oTvE TSTANGEY PINS NOTES PAGE
(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 ©oor 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
512Kx 8 PCMCIA Standard
or CMSe8F512-250t 250 5+ 5% 420 131 68 Flash EEPROM 8-45
256K x 16 3 Memory Card
PCMCIA Standard
512K x 8 OTP PROM Memory
or CMS68P512-200% 200 5+5% | 1050 52.5 68 Fa{dd Attrib 8-35
256K x 16 ’ ncludes Attribute
512K x Memory
512K = 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 OMS213-250 250 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% | 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 825 68 OTP PROM Memory | 8-35
512K x 16 Card
CMS8209-200 200 OTP PROM Memory
64K x 16 CMS209-250 250 5+5% 525 42 60 Card 8-65
CMS214-200 200 OTP PROM Memory
128K x 8 CMS214-250 250 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 “éé’é.”"wgﬁ
ORGANIZATION ACCESS PATI
DENSITY | WORDS x BITS) DEVICE NUMBER SIME suggl.v ~omve Torancav] PINS NOTES PAGE
(ns) (mw) (mwW)
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
1024Kx 18 | e ooe 80 525% | H7ga 68 60 |cord 8-3
2048K CMS408-7 70 2153 DRAM Memory
1024Kx16 | Qyicaca s 80 525% | Yg3 47 60 |card 83
CMS210-200 200 OTP PROM Memory
128Kx16 | Syrcot0 250 250 5+5% | 525 84 60 | Gard 8-65
CMS216-200 200 OTP PROM Memory
256K x 8 OMS216-250 250 5:5% | 263 84 60 | Garg 8-65
CMS405-7 70 3161 DRAM Memory
oo 2048Kx 18 | Sucioe e 80 525% | ,g45 131 60 |card 8-3
CMS406-7 70 2195 DRAM Memory
2048Kx 16 | Sveaoe s 80 5:5% | Jgas 89 60 | Card 8-3
CMS88D4MB36-7T 70 4988 DRAM Memory
1024Kx 36 | Cyicoanavpac-at 80 5:5% | 4acq 58 8 |card 8-27
CMS409-7 70 8768 DRAM Memory
sromc 4096Kx18 [ Sy no e 80 525% | 2009 194 60 |Card 8-17
CMS410-7 70 7823 DRAM Memory
4096Kx 16 | Cyicaios 80 525% | .coas 173 60 |Card 8-17
CMS88D8MB36-71 70 5045 DRAM Memory
2048Kx36 | S\esapamBas.at 80 525% [ 4en0 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.

INSTRUMENTS

TEXAS{'?

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

2-17



Selection Guide

TEXAS “9
INSTRUMENTS

218 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



al Information .~ -

Electrostatic Discharge Guidelines

3-1



3-2



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., a 1 ora0. 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 RAMSs 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: . v
1. The words “read/write” may be omitted from the term when no misunderstanding will result.

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

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.

TEXAS “:’f
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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 EEPROMSs. 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- OnIy 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;Acommon term for ROMs, EPROMs, EEPROMs, etc., containing data thatis 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 mémory 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).

TEXAS ‘t’?
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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 memoryin which the contents are notintended to be altered during normal operation.
NOTE: Unless otherwise qualified, the term “read-only memory” implies that the contents are determined by its
structure and are unalterable. ‘

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

Row Address Strobe (RAS) — A clock used in dynamic 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.

TEXAS #@
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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
asurface-mounted component. Itis made of a plastic material that can withstand high temperatures and has leads
formed in a gull-wing shape along its two longer sides for connection to a PWB footprint.

SMD - Standard Military Drawing.

SOLCC — Small Outline Leadless ceramic Chip Carrier.
~ 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 I1C 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 mémory 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.

TEXAS “?
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OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS)

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

Example symbology:

Ci Input capacitance

Co Output capacitance

Cip) Input capacitance, data input
Current

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

The current into* an output with input conditions applied that according to the product specmcatlon will estabhsh
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,) oz

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, Ipps Ipp
The current into, respectively, the Vgg, Voo, Vop, Vpp supply terminals.

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

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

Voltage
High-level input voltage, V|4

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

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

TExas b
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High-level output voltage, Vou

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, VoL

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, Vces Vop: Vpp

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 whenintervals
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 confuswn is likely to occur.

3-8
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Classified time intervals (general comments, specific times follow)

Because of the information contained in the definitions, frequently the identification of one or both of the two signal
events that begin and end the intervals can be significantly shortened compared to the unclassified forms. For
example, 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) tsLqv Access time from chip select (low)
Cycle time

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

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

Example symbology:

Classified Unclassified Description
teR): te(ra) tAVAV(R) * Read cycle time
tew) tavavw) Write cycle time

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

Disable time (of a three-state output)

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

Example symbology:

Classified Unclassified Description
tdis(s) © isHQz ‘ Output disable time after chip select (high)
tdis(w) twLaz Output disable time after write enable (low)

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

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

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

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

These symbols supersede the older from tpzy,.

TExas ‘l’f
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Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition occurs
at another specified input terminal.
NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the system

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

2. The hold time may have a negative value in which case the minimum limit defines the Iongest 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) L
th(RHrd) tRHWH Read (write enable high) hold time after RAS 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-CcAX Column address 'hold time aﬁ?r_FiAS low
th(rA) tRL-RAX Row address hold time (after RAS low)
These last three symbols supersede the older forms:
NEW FORM OLD FORM
th(cLca) th(aC)
th(rLCA) th(ARL)
th(RA) 4 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 leve! 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

tf Refresh time interval
TEXAS "v’l‘
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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 andis 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(p) tDvwH Data setup time (before write high)

tsu(ca) tcav-cL Column address setup time (before CAS low)
tsuRA) 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

% . Transition time (general)
ti(cH) tcHCH . Low-to-high transition time of CAS
tr(c) tcHeH CAS rise time '
t(c) teLeL 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
ta) taxax Output data valid time after change of address

This supersedes the older form tpyx.
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Timing Dlaéram Symbol

RLLRIRLKLL

TIMING DIAGRAMS CONVENTIONS

Input Forcing Functions

Must be steady high or low

High-to-low changes permitted

Low-to-high changes permitted

Don't care

(Does not apply)

Meaning
Output Response Functions

Will be steady high or low

Will be changing from high to low sometime
during designated intervals

Wili be changing from low to high sometime
during designated intervals

State unknown or changing

Centerline represents high-impedance
(off) state.
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(256K x 16) Enhanced PageMode . ..........coovviiiii i, 4-159
(256K x 16) LOW POWET ...t viv v i i i iaens 4-159
(16 385K x 1) Enhanced Page Mode ...................... 4-181, 4-249
(4096K x 4) Enhanced Page Mode ........................ 4-203, 4-249
(4096K x 4) Enhanced Page Mode .......... e 4-227, 4-249
(16 385K x 1 and 4096K x 4) Product Preview .................... 4-249
(1024K x 16) Enhanced PageMode ..............covivvininnnn, 4-253
(1024K x 16) LOW POWET . ..iviitiiniiiiii it naanans -4-253
(1024K x 16) Low Voltage ..ot 4-275
(1024K x 16) Low Voltage, Low Power ............... [T 4-275
(1024K x 16) Enhanced Page Mode ......... PO 4-297
(1024K x 16) Low Power .............. i renarrae 4-297
(1024K x 16) Low VOltage ......vevveervernnereennes e 4-319
(1024K x 16) Low Voltage, Low Power ............coovviinnnann, 4-319
(2048K x 8) Enhanced PageMode ............oovvvviininennnn, 4-341
(2048K x B) LOW POWEF ... .ot vviiiiet it i i s anenneees 4-341



TMS417800
TMS417800P
TMS426100
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 ...........ccovviviiiivnnnnen, 4-363

(2048K x B) LowPower ........coiiiiiiiiiii i 4-363
(16Kx1)LowVoltage .........ccvveiiiiiiiiiiiiiii s 4-385
(16K x 1) Low Voltage, Low Power .............coiiiieniiin.ae. 4-385
(4096K x4) Low Voltage . ..o vvvn i iniiin i iei e 4-409
(4096K x 4) Low Voltage, Low Power ...............ccovvvinnenn. 4-409
(4096K x 4) Low Voltage . ... vvviien it iiiieinneennans 4-433
(4096K x 4) Low Voltage, Low Power ............ccoovvvvnenn, 4-433
(2048K x B) Low Voltage . . ... oo vr i 4-457
(2048K x 8) Low Voltage, LowPower .............ccovvvevevenn. 4-457
(2048K x 8) Low Voltage . .....oviiviiniiiin i 4-479
(2048K x 8) Low Voltage, Low Power ............cooevevvvinnn, 4-479
(1024K x 2) Synchronous DRAM ..................c.veees. ... 4-501
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992
® Organization...4194 304 x 1 DJ PACKAGET SD PACKAGET
¢ Single 5-V Power Supply (+10% Tolerance) (TOP VIEW) (TOP VIEW)

® Performance Ranges: o[+ U 26[Jvss A9[]1 2[eas
ACCESS ACCESS ACCESS  READ w2 25l 71Q alds +0v.
TIME TIME TIME ORWRITE RAS[}3 24| ] CAS ofs | 0 W§S
(tRAC) (tcac) (taa)  CYCLE NC[]4 23| JNC RAS{]7 s ato
(MAX) (MAX) (MAX)  (MIN) A10[]s 22| ] A9 NC[ds9 1oCne
TMS44100/P-60 60 ns 15ns 30ns 110 ns A0 % 1 12[] A1
TMS44100/P-70 70ns  18ns  35ns  130ns Ao[]e 1sbA8 A2[]13 140l A3
TMS44100/P-80 80ns 20 ns 40 ns 150 ns At E 10 17 :] A7 Vig ] 15 16 [: A4
* CAS-Before-RAS Refresh A2l]n e BAG A % :; 18[] A6
* Long Refresh Period.. . . Asl]12 15[ 1As 20[] A8
~ 1024-Cycle Refresh in 16 ms (Max)  Vecl]1s  14[ A4
~ — 128 ms for Low Power, Self-Refresh DGA PACKAGET DGB PACKAGET
Version (TMS44100P) (TOP VIEW) (TOP VIEW)
® 3-State Unlatched Output
* Low Power Dissipation b+ 26[1Vss Vss[]1 26[ 1D
® Texas Instruments EPIC™ CMOS Process m‘%’% § zi % gTS A5 Ag E : :i %%
® Al Inpugs/Outputs and Clocks are TTL Nc[] 4 231 NC Nc [ 4 23 INC
Compatible At0]s 22[] A9 As[]s 22[ ] A10
* High-Reliability Plastic 300-Mil 20/26-Lead | '
Surface Mount (SOJ) Package, 20-Pin Aol s 187 As As[ 19 187 A0
Zig-Zag In-line (Zip) Package, 20/26-Lead Al E 10 17 % A7 A-,E 10 17 % Al
Thin Small Outline (TSOP) Package, and A2 161 1A6 As ] 11 18] A2
Reverse Thin Small Outline Package A3 12 151 A5 A5 12 15 A3
¢ Operating Free-Air Temperature Range Vee [ 13 14 ] A4 A4[]13 14[JVee
0°C to 70°C :
T The packages shown are for pinout reference only.
description
The TMS44100 series are high-speed PIN HOMENCLATURE
4194 304-bit dynamic random-access memo- %’“0 gdf'ess /'\’;‘L“‘s Stoh
ries, organized as 4 194 304 words of one bit DA D:t;"l':' ress Strobe
each. They employ state-of-the-art EPIC™ - NG N .
o Connection
(Enhanced Performance Implanted CMOS) tech- Q Data Out
nology for high performance, reliability, and low FAS Row-Address Strobe
power at a low cost. W Write Enable
The TMS44100P series are high-speed, low Vce 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 lnformation Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated

zrod;c:; :ontontt; to specifications per the terms of Texas ln""l‘nmlmx:. "
andard warranty. Production pi g does not y Include ‘-[\
testing of all paramoters, I EXAS
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TMS44100, TMS44100P
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

(cdntlnued)

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 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.

Unlike conventional page-mode DRAMSs, the column-address buffers i |n this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44100 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performance improvement s referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after toac max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of toac
or topa (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 ot 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- |mpedance 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 datain. The outputis in the high-impedance (floating) state
until CAS is brought low. In aread cycle the output becomes valid after the access time interval tgac that begins

46
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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
mustbe used foraRAS-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 tcspg] and holding it
low after RAS falls [see parameter toHg]. For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally. '

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 ps. To minimize current consumption, all input levels need to be at CMOS levels
ViLs0.2V,Viq=Vgc—-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

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 ps. 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 tons. Upon exiting the self-refresh mode, a burst refresh (refresh a full set
of row addresses) must be executed before contmumg with normal operation. This will ensure the DRAM is fully
refreshed.

TEXas "b
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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
Al 1
A2 12
A3 14
A4 15
0
AS 16 A 3794303
A6 17
A7
A8 18
22
A9 5
A10 31D21/21D10 /
D> €30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
> C31 [cOL]
G34
— 24
CAS & > 33c32
w ——-ﬁf 33,31D 34EN 25
D A, 32D AV Q
1 This symbol is in accordance with ANSIIEEE 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 J
¥ )|
A i 8_, 16
Al ___L_, Column Decode
*| column :/*. Sense Amplifiers
o| Address L 128K Array 128K Array
o| Buffers D
R 16 ata
A10 o 128K Array o 128K Array P In 4
L . w . o 4 Reg. [¢7° D
. . L Buffers
. . 1of16
. 16< D 16 an Ot t » [ Data 4 a
Row |49 : out |’
®| Address 7 o <7 Reg.
o| Buffers y. d 3 1_@'
- [
128K Array 128K Array
1 _19_( T
Texas W
EXAS
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TMS44100, TMS44100P
4194 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

Voltagerangeonany pin (seeNote 1)} ...t e -1Vto7V
Voltage raNGE ON VGG v vttt ittt e et e i e st -1Vto7V
Short circuit QUIPUL CUITENE ..ot i ittt ittt iar e raianeeeensns 50 mA
POWEr diSSiPation ... . e e e 1W
Operating free-air temperature range .......c.c.eveviiiinereererennernnss e 0°C to 70°C
Storage temperature range . .......oveeiirinr et ieii ettt —55°Cto 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 cperating conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 \%
VIH High-level input voltage 2.4 . 65 \
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 min'xmf.xm. is used in this data sheet for logic

voltage levels only.

- TEXAS Q‘
INSTRUMENTS
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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 2.4 \)
VoL Low-ievel output voltage | loL =4.2 mA 0.4 0.4 0.4 \
Iy Input current {leakage) \AIIII 231:: :"fsv:’ \é%ci:\ffcv' +10 +10 +10 pA
lo Output current (leakage) xg(;:f‘;osv\?%ﬁ high +10 +10 +10 pA
Read or write cycle . B
Icci1t current (see Note 3) Minimum cycle, Voo = 5.5V 105 90 80 mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
ViH =24V (TTL)
I Standby current After 1 memory .
ce2 Y cycle, RAS and 44100 1 1 1 mA
CAS high,
VIH=Vcc =02V | 144100P 500 500 500 | paA
(CMOS) .
Average refresh current %T;Tligc'e, Vec =55V,
lcca  (RAS-only or CBR) CAS high (RAS-only), 105 90 80 | mA
(see Note 3) RAS low after CAS low (CBR)
Average page current tpc = minimum, Vg =565V,
Iccat  see Noto 4) RAS low, CAS cycling 90 80 70 | mA
Iccelt  Selt-refresh current S\'::szgi :f'teﬂrlt\::szzm\il;l 500 500 500 pA
Icc7t  Standby current gg\; :JT;QS;VIL' 5 5 51 mA
. tRc =125ms, t <1ms,
Battery backup operating \$CCC ~02V= \2:;8__. 6.5V
current (equivalent ' -
lcc1o* refresh time is 256 ms) %Va:;/(l)%; _0\2 I-\l/’ 500 500 500 KA
CBRonl! AN
ony Address and Data stable

1 Measured with outputs open.

$ For TMS44100P only. o

NOTES: 3. Measured with a maximum of one address change while RAS = V..
4. Measured with a maximum of one address change while CAS = V|4.

TEXAS {’P
. INSTRUMENTS
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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
Cin) Input capacitance, address inputs 5 pF
Ciip) 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: Vgg equalto 5V = 0.5V and the bias on pins under testis 0 V.

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

temperature
TMS44100-60 | TMS44100-70 | TMS44100-80
PARAMETER TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | yNIT

MIN MAX MIN MAX MIN MAX
tAA Access time from column-address 30 35 40 ns
tcAC  Access time from CAS low 15 18 20 ns
tcpA  Access time from column precharge 35 40 45 | ns
tRAC  Access time from RAS low 60 70 80 ns
tcLz CAStooutputinlow Z ] 0 ns
toFr  Output disable time after CAS high (see Note 6) 0 15 0 18 20 ns

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

TEXAS ‘v'f
INSTRUMENTS
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TMS44100, TMS441 00P
4194 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
tRwc  Read-write cycle time 130 153 175 ns
tpc Page-mode read or write cycle time (see Note 8) 40 45 50 ns
tPRWC Page-mode read-write cycle time 60 68 75 ns
tRasp  Page-mode pulse duration, RAS low (see Note 9) 60 100000 70 100 000 80 100000} -ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 60 10 000 70 10 000 80 10000 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
tasc Column-address setup time before CAS low 0 [o] 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 15 18 20 ns
tRwL  W-low setup time before RAS high 15 18 20 ns
twes ~ W-low setup time before CAS low (Early write operation only) 4] 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
tRAH  Row-address hold time after RAS low 10 10 10 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 0 ns
tweH  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
D Dyt a8 o Won w = w0 o
tcrp  Delay time, CAS high to 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 =5 ns.
8. To assure tpc min, tosc should be greater than or equal to 5 ns.
9. In aread-write cycle, tgwp and tgw| must be observed.
10. In a read-write cycle, tcwp and tGw must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either trRrH or tRCH must be satisfied for a read cycle.
13. The minimum value is measured when tRcp is set to tRgp min as a reference.

TEXAS {P
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TMS44100, TMS44100P
4194 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
ICSR  (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
tRAaD - Delay time, RAS low to column-address (see Note 14) 15 30 15 35 15 40 ns
RAL 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  (see Note 14) 20 45| 20 52| 20 60| ns
tRpc  Delay time, RAS high to CAS low (CBR only) ] 0 0 ns
tRSH  Delay time, CAS low to RAS high 15 18 20 ns
Delay time, RAS low to W low
RWD (Read-write operation only) 60 70 80 ns
tcps CAS precharge before self-refresh 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
tr 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 Vee=5V
R, =218Q Ry =828 Q
Output Under Test Output Under Test
Cy_ =100 pF I CL =100 pF R, =295Q
(a) Load Circult (b) Alternate Load Circuit
Figure 1. Load Circuits for Timing Parameters
i
TEXAS 'b
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TMS44100, TMS44100P
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SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

[ tRe g
j I
re tRAS g ViK
AAS N i | '
viL
| |
I = tcsH o 'RP I|
{ :‘_tm_ﬂ | HLt——tcnp—H
l——— tsH ——»l |
—
! r_ T tcas 1 l !
o - | » : VIH
N N
ViL
| e | !t | :<~=-—JI-——tcP—*|
[P tasp ' (ASC [
| | H——i—r'RAL—Hﬂ |
e S '
N NN N N/N/\/ VIH
rono X o X oo NI
l ‘Rcs_"l__—" m AAAAAAN ViL
| lrt—tnnn

11 |
—» <¢—tcaH ﬁ—’{‘ tRCH

| ,
|
\"/
W S8 Bonh Care XX i B i ""m‘o’oﬁ 2K v
|

h_ feac — L—— toFF —————P4
[

|
: |<— taa ————» y
OH

Q — HiZ | Valid N

| (see Note A) 4

| | VoL

| tcLz -11—>|

'.< tRaC >I

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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TMS44100, TMS44100P
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Early 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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Figure 4. Write Cycle Timing

TEXAS "L‘
INSTRUMENTS

4-16 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



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

SMHS410F-SEPTEMBER 1983-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
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. Access time is tcpa or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing

TExas ‘t’?
INSTRUMENTS

4-18 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



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

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992
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NOTES:

PARAMETER MEASUREMENT INFORMATION
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A. Referenced to CAS or W, whichever occurs last.
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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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
4194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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Figure 9. RAS-Only Refresh Timing
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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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Figure 10. Automatic (CAS-before-RAS) Refresh Cycle Timing
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SMHS410F-SEPTEMBER 1989-REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION
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Figure 11. Hidden Refresh Cycle (Read)
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Figure 13. Self Refresh Timing
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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 I;ACKAGET sD z?,c‘ﬁAE\GET
¢ Single 5-V Power Supply (+10% Tolerance) (ToP VIEW) 4 W)
* Performance Ranges: pat 1 Y 26]Jvss oeEl 1 >0 oas
ACCESS ACCESS ACCESS  READ pa2[]2 25| ] DQ4 pa3[ls +[ Qs
TIME TIME TIME ORWRITE W[]s 24[1DQ3 Vss[s sl pat
(tRac) (tcac) (aa)  CYCLE RAS[]4 23| ] TAS pQzf]7 sflw
(MAX) (MAX) (MAX)  (MIN) A9(]s 22| ]COE RAS|[J9 100 Ae
TMS44400/P-60 60ns 15ns 30ns  110ns A0[] 11 12[] A1
TMS44400/P-70 70ns 18ns  35ns  130ns ao[]e 18[J A8 A2[]13 140 As
TMS44400/P-80 80 ns 20 ns 40ns . 150ns Al [: 10 17 :| A7 Vee ] 15 18 E A4
° Enhanced Page Mode Operation With VARl 16[ ] A6 As{J17 1601 A6
CAS-Before-RAS Refresh A3z 1500as AT9 i e
°* Long Refresh Period Vec {13 14 A4

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

Version (TMS44400P) kol D !

¢ 3-State Unlatched Output
* Low Power Dissipation pat [+ 26[ 1vss  Vss1 261 1D
® Texas Instruments EPIC™ CMOS Process DQ\;E 2 zi % gg; gggE 2 :i ] \%02
¢ All Inputs/Outputs and Clocks are TTL BAS[ |4 23 JCAS CAS[]4 23 ] RAS

Compatible As(]s 22[]OE OE[]s 22| ] A9
¢ High-Reliability Plastic 300-Mil 20/26-Lead :

Surface Mount (SOJ) Package,

"20-Pin Zig-Zag In-Line (ZIP) Package, 2?% ?0 :3 % :3 QSE ?0 :3 % 23
20/26-Lead Thin Small Outline (TSOP) A2 11 161 A6 A6 ] 11 16 A2
Package, and A3[]12  15[0As As[]12  1s5[1A3
Reverse Thin Small Outline Package Vec [ 13 14 ] A4 asl] 13 14 Vee

o Operatlng Free-Air Temperature Range .
.0°Cto 70°C 1The packages shown are for pinout reference only.
description

The TMS44400 series are high-speed PIN NOMENCLATURE

4 194 304-bit dynamic random-access AO-AZ 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

. . NC No Internal Connection

The TMS44400P series are high §peed, 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 lnformstion Is current as of publication date. Copyright © 1993, Texas Instruments Incorporated

Ptr‘od;ct: conform to specifications per the terms of Texas Irlsltwmonu %
!.uan;rolv:ltlr;:mnmu. v g doss not fnclude Tms
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 DRAMSs, the column-address buffers in this device are activated on the falling

edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44400/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 tcac
or topa (access time from rising edge of CAS).

address (AO through A9)

Twenty address bits are required to decode 1 of 1 048 576 storage cell locations. Ten row-address bits are set
up oninputs A0 through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins AO through A9 and latched onto the chip by the column-address strobe (CAS). 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 aread 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
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1989-REVISED APRIL 1993

output enable (OE)

OE controls the 2 impedance of the output buffers. When OE is high, the buffers will remain in the high- |mpedance
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
thatis 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 may be performed while maintaining valid data at the output pin. This
isaccomplished 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 togg) and
holding it low after RAS falls (see parameter tcHR). 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 us while holding
RAS low for less than 1 ps. To minimize current consumption, all input levels need to be at CMOS levels
MiL=0.2V,V|y=Vge—-0.2V). :

power-up
To achieve proper device operation, an initial pause of 200 ps 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 is different, a DQ pin will go low. Any combination of read, write, read-write,
or page-mode can be used in the test mode. The test mode function reduces test times by enabling the 1 meg
x 4 DRAM to be tested as if it were a 512K DRAM where column address 0 is not used. A RAS-only or CBR
refresh cycle is used to exit the DFT mode. 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 droppmg CAS low prior to RAS going low. Then CAS and RAS are both
held low for @ minimum of 100 ps. 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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logic symbolt

9 RAM 1024K x 4
A0 20D10/21D0Y
Al 10
s
A3 14
A4 )
A5 :: C A1048575
A
A7 18
A8 s
A9 20D19/21D9~
[> C20[ROW]
4 G23/[REFRESH ROW]
RAS 24[PWR DWN]
> C21[COLUMN]
G24
— _ 23
CAS ) & > 23C22
w —izz 23,21D 24,25EN
B 22 N
OE G25
o]e]] ———C:‘ _A12ZD r—
. v 26 A, 226 T
DQ2 T—(—»—
Da3 —5—<—>—
DQ4 — 4P
1 This symbol is in accordance with ANSHIEEE Std 91:1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ packages.
functional block diagram
RAS CTAS W OE
l . Timing and Control | .
y !
A0 8 16
At —/_, Column Decode
*| column 7 : Sense Amplifiers
¢ ABdc:;-ess 7 128K Array 128K Array
.| Buffers R Y . Data
" A9 : 128K Array | | 128K Array 19 ] n
. . Buffers
. . 40f16
. 169 D > 16 Selectl »-| Data
Row 19 e Out
*| Address 7 ¢ Reg.
o| Buffers / :
- e DQi1-DQ4
128K Array 128K Array
10 1 T
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range on any pin (see@ Note 1) ......coviiii it it et -1Vto7V
VoltagerangeonVgg .- vt e rereer i, Ceeiieae i -1Vto7V
Short circUit OUIPUL CUITENt ... i ii ittt i iie e evienteetreranernsnersesnnsesssnns 50 mA
o= e £33 o T= (T o R P 1w
Operating free-air temperature range .........vueeeietienrrenteenrerontesnrnnaresneeanes 0°Cto 70°C
Storage temperature range ..........otiiniii it i i —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: Allvoltage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN  NOM MAX| UNIT
Vcc  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2.4 6.5 v
ViL Low-level input voltage (see Note 2) -1 0.8 Vv
TA Operating free-air temperature o] 70 °C

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

voltage levels only.
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electrical characteristics over full ranges of recommended operatin

g conditions (unless otherwise

noted)
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  \oitage IoH=—-5mA 2.4 2.4 2.4 v
Low-level output _
VoL voltage loL =4.2mA 0.4 0.4 04] v
Input current V|=0t06.5V,Vcc=55V,
i (leakage) All other pins =0 to Ve =10 =10 =10 pA
Output current _ _
lo (leakage)’ Vo =01toVgee, Voo = 5.6 V, CAS high +10 =10 10| pA
lccit ?;fgn‘t"(x:m{:'g) Minimum cycle, VoG = 5.5V 105 90 80| ma
After 1 memory cycle, RAS and CAS high,
VIH=24V (TTL) 2 2 2| mA
lcca  Standby current After 1 memory cycle, '44400 1 1 1] ma
RAS and CAS high,
V|4 = Vgg —0.05 V (CMOS) '44400P 500 500 500 | pA
Average refresh Minimum cycle, Vcc =5.5V,
lcca 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, Voc = 6.5 V RAS low,
Iccat current (see Note 4) | CAS cycling %0 60 70| mA
Iccst  Seit-refresh current g’;imds :ﬂgﬁ:}xss min. 500 500 500 | pA
lcc7?  Standby current ga':: :UYLHé;ﬁ: ViL, 5 5 5[ mA
Saﬁery backup tRCc =125 us,tpag s 1 ms,
perating current _ Vem—02V <V <65V,
lccio  (equivalent refresh 0%2 Vil <02 V'HW and O =V 500 500 500 | pA
time is 128 ms) Address and Datastable
CBR only ress an a stable

T 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.
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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
Cijw) 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

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
toea Access time from OE low - 15 18 20 ns
tcLz CAS tooutput in low Z 0 0 0 ns
topF  Output disable time after CAS high (see Note 6) 0 15 o 18 0 20 ns
toEz Output disable time after OE high (see Note 6) 0 15 0 18 [] 20 ns.

NOTE 6: tOFF and tOEZ are specified when the output is no longer driven.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature

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
tawc  Read-write cycle time 155 181 205 ns
tec 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
top Pulse duration, CAS high 10 10 10 ns
tRP Pulse duration, RAS high (precharge) 40 50 60 ns
twp Wirite pulse duration 15 15 15 ns
tasc Column-address setup time before CAS low 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 ns
tps Data setup time (see Note 11) : 0 0 0 ns
trcs Read setup time before CAS low ] 0 0 ns
towL  W-low setup time before CAS high 15 18 20 ns
tRwL  W-low setup time before RAS high 15 18 20 ns
twos ~ 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 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 16 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
WD e s O s es . -

Continued next page.
NOTES: 7. Alicycletimes assumetT =5ns.
8. To assure tpc min, tasc should be greater than or equal to 5 ns.
9. In aread-write cycle, tgwp and trwL 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.

TEXAS J\’P
INSTRUMENTS

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



TMS44400, TMS44400P
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMHS440F-OCTOBER 1989-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 | yNIT
MIN MAX MIN MAX MIN MAX

o e e S . s E
tcrRp  Delay time, CAS high to RAS low 0 0 0 ns
tcsH  Delay time, RAS low to CAS high 60 70 80 ns
ICSR  (CAS belora ARS rfroh any) 10 10 10 ns
tcwp  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
trRecp  Delay time, RAS low to CAS low (see Note 14) 20 45 20 52 20 60| ns
tgpc  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
trRwD  Delay time, RAS low to W low (Read-write operation only) 85 98 110 ns
TAA Access time from address (test mode) 35 - 40 45 ns
trcpA  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 s
tCHS CAS low hold time after RAS high (self-refresh) -50 -50 - 50 ns

'44400 16 16 16 ms
tREF 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.
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PARAMETER MEASUREMENT INFORMATION

131V Vec =5V
RL-2180 R1-8280
Output Under Test Output Under Test )
CL =100 pF I . CL =100 pF R, =295Q
(a) Load Circult (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters
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| le——tgcp — | |
| I le—— tasH ——»] | l
L] I [—— tcrp —»
— l—— —_ + V]
CAS - tasr | tcas — L/ | | . | H
l L——ﬂ-t } I bl - .
| | RAD | | |
e
| tcAL 4!
. lﬁ___n_l_,m__w |
roto ZK ron XEK_comn XX EKED
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|
|
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DQ1-DQ4 | HI-Z I | Valid Data Out jl\ ‘
| (see Note A) V4 v
I tcrz I | | oL
- :
[¢—tOEA
| | l(—bl- toez
o= RTINSO
(XXXX) AAA XXXX AAAAANA ViL

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
' {l’
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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. Accesstime is tcpA or taa dependent.

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-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.

Flgure 8. Enhanced Page-mode Read-write Cycle Timing
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Figure 10. Automatic (CAS-Before-RAS) Refresh Cycle Timing
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