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INTRODUCTION

The 1988 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 Package DRAM Memory Modules (SIPs), Video Random-Access Memories (VRAMSs), First-In First-Out
Pseudo Static Memories (FRAMs), Erasable Programmable Read-Only Memories (EPROMs), and MOS one-
time Programmable Read-Only Memories (PROMs). Also included are military specifications for DRAMs,
VRAMs, EPROMSs, and Static Random-Access Memories (SRAMs). This is TI's first MOS Memory data book
to include specifications for the VLS| Memory Management products.

The data book is divided into 13 sections. Section 1, General Information, includes the table of contents,
an alphanumeric index for quickly finding device numbers, a part number guide with ordering information,
plus device selection guides, product reference guides, and an IC Line-up chart for a quick overview of the
broad TI MOS Memory product line. Page numbers are included on the product selection guides for easy
access to the detailed specifications. In Section 2, an Alternate Source Directory lists alternate vendor part
numbering examples in addition to alternate sources to Tl devices (based on published data). Product
specifications for over 100 devices can be found in Sections 4 through 8.

Recently published technical articles and product applications information can be found in Section 9. For
the first time, a section on Quality and Reliability (Section 10) has been included in the TI MOS Memory data
book. Because all MOS Memory devices are ESD sensitive, handling guidelines are included in Section 13.

The data sheets within each section are in alphanumeric order; Product Preview information is included at
the end of the section. Data sheets listed with a *'TMX'’ prefix and Product Preview disclaimer include target
specifications for products that are currently under development at Tl. The inclusion of these specifications
does not imply that these products are or will be in production, or will meet these parameters.

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

Texas Instruments
Customer Response Center
P.0O. Box 809066
Dallas, Texas 75380-9066

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

DRAM/FRAM/SRAM ORDERING INFORMATION

Factory orders for DRAM/FRAM/SRAMs described in this book should include an eight-part type number as

explained in the following example:

TMS 4 4 C 256 -10 DJ ~—
1. Prefix: |
TMS Commercial MOS
SMJ Military MOS
TMX Pre-production
Commercial MOS
2} Product Family:
4 DRAM/FRAM
6 SRAM (Military Only)
3) Word Width:
1 x1
Blank x 1 (256K and 1 Meg DRAMSs Only)
Blank x4 (1 Meg FRAM Only) -
4 x4
8 x 8 (SRAMs Only)
9 x 9 (SRAMs Only)
4) Technology:
Blank NMOS
(o3 CMOs
CE  CMOS with Output Enable Control (SRAMs Only)
CD CMOS with Separate I/0 Pins (SRAMs Only)
5) Density:
16 16K SRAM 61 256K VRAM ('4461)
16 64K DRAM ({'4416) 288 288K SRAM
64 64K DRAM ('4164) 256 1 Meg DRAM ('44C256)
64 64K SRAM 257 1 Meg DRAM ("44C257)
61 64K VRAM ('4161) 1024 1 Meg DRAM ('4C1024)
72 72K SRAM 1025 1 Meg DRAM ('4C1025)
64 256K DRAM ('4464) 1027 1 Meg DRAM ('4C1027)
256 256K DRAM ('4256) 1050 1 Meg FRAM ('4C1050)
257 256K DRAM {'4257) 251 1 Meg VRAM ('44C251)
256 256K SRAM
6) Speed Designator:
DRAMs FRAMs SRAMs
-8 80ns -325ns ~2525ns
-10 100 ns -4 30 ns —-3535ns
-12120ns ~6 50 ns —45 45 ns
-15 150 ns —55 55 ns
—20 200 ns
7) Package:
Commercial (Plastic} Military (Ceramic)
DJ Small Outline J-lead (SOJ) JD Dual In-line (DIP}
FM Leaded Chip Carrier (PLCC) FG,FV Leadless Chip Carrier {CLCC)
SD Zig-zag In-line (ZIP) HJ Small Outline J-lead (SOJ)
N Dual In-line (DIP}
8) Temperature Range:
Commercial Military '

L 0°C to 70°C
Blank 0°C to 70°C {1 Meg DRAM Only)

M -55°C to 125°C
S -55°C to 100°C?

TExcept SMJ4164 and SMJ4256, which are —55°C to 110°C.

b
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3

4

5
6

7

Prefix:

DRAM MODULE ORDERING INFORMATION

TM 4256 F c

TM Tl Module

Memory Device:

4256 256K DRAM, Page Mode

024 1 Meg DRAM, Enhanced Page Mode

Pinout Configuration:

E G
F H

Board Dimensions:

C U AD
L AC

Word Width Qutput:

Speed Designator:

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

-10

-10 100 ns
-12120 ns
-15 150 ns

Temperature Range:

L 0°C to 70°C

{i’
TeEXAS
INSTRUMENTS
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ORDERING INFORMATION

EPROM/PROM/EEPROM ORDERING INFORMATION

Factory orders for EPROMs/PROMSs described in this book should include a nine-part type number as explained

in the following example:

1. Prefix:

TMS 27 P C 512

TMS Commercial MOS

SMJ Military MOS

TMX Pre-production
Commercial MOS

2

Product Family:

27 EPROM/PROM
28 EEPROM

3

Erasability:

P Non-erasable
Blank Erasable

4

Technology:

(o} CcMOS
Blank NMOS

5

Density:

291 16K
292 16K
32 32K
49 64K
64 64K

128 128K
256 256K
512 512K
010 1024K
210 1024K

6) Speed Designatort:

-10 FM L

35 ns
45 ns
50 ns
55 ns
100 ns
120 ns

-3, -35
Blank, —4, —45
-5, -50

-5, ~-56

-10, —100
-12, -120

7

Package:

150 ns —1, —15, —150
170ns -1, —=17, =170
200 ns -2, —20, —200
250 ns Blank, —25, —250
300 ns —3, —30, —300
450 ns —45

PROMs (Plastic)

N Dual In-line (DIP)

FN Chip Carrier

FM Chip Carrier

NT 300-mil DIP
(TMS27PC49 Only)

8

Temperature Range:

EEPROMs
J Ceramic DIP
N Plastic DIP

EPROMs (Ceramic)

J Cerpak/Cerdip

JT 300-mi! Cerdip
{TMS27C49 Only)

Commercial
E —40°C to 85°C
L 0°C to 70°C

9

168 Hour Burn-in Option:

Military
M -55°C to 125°C
S -55°C to 100°C

4 168 Hour Burn-in
Blank No Burn-in

TPlease check individual data sheets for available speeds.

General Information I

{i’
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ORDERING INFORMATION

VLS| MEMORY MANAGEMENT ORDERING INFORMATION

Factory orders for VLS| Memory Management products described in this book should include a four-part type
number as explained in the following example:

SN 74ACT2152 --25 JD
1) Prefix: .

SN Standard Prefix
THCT Commercial CMOS
TACT Commercial Advanced CMOS

2

Circuit Description:

4 to 10 Characters

3

Speed Designator:

—xx Speed in ns

4

Package:

D, DW ‘‘Small Outline’’ Packages
J, JD  Ceramic DIPs

N, NT  Piastic DIPs

FK Ceramic Chip Carrier

FN Plastic Chip Carrier

: {i’
Texas
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DRAM, VRAM, FRAM, SRAM, EPROM, PROM, EEPROM

REFERENCE GUIDE

General Information I

BITS PER WORD
WORDS 1 a 8 ] 16
{16K)
EPROMs  PROM
TMS27C291 TMS27PC291
2K TMS27C292
SRAM
SMJBBCE16
(16K) 132K)
SRAM EPROMs  PROM
4K SMJ64C16 TMS2732A TMS27PC32
TMS27C32 :
(64K) {72K)
EPROMs  PROMs SRAM
TMS2764 TMS27PC64  |SMJBICE72
oK TMS27C64 TMS27PC49
TMS27C49
SRAM EEPROM
SMJ6BCE64 TMS28C64
(16K) (64K) {128K)
1ok |SPAM DRAM SRAM EPROMs  PROM
SMJB1CD16 SMJ4416  SMJ64CE4 |TMS27C128 TMS27PC128
SMJ27C128
{256K) (288K)
EPROMs  PROM SRAM
TMS27C256 TMS27PC256 |SMJ69CE288
32K SMJ27C256
SRAM
SMJBBCE256
(64K) (256K) {512K) (1024K)
DRAM VRAM DRAMs  VRAMs EPROMs  PROM EPROMs
SMJ4164 SMJ4161 |TMS4464 TMS4461 |TMS27C512 TMS27PC512 TMS27C210
64K SMJ4464  SMJ44B1  |SMJ27C512 SMJ27C210
SRAM
SMJ61CD64 SRAM PROM
SMJ64C256 TMX27PC210

Numbers in parentheses indicate overall complexity.

*i’
EXAS
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DRAM, VRAM, FRAM, SRAM, EPROM, PROM, EEPROM
REFERENCE GUIDE

BITS PER WORD

uonewIou| [eIBUID I

WORDS 7 2 3 6
(1024K)
128K EPROMs ‘ PROM
TMS27C010 TMX27PCO10
SMJ27C010
(256K) (1024K)
DRAMs SRAM DRAMs VRAM
TMS4256 SMJ61CD256 |TMS44C256 TMS44C251
256K SMJ4256 SMJ44C256
TMS4257 TMS44C257
FRAM
TMS4C1050
{1024K)
DRAMs
1024K TMS4C1024
SMJ4C1024
TMS4C1025
TMS4C1027

Numbers in parentheses indicate overall complexity.

{i’
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DYNAMIC RAM MODULE
REFERENCE GUIDE

BITS PER WORD c
WORDS 1 yy 5 s 3 -g
(1024K) {2048K) (2304K) ©
256K TM4256EC4 TM4256FL8 TM4256EL9 E
TM4256GU8 TM4256GU9 =}
1024K (1024K) (4096K) (8192K) {9216K} E
TM4256FC1 TMO24HAC4 TMO24GAD8 TMO24EADS —_
Numbers in parentheses indicate overall complexity. g
c
4]
O
*3
TeExAs 1-15
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SELECTION GUIDE

DRAM/VRAM/FRAM SELECTION GUIDE

7
g M Max Power
[} Organization Device ax Power Dissipation
~ Densit: 9 A Suppl ssipa Pins Package? Comments Page
Y] Y {Words X Bits) Number i Active | Standby 9 9
— Time (ns}| (V)
5 (mW) |TTL(mW)
—y SMJ4161-15 150 Military
o SMJ4161-20 200 |3%5%| 525 132 20 Jo Video RAM | &3
3 64K 64K X 1 SMJ4164-12 120 264
e" SMJ4164-15 150 5+10%| 248 28 16,18 JD, FG Military 8-29
g’ SMJ4164-20 200 203
SMJ4416-15 150 264 -
16K X 4 SMJ4416-20 200 5+ 10%] 231 28 18 JD Military 8-47
TMS4256-8 80 6+5%| 368 24
TMS4256-10 100 5+10% 385 25 16,18, N, FM, Page Mode 4.3
TMS4256-12 120 5+10%| 358 25 16 SD
TMS4256-15 150 5+10% 330 25
SMJ4256-12 120 420
286K X1 SMJ4256-15 150 5+5%| 394 27 16,18 JD, FV Military 8-65
SMJ4256-20 200 315
TMS4257-10 100 385 16,18, N, FM, Nibble
TMS4257-12 120 5+10%| 358 25 16 sD Mode 4-3
256K TMS4257-15 150 330
TMS4461-12 120 5+ 10% 853 110 24,24 N, SD Multiport 427
TMS4461-15 150 770 Video RAM
SMJ4461-15 150 5+10%| 770 110 24 JD Military VRAM | 8-85
TMS4464-10 100 385
64K X 4 TMS4464-12 120 5+10%| 358 25 18,18 N, FM Page Mode 4-59
TMS4464-15 150 330
SMJ4464-12 120 440
SMJ4464-15 150 5+10%| 385 44 18 JD Military 8-115
SMJ4464-20 200 330
N Plastic Dual In-line Package (DIP)

JD

FM
SD

Ceramic Dual In-line Package (DIP—Military)
FG,FV Ceramic Chip Carrier (CLCC —Military)

Plastic Chip Carrier (PLCC}
Plastic Zig-zag In-line Package (ZIP)

ixas W

INSTRUMENTS
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SELECTION GUIDE

DRAM/VRAM/FRAM SELECTION GUIDE (CONCLUDED)

c
]
. L . Max Power Max.Power ‘a
Density Organization Device Access | Supply Dissipation Pins Pack t Comments Page E
(Words X Bits) Number Time (ns) ) Active | Standby h s
(mW) |TTLImW) -
TMS4C1024-10 100 385 18 CMOS E
TMS4C1024-12 120 5+10%| 330 17 20/56 N, DJ Enhanced 4-151 .(_U
TMS4C1024-15 150 303 Page Mode a
Military CMOS [
SMJ4C1024-125% 120 330 18,
SMJ4C1024-155 150 5+10% 303 17 20126 JD, HJ |Enhanced Page| 8-135 8
1024K X 1 Mode
TMS4C1025-10 100 385 18, CMOS
TMS4C10256-12 120 5+10%| 330 17 20/26 N, DJ Nibble 4-151
TMS4C1025-15 150 303 Mode
TMS4C1027-10 100 385 18 CMOS Static
TMS4C1027-12 120 |[5+10%| 330 17 20/2‘6 N, DJ Column 4-151
1024K TMS4C1027-15 160 303 Decode Mode
TMS44C251-10¢ 100 605 cMOSs
TMS44C251-12% 120 |5+10%| 523 28 28,28 | DJ, SD Multiport 4-79
TMS44C251-15¢ 150 468 Video RAM
TMS44C256-10 100 385 20 CMOS
TMS44C256-12 120 |5+10%| 330 17 20/é6 N, DJ Enhanced 4-118
256K X 4 TMS44C256-15 150 303 Page Mode
Military CMOS
SMJ44C256-125 120 5+10% 330 17 20, JD, HJ Enhanced 8-133
SMJ44C256-158 160 . 303 20/26
Page Mode
TMS44C257-10 100 385 20 CMOS Static
TMS44C257-12 120 (5+10% 330 17 20/2'6 N, DJ Column 4-119
TMS44C257-15 150 303 Decode Mode
TMS4C1050-3% 25 275
TMS4C1050-4% 30 5+10% 248 39 [16,20,26| N, SD, DJ | CMOS FRAM | 4-189
TMS4C1050-6% 50 193
TN Plastic Dual In-line Package (DIP)
JD Ceramic Dual In-line Package (DIP—Military)
DJ Plastic Small Outline J-lead (SOJ)
HJ Ceramic Small Outline J-lead (SOJ—Military)
SD Plastic zig-zag in-line Package (ZIP)
tAdvance Information for product under development by TI.
§Preliminary Target Specification for product under development by Tl.
+
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SELECTION GUIDE

DYNAMIC RAM MODULE SELECTION GUIDE

UOIJBWIIOU| [BIBU3D) I

Max Power
Organization Device Max Power Dissipation :
Density N A Supply ~ Pins Packaget Comments Page
(Words X Bits) Number . Active | Standby .
Time (ns) V)
. {mW) [TTL{mW)
TM4256FC1-10 100 440 .
1024K X 1 TMA4256FC1-12 120 5+10%| 413 99 22 Leaded Page Mode 5-9
1024K TM4256FC1-15 150 385
‘| TM4256EC4-10 100 1540
256K X 4 TM4256EC4-12 120 |[5+10%| 1430 99 22 Leaded Page Mode 5-3
TM4256EC4-15 150 1320
TM4256FLB-10 100 3080
TM4256FL8-12 120 |5+10%| 2860 198 30 Leaded Page Mode 5-15
2048K | 256K X 8 TM4256FL8-15 160 2640
) TM4256GU8-10 100 3080 Socketable
TM4256GU8-12 120 |5+10%| 2860 198 30 pwith Presence| Page Mode 5-15
TM4256GU8-15 150 2640 Detect
TM4256EL9-10 100 3465
.| TM4256EL9-12 120 |5+10%| 3218 226 30 Leaded Page Mode 5-21
2304K | 286K X'9 TM4256EL9-15 150 2970
TM4256GU9-10 100 3465 Socketable
TM4256GUS-12 120 |5+10%| 3218 226 30 |with Presence] Page Mode 5-21
TM4256GU9-15 150 2970 Detect
TMO24HAC4-10 100 1540 CMOSs
4096K [ 1024K X 4 | TMO24HAC4-12 120 |5+10%| 1320 66 24 Leaded Enhanced 6-27
TMO24HAC4-15 150 1210 Page Mode
TMO24GAD8-10 100 3080 CMOS
8192K | 1024K X 8 | TM024GADS8-12 120 |5+10%)| 2640 132 30 Socketable Enhanced 5-31
TMO24GADS-15 150 2420 Page Mode
TMO24EAD9-10 100 3465 CMOS
9216K | 1024K X 9 | TMO24EADS-12 120 |5+10%| 2970 149 30 Socketable Enhanced 5-31
.| TMO24EAD9-15 150 2723 Page Mode
\e
TEXAS
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SELECTION GUIDE

EPROM/EEPROM SELECTION GUIDE

Max Power
L. N Max Power N
Density Organization Device Access | Supply Dissipation Pins Pack o Page
(Words X Bits) Number Time (ns) W) Active | Standby
{(mW) ITTLImW)

TMS27C291-3 35 5+56%| 394
TMS27C291-35 35 5+10%| 413
TMS27C291 45 5+5%| 315 High-Speed
TMS27C291-45 45 5+10%| 330 A 24 J CMOS 63
TMS27C291-5 50 5+5%| 289

16K 2K X 8 TMS27C291-50 50 5+10%| 303
TMS27C292-3 35 5+5%| 394
TMS27C292-35 35 5+10%| 413
TMS27C292 45 5£5%| 315 High-Speed
TMS27C292-45 45 5+10% 330 NiA 24 J CMOS 63
TMS27C292-5 50 5+5%| 289
TMS27C282-50 50 5+10%| 303
TMS27C32-100% 100 5+5%| 132
TMS27C32-10% 100 5+10%| 138
TMS27C32-120¢ 120 5+5%| 132
TMS27C32-12¢ 120 |5+£10%| 138
TMS27C32-150% 150 5+5%| 132 1.4 24 J cMOS 6-21
TMS27C32-15% 150 5+10%| 138

32K 4K X 8 TMS27C32-2% 200 5+5%| 132
TMS27C32-20% 200 5+10%| 138
TMS27C32% 250 5x5%| 132
TMS27C32-25¢ 250 |5+10%| 138
TMS2732A-17 170
TMS2732A-20 200
TMS2732A.25 250 5+56%| 657 158 24 J NMOS 6-13
TMS2732A-45 450
TMS27C49-4% 45 515%| 473
TMS27C49-45% 45 5+x10%| 495
TMS27C49-5¢ 55 | 5x5%| 473 NiA 2 ST cmos 643
TMS27C49-55¢ 55 5+10%| 495
TMS27C64-100 100 5+5%| 158
TMS27C64-120 120 5+5%| 158
TMS27C64-12 120 |5+10%| 165

64K 8K X 8 TMS27C64-1 150 5+5%| 158
TMS27C64-15 150 [5+10%| 165 1.4 28 J CMOS 6-55
TMS27C64-2 200 5+5%| 158
TMS27C64-20 200 5+10%| 165
TMS27C64 250 5+5%| 158
TMS27C64-25 250 |5x10%| 165
TMS2764-17 170
mzz;g:ig igg 5:5%| 788 184 28 J NMOS 6-35
TMS2764-45 450
TMS28C64-25¢ 250
TMS28C64-351 150 5+10%| 110 17 28 J.N CMOS 6-69

TJ  Ceramic DIP
JT 300-mil Ceramic DIP (TMS27C489 only)
N Plastic DIP
#Advance Information for product under development by TI.

General Information l
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SELECTION GUIDE

EPROM/EEPROM SELECTION GUIDE (CONTINUED)

1-20

: Max Power
| Organization Device Max | Power Dissipation ) t
Density {Words X Bits) Number TiA"t‘::e':ss' St:l\.);)ply Active | Standby Pins Package Comments Page
{mW) |TTL(mW)
TMS27C128-100 100 5+5%| 158
TMS27C128-120 120 5+5% 158
TMS27C128-12 120 |5+10%] 165
TMS27C128-1 150 5+5%/| 158
TMS27C128-15 1560 |5+10%| 165 1.4 28 J CMOS 6-79
128K 16K X 8 TMS27C128-2 200 5+5%| 158 '
TMS27C128-20 200 [5+10%| 165
TMS27C128 250 5+5%| 158
TMS27C128-25 250 |5+10%| 165
SMJ27C128-20 200 -
Military
SMJ27C128-25 250 |5£10%| 220 1.7 28 J cMOS 8-137
SMJ27C128-30 300
TMS27C256-120 120 5+5%| 158
TMS27C256-12 120 |5+10%| 165
TMS27C256-150 150 5+5%| 158
TMS27C256-15 160 |5+10%| 165
TMS27C256-1 170 5+5%| 158
TMS27C256-17 170 |5+10%| 165 14 28 J cmos 691
256K 32K X 8 TMS27C256-2 200 5+5%| 158
TMS27C256-20 200 ([5+10%| 165
TMS27C256 250 5+5% 158
| TMS27C266-25 250 |[5+10%| 165
SMJ27C256-20 200 -
. ' Military
SMJ27C256-25 250 [5+10%| 220 1.7 28 J CMOS 8-145
SMJ27C256-30 300 :
TMS27C512-1 170 5+5% 158
TMS27C512-17 170 5+10%| 166
TMS27C512-2 200 5+5%| 158
TMS27C512-20 200 ([5+10% 165
TMS27C512 250 5+5%| 158 14 2. J cmos 6105
512K 64K X 8 TMS27C512-25 250 [(5+10% 165
TMS27C512-3 300 5+5%| 158
TMS27C512-30 300 |[5+10%[ 165
SMJ27C512-20 200 N
Military
SMJ27C512-25 250 [5+10%| 263 1.8 28 J CMOS 8-153
SMJ27C512-30 300
1J  Ceramic DIP
~JT 300-mil Ceramic DIP (TMS27C49 only)
i
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SELECTION GUIDE

EPROM/EEPROM SELECTION GUIDE (CONCLUDED)

c
2
Max Pow: =4
Densi Organization Device AMax : ower DISSip:ﬁ:’: Pi t| P g
ensity (Words X Bits) Number — L:::/;))Iy Active | Standby ns Package Comments age 3
. {mW) |TTLimW)} Y
TMS27C010-170% 170 5+5%| 210 E
TMS27C010-200% 200 5+£5%| 210 ]
TMS27C010-20% 200 |5+10%| 220 ) a-,
TMS27C010-250% 250 5x5%| 210 1.4 32 J CMOS 6-119 =
128K X 8 TMS27C010-25% 250 15+10%| 220 8
TMS27C010-300% 300 5+5%f 210
TMS27C010-30% 300 |5+10%| 220
SMJ27C010-2508 250 Military
1024K SMJ27C010-300§ 300 Sx10% 220 15 32 J CMOS 8163
TMS27C210-170¢ 170 5+x5%| 210
TMS27C210-200% 200 5+5%| 210
TMS27C210-20% 200 |[5+£10%| 220
TMS27C210-250% 250 5+5%| 210 1.4 40 J CMO0S 6-131
64K X 16 TMS27C210-25¢ 250 5+10% 220
TMS27C210-300% 300 5+5%| 210
TMS27C210-30¢ 300 |5+10%| 220
SMJ27C210-250§ 250 Military
SMJ27C210-3008 | 300 |5*10% 220 | 1.5 40. ! cmos | 168
TJ  Ceramic DIP
JT 300-mil Ceramic DIP (TMS27C49 only)
*Advance Information for product under development by TI.
SPreliminary Target Specification for product under development by TI.
Texas WP
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SELECTION GUIDE

ONE-TIME PROGRAMMABLE PROM SELECTION GUIDE

o
g Max Power
2 Organization Device AM“ Power Dissipation | t
™ Density (Words X Bits) Number £ Supply Active | Standby Pins Package Comments Page
— Time (ns) (\"4}
— : (mW) [TTL(mW)
?.. TMS27PC291-3% 35 5£5%| 394
§ TMS27PC291-36% 35 [5+10%| 413
TMS27PC291% 45 5+5%| 315 High-Speed
= 16K K X8 TMS27PC291-46% 45 (5:10% 330 NiA | 24.28 N FN CMOS &3
o TMS27PC291-5% 50 | 5+5%| 289 :
=) TMS27PC291-504% 50 |5+10%| 303
TMS27PC32-120% 120 | 5+5%| 132
TMS27PC32-12¢ | 120 |5x10%| 138
TMS27PC32-150% 150 | 5+5%( 132
TMS27PC32-16% 150 |[5+10%| 138
s aKxs8 TMS27PC32-2% 200 | 5+£5%| 132 1.4 24 N CMOS 621
TMS27PC32-20% 200 |5+10%| 138
TMS27PC32% 250 |5+5%| 132
TMS27PC32-25% 250 [5+10% 138
TMS27PC49-41 45 5+5%| 473
TMS27PCA49-45% 45 |5:10%| 495 N/A | 24,24,.] N, NT, CcMOS 6.43
TMS27PC49-5% 55 5+5%| 473 28 FN
TMS27PC49-55% 65 |5+10% 495
TMS27PC64-120 120 | 5+5%| 158
64K 8K X 8 TMS27PC64-12 120 (5+10%| 165
TMS27PC64-1 150 [5x5%( 158
TMS27PC64-15 150 |5:+10%l 165 14 28 N cMOS 6.55
TMS27PC64-2 200 |5+5%| 158
TMS27PC64-20 200 |5x10%| 165
TMS27PC64 250 | 5+5%| 158
TMS27PC64-25 250 |5+10%| 165
TMS27PC128-1 150 | 5x5%| 158
TMS27PC128-15 150 |5x10% 165
TMS27PC128-2 200 |5x5%| 158
128K 16K X 8 TMS27PC128-20 200 |5+10% 165 1.4 28,32 N, FM CMOS 6-79
TMS27PC128 250 | 5+5%| 158
TMS27PC128-25 250 [5+10%| 165
TMS27PC256-150 160 | 5+6%| 158
TMS27PC256-15 150 |5+10%| 165
TMS27PC256-1 170 | 5+5%| 158
TMS27PC256-17 170 |5+£10%| 165
256K 32K X 8 TMS27PC256.2 200 |5+5%| 158 1.4 28,32 N, FM CMOS 6-91
TMS27PC256-20 200 |5+10%| 165
TMS27PC256 250 | 5+5%| 158
TMS27PC256-25 250 {5+10%| 165
TN Plastic DIP

NT 300-mil Plastic DIP {TMS27PC49 only)
FM Plastic Chip Carrier

FN Plastic Chip Carrier

¥ Advance Information for product under development by TI.

1-22
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'SELECTION GUIDE

ONE-TIME PROGRAMMABLE PROM SELECTION GUIDE (CONCLUDED)

c
2
Max Power -
. Organization Device AMax :owelr Dissipation Pi Package! c P g
Density {Words X Bits) Number Time (ns] l::’;;y Active | Standby ins ackage omments age =
(mW) [TTL(mW) e
TMS27PC512-2 200 5+5%| 158 _=_
TMS27PC512-20 200 5+10%| 165 .(_U
TMS27PC512 250 5+5%| 158 F
512K 64’|'( X8 TMS27PC512-25 250 |s+t10% 165 1.4 28,32 N, FM CMOS 6-106 g
TMS27PC512-3 300 5+5%} 158 [
TMS27PC512-30 300 |5+10% 165 o
TMX27PC010-200§ 200 5+5%| 210
TMX27PC010-20§ 200 5+10% 220
TMX27PC010-250% 250 5+5%| 210
128K X 8 TMX27PC010-258 250 |5+£10%| 220 14 32 N cmos 6143
TMX27PC010-300%§ 300 5§+5%| 210
1024K TMX27PC010-30§ 300 [5+10% 220
TMX27PC210-200% 200 5+5%| 210
TMX27PC210-208 200 5+10%| 220
TMX27PC210-2508| 250 5+5%| 210
Bak x 16 TMX27PC210-258 250 [5+10% 220 14 40 N CMOS 6145
TMX27PC210-3008} 300 5+5%} 210
TMX27PC210-30§ 300 |5+10%[ 220
TN Plastic DIP
NT 300-mil Plastic DIP (TMS27PC49 only)
FM Plastic Chip Carrier
FN Plastic Chip Carrier
SPreliminary Target Specification for product under development by TI.
Texas W
EXAS 1:23
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SELECTION GUIDE

MILITARY SRAM SELECTION GUIDE

uoneuwlou] [elauan I

Max Power
Densi Organization Device AM“ :OWT’ Dissipation Pi B ranat c P
ensity (Words X Bits) Number Time {ns) '::’/l‘; v Active | Standby ins i ¥ age
(mW) |TTLImW)
SMJ61CD16-25 25 CMOS Military
16K X 1 SMJ61CD16-35 35 5+10%| 650 55 20 JD, FG Separate 8-167
SMJ61CD16-45 45 1/0 Pins
SMJ64C16-25% 25
16K 4K X 4 SMJ64C16-35% 35 5+10%| 650 55 20 JD, FG Ia:\lft(:rsy 8-177
SMJ64C16-45% 45
SMJ68CE16-25% 25 CMOS Military
2K X8 SMJ68CE16-35% 35 5+10% 650 55 24,32 JD, FG | OQutput Enable | 8-187
SMJ68CE16-45% 45 Control
SMJ61CD64-25¢ 25 CMOS Military
64K X 1 SMJ61CD64-35% 35 5+10%| 715 55 22 JD, FG Separate 8-197
SMJ61CD64-45% 45 1/0 Pins
SMJ64C64-25% 25 CMOS
64K 16K X 4 SMJ64C64-351% 35 5§+10%| 715 55 22 JD, FG Military 8-207
SMJ64C64-45% 45
SMJ68CE64-251 25 : CMOS Military
8K X8 SMJ68CE64-35% 35 5+10%| 715 55 28,32 JD, FG | Output Enable | 8-217
SMJ68CE64-45¢ 45 Control
SMJ69CE72-25% 25 CMOS Military
72K 8K X9 SMJ69CE72-35% 35 5§+10%| 715 55 28,32 JD, FG | Output Enable | 8-227
SMJ69CE72-45% 45 Control
SMJ61CD256-35% 35 CMOS Mititary
256K X 1 SMJ61CD256-45% 45 5+10%| 440 65 24,28 JD, FG Separate 8-237
SMJ61CD256-554 55 1/0 Pins
SMJ64C256-358 35 cMoS
256K 64K X 4 SMJ64C256-458 45 5+10%| 440 55 24,28 JD, FG Military 8-239
SMJ64C256-558 55
SMJ68CE256-35§ 35 CMOS Military
32K X 8 SMJ68CE256-45§ 45 5+10%| 440 55 28,32 JD, FG | Output Enable | 8-241
SMJ68CE256-555 55 Control
SMJ69CE288-35% 35 CMOS Military
288K 32K X 9 SMJ69CE288-458 45 51 10%| 440 55 32 JD, FG | OQutput Enable | 8-243
SMJ69CE288-55§ 55 Control

tJD Ceramic Dual In-line Package (DIP—Military)

FG Ceramic Chip Carrier (CLCC—Military)
*Advance Information for product under development by TI.
§Pveliminary Target Specification for product under development by TI.

{i’
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SELECTION GUIDE

VLS| MEMORY MANAGEMENT PRODUCTS

DRAM CONTROLLERS

PROVIDE ADDRESS MULTIPLEXING AND REFRESH CONTROL

General Information I

Device tpd (ns)

Pii

Type Features maxt ns Page
TMS4500A 64K DRAMSs, On-chip Refresh Timing Control 250 40 7-211
THCT45028 256K DRAMSs, On-chip Refresh Timing Control 115 48 7-197
75ALS2967 256K DRAMSs, >200 to 60 ns DRAMs, RAS, CAS 35 48 7-157
74ALS2968" 266K DRAMs, >200 to 60 ns DRAMs, RAS, CAS 35 48 7-157
74ALS6301 1 Megabit DRAMs, >200 to 60 ns DRAMs, RAS, CAS 35 52 7-177
74ALS6302 1 Megabit DRAMSs, >200 to 60 ns DRAMs, RAS, TAS 35 52 7-177

tMemory Access Time
CACHE ADDRESS COMPARATORS
ON-CHIP PARITY GENERATION AND CHECKING
Device tpd (ns)
pd i

Type Features Max? Pins Page
TACT2150 1 pm EPIC™, Fastest Available, 512 x 8 RAM 30/20 24 7-149
74ACT2151 1K x 11 Cache Tag RAM 25/35 28 7-151
74ACT2152 2K x 8 Cache Tag RAM 25/35 28 7-135
74ACT2153 1K x11 Cache Tag RAM with Open Drain Match Pin 25/35 28 7-121
74ACT2154 2K x8 Cache Tag RAM with Open Drain Match Pin 25/35 28 7-135

$Address Match Time
EPIC™ is a trademark of Texas Instruments Incorporated.
ERROR DETECTION AND CORRECTION UNITS
CORRECTS 1-BIT MEMORY ERRORS AND FLAGS 2-BIT ERRORS

Device tpd (ns)

Type Features MAXS Pins Page
74ALS632B 32-bit, 3-state with Byte-Write Capability 30 52 7-89
74ALS634B 32-bit, 3-state, No Byte-Write 30 48 7-89
74AS632 Fastest 32-bit EDAC Available 25 52 7-107
74AS634 32-bit, 3-state, No Byte-Write (Speed Enhanced 'ALS634) 25 48 7-107

§Single Bit Detection Time
i
I EXAS lu 1-256
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MOS MEMORY DRIVERS WITH SERIES DAMPING RESISTORS
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Device loL (mA) .

Type Features MAX Pins Page
74BCT2827A BiCMOS 10-bit Buffer/Driver, 3-state Output 12 24 7-235
74BCT2828A BiCMOS 10-bit Buffer/Driver, Inverting 3-state Output 12 24 7-235
74BCT29827A BiCMOS 10-bit Buffer/Driver, 3-state Output 48 24 7-241
74BCT29828A BiCMOS 10-bit Buffer/Driver, Inverting 3-state Output 48 24 7-241

MEMORY ACCESS DETECTORS
[:ayv:;e Features t':: ‘:r;(s) Pins Page
74ALS6310 Static Column and Page Mode, High Performance Compare 18 20 7-227
74ALS6311 Static Column and Page Mode, High Performance Compare 14 20 7-227
FIRST-IN FIRST-OUT (FIFO) MEMORIES

D:yv;:e Density - fmax ExDp:::ts'i‘on Pins Page
74ALS229A 16 x 6 30 No 20 7-3
74ALS232A 16 x 4 30 No 16 7-9
74ALS233A 16 x 5 30 No 20 7-13
74ALS234 64 x 4 30 Yes 16 7-19
74ALS235 64 x5 25 Yes 20 7-27
74ALS2361 64 x 4 30 Yes 16 7-39
74ALS2232 64 x 8 40 No 24 7-77
74ALS2233 64 x 9 40 No 28 7-83
74ACT7201A 512 x 9 28 Yes 28 7-47
74ACT7202 1K x 9 22 Yes 28 7-63

TCompatible with the ‘67401

1-26
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IC LINE-UP

MOS
MEMORY

MOS MEMORY LINE-UPt

~—DRAMs NMOS —— 256K
64K
CMOS—1024K ™
256K
I—DRAM NMOS 1024K ™
MODULES 1024K === 256K
2048K——256K
2304K~——256K
CMOS 4096K ™
-E8192K ™
9216K: ™
— FRAM CMQS —1024K—~——256K
— EPROM NMOS 32K 4K
64K 8K
CMOS 16K 2K
32K 4K
64K 8K
128K 16K
256K 32K
512K —=———64K
1024K 64K
128K
— PROM CMO0S 16K 2K
32K 4K
64K 8K
128K —— 16K
256K 32K
512K—64K
1024K-—-E—64K
128K
“—EEPROM CMOS 64K: 8K

TOnly commercial devices are listed.

X

256K X 1~==TMS4256 — TMS4257

4 — TMS4464 — TMS4461 Multiport Video

1 —TMS4C1024—TMS4C1025~~TMS4C1027

4 —TMS44C256 ~TMS44C257=—=TMS44C251
Multiport
Video

1=—TM4256FC1
4 —TM4256EC4
8 —TM4256FL8 —TM4256GUB
9 ——TM4256ELY —TM4256GU9

4 —TMO24HAC4
8 —TMO024GAD8
9 —TMO24EAD?

4 —TMS4C1050

8——TMS2732A
8—TMS2764

8—TMS27C291—TMS27C292
8 —TMS27C32
8—TMS27C64—TMS27C49
8-—TMS27C128
8——TMS27C256
8-—TMS27C512
16=TMS27C210

8 — TMS27C010

8 —TMS27PC291

8 —TMS27PC32

8 — TMS27PC64 —~TMS27PC49
8 — TMS27PC128

8 — TMS27PC256

8 —TMS27PC512
16=—TMX27PC210

8 TMX27PC010

8 —TMS28C64

General Information l

Qi’
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ALTERNATE SOURCE DIRECTORY

DRAMs
VENDOR
ORGANIZATION Ti ALTERNATE SOURCES PART NUMBER
Tt TMS4461
Fujitsu MB81461
64K X 4 Hitachi ' HM53462/HM53461
VRAM Hyundajl HY51C264
Mitsubishi M5M4C264P
NEC uPD41264/uPD42264
Vitelic V51C261/V51C264
Ti TMS4464
Fujitsu MB81C466/MB81464
Hitachi HM50464/HM50465
Hyundai HY51464/HY51C464
Intel 51C259
64K X 4 Micron Tech MT4064/MT4067
Mitsubishi M5M4464
NEC 1PD41464
OKI MSM41464
Sharp LH2464/LH2465
Toshiba TMM41464
Tl TMS4256
AMD AM9Y0C256
AT&T M41256P
Fujitsu MB81256/MB41256
Hitachi HM50256
Hyundai HY51C256L/HY51256
Intel 51C256H
Micron Tech MT1256
256K X 1 Mitsubishi M5M4256
PAGE MODE Mostek MK45H6
Motorola MCM6256B
NEC #PD41256
NMB AAA2800
oKI MSM41256
Panasonic MN41256
Samsung KM41256
Sharp LH21256
Toshiba TMM41256
TI TMS4257
AMD AM90C255
AT&T M41256N
Fujitsu MB81257/MB41257
Hitachi HM50257
256K X 1 Mitsubishi M5M4257
NIBBLE MODE NEC uPD41257
NMB AAA2800
OKI MSM41257
Samsung KM41257
Sharp LH21257
Toshiba TMM41257

TexAs ‘Q'?
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ALTERNATE SOURCE DIRECTORY

DRAMs (CONCLUDED)

VENDOR
ORGANIZATION T ALTERNATE SOURCES PART NUMBER
Tl TMS44C251
256K X 4 F\fjitsu. MB81C4251/MB81C4252
VIDEO RAM Hitachi HM534251/2/3
OKI MSM514251/MSM514262
Toshiba TC524256/TC524257
TI TMS44C256
AT&T M441024
Hitachi HM514256
ENHA& 2:;';;(61 MODE rgcsumsm xih:::(;;:;oauzss
c NMB AAATM104/AAATM204
OKI MSM414256/MSM514256
Sharp LH64256
Toshiba TC514256
Ti TMS44C257
Mitsubishi M6EM44C258
256K X 4 NMB AAATM104/AAATM204
STATIC COLUMN DECODE OKI MSM514257
Sharp LH64256
Toshiba TC514258
Tl TMS4C1024
AT&T M511024
Fujitsu MB811000
Hitachi HM511000
Hyundai HY51C100
MMX1 Micron Tech MT41C001
ENHANCED PAGE MODE Mitsubishi M5M4C1000
NEC #PD411000
NMB AAATM100/AAATM200
OKI MSM411000/MSM511000
Panasonic MN411000
Toshiba TC511000
TI TMS4C1025
Fujitsu MB811001
. ponool
NI MODE NMB AAATM200
OKI MSM411001
Toshiba TC511001
Tl TMS4C1027
Hitachi HM511001
MMX1 Mitsubishi M5M4C1002
STATIC COLUMN DECODE NMB AAATM100/AAATM200
OKI MSM511001
Toshiba TC511002

TeExas
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ALTERNATE SOURCE DIRECTORY

DYNAMIC RAM MODULES

ORGANIZATION

VENDOR

PART NUMBER

TI ALTERNATE SOURCES
TI TM4256EC4
DENSE-PAC DPD44256
Fujitsu MB85203/MB85204
256K X 4 Hitachi HB561004A
Micron Tech MT4259
NEC MC41256A4
TI TM4256FL8
DENSE-PAC DPD42568
Hitachi HB451008B
256K X 8 Micron Tech MT8259
Mitsubishi MH25608A
NEC MC41256A8
NMB MM2800
OKI MSC2304KS8
T TM4256GU8
DENSE-PAC DPD42568
Hitachi HB561008B
256K X 8 M?cron. Tejch MTB8259
Mitsubishi MH25608
NEC MC41256A8
NMB MM2800
OKl MSC2304YS8
T TM4256EL9
DENSE-PAC DPD42569
Fujitsu MB85227
Hitachi HB561003/HB561009
Micron Tech MT9259
256K X 9 Mitsubishi MH25609A
NMB MM2800
NEC MC41256A9
oK1 MSC2304KS9
Toyocom TH22569/TH32569
TI TM4256GU9
DENSE-PAC DPD42569
Fujitsu MB85227
Hitachi HB561003/HB561009
Micron Tech MT9259
286K X 9 Mitsubishi MH25609
NMB MM2800
NEC MC441256A9
OKI MSC2304YS9
Toyocom TH22569/TH32569
TH TM4256FC1
DENSE-PAC DPD411M
MMX1 EDI DH411M-__C4/EDH411M-__C4
Fujitsu MB85201/MB85208
NEC MC411000A1
1IMX4 Ti TMO24HAC4

TeExAs
INSTRUMENTS
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ALTERNATE SOURCE DIRECTORY

DYNAMIC RAM MODULES (CONCLUDED)

ORGANIZATION

VENDOR

PART NUMBER

$9110)9911(] 92IN0G 9JRUIAN|Y '

2-6

TI ALTERNATE SOURCES
Tl TMO24GAD8
Interplex (NAS) 1TM-S-1000-P-08
IMX8 Micron MT8C8024MN
Mitsubishi MH1MO08
OKI 2310-__YS8
Toshiba THM81000S
T TMO24EADY9
Hitachi HB56A19B
Interplex (NAS) 1TM-S-1000-P-09
1MMX89 Micron MTC9024MN
Mitsubishi MH1MO09
OKI 2310-__YS9
Toshiba THM91000S

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001
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ALTERNATE SOURCE DIRECTORY

EPROMs
VENDOR
ORGANIZATION T ALTERNATE SOURCES PART NUMBER
TI TMS27C292
AMD AM27S191A
K X8 Cypress CY7C292
HIGH SPEED ICT 27CX322
cMOS MMI 6351681
National DM875291
Signetics N825191
Waferscale WS57C291
TI TMS2732A
AMD AM2732A/AM2732B
Fujitsu MBM2732A
4K X 8 Hitachi HN482732
NMOS Intel 2732A
National NMC27C32
Panatech RD27C32
SGS © M2732A
T TMS27C32
4K X 8 .
CMOS National NMC27C32
Panatech RD27C32
Tl TMS2764
AMD AM2764A
Fujitsu MBM2764
Hitachi HN482764
Hyundai HY2764
8K X 8 InTeI o 2764A
Mitsubishi M5L2764
NMOS
Motorola MSM68764
NEC uPD2764
oKl MSM2764
SEEQ 5133/2764
SGS M2764
Toshiba TMM2764
TI TMS27C64
Atmel AM27HC64
Cypress CY7C261/CY7C263/CY7C264
Cypress CY7C268/CY7C269
Fujitsu MBM27C64
G! 27Cé4
Goldstar GM27HC64
8K X 8 Hitachi ) HN27C64
CMOS Hyundai HY27C64
Intel 27C64/87C64
National NMC27C64
NEC uPD27C64
OKI MSM27Cé64
S-MOS SPM27C64
Signetics 27C64/87C64
Thomson TS27Cé4
Waferscale WS27C64F/WS27C49
Mg
TExas
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ALTERNATE SOURCE DIRECTORY

EPROMs (CONTINUED)

VENDOR
ORGANIZATION h ALTERNATE SOURCES PART NUMBER
Tl TMS27C128
AMD AM27128
Atmel AT27C128
Fujitsu MBM27C128/MBM27128
"Gl 27C128
Hitachi HN27128A/HN4827128G
Mitsubishi M5L27128/M5M27C128
16K X 8 National NMC27CP128
CMOS NEC #PD27128
OKl MSM27128/MSM27C128
S§-MOS SPM27129C
SEEQ 27128
Toshiba TMM27128
VLS! VT27C128
VTI VT27C128
Waferscale WS57C128F/WS57C251
T TMS27C256
AMD AM27C256/AM27256
Atmel AT27C256/AT27256
Fujitsu MBM27C256/MBM27256
Hitachi HN27C256/HN27266
Gl 27C256/27256
Intel 27256/27C256
Mitsubishi M5M27C256/M5L27256
Motorola MCM67256/9
32K X 8 National NMC27C256
CMOS NEC uPD27256
OKI MSM27C256/MSM27256
Panatech RD27C256
S-MOS SPM27C256
SEEQ 27C256
SGS M27256A
Signetics 27C256
Thomson TS27C256
Toshiba TMM27256/TC57256
Waferscale WS57C256F
T TMS27C512
AMD AM27512/AM27C512
Atmel AT27C512
Fujitsu MBM27C512
Gl 27C512
64K X 8 Hitachi HN27512
Intel 27512
cMos Mitsubishi M5L27512
National NMC27C512
NEC #PD27C512
OKI MSM27512
Panatech TMS27C512
Toshiba TC57512/TMM27512

TEXAS “5’
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ALTERNATE SOURCE DIRECTORY

EPROMs (CONCLUDED)

VENDOR
ORGANIZATION T ALTERNATE SOURCES PART NUMBER

Tl TMS27C210
AMD AM27C1024
Atmel AT27C1024

84K X 16 Fujitsu MBM27C1024
CMOS Intel 27210

National NMC27C1024
NEC #PD27C1024
OKI MSM271024/MSM27C1024
Toshiba TC571024

Tt TMS27C010
Atmel AT27C010
Fujitsu MBM27C1000/1
Hitachi HN27C101

128K X 8 Intel 27010
CMOS Mitsubishi M5M27C100/1/2

NEC #PD27C1000
OKI MSM271000
Toshiba TC571000

{i,
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE

PART | — 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 diglT, i.e., a 1 or a O; in electrical terms the value of a b_it may be represented by

the presence or absence of charge, voltage, or current.
Byte — A word of 8 bits (see word) . , ) n

CMOS — A complementary MOS technology which uses transistors with electron (N-channql) and hole

(P-channel) conduction. o
Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated 16
circuit for input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes 3

the integrated circuit to be in a reduced power standby mode. 5
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: 8

1.  Synchronous—Clocked/latched with the memory clock. Affects the inputs-and outputs for £

the duration of that memory cycle. 2]

2. Asynchronous—Has direct asynchronous control of inputs and outputs. In the read mode, S

an asynchronous chip select functions like an output enable. S

Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses B
It can be active high (CAS) or active low (CAS). g
Data — Any information stored or retrieved from a memory device. ‘ ‘E’
DIP — Dual In-line Package. g
c

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. o
NOTES: 1. The words ‘‘read/write’’ may be omitted from the term when no mlsunderstandmg ‘will g’
result. £

2. Such repetitive application of the control signals is normally called a refresh operation. §

3. A dynamic memory may use static addressing or sensing circuits. : |:

4. This definition applies whether the control signals are generated inside or outside the t

integrated circuit. ] g

Electrically Erasable Programmable Read-Only Memory (EEPROM) — A nonvolatile memory that can be field- g
programmed like a PROM or EPROM, but that can be electncally erased by a combination of electrical ('3

signals at its inputs.

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

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

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

Field-Programmablé Read-Only Memory — (see One-time Programmable Read-Only Memory)

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

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

i
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GLOSSARY|TIMING CONVENTIONS/DATA SHEET STRUCTURE

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

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

Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is
n 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 Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered,
in which it is or can be stored, and from which it can be retrieved.

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

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.

One-time Programmable Read-Only Memory (PROM) — A read-only memory that after being manufactured,
can have the data content of each memory cell altered once.

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)

PLCC — Plastic Leaded Chip Carrier package.

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 PROM memories, the procedure whereby logical Os (or 1s)
are stored into various desired locations in a previously erased device.

Program Enable — An input S|gna| that when true, puts a programmable memory device into the program mode.

2iMonJ}g 199Ysg ejeQg/suonuaruoy Bujwi /Aessojn

Programmable Read -Only Memory (PROM) — (see One-time Programmable 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 which will be mounted upon it.

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

Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during normal

operation.
NOTE:  Unless otherwise qualified, the term “‘read-only memory’’ implies that the contents is determined
by its structure and is 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 dynamlc RAMs to control the input of the row addressed. It can
‘be active high (RAS) or active low (RAS).
i
TeExas b
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GLOSSARY|TIMING CONVENTIONS/DATA SHEET STRUCTURE

S0J — Small Outline J-lead package.

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

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

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

SIP — Single In-line package.

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

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

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

/Data Sheet Structure

Ions,

Volatile Memory — A memory in which the data content is lost when power supplied is disconnected.

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

Convent

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

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

iming

ZIP — Zig-zag In-line package.

PART il — OPERATING CONDITIONS AND CHARACTERISTICS
(INCLUDING LETTER SYMBOLS)

Glossary/T

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

Example symbology:

" Cj Input capacitance
Co Qutput capacitance
Ci(D) Input capacitance, data input

Current

High-level input current, I|H
The current into an input when a high-level voltage is applied to that input.

‘Qi’
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High-level output current, IoH
The current into* an output with input conditions applied that according to the product specification will

establish a high level at the output.

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

Low-level output current, IQL
The current into* an output with input conditions applied that according to the product specmcatlon will

establish a low level at the output.

Off-state (high-impedance-state) output current {of a three-state output), 10z

The current into* 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, 10s

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, 18B. Icc. IDD. IPP
The current into, respectively, the VBB, VCC. VDD, VPP supply terminals.

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

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

characteristics.

Operating Case Temperature

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

Voltage

High-level input voltage, VIH

An input voltage within the more positivé (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.
High-level output voltage, VOH
The voltage at an output terminal with input conditions applied that according to the product specification
will establish a high level at the output.
Low-level input voltage, V|L

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.

3-6
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GLOSSARY|TIMING CONVENTIONS/DATA SHEET STRUCTURE

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, VB, VcC. VDD. 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, Vss.

Time Intervals

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted
by JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used in this book
when intervals can easily be classified as access, cycle, disable, enable, hold, refresh, setup, transition,
or valid times and for pulse durations. The second form can be used generally ‘but in this book is used
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 unclassified form are given
with the examples for most of the classified time intervals.

Unclassified time intervals

Generalized letter symbols can be used to identify almost any time interval without classifying it using
traditional or contrived definintions. 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

= a valid steady-state level

unknown, changing, or ‘“don’t care’’ level
high-impedance (off) state

N X<
I

The hyphen between the B and C subscripts is omitted when no confusion is likely to occur.
For examples of symbols of this type, see TMS4256 (e.g., tRLCL)-
Classified time intervals (general comments, specific times follow)

Because of the information contained in the definitions, frequently the identification of one or both of the
two signal events that begin and end the intervals can be significantly shortened compared to the unclassified
forms. For example, it is not necessary to indicate in the symbol that an access time ends with valid data
at the output. However, if both signals are named (e.g., in a hold time), the from-to sequence is maintained.
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE

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) tAvVQvV 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 in which the digital circuit operates. A minimum value is specified that is the shortest
interval that must be allowed for the digital circuit to perform a specified function (e.g., read,
write, etc.) correctly.

Example symbology:

Classified Unclassified Description
te(R): te(rd) tAVAV(R) Read cycle time
te(W) tAVAV(W) Write cycle time
NOTE: R is 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) tSHQZ Output disable time after chip select (high)
tdis(W) twLQz 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(SL) tsLQv Output enable time after chip select low

These symbols supersede the older form tpzy.
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Hold time

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

the system in which the digital circuit operates. A minimum value is specified that is the

shortest interval for which correct operation of the digital circuit is guaranteed.
2. The hold time may have a negative value in which case the minimum limit defines the longest 3

interval (between the release of the signal and the active transition) for which correct

operation of the digital circuit is guaranteed. o

Example symbology: :?:

Classified Unclassified Description g

th(D) tWHDX Data hold time (after write high) o

th(RHrd) tRHWH Read (write enable high) hold time after RAS high ]

th(CHrd) tCHWH Read (write enable high) hold time after CAS high ‘5;

th(CLCA) tCL-CAX Column address hold time after CAS low _g

th(RLCA) tRL-CAX Column address hold time after RAS low ;)

th(RA) tRL-RAX Row address hold time (after RAS low) @

These last three symbols supersede the older forms: g

NEW FORM OLD FORM I

c

th(CLCA) th(ACL) °

th(RLCA) th(ARL) t

th(RA) th(AR) g

NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the g

classified form. In the case of hold times, this causes the order to seem reversed from what (&}

would be suggested by the terms. o

Pulse duration (width) .E

The time interval between the specified reference points on the leading and trailing edges of the pulse i:

waveform. =

1Y

Example symbology: 8

Classified Unclassified Description g

tw (W) tWLWH- Write pulse duration 6
tw(RL) tRLRH Pulse duration, RAS low

Refresh time interval

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

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

Example symbology:
Classified Unclassified Description

trf Refresh time interval

{i’
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Setup time

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

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

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

Example symbology:

Classified Unclassified  Description

tsu(D) tDVWH Data setup time (before write high)
tsu(CA) tCAV-CL Column address setup time (before CAS low)
tsu(RA) tRAV-RL Row address setup time {before RAS low)

Transition times (also called rise and fall times)

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

Example symbology:

Classified Unclassified Description
tt Transition time (general)
tt(CH) tCHCH Low-to-high transition time of CAS
trc) tCHCH CAS rise time
tf(C) tCLCL CAS fall time
Valid time

(a)  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

tlv(A) tAXQx Output data valid time after change of address.
This supersedes the older form tpyx.

‘Qi’
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PART lil — TIMING DIAGRAMS CONVENTIONS

. ) MEANING
TIMING DIAGRAM INPUT OUTPUT
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low

Will be changing from high

High-to-low changes . .
) to low some time during
permitted . .
designated interval
Low-to-high changes Will be changing from low
ﬂ_ permitted to high sometime during
designated interval
XXX Don't Care State unknown or changing

QOOOOOOOXXX)
AXXXXXXAXXXN)
Centerline represents high-

D t app!
(Does not apply) impedance (off) state.

:

PART IV — BASIC DATA SHEET STRUCTURE

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

Augmenting the descriptive text there appears a /ogic symbol prepared in accordance with ANSI/IEEE Std
91-1984 and |EC Publication 617-12 and explained in Section 11 of this book. Following the symbol is
usually a functional block diagram, a flowchart of the basic internal structure of the device showing the
signal paths for data, addresses, and control signals, as well as the internal architecture. Usually the next
few pages contain the absolute maximum ratings (e.g., voltage supplies, input voltage, and temperature)
applicable over the operating free-air temperature range. If the device is used outside of these values, it
may be permanently destroyed or at least it would not function as intended. Next, typically, are the
recommended operating conditions, (e.g., supply voltages, input voltages, and operating temperature).
The memory device is guaranteed to work reliably and to meet all data sheet parameters when operated
in accord with the recommended operating conditions and within the specified timing. If the device is
operated outside of these limits (minimum/maximum) it is no longer guaranteed to meet the data sheet
parameters. Operation beyond the absolute maximum ratings can result in catastrophic failures.

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

TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

/Data Sheet Structure

ons,

Conventi

iming

Glossary/T

311



GLOSSARY|TIMING CONVENTIONS/DATA SHEET STRUCTURE

2ImonNg 199Ys eleg/suonuanuon Buiu) /Atessoln !

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

At the end of a data sheet additional applications information may be provided such as how to use the
device, graphs of electrical characteristics, or other data on electrical characteristics.
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

MAY 1983—REVISED JANUARY 1988

262,144 x 1 Organization

Single 5-V Power Supply

— 5% Tolerance Required for TMS4256-8

— 10% Tolerance Required for TMS4256-10,
-12, -15, and TMS4257-10, -12, -15

JEDEC Standardized Pinouts

Performance Ranges:
ACCESS | ACCESS | READ
TIME TIME OR v
DD
DEVICE ROW | COLUMN | WRITE | o

ADDRESS | ADDRESS | CYCLE

(MAX) (MAX) (MIN)
‘4256-8 80 ns 40 ns 160 ns + 5%
‘4256-10
'4257-10 100 ns 50 ns 200 ns +10%
‘4256-12 i
‘4257-12 120 ns 60 ns 220 ns +10%
"4256-15 .
+4257-15 150 ns 75 ns 260 ns +10%
@ Long Refresh Period . . . 4 ms (Max)
® Operations of the TMS4256/TMS4257 Can
Be Controlled by TI's SN74ALS2967,
SN74ALS2968, and THCT4502 Dynamic
RAM Controllers
@ All Inputs, Outputs, and Clocks Fully TTL
Compatible
©. 3-State Unlatched Outputs
©® Common I/O Capability with ‘’Early Write’’
Feature
O Page Mode (‘4256) or Nibble-Mode ('4257)
© Low Power Dissipation
©® RAS-Only Refresh Mode
© Hidden Refresh Mode
@ CAS-Before-RAS Refresh Mode
© Auvailable with MIL-STD-883B Processing

and L(0°C to 70°C), E(-40°C to 85°C), or
§(-55°C to 100°C) Temperature Ranges
{SMJ4256, with 10% Power Supply)

N PACKAGE SD PACKAGE
(TOP VIEW) {TOP VIEW)
A8l A6 f11
D E 2 TAS I3 2{]a
w(]s aghs 4Vss
RAS[]4 who 8o
Ao[]s aofre B8LJRAS
A2[]s a1 f11108]A2
a7 A7 ;1312E.VDD
vpp[]8 A4 31514[.A5
[~ 16L]A3
FM PACKAGE
(TOP VIEW)
PIN NOMENCLATURE
AO-A8 Address Inputs
CAS Column-Address Strobe
D Data In
NC No Connection
Q Data Out
RAS Row-Address Strobe
Vpp 5-V Power Supply
Vss Ground
w Write Enable

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
spacifications per the terms of Texas Instruments

standard Pr p
necessarily include testing of all parameters.

¥
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

description

The TMS4256 and TMS4257 are high-speed, 262,144-bit dynamic random-access memories, organized
as 262,144 words of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double-
level polysilicon/polycide gate technology for very high performance combined with low cost and improved
reliability.

The '4256-8 with a 5% voltage tolerance has a maximum RAS access time of 80 ns. The
'4256/'4257-10, -12, and -15 with 10% voltage tolerances have maximum RAS access times of
100 ns, 120 ns, and 150 ns, respectively.

New SMOS technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a —1 V input voltage
undershoot can be tolerated, minimizing system noise considerations.

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

The ‘4256 and ‘4257 are offered in 16-pin plastic dual-in-line, 16-pin plastic zig-zag in-line (ZIP), and 18-lead
plastic chip carrier packages. They are guaranteed for operation from 0°C to 70°C. The dual-in-line package
is designed for insertion in mounting-hole rows on 7,62-mm (300-mil} centers.

operation
address (AQ through A8)

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

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from 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, data out will remain in the high-impedance state for the entire cycle, permitting
common /O operation.

data in (D)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data
is strobed in by C/ CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval
ta(C) that begins with the negative transition of CAS as long as s ta(R) is 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 read-modify-write cycle, the output will follow the sequence for the read cycle.

TeExas b
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

refresh

A refresh operation must be performed at least once every four milliseconds to retain data. This can be
achieved by strobing each of the 256 rows (AO-A7). 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.

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and
holding it low after RAS falls (see parameter tR| CHR). 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. .

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by
holding CAS at V|| after a read operation and cycling RAS after a specified precharge period, similar to
a CAS-before-RAS refresh cycle. The externa!l address is also ignored during the hidden refresh cycles.
The data at the output pin remains valid up to the maximum CAS low pulse duration, tyw(CL)-

page mode (TMS4256)

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row
addresses for the same page is eliminated. The maximum number of columns that can be addressed is
determined by tw(RL), the maximum RAS low pulse duration.

nibble mode (TMS4257)

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time. The next
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is
determined by the row and column addresses, which need to be supplied only for the first access. Column
A8 and row A8 (CA8, RAS8) provide the two binary bits for initial selection of the nibble addresses.
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following
sequence:

r —(0,0) =(0,1) (1.0) =(1,1) ]

In nibble-mode, all normal memory operations (read, write, or read-modify-write) may be performed in any
desired combination.

power-up

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

{ip
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

logic symbolt

TThis symbol is in accordance with ANSI/IEEE Std. 91-1084 and IEC Publication 617-12.

A0
A1l
A2
A3
A4
A5
A6
A7
A8

) RAM 256K X 1
20D09/21D0 ")
(7)
{6)
112) .
(11) P
(10) f 262,143
(13)
(9)
m 20D17/21D8 |
C20[ROW)]
@ G23/[REFRESH ROW]
24[PWR DWN]
c21[coL)
151 G24
‘ & L 23c22
w QL_‘: 23,210 | 24en
D

A,22D

AV |

The pin numbers shown are for the 16-pin dual-in-line package.

functional block diagram

(14)

o]

nis c;s -viT
TIMING AND CONTROL
ROW
32K ARRAY pecope | 32K ARRAY
ROW
> ADDRESS 256 SENSE AMPS 256 SENSE AMPS
BUFFERS e h
8) DATA
( 32K ARRAY DECODE 32K ARRAY 0 ™ 0
-+—»—  BUFFERS REC
COLUMN DECODE <~ 108
A0 > <> selec
A1 >— : — TION noAuTrA .
-~ R
A2 COLUMN 32K ARRAY DECODE 32K ARRAY REG
A3 ~>—{ ADDRESS - =
As > BUFFERS 256 SENSE AMPS 256 SENSE AMPS
A5 — @)
. ROW
A6 > 32K ARRAY Mokl 32K ARRAY
A7 >
L1
COLUMN _
A8 ROW
i
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

Voltage range for any pin, including Vpp supply (see Note 1) .................... -1Vto7V
Short circuit output current . ....... e e P e e 50 mA
Power dissipation . .. ............... it e e L1 W
Operating free-air temperature range . . ......... O 0°C to 70°C
Storage temperature range . ...........eiiaiaen . e .....—65°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX| UNIT
Vpp Supply voltage {'4256/'4257-10, -12, -15) 4.5 5 56 \
Vpp Supply voltage {'4256-8) 4.75 5 5.25 \
Vgs Supply voltage o] v
V|4 High-level input voltage 2.4 6.5 v
ViL Low-level input voltage (see Note 2) -1 0.8 \4
Ta  Operating free-air temperature (o] 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet
for logic voltage levels only.
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TMS4256, TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

Output open

TEST TMS4256-8 TMS4256-10
PARAMETER CONDITIONS TMS4257-10 UNIT
MIN MAX | MIN MAX
VoH  High-level output voltage lo4 = -5 mA 2.4 2.4 \%
VoL Low-level output voltage oL = 4.2 mA 0.4 0.4 \
Iy Input current (leakage) X:I :tr(\)ervpti:sef (\J/'vaDs.; \51 Vi +10 +10 A
Vo =0Vtob55V,
lo Output current (leakage) VDD = 5V, TAS high +10 +10 RrA
1501 Ave?rage operating current te = minimum cycle, 70 70 mA
during read or write cycle Output open
After 1 memory cycle,
Ipp2 Standby current RAS and CAS high, 4.5 4.5 mA
| QOutput open
tc = minimum cycle,
Ipp3  Average refresh current RAS cycling, TAS high, 70 58 mA
: Output open
te(p) = minimum cycle,
Ipps Average page-mode current RAS low, CAS cycling, 60 50 mA
Output open
te(N) = minimum cycle,
IpDs  Average nibble-mode current RAS low, CAS cycling, 45 mA
Qutput open
TMS4256-12 TMS4256-15
PARAMETER CONTDEI?'.I'.ONS TMS4257-12 TMS4257-15 UNIT
MIN MAX MIN MAX
VoH  High-level output voltage IoH = -5 mA 2.4 2.4 \
VoL = Low-level output voltage loL = 4.2 mA 0.4 0.4 \
N Input current (leakage) X:I ;:e'vpti:ssf ;/'VV:ZDG.; \5/ V. +10 +10 A
lo Output current (leakage) ://ED_:sV\;,O%Y\;gh +10 +10 pA
1501 Av?rage operatins-; current tc = minimum cycle, 65 60 mA
during read or write cycle Output open
After 1 memory cycle,
Ipp2  Standby current RAS and CAS high, 4.5 4.5 | mA
QOutput open
. tc = minimum cycle,
IppD3  Average refresh current RAS cycling, TAS high, 53 48 mA
Output open
tc(p) = minimum cycle,
Ippa  Average page-mode current RAS low, CAS cycling, 45 40 | mA
Output open
te(N) = minimum cycle,
IpDs  Average nibble-mode current RAS low, CAS cycling, 40 35 [ mA

his
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

capacitance over recommended supply voltage range and operating free-air temperature range,
f=1MH:z

=

PARAMETER MAX | UNIT <

Cita) Input capacitance, address inputs 5 pF oc
Ciip) Input capacitance, data input 5 pF [}
Cij{rc) Input capacitance strobe inputs 5 pF 'E
Ci(w) Input capacitance, write enable input 7 pF o
Co Output capacitance 7 pF g
Q

switching characteristics over recommended supply voltage range and operating free-air temperature ]
range

TMS4256-10
ALT. TMS4256-8
PARAMETER TEST CONDITIONS . SYMEBOL TMS4257-10 | UNIT
MIN MAX MIN MAX
. JU— tRLCL = MAX, CL = 100 pF,
t A ti f CAS 4 0
a(C)  Access time from Load = 2 Series 74 TTL gates {CAC ° o
J— t = MAX, C = 100 pF,
ta(R) Access time from RAS RLCL . L P tRAC 80 100 ns
Load = 2 Series 74 TTL gates
o Output disable time CL = 100 pF, 4 o 20 o 20 ns
distCH) atrer TAS high Load = 2 Series 74 TTL gates OFF

TMS4256-12 | TMS84256-15

PARAMETER TEST CONDITIONS SYAP\IJ-EOL TMS4257-12 | TMS4257-15| UNIT
MIN MAX MIN MAX
ta(c)  Access time from CAS tLT;gL=22'\AS:::L;SC;4=T':SZ£:’5 tcAC 60 75 ns
taR)  Access time from RAS tLF:;gL==2Ms::;sC;‘4=T_:SZ;:; tRAC 120 150 ns
tdis(CH) Sf:::l%s:?;: e E(:acI: =102()S‘)e’:r}es 74 TTL gates ‘OFF 0 30 0 30 ne

é}ip
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

! SINVYY dlweuig

TMS4256-10
PARAMETER SYANL|;0L TMS4256-8 TMS4257-10 UNIT
MIN MAX | MIN MAX
te(P) Page-mode cycle time (read or write cycle) tpC 70 100 ns
te(PM) Page-mode cycle time (read-modify-write cycle) tPCM 95 135 ns
te(rd) Read cycle timet tRC 160 200 ns
te(W) Write cycle time twe 160 200 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 185 235 ns
tw({CH)P Pulse duration, CAS high (page mode} tcp 20 40 ns
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 25 25 ns
tw(CL) Pulse duration, CAS low tCAS 40 10,000 50 10,000 ns
tw(RH) Pulse duration, RAS high tRp 70 90 ns
tw(RL) Pulse duration, RAS low3 tRAS 80 10,000 100 10,000 ns
tw(W) Write pulse duration . twp 20 30 ns
tt Transition times (rise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA) Column-address setup time tASC 0 0 ns
tsu(RA) Row-address setup time tASR 0 0 ns
tsu(D) Data setup time tps 0 0 ns
tsu(rd) Read-command setup time tRCS 0 0 ns
tsuwey) Early wﬁcommand setup time twes o o ns
before CAS low
tsu(WCH) Write-command setup time before CAS high tCWL 20 30 ns
tsu(WRH)  Write-command setup time before RAS high tRWL 20 30 ns
th(CLCA)  Column-address hold time after CAS low tCAH 15 15 ns
th(RA) Row-address hold time tRAH 15 15 ns
th(RLCA)  Column-address hold time after RAS low tAR 55 65 ns
th(CLD) Data hold time after CAS low toH 20 30 ns
th(RLD) Data hold time after RAS low tDHR 60 80 ns
th(WLD) Data hold time after W low tDH 20 30 ns
th{CHrd) Read-command hold time after CAS high tRCH 0 4] ns
th(RHrd) Read-command hold time after RAS high tRRH 10 10 ns
th(CLW) Write-command hold time after CAS low tWCH 20 30 ns
th(RLW) Write-command hold time after RAS low tWCR 65 80 ns

Continued next page.

NOTE 3: Timing measurements are referenced to V| max and V|4 min.

TAll cycle times assume t; = 5 ns.

*In a read-modify-write cycle, to ywL and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additionat
CAS low time {ty(cL))- This applies to page-mode read-modify-write also.

51n a read-modify-write cycle, tRLWL and tgy(WRH) must be observed. Depending on the user’s transition times, this may require additional

RAS low time (ty(RL))

{i’
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

HI Dynamic RAMs

(continued)
TMS4256-10
PARAMETER SYAhllI-EOL TMS4256-8 TMS4257-10 | UNIT
MIN MAX | MIN MAX
tRLCH Delay time, RAS low to CAS high tCSH 80 100 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 40 50 ns
tRLCHR Delay time, RAS low to CAS high{ tCHR 20 20 ns
tCLRL Delay time, CAS low to RAS low tCSR 10 10 ns
tRHCL Delay time, RAS high to CAS low{ tRPC 0 (] ns
Del ime, CAS |
et (r:aady-;od?fyc-:wrsiteog:e \sln::;ﬂ fCWD 40 50 ne
Delay time, RAS low to CAS low
tRLCL (maximum value specified only tRCD 25 40 25 50 ns
to guarantee access time)
oo e P o W wo_ [0 | |
trf Refresh time interval tREF 4 4 ms

Continued next page.
NOTE 3: Timing measurements are referenced to V| max and V|q min.
YCAS-before-RAS refresh only.

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

H SIAVY SlweuiQg

(continued)
ALT. TMS4256-12 TMS4256-15
PARAMETER SYMBOL TMS4257-12 TMS4257-15 UNIT
MIN MAX MIN MAX
te(P) Page-mode cycle time (read or write cycle) tpc 120 145 ns
tc(PM) Page-mode cycle time (read-modify-write cycle} tPCM 160 190 ns
te(rd) Réad cycle time! tRC 220 260 ns
te{W) Write cycle time twe 220 260 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 260 305 ns
tw(CH)P Pulse duration, CAS high (page mode) tcp 50 60 ns
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 25 25 ns
tw(CL) Pulse duration, CAS low?* tCAS 60 10,000 75 10,000 ns
tw(RH) Pulse duration, RAS high tRp 90 100 ns
tw(RL) Pulse duration, RAS low$ tRAS 120 10,000 160 10,000 ns
tw({W) Write pulse duration twp 30 45 ns
ty Transition times (rise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA) Column-address setup time tASC 0 0 ns
tsu(RA) Row-address setup time tASR o] [o] ns
tsu(D) Data setup time tps 0 [*] ns
tsu(rd) Read-command setup time tRCS 0 [*] ns
tsu(WcL) Early write-command setup time before CAS low twes 0 o] ns
tsu{WCH) Write-command setup time before CAS high tcwL 35 45 ns
tsu(WRH)  Write-command setup time before RAS high tRWL 35 45 ns
thicLcA)  Column-address hold time after CAS low tCAH 20 25 ns
th(RA) Row-address hold time tRAH 15 15 ns
th(RLCA)  Column-address hold time after RAS low tAR 80 100 ns
th(CLD) Data hold time after CAS low toH 30 45 ns
th({RLD) Data hold time after RAS low tDHR 90 120 ns
th(WLD) Data hold time after W low tDH 30 45 ns
th(CHrd) Read-command hold time after CAS high tRCH (o] o] ns
th(RHrd) Read-command hold time after RAS high tRRH 10 10 ns
th(CLW) Write-command hold time after CAS low tWCH 30 45 ns
th(RLW) Write-command hold time after RAS low tWCR 90 120 ns

Continued next page.

NOTE 3: Timing measurements are referenced to V| max and V|y min.

TAll cycle times assume t; = 5 ns.

tIn_anaad-modify-write cycle, tcLwL and tgy(WCH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time (ty(cL)). This applies to page-mode read-modify-write also.

§In_aread-modify-write cycle, taLwL and tgy(WRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time (ty(RL))-

{i’
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

(concluded) (%)

ALT. TMS4256-12 TMS4256-15 5

PARAMETER SYMBOL TMS4257-12 TMS4257-15 UNIT o

MIN MAX MIN MAX [T}

tRLCH  Delay time, RAS low to CAS high tCSH 120 150 ns .é

tCHRL Delay time, CAS high to RAS low tCRP 0 o ns g

tcLRH Delay time, TAS low to RAS high tRSH 60 75 ns >

tRLCHR Delay time, RAS low to CAS high{ 1CHR 25 30 ns o
tcLaL  Delay time, CAS low to RAS low{ tCSR 10 20 ns
tRHCL Delay time, RAS high to CAS low tRPC 0 [ ns
tcLwL Delay time, TAS low to W low (read-modify-write cycle only) tCWD 60 70 ns
tRLCL Delay time, RAS low to CAS low (maximum value specified tRCD 25 60 25 75 ns

only to guarantee access time}

tRLwL Delay time, RAS low to W low {read-modify-write cycle only) [ trwD 120 145 ns
trf Refresh time interval tREF 4 4 ms

NOTE 3: Timing measurements are referenced to V| max and V|4 min.
1CAS-before-RAS refresh only.

NIBBLE-MODE CYCLE

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

range
PARAMETER ALT. TMS4257-10 | TMS4257-12 TMS4257-15 UNIT
SYMBOL MIN  MAX MIN  MAX MIN MAX
ta(cN) Nibble-mode access from CAS tNCAC 25 30 40 ns
timing requirements over recommended supply voltage range and operating free-air temperature range
PARAMETER ALT. TMS4257-10 | TMS4257-12 TMS4257-15 UNIT
SYMBOL MIN MAX MIN  MAX MIN MAX :
te(N) Nibble-mode cycle time INC 50 60 75
Nibble-mode read-modify-
t t 70 85 105
clrdWNI i rite cycle time NRMW
Nibble-mode delay time,
t —_— — t 25 30 40
CLRHN 75 low to RAS high NRSH
Nibble-mode delay time,
t — = t 20 25 30 ns
CLWLN CAS to W delay NCWD
Nibble-mode pulse duration,
— 1 25 40
WICLN) &7 jow NCAS 30
Nibble-mode pulse duration,
t J— t 15 20 25
w(CHN) TAS high NCP
¢ Nibble-mode write command ¢ 20 25 35
SU(WCHN) setup before CAS high NCWL
NOTE 3: Timing measurements are referenced to V| max and Vi min.
%
TeExas 413
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

early write cycle timing
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TMS4256, TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing
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TThe enable time (tep,) for a write cycle is equal in duration to the access time from CAS (t4(c)) in a read cycle; but the active levels at
the output are invalid.
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read-write/read-modify-write cycle timing
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NOTE 4: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated.
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not 'violated.
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TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read cycle timing
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TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read-modify-write-cycle timing
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

RAS-only refresh cycle timing
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

automatic (CAS-before-RAS) refresh cycle timing

H Dynamic RAMs
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TMS4461

262,144-BIT MULTIPORT VIDEO RAM

JULY 1986—REVISED FEBRUARY 1988

65,536 x 4 Organization

Dual-Port Accessibility — Four 1/Os for
Sequential Access, Four 1/Os for Random
Access

One Serial Data Register Built into Each
Serial 1/0 for Sequential-Access Applications

0 Designed for Video and Non-Video
Applications

Fast Serial Ports . . . 25-MHz Shift Rate

0 Mid-Scan Load — Serial Data Streams
Uninterrupted by Register Reload

© TRG as Output Enable Allows Direct
Connection of DQ and Address Lines to
Simplify System Design

0 Random-Access Port Is Compatible with the
TMS4464, 64K x 4 DRAM

O Supported by Tl's TMS34061 Video System
Controller and TMS34010 Graphics System
Processor (GSP)

O 3-State Serial I/Os Allow Easy Multiplexing
of Video Data Streams

0 Maximum Access Time from RAS
...120 ns

0 Minimum Cycle Time (Read or
Write) . . . 220 ns

0 Long Refresh Period . . . 4 ms

O Low Refresh Overhead Time . .. As Low As
1.3% of Total Refresh Period

0 All Inputs, Outputs, Clocks Fully TTL
Compatible

3-State Unlatched Random-Access Outputs

Common Random-Access 1/0 Capability
with ‘“Early Write’* Feature

0 High-Speed Page-Mode Operation for Faster
Access

description

HI Dynamic RAMs

N PACKAGE SD PACKAGE
{TOP VIEW) (TOP VIEW)
scr Uaa[lvgs pa3[]1
spai[]z  23flspas sof]s  20pos
spaz[]s 22flsbas  spasfls 4HSPO3
TRG[Ja 21[J5G sc[]7 s[Jvss
pai[]s 20[pas spazfJe °BLSpa
pazfls  1sfloas pa1 1 10[]TRG
wel]r 18[]cAs WE[ 113 12EDT°§
RAS[Js 17{JA0 A6 115 :;E25
As[]s  18[]A1 A4 17
As[1o 15%A2 A7%19 18[}Vbp
asfin 12fa3 a2[]21 igE 2?
vpp[12 13[]A7 A0[]23 2a[lcAs
PIN NOMENCLATURE
AO-A7 Address Inputs
CAS Column-Address Strobe
DQ1-DQ4 Random-Access Data In/
Data-Out/Write-Mask Bit
RAS Row-Address Strobe
SC Serial Data Clock
SDQ1-SDQ4  Serial Data In/Data Out
3G Serial Enable
TRG Transfer Register/
Q Output Enable
VpD 5-V Supply
Vgs . Ground
WE Write-Mask Select/
Write Enable
© CAS-Before-RAS Refresh and Hidden

Refresh Modes
Low-Power Dissipation

24-Pin, 400-Mil Dual-in-line Package or
24-Pin, Zig-Zag In-line Package (ZIP)

The TMS4461 is a high-speed dual-ported 65,536 x 4 bit dynamic random-access memory with on-chip
data registers. The random-access port makes the memory look as if it is organized as 65,536 words of
four bits each, like the TMS4464. The sequential-access port is interfaced to four internal 256-bit dynamic
data registers, which make the memory look as if it is organized as 256 four-bit words of up to 256 bits

each that are accessed serially.

The 256K Multiport Video RAM employs state-of-the-art scaled NMOS, double-level polysilicon/polycide
gate technology for very high performance combined with low cost and improved reliability.

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

xas WP

E
necessarily include testing of all parameters. lNSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

Copyright © 1986, Texas Instruments Incorporated
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM
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The TMS4461 features full asynchronous dual-port accessibility except when transferring data between
the data register and the random-access memory.

Refresh period is 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that
the transfer of a row of data from the memory array to the data register also refreshes that particular row.

CAS-before-RAS and hidden refresh modes are also available.

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

The 256K Multiport Video RAM is offered in a 24-pin dual-in-line plastic package (N suffix) and is guaranteed
for operation from 0°C to 70 °C. The package is designed for insertion in mounting-hole rows on 10,16-mm
(400-mil) centers.

The TMS4461 Multiport Video RAM is also offered in a 24-pin zig-zag plastic package (SD suffix),
guaranteed for operation from 0°C to 70°C.

functional block diagram
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

random port to serial port interface

The TMS4461 Multiport Video RAM consists of a 64K x 4 DRAM port and a 256 x 4 serial port. Each
of the four random (DRAM}) I/Os is interfaced to a 256-bit data register that can be loaded with 256 bits
in parallel from any row in that I/O channel’s memory then read out sequentially starting from one of 256
selectable locations along the data register. Conversely, each of the four data registers can be loaded with
data serially from the serial input (SD) and subsequently transferred, 256 bits in parallel, into any row of
memory for each respective DRAM 1/O channel.

block diagram showing one random and serial interface

be————256 COLUMNS —————=
pa - }
coL coL|
I o | 255 |
f ROW [0 o)
o
256 MEMORY ARRAY
ROWS 65,5636 BITS
ROW
255 65,535

ﬁ-———l "'256

TRG —»— TR:\ON;(F:ER #— TRANSFER PASS GATES

RAS —-—] ‘/

1 256

|

256-BIT DATA REGISTER

3

{256
/
SC ——a=— SERIAL /‘
8 ADDRESS SERIAL DECODER/MUX -
A0-A7 4+ couUNTER -

SERIAL ﬁ

SG—— MODE
CONTROL /

SDQ —a—p

random-access address space to sequential-address space mapping

The 256 bits in each of the four data registers correspond to the 256 column locations of each of the
four random 1/Os. Data can be read out of the registers starting at any of the 256 data register bit locations.

This tap location is selected by addresses A7 through AO on the falling edge of CAS during a transfer
cycle between the memory array and the data registers. All registers are read out starting from the selected
tap point proceeding from the least-significant bits to the most-significant bits. The four data registers
are configured as circular data registers when reading their contents to the serial outputs. After the most-
significant bit (bit 255) is read out of each register, the next bit read will be 00 (see explanation under
section entitled ‘‘serial data input/output’’).

EI Dynamic RAMs
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TMS4461
262,144-BIT MULTIPORT VIDEG RAM
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Note that if column address bits A7 through AO equal 00 during the last memory-to-register transfer cycle,
a total of 256 bits can be sequentially read out of each of the four data registers starting from bit position 00.

operation

random-access operation
transfer register select (TRG)

The TRG selects either register transfer or random-access operation as RAS falls. To use the TMS4461 in
random-access mode, TRG must be held high as RAS falls. Holding TRG high as RAS falls causes the
256 storage elements of each data register to remain disconnected from the corresponding 256 bit lines
of the memory array. If serial data is to be written in or read out of the data registers, the data registers
must be disconnected from the bit lines. Holding TRG low as RAS falls enables the 256 switches that
connect the data registers to the bit lines and indicates that a transfer will occur between the data registers
and the selected memory row.

random output enable {TRG)

During random-access operations, TRG functions as an output enable for the random outputs after the
read access times have been satisfied (if this is a read cycle). Whenever TRG is held high, the Q outputs
will be in the high-impedance state. This feature removes the possibility of an overlap between data on
the address lines and data appearing on the Q outputs making it possible to connect the address lines
to the data 1/O lines—although use of this organization prohibits the use of the early write cycle. It also
allows read-modify-write cycles to be performed by providing a three-state condition to the common 1/0
pins to allow write data to be driven onto the pins after output read data has been externally latched.

address (AO through A7)

Sixteen address bits are required to decode one of 65,536 storage cell locations. Eight row-address bits
are set up on pins AO through A7 and latched onto the chip on the falling edge of RAS. Then the eight
column-address bits are set up on pins AO through A7 and latched onto the chip on the falling edge of CAS.
All row and column addresses must be stable on or before the falling edges of RAS and CAS respectively.
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CASis
used as a chip select, activating the device input and output buffers. CAS is also used to strobe the column
address into the memory.

write-mask enable (WE)

The WE pin selects the random-mode write-mask option. The TMS4461 random port is equipped with
two modes of write operations. If WE is held low on the falling edge of RAS (during a random access
operation), the write mask is enabled. Accordingly, a 4-bit binary code {the mask) is input to the device
via the random DQ pins and is also latched on the falling edge of RAS. This binary pattern determines
which of the four DRAM 1/Os will be written into on that access and which DRAM 1/Os will not. Thus,
after RAS has latched the write mask on chip, input data is driven onto the DQ pins and is latched on
the falling edge of the latter of CAS or WE (for early write operation, WE can remain low for the entire
RAS low period). If a O was strobed into a particular 1/0 pin on the falling edge of RAS, then the write
circuits for that particular I/0 will be defeated and data will not be written to that I/O. If a 1 was strobed
into a particular /O pin on the falling edge of RAS, then the write circuits for that particular /O will not
be defeated and data will be written to that I/0. See the corresponding timing diagrams for details.

4-30
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

Important: The mask operation is selected only if WE is held low on the falling edge of RAS. If WE is held
high on the falling edge of RAS the mask is not enabled and the write operation is identical to
standard x4 DRAMs, with all four I/Os being written by the data appearing on the DQ pins when the latter
of WE or CAS is brought low. Thus, if it is not desired to use the mask function, then a standard
DRAM timing interface can be used.

WRITE MASK FUNCTION TABLE

TR WE DQ1-DQ4 MODE
1 1 X Write enabled at DQ1-DQ4
1 (o] 1 Write to DQ enabled
1 [¢] 0 Write to DQ disabled

NOTE 1: The logic states in the table above are assumed valid on the falling edge of RAS.

write enable (WE)

The read or write mode is selected through the write-enable (WE) input. A logic high on the WE 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 WE goes low prior to CAS, data out will remain in the high-impedance state for the entire
cycle.

data 1/0 (DQ1-DQ4)

Memory data is written during a write or read-modify-write cycle. The falling edge of WE strobes data
into the on-chip data latches. These latches can be driven from standard TTL circuits without a pull-up
resistor. In an early write cycle, WE is brought low prior to CAS and the data is strobed in by
E with data setup and hold times referenced to this signal. In a delayed-write or read-modify-write cycle,
CAS will already be low. Thus, the data will be strobed in by WE with data setup and hold times
referenced to this signal. The three-state output buffers provide direct TTL compatibility (no pull-up resistors
required) with a fanout of two Series 74 TTL loads. Data out is the same polarity as data in. The outputs
are in the high-impedance (floating) state as long as CAS or TRG is held high. Data will not appear at the
outputs until after both CAS and TRG have been brought low.

Once the outputs are valid, they will remain valid while CAS and TRG are low. CAS or TRG going high
will return the outputs to a high-impedance state. In an early write cycle, the outputs are always in the
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence
for the read cycle. In a register-transfer operation (memory-to-register or register-to-memory), the outputs
remain in the high impedance state for the.entire cycle, regardless of transitions on CAS or TRG.

write mask bits (DQ1-DQ4)

When the write mask is enabled (WE low on the falling edge of RAS), the write mask bits determine which
DRAM 1/Os are to be written and which of the DRAM I/Os will have their write operations internally defeated.
The state of the write mask bits is latched on-chip on the falling edge of RAS and selectively
controls the internat write enable circuits of each corresponding DRAM 1/0. If the write mask is not enabled
(WE high on the falling edge of RAS), then no write enable circuits will be defeated and data appearing
at the DQ1-DQ4 pins on the falling edge of RAS will be ignored. See timing diagrams and the table under
“‘write mask enable {(WE)"’ for details.

Texas ‘t"
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refresh

A refresh operation must be performed to each row at least once every four milliseconds to retain data.
Since the output buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence
avoids any output during refresh. Strobing each of the 256 row addresses with RAS causes all bits in
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.
Note that the data registers are dynamic storage elements and that the data held in the registers will be
lost unless SC is clocked 2 times or else the data is reloaded from the memory array. See specifications
for maximum register retention times.

CAS-before-RAS refresh

CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS (see parameter tCLRL)-
The external row address is ignored and the refresh address is generated internally.

column-address strobe (CAS)
The CAS input latches the column addresses on-chip and also functions as an output enable for DQ1-DQ4.
page mode

Page-mode operation allows faster memory access by keeping the same row address and strobing random
column addresses onto the chip. Thus, the time required to set up and strobe row addresses for the same
page is eliminated. The maximum number of columns that can be addressed is determined by tyw(RL). the
maximum RAS low pulse duration.

power up

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS
cycles and one memory-to-register transfer cycle with an SC cycle following the rising edge of TRG before
proper device operation is achieved.

sequential-access operation
transfer register select (TRG)

Memory operations involving parallel use (i.e., transfer from memory to data register or data register to
memory) of the data register are invoked by bringing TRG low with the address lines AO-A7 before RAS
falls. This enables the switches connecting the 256 elements of each data register to the 256 bit lines
of each DRAM 1/0. The states of WE and SG, which are also latched on the falling edge of RAS,
determine whether the 256-bit data transfer will be from the memory array to the data registers or from
the data registers to memory array, as well as determining if the SDQs are in read or write mode (see
‘“transfer operation logic table’’).

Note that the state of TRG is latched on the falling edge of RAS just like a row address, to select the mode
of operation. During read or read-modify-write cycles, TRG functions as output enable after CAS falls.

transfer write enable (WE)

In register transfer mode, WE determines whether a transfer will occur from the data registers to the memory
array, or from the memory array to the data registers. To transfer data from the data registers to the memory
array, WE and SG are held low as RAS falls. If SG were to be high during this transition, then no transfer
of data from the data register to the memory array would occur, but the SDQs would be put into the write
mode. This would allow serial data to be written into the register. To transfer from the memory array to
the data reglsters, WE is held high and SG is a don’t care as RAS falls. This cycle puts the SDQs into
the read mode, thus allowing serial data to be read out of the data register. Note that WE and SG setup
and hold times are referenced to the falling edge of RAS for this mode of operation (see *“transfer operation
logic table’’}.
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

row address (AO through A7)

Eight address bits are required to select one of the 256 possible rows involved.in the transfer of data to
or from the data registers. (The states of AO-A7, WE, TRG, and SG are latched on the falling edge of RAS.)

register column address (AO through A7)

To select one of the 256 positions along each of the four data registers from which the first serial data
will be read out, or to which the first serial data will be written, the appropriate 8-bit column address (AQO-A7)
must be valid when CAS falls during the appropriate transfer cycle.

serial data clock (SC)

Data is written in or read out of the data registers on the rising edge of SC. This makes it possible to view
the data registers as though they were made of 256 positive-edge-triggered D flip-flops which connect
D to Q (not to be confused with the DQ random 1/O pins of the TMS4461). The TMS4461 is designed
to work with a wide range duty cycle clock to simplify system design.

serial data input/output (SDQ1-SDQ4)

SD and SQ share a common /O pin. Data is written in when SG is low during write mode, and data is
read out when SG is low during read mode (see “‘transfer operation logic table’’). Note that when the serial
address counter reaches its maximum value of 255, it is reset to 00 with the next positive transition of
SC. This allows data to be read out in a continuous loop.

block diagram of one serial I/0

DATA REGISTER

SC ———»— SERIAL
ADDRESS \
AQ-A7 — L] COUNTER

L
256

SERIAL DECODER/MUX
spa -t - - D—
SERIAL -
SG ——»— MODE
CONTROL -

{i}
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

serial enable (SG)

The serial enable pin has two functions. First, it is used on the falling edge of RAS, with both TRG and
WE low. If SG is low during this transition, then a register-to-memory transfer will occur. On the other
hand, if SG were to be high as RAS falls, then a write-mode control cycle will be performed. The function
of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing serial data
to be written into the data register. Second, SG is used as a SDQ enable/disable. In the write mode, SG
is used as an input enable. SG high disables the input, and SG low enables the input. To take the device
out of the write mode and into the read mode, a memory-to-register transfer cycle must be performed.
The read mode allows data to be read out of the data register. SG high disables the output and SG low
enables the output. Note that the serial address counter will be incremented on each SC cycle regardless
of the state of SG.

I SINVYY dlweulqg

TRANSFER OPERATION LOGIC TABLE

TRG WE SG MODE
o] o (4] Register to memory transfer and
write-mode enable
[o] 0 1 Write-mode enable
(o] 1 X Memory-to-register transfer

NOTE 2: The logic states in the table above are assumed valid on the falling edge of RAS. In a
serial write-mode to read-mode sequence, the first positive transition of SCLK after the
memory-to-register transfei will change the SDQs from three-state to output mode.

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

Voltage range for any pin except Vpp and data out (see Note 3) ................... -1to7V
Voltage range for Vpp supply withrespect toVgg . . .. ... . ... . i -1to7V
Voltage range for data out withrespecttoVSS. . ...... ... civ .. —1toVpp + 0.3V
Short circuit output current per output . .. . ... ... e 50 mA
Power dissipation. . . ............ e e e e e e e e e e e 1w
Operating free-air t€mMPerature. . . . .. .. oo it ittt ittt e 0°C to 70°C
Storage temperature raNgE . . . v . v vt vt i cn e nn et tte e et e —-65°C to 150°C

TStresses beyond those listed under *‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating
only and functional operation 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 3: All voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN NOM MAX [ UNIT
Vpp Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 \2
V|4 High-level input voltage 2.4 6.5 v
ViL Low-level input voltage (see Note 4) -1 0.8 \2
TaA  Operating free-air temperature ] 25 70 °C

NOTE 4: 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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TMS4461
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted)

EXAS
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001

PARAMETER CONT:ST TMS4461-12 TMS4461-15 UNIT £
ITIONS MIN MAX MIN MAX ‘
VOH High-level output voltage loH = -5 mA 24 2.4 \4 é
VoL Low-level output voltage loL = 4.2 mA 0.4 0.4 \% 1)
V=0Vt 6.5V, 'E
1] Input current (leakage) Vpp =6V, +10 +10 HA ©
All other pins = 0 V c
| Output (leakage) Vo =04 ViS5V, 10 £10 5
o utput current (leakage VoD = 5V ES A |
Average operating current Minimum cycle time,
Ipp1 during read, write, or transfer | No load on DQ 80 70 mA
cycle (serial port in standby) and SDQ pins
After 1 memory cycle,
102 Standby current RAS, TAS, SC, and 25 25 mA
(total, both ports) SG =24V,
No load on DQ and SDQ pins
Minimum cycle time,
Ipp3  Average refresh current RAS < 0.8V,CAS = 24V, 75 65 mA
No load on DQ and SDQ pins
Average page-mode current ﬂ"‘”“‘ cycleﬂa '
lpp4 (serial port in standby) RAS =< 0.8 V, CAS cycling, 55 50 mA
No load on DQ and SDQ pins
Average current with memory | t¢(sc) = MIN,
Ipps  array in standby and RAS and CAS = 2.4V, 85 80 mA
register shifting No load on DQ and SDQ pins
Minimum cycle time
Ipbe Worst case average current on both ports, 155 140 mA
‘ No load on DQ and SDQ pins
3
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capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHz

CL = 50pF

E PARAMETER MIN MAX | UNIT
3 Ciia) Input capacitance, address inputs 7 pF
o | Citrc)  Input capacitance, strobe inputs 10| pF
E, Ci(wg) Input capacitance, write enable input 10 pF
0 Citsc) _ Input capacitance, serial clock 10 pF
) Ci(sG) Input capacitance, serial enable 5 pF
> Ci(TRG) !nput capacitance, transfer register input 7 pF
% Co Output capacitance 7 pF
— switching characteristics over recommended supply voltage and operating free-air temperature ranges
TEST ALT. TMS4461-12 | TMS4461-15
PARAMETER UNIT
. CONDITIONS SYMBOL | MIN MAX | MIN MAX
) P Load = 2 Series 74 TTL gates,
ta(C) Access time from CAS CL = 100 pF, tRLcL = Max tCAC 60 75 ns
. JE— Load = 2 Series 74 TTL gates,
ta(R) Access time from RAS CL = 100 pF, tRLCL < Max tRAC 120 150 ns
¢ Access time of DQ Load = 2 Series 74 TTL gates, N a5 40 ns
aTRG)  ¢om TRE low CL = 100 pF OEA
¢ Access time of SQ Load = 2 Series 74 TTL gates, ¢ 40 50 ns
#5C) 45 SC high CL = 50 pF SCA
¢ Access time of SQ Load = 2 Series 74 TTL gates, t 30 35 ns
atSG)  from 5G low CL = 50 pF S0A
) Load = 2 Series 74 TTL gates, 0 20 0 25 ns
tais(CH) Random-output disable CpL = 15 pF tOFF
is' . RS hi — -
‘ time from CAS high. Load = 2 Series 74 TTL gates, 0 25 0 20 ns
CL = 100 pF
= ies 74 ,
) Load = 2 Series 74 TTL gates 0 20 o 25 ns
. Random-output disable CL = 16 pF ¢
dis(TRG) time from TRG high Load = 2 Series 74 TTL gates, OEZ
0 25 o 30 ns
CL = 100 pF
) . Load = 2 Series 74 TTL gates, N 15 o 20 ns
tdists Serial-output disable CL = 15 pF ts0
dis(SG) SC hi - : r4
time from SG high Load = 2 Series 74 TTL gates, 0 20 o 25 ns

‘4-36
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

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

ALT. TMS4461-12| TMS4461-15 UNIT
SYMBOL | MIN MAX| MIN MAX

te(rd) Read cycle time ' tRC 220 260 ns
to(W) Write cycle time twe 220 260 ns
tc(rdw)  Read-write/read-modify-write cycle time tRWC 295 345 ns
tc(Trd) Transfer read cycle time tRC 220 260 ns
te(TW) Transfer write cycle time twe 220 260 ns
tc(P) Page-mode read or write cycle time tpC 120 145 ns
tc(rdwP) Page-mode read-write/read-modify-write cycle time tRWC 195 230 ns
tc(SC) Serial clock cycle time tscc 40 50,000 50 50,000 ns
tw(CH) Pulse duration, CAS duration (precharge time) tcp 50 60 ns
tw(CL) Pulse duration, CAS low?# tCAS 60 10,000 75 10,000 ns
tw(RH)  Pulse duration, RAS high (precharge time) tRp 90 100 ns
tw(RL) Pulse duration, RAS low 3 tRAS 120 10,000f 150 10,000 ns
tw(W) Write pulse duration WP 30 45 ns
tw(ScL) Pulse duration, SC low tsCL 10 10 ns
tw(SCH) Pulse duration, SC high tSCH 10 10 ns
tw(TRG) TRG pulse duration low time toE 35 40 - ns
tt Transition times (rise and fall) tT 3 50 3 50 ns
tsu(CA) Column-address setup time tASC .0 0 ns
tsu{rA) Row-address setup time tASR (4] 0 ns
. WE setup time before RAS low with TRG low . o o

sulRW} (register transfer cycles) WS ne

DQ setup time before RAS low with TRG 0o o

tsu(DQ) high {random access, write mask select) DTS ne
tsu(D) Data setup time tps 0 "0 ns
tsu(rd) Read-command setup time tRCS 0 0o . ns
tsu(wcL) Early write-command setup time before CAS low twes -5 -5 ns
tsu(WCH) Write-command setup time before TAS high tcwL 35 45 . ns
tsu(WRH) Write-command setup time before RAS high tRWL 35 45 ns
tsu(Sp)  Serial data setup time before SC high 1SpS 0 0 ns
tsu(TRG) TRG setup time before RAS low TSR 0 0 ns
tsu(SG)  SG setup time before RAS low with TRG and WE low tESR 0 0 ns
tsu(WM) WE setup time before RAS low (write mask select) tRWS 0 0 ns
th(CLCA) Column-address hold time after CAS low tCAH 20 25 ns
th(RA) Row-address hold time . tRAH 15 15 ns
th(RW)  WE hold time after RAS low with TRG low (transfer cycles) tWH 15 15 ns

Continued next page.

NOTE 5: Timing measurements referenced to V| max and V|4 min.

TAll cycle times assume t; = 5 ns.
‘Hna read-modify-write cycle, tcLwL and tgy(wCH) must be observed. Depending on the user's transition times, this may requlre additional
CAS low time [ty (c)l-
81n a read-modify-write cycle, tgy wi and tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time [ty (RL)]-

his
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

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

H SINVY olweulig

(continued)
ALT. TMS4461-12 | TMS4461-156 UNIT
SYMBOL | MIN MAX| MIN MAX
th(RLCA) Column-address hold time after RAS low tAR 80 100 ns
thicLp) Data hold time after CAS low tDH 30 45 ns
th(RLD) Data hold time after RAS low tDHR 20 120 ns
th(wLD) Data hold time after WE low tDH 30 45 ns
th(CHrd) Read-command hold time after CAS high - tRCH (o] (o] ns
th(RDrd) Read-command hold time after RAS high tRRH 10 10 ns
th(CLW) Write-command hold time after CAS low twCH 30 45 ns
th{RLW) Write-command hold time after RAS low tWCR 80 120 ns
th(wQE) TRG hold time after WE low tOEH 30 40 ns
th(sp) Serial data-in hold time after SC high ) tSDH 15 15 ns
th(sq) _ Serial data-out hold time after SC high : tSOH 8 8 ns
th(TRG) TRG hold time after RAS low tTSH 15 15 ns
th(pq) DQ hold time after RAS low with TRG high and WE low tDTH 15 15 ns
th(sG) SG hold time after RAS low with TRG and WE low tESH 15 15 ns
th(wM) WE hold time after RAS low (write mask select) tRWH 15 15 ns
tLcH  Delay time, RAS low to CAS high tesH 120 150 ns
tcHRL  Delay time, CAS high to RAS low tCRP 0 0 ns
tcLGH Delay time, CAS low to TRG high tOEHC 60 75 ns
tcLRH  Delay time, CAS low to RAS high tRSH 60 75 ns
tcLwL  Delay time, CAS low to WE low (read-modify-write cycle only)f tcwD 95 110 ns
| Delay time, m low to TRG high Ea.rlv.load” . 25 25 ns

{memory-to-register transfer cycle) Mid-line real-time load tRDH 80 100

Delay time, RAS low to the firs itive transition
*RLSH of S(‘; after T——R_g hi:;:\ (regi:ter ttral:)ssfer cycle) SCHR 100 128 ns
tTHRL - Delay time, TRG high to RAS low after a transfer cycle tRSLT | tw(RH) tw(RH) ns
teLsH Delay tim_e,__-CT'§ low t(? the first positive transition of ‘éCHC 40 50 ns

SC after TRG high (register transfer cycle)

D ime, hi R, with TRG and WE low
tSHRL lr:lgt;:t:slrr::-rffmo?: ;‘;ns’:‘: I::):rile)‘:’ e tRSLS 40 5o ns

time, SC high to TRG high

tSHTH P(:er'::r/\'lory-m-regisfer transgr c&\;/t:le)D tSDD 10 - 15 ns

Continued next page.

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

| TRG must disable the output buffers prior to applying data to the device.

# TRG may be brought high early during a memory-to-register transfer cycle as long as the th{TRG)- tSHTH. and tR_SH specifications are met.

*|n a register-to-memory transfer cycle, the state of SC when RAS falls is a don‘t care condition. However, to guarantee proper sequencing
of the internal clock circuitry there can be no positive transitions of SC for at least 40 ns prior to when RAS goes low. See the section entitled
‘’sequential access operation’’ for a complete explanation of the transfer operation.

Ona memory-to-register transfer cycle, the state of SC when TRG rises is a don’t care condition. However, to guarantee proper sequencing
of the internal clock circuitry there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high. See the section
entitled ‘‘sequential access operation’’ for a complete explanation of the transfer operation.
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

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

H Dynam

(concluded)
ALT. TMS4461-12| TMS4461-15 UNIT
SYMBOL | MIN MAX| MIN MAX
tTHSH Delay time, TRG high to SC high {memory-to-register transfer cycle) tSDH 15 20 ns
tyHRH Delay time, TRG high to RAS high {memory-to-register transfer cycle)| tpTR 0 0 ns
tTHCH Delay time, TRG high to CAS high (register transfer cycles) tpTC 0 0 ns
tcLTH  Delay time, TAS low to TRG high {memory-to-register transfer cycle) tCDH 20 25 ns
Delay time, AS low (maximum val ified only to
fRLCL gsaar:ntee T':gsaal:::;iircne)s o e Ve s ! tRCD 25 60 28 78 s
teLGL Delay time, CAS low to W low (maximum value specified to toeT 25 20 ns
guarantee column access time)
taLwL Delay time, RAS low to WE low (read-modify-write cycle only) tRWD 155 185 ns
tcLRL  Delay time, TAS low to RAS low (CAS-before-RAS refresh) tCSR 10 20 ns
tRLCHR Delay time, RAS low to CAS high (CAS-before-RAS refresh) tCHR 20 25 ns
tggsc Delay time, SG low to SC high during serial data-in shift cycle tsSws 10 10 ns
tGHD Delay time, TRG high before data applied at DQ tGDD - 25 30 ns
trf(MA) Refresh time interval, memory array tREF1 4 4| ms
tf(SR) Refresh time interval, data register tREF2 4 4] ms

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

i
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TMS4461

262,144-BIT MULTIPORT VIDEO RAM

read cycle timing
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

early write cycle timing, write mask unselected
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H Dynamic RAMs
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TMS4461

262,144-BIT MULTIPORT VIDEO RAM

early write cycle timing, write mask selected
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

delayed write cycle timing, mask unselected
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

H SINVY dlweuiq

delayed write cycle timing, mask selected
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

read-write/read-modify-write cycle timing
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

page-mode read cycle timing
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

page-mode write cycle timing, write mask unselected

H Dynamic RAMs
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NOTE 6: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write
feature is used to guarantee page-mode cycle time,
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

page-mode write cycle timing, write mask selected

v}
S e twiRL) - Tt i ViH
5 RAS |\| \
2. ! . 4§ ViL
7] } | 'RLCH——=1 . fCLRH ‘
= el P — e ! bt tcHRL =
> 1 b‘tRLCLH ——d p-ty wlCH) }""W(CL)""I iy
!
§ ohS g }"tw«:L) -~ ! = twicn — K| o ViH
1, lad | [ | V)
ll-rth(m._cm-i | | e—ebcica) —H = thictca)
tsu(RA)dl“r“{ 11'} {.‘h(CLCA)I —= r=F tsuica) | f —"[ r‘H‘su(CA) |
3 OO~ VM
AO-A7 coL )
POWAAL S o LXK “
|
il | | | |
==t tsu(TRG) ! " I |
_ [i ! 3T i ViH
TRG | '1 f——ttcLW) tsu(WCH) tsu(WRH) 1
(L | |
| ‘—th(RLW)—“l‘ i e ol | viL
| p | | th{cLW) r | tsulWCH}
| ! Fe——=1"thiCLW)
—-}!‘"su(WM) tsuweH) = : | Lo -~ bt )
1
XN e N vy
T t M )) t ! ViL
T tw(w)—={ 'Ttw(w:""it :r:j_tw(Wi ""_—‘
bt wiD) th(wLp)—> : th{WLD)
:"’f t=htsuip) e Llr'su(Di : tsu(D) = + | tsupar={ =
pa | VALID ) ] VALID i q’;‘;’;’;’;’o | MASK Vi
f QAXXX) viL
[ |
{ = th(cLD) ] F=—th(cLp)~ b=—thcLoy—=i
|
- th(RLD)

NOTE 7: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late
write feature is used to generate page-mode cycle time. Timing also assumes that only those 1/Os selected by DQ1-DQ4 on

the falling edge of RAS are written during page-mode operation.

{ip
Texas
INSTRUMENTS

POST OFFICE BOX 1443 & HOUSTON, TEXAS 77001

4-48



TMS4461
262,144-BIT MULTIPORT VIDEO RAM

page-mode read-modify-write cycle timing

H Dynamic RAMs
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262,144-BIT MULTIPORT VIDEO RAM

RAS-only refresh timing

H SINVY 21weuiqg
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

hidden refresh cycle timing
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TMS4461
262,144-BIT MULTIPORT VIDEO RAM

CAS-before-RAS refresh

[ t &
r clrd) 1
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ViH
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write-mode control timing

The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This
allows serial data to be written into the data register. The diagram below assumes that the device was

originally in the serial read mode.

; tw(RL) -
:— tRLCL ; : S ViH
R_S- | \‘| ’ | 1 t
! t ! Vi
- tRLCH + -l t *
; : :"'— tw(CL) _-: :
— P K wi i : ViH
tsu(RA) —t=ed | [ S 4 v
[ I " L . ! IL
' p = h(RLCA) i | ] 1
th(RA) b—te— Fo——et-1 1
o RN e R R R
; 0L RGN RIZXERR
] ]
t | p=—t,
su(TRG) —r’{ ,l e ! su{CA) :-——--J— tTHRL ,
— NY Y Y XY VIV VI S Y Y Y Y HA H
o T || R e R
3 wVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VIL
'su(RW)":""I | } tCLSH -l
| S |
- R R KRR KX RRXRRXRKG
) 1 9.99.9.9.00.9.0.9.09090.9.9099.0.00.00.0.99.0.00.9.9.00.9.0.9. viL
:'——f—il'T tw(SCH) {
tsHRL —te——=y ™ {RLSH I ViH
sC Hil '/
TR, N
- tw(SCL) _l-—-ll 3—:' = th(SD)
L tsu(sp) =" | v
ot e ——QRRRORr ORI P XGRI0D
tdis(SG) "': Laan B} — tisc) : L
tu RRRITS e fin
SC QK QR BRTCATE RN v

NOTES: 8. Random-mode (Q outputs) remain in 3-state for the entire write-mode control.
9. SG must be high as RAS falis in order to perform a write-mode control cycle.
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data-register-to-memory timing, serial input enabled

The data-register-to-memory cycle is used to transfer data from the data register to the memory array.
Every one of the 256 locations in the data register is written into the 256 columns of the selected row.
Note that the data that was in the data register may have arrived there either from a serial write in or
from a parallel load of the data register from one of the memory array rows. The diagram below assumes
that the device is presently in the serial-write mode (i.e., SD is enabled by a previous write-mode control
cycle, thus allowing data to be written in).

H SINVH d1weuiqg
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_ T | | VK
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[ . 1 I viL
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Su -5
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A0-A7 mg ROW E@ICOLUMN @:0:0:0:0:0:0:0 BONT, CARECK
viL
] 1
th(TRG) ! ht——t—tryR
'su(TRG)—{G—-ﬂ | HRL
TRG I
tsu(RW) dea—am}
= thiRW) f———tcLgH — y
IH
WE m DON'T CARE
AXXXAX viL
d—tw (SCH) _}
tSHAL RLSH
VIH
sc N N N N N A N
.t_'J " 5 1 ViL
h(SD) > tw(SCL) —ftmm—tf | .
—d - tg(SD) t5u(SD) —fea—tm| hisDl
AS A AS" AL EAEEEE - ViH
DATA \/ DATA
e D SR V
: L
[———th(SG) !
'su(SG)—id—qv 1SGSC —at—m

|
I ! : ViH
G | I DON'T CARE !
AXAXXXX i

NOTES: 10. R_andom-mode (Q outputs) remain in 3-state for the entire data-register-to-memory transfer cycle.
11. SG must be low as RAS falls in order to perform a register-to-memory transfer.
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262,144-BIT MULTIPORT VIDEO RAM

memory-to-data register timing

The memory-to-data-register cycle is used to load the data register in parallel from the memory array. Every
one of the 256 locations in the data register are written into from the 256 columns of the selected row.
Note that the data that is loaded into the data register may be either read out or written back into another
row. This cycle puts the device into the serial read mode (i.e., the SQ is enabled, thus allowing data to

be read out of the register).

Also, the first bit to be read from the data register, after TRG has gone high, must be activated by a positive

transition of SC.
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th{RA}

+ tsu(CA)
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I COLUMN
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-
i
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Fe——1— th(RW)

i

tw(scm-f'-—-—-—bl

sC 1

I }-—ta(scy-—
th(SQ)~
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tSHTH T

tw(SCL)

n——-"Cl:SH ——r]

f———tTHSH

|
| ja=ta(sC)-0ed
th{sQ) =

sba

OLD DATA x

OLD DATA

X OLD DATA x

NEW DATA

NOTES: 12. Random mode (Q outputs) remain in 3-state for the entire memory-to-data-register transfer cycle.
13. Column address must be supplied to load register start address on every transfer cycle.
14. The first positive transition of SC after TRG has gone high, during a memory-to-register transfer cycle, is used to read the first

bit of new data.
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serial data-in timing

The serial data-in write cycle is used to write data into the data register. Before data can be written into
the data register via SD, the device must be put into the write mode by performing a write-mode control
cycle. Register-to-memory transfer cycles occurring between the write-mode control cycle and the
subsequent writing in of data will not take the device out of the write mode. But, a memory-to-register
transfer cycle during that time will take the device out of the write mode and put it into the read mode,
thus not allowing the writing in of data.

te(SC) |
|
|

r— tw(SCH)—#= |
| :-——-tqucu——:

H SINVH dlweuiq

pe
|
|
| |
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| oo
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i viL
:———l—th(so)
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I
r!sssc —l

_ \ ) v
55 | H
ViL

NOTE 15: While writing data into the data register, the state of TRG is a don't care as long as TRG is held high when RAS goes low.
This is to avoid the initiation of a register-to-memory or memory-to-register data-transfer function.

i
4-56 EXAS {‘
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS4461
262,144-BIT MULTIPORT VIDEO RAM

serial data-out timing

The serial data-out read cycle is used to read data out of the data register. Before data can be read out
via SQ, the device must be put into the read mode by performing a memory-to-data-register transfer cycle.
Register-to-memory transfer cycles occurring between the memory-to-register transfer cycle and the
subsequent reading out of data will not take the device out of the read mode. But, a write-mode control

cycle at that time will take the device out of the read mode and put it in the write mode, thus not allowing
the reading out of data.

h——-—‘c(sC)——————ﬂ
k—tw(scn)——l {

l }-ﬂ——lw(SCLl——-i
|

I
||<——1w(SCLi—--'l

H Dynamic RAMs

ViH
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I
r-—ta(sm — L

ta(SC) ——
P
,-———tmsm—-{ I‘ * ja——thisQ)—a] |

| VoH
soa _____.{l; N -

Vi

: VoL
- ta(SG) -] \Y
_ —\L H
SG
Vi

NOTE 16: While reading data out of the data register, the state of TRG is a don't care as long as TRG is held high when RAS goes low.
This is to avoid the initiation of a register-to-memory or memory-to-register data-transfer operation.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

NOVEMBER 1983 — REVISED JUNE 1987

65,536 x 4 Organization

JEDEC Standardized Pinout

Dynamic RAM)

® Performance Ranges:

Single 5-V Supply (10% Tolerance)

Pinout Identical to TMS4416 (16K x 4

ACCESS ACCESS READ READ-
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE
ADDRESS ADDRESS CYCLE CYCLE
MAX MAX MIN MIN
TMS4464-10 100 ns 50ns 200ns 270ns
TMS4464-12 120 ns 60ns 220ns 295 ns
TMS4464-15 150 ns 75 ns 260 ns 345 ns
Long Refresh Period . . . 4 ms (Max)
Low Refresh Overhead Time . .. As Low As

1.3% of Total Refresh Period
On-Chip Substrate Bias Generator

All Inputs, Outputs, and Clocks Fully TTL

Compatible
O 3-State Unlatched Output

Early Write or G to Control Output Buffer

Impedance

Page-Mode Operation for Faster Access

Power Dissipation As Low As:
— Operating . . . 330 mW (Max)
— Standby . .. 256 mW (Max)
(for 150 ns devices)

RAS-Only Refresh Mode

CAS-Before-RAS Refresh Mode
Available with MIL-STD-883C, Class B

Processing and S (-55°C to

110°C)

Temperature Ranges (SMJ4464)

description

H Dynamic RAMs

N PACKAGE
(TOP VIEW)

6 UsD vss
pai[]2 17[]oas
pa2{J3 1e[JCAs

W[4 15[]pa3
RAS[]s 14[J A0

as[]e 13[] a1

as(J7  12[0 a2
asds  11JaA3
vop}9 10[] a7
FM PACKAGE
(TOP VIEW)
S5 83
Qe > a
2 11817
pa2fja  © 16[] TAS
wpha 15[ pa3
RAS[]5 14[] a0
As[l6 130 A1
as[]7 12{] a2
8 91011
e Ve Mo W |
< QoM
<« 04« <
>

PIN NOMENCLATURE

AQ-A7 Address Inputs

CAS Column-Address Strobe
DQ1-DQ4 Data In/Data Out

G Output Enable

RAS Row-Address Strobe
VpD 5-V Supply

Vsg Ground

w Write Enable

The TMS4464 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 65,536 words
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide

gate technology for very high performance combined with low cost and improved reliability.

This device features maximum RAS access times of 100 ns, 120 ns, or 150 ns. Power dissipation maximums

are 330 mW operating and 25 mW standby for 150-ns devices.

New SMOS technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a — 1-V input voltage
undershoot can be tolerated, minimizing system noise considerations.

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

Texas
INSTRUME

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

*3

NTS
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

H SINVH SlweuAqg

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

The TMS4464 is offered in 18-pin plastic dual-in-line and 18-lead plastic chip carrier packages. It is
guaranteed for operation from 0°C to 70 °C. The dual-in-line package is designed for insertion in mounting-
hole rows on 7,62-mm (300-mil) centers.

operation

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight
column-address bits are set up on pins AO through A7 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 column decoder and the input and output buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from 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, data out will remain in the high-impedance state for the entire cycle permitting
common |/O operation.

data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal. In a delayed or read-modfy-write cycle, G must be high to bring the output buffers
to high impedance prior to impressing data on the 1/0O lines.

data out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval
ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output
must be put in the high-impedance state prior to applying data to the DQ input. This is accomplished by
bringing G high prior to applying data, thus satisfying tGHD.

output enable (G)

The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them
in the low-impedance state. It is 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 G or CAS is brought high. :
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

refresh

A refresh operation must be performed at least once every four milliseconds to retain data. This can be
achieved by strobing each of the 256 rows {AO-A7). 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.

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see e parameter tCLRL) and
holding it low after RAS falls (see ee parameter tRL.CHR). For successive CAS-before-RAS refresh cycles, CAS
can remain low while cycling RAS. The external address is |gnored and the refresh address is generated
internally.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by
holding CAS at V||_ after a read operation and cycling RAS after a specified precharge period, similar to
a CAS-before-RAS refresh cycle. The external address is also ignored during the hidden refresh cycles.
The data at the output pin remains valid up to the maximum CAS low pulse duration, tw(CL).

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses for
the same page is eliminated. The maximum number of columns that can be addressed is determined by
tw(RL), the maximum RAS low pulse duration.

power up

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

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

Voltage on any pin including Vpp supply {see Note 1} . .. ...... ... ... ... ...... -1Vto7V
Short circuit OUTPUL CUITENT . . . . . Lo et e et e e e et e e e et 50 mA
Power dissipation. . . ...... .. .. .. ... i e I 1w
Operating free-air temperature. . . . ... ...ttt in i S 0°Cto 70°C
Storage temMPerature rANGE . . . . .. ..o v vt ittt e e -65°C to 150°C

TStresses beyond those listed under *‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating

only

and functional operation 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 condmons for extended perlods may affect
device reliability.

NOTE

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

recommended operating conditions

= Dynamic RAMs

MIN NOM MAX UNIT
Vpp Supply voltage 45 5§ 5.5 \%
Vss Supply voltage . . . o] \Y
Vi4 High-level input voltage ’ ) 2.4 Vpp+1 \
ViL Low-level input voltage (see Note 2) o -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 maximum, is used in this data sheet

for logic voltage levels only.

Texas {)
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

logic symbol?

(4 2008/2,::064'( X
(13)
21
11
0
8] A 55,535
7
6] ‘
10 __|20p1512107
C20IROW]
) G23/IREFRESH AOW]
24(PWR DWN]
c21[cou
oy S [P
(16) =
- 23C22
23,210 | 24.25EN
“_).__b._(l;zs -
12) A.27D 2
3 V26 i
PQ2 ——=——i
b3 18!
A

1This symbol is in accordance with ANSY/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the dual-in-line package.

functional block diagram

° G

T 1

TIMING AND CONTROL

2

I

ROW
AY
32K ARRAY DECODE 32K ARR.
ROW
ADDRESS 256 SENSE AMPS 256 SENSE AMPS
BUFFERS L
8 32K ARRAY Row 32K ARRAY DATA
’-—.— DECODE out
10 REG
COLUMN DECODE BUFFERS
AQ 14)
Al DATA
32K ARRAY ROW 32K ARRAY N D01-D04
A2 COLUMN DECODE REG
|__REG |
A3 ADDRESS
e BUFFERS 256 SENSE AMPS 256 SENSE AMPS
8
as 32K ARRAY Row 32K ARRAY
A6 DECODE
a7
.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001

72}
TEST TMS4464-10 TMS4464-12
PARAMETER uNIT b
CONDITIONS MIN  MAX MIN _ MAX é
VoH  High-level output voltage IoH = -5 mA 2.4 2.4 \
VoL Low-level output voltage loL = 4.2 mA 0.4 0.4 \ (3]
Vi=0Vto65V,Vpp =5V, . ' E
| Input t (leak +10 +10 A
! nput current (leakage) All other pins = O V10 6.5V # g
Vo =0Vto55V,Vpp=5V,
I Output t (leak i +10 £10 A >
o utput current {leakage) CAS high, All outputs open K [a]
| Average operating current . minimum cvele. All outout 70 65 A
= minimu , uts open m,
D1 during read or write cycle ¢ vele out P “
After 1 memory cycle, DQ1-DQ4 held at
| Standby current —_— _— 4.5 4.5 A
DD2 v curren > 0V, RAS and CAS high, All outputs open m
te = minimum cycle, RAS low, CAS high,
Ipp3  Average refresh current C v 9 58 53 mA
All outputs open
tc(p) = minimum cycle, RAS low and
| Average page-mode current | —— 50 45 mA
DD4 9¢ Pag ' CAS cycling, All outputs open
TMS4464-15
PARAMET] T NDITIONS UNIT
ER TEST CO 0 MIN MAX
VgH  High-level output voltage IopH = -5 mA 2.4 \
VoL Low-level output voltage loL = 4.2 mA 0.4 \2
I} Input current (leakage) Vi =0Vt 6.5V, Vpp = 5V, All other pins = 0V to 6.5V +10 HA
lo QOutput current (leakage) Vo = 0V to 5.5V, Vpp = 6V, CAS high, All outputs open +10 nA
A ti t
IpD1 v?rage opera '"9 curren te = minimum cycle, All outputs open 60 mA
during read or write cycle
After 1 memory cycle, DQ1-DQ4 held at > 0 V,
| Standby current —_— —_— 4.5 mA
DD2 v curren RAS and CAS high, All outputs open
Ipp3 Average refresh current t¢ = minimum cycle, RAS low, CAS high, All outputs open 48 mA
te(p) = minimum cycle, RAS low, CAS cycling,
| Average page-mod t 40 mA
bb4 Verage page-mode curren All outputs open
i
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

capacitance over recommended supply voltage range and ‘operating free-air temperature range,

f = 1 MHz : ‘
PARAMETER TMS4464 UNIT
. MIN MAX
Ci(A) Input capacitance, address inputs 5 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ciiw) Input capacitance, write enable input 7 pF
Cijo Output capacitance 7 pF

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

range
. ALT. TMS4464-10 TMS4464-12
' PARAMETER TEST CONDITIONS UNIT
RV N SYMBOL| MIN MAX MIN MAX
. — tRLCL = MAX, CL = 100 pF,
t Al h¢ f CAS t, 50 60
alC) , Accesstime from Load = 2 Series 74 TTL gates| 'CAC e
. S tRLCL = MAX, C_ = 100 pF,
t . Access t f RAS 1] 100 120
alR) ess time from Load = 2 Series 74 TTL gates RAC ne
ta(G)t Access time after G lo CL = 100 pF, t 30 35 ns
| '@ i v Load = 2 Series 74 TTL gates GAC

R ] — CL = 100 pF,
tdi ble ti f i . t o} 30 [o] 30

dis(CH} Output disable time after CAS high Load = 2 Series 74 TTL gates OFF ns

. l - CL = 100 pF,
tdi. Output disable ti fter G high t 0 30 0] 30
dis(G) | Dutput disable time after BRI | | vad = 2 Series 74 TTL gates| 'GOFF ns
ALT. TMS4464-15
PARAMETER TEST CONDITIONS UNIT
SYMBOL| MIN MAX
c. R tRLCL = MAX, CL = 100 pF,

t Al t f CAS t 75 ns

alC)  Access time from Load = 2 Series 74 TTL gates CAC

o o — tRLCL = MAX, C| = 100 pF,

t ;A ti f RA! 1 150
alR) i Access time from RAS Load = 2 Series 74 TTL gates RAC ns
- : ] — CL = 100 pF, }
t t A t f ! 40
a(G) ceess time after G ow Load = 2 Series 74 TTL gates 'GAC ns
) ] N CL = 100 pF,

i Output disable t fter CAS high t o} 30
tdis(CH) Output disable time after < Load = 2 Series 74 TTL gates OFF ns
t Output disable time after G high €L = 100 pF. 1 0 30 | ns

f utput disable time after G hi

dis(G)  DUP g Load = 2 Series 74 TTL gates GOFF

Tta(C) and ta(R) must be satisfied to guarantee ta(G)-

4-64
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(see Note 3)

H Dynamic RAMs

ALT. TMS4464-10 TMS4464-12 UNIT
SYMBOL| MIN MAX MIN MAX
te(P) Page-mode cycle time tpc 100 120 ns
tc(PM) Page-mode cycle time (read-modify-write cycle) tPCM 170 195 ns
te(rd) Read cycle time tRC 200 220 ns
to(W) Write cycle time twe 200 220 ns
te(rdw)  Read-write/read-modify-write cycle time tRWC 270 295 ns
tw(CH)P Pulse duration, CAS high (page mode) 1cp 40 50 ns
tw(CH) Pulse duration, CTAS high (non-page mode) tCPN 25 25 ns
tw(CL) Pulse duration, CAS low* tCAS 50 10,000 60 10,000 ns
tw(RH)  Pulse duration, RAS high tRP 90 30 ns
tw(RL) Pulse duration, RAS low$ tRAS 100 10,000 120 10,000 ns
tw(W) Write pulse duration twp 30 30 ns
te Transition times {rise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA} Column-address setup time tASC 0 0 ns
tsu(RA) Row-address setup time tASR (0] 0] ns
tsu(D) Data setup time tps o] o] ns
tsu(rd) Read-command setup time tRCS (0] 0 ns
tsu(WcL) Early write-command setup time before CAS low twcs 0 0 ns
tsu(WCH) Write-command setup time before CAS high tcwL 30 35 ns
tsu(WRH) Write-command setup time before RAS high tRWL 30 35 ns
th(CLCA) Column-address hold time after CAS low tCAH 15 20 ns
th(RA) Row-address hold time tRAH 15 15 ns
th(RLCA) Column-address hold time after RAS low tAR 65 80 ns
th(cLp) Data hold time after CAS low tDH 30 30 ns
th(RLD)  Data hold time after RAS low tDHR 80 90 ns
th(wLD) Data hold time after W low tDH 30 30 ns
th(CHrd) Read-command hold time after CAS high tRCH 0 0 ns
th(RHrd) Read-command hold time after RAS high tRRH 10 10 ns
th(CLw) Write-command hold time after CAS low tWCH 30 30 ns
th(RLW) Write-command hold time after RAS low tWCR 80 20 ns

Continued next page.

NOTE 3: Timing measurements are referenced to V| MAX and V|4 MIN.

TAll cycle times assume t; = 5 ns.
*In a read-modify-write cycle, to wi and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time (ty(CL)
8In a read-modify-write cycle, ty w| and tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time (ty(RL))-

{ip
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(continued) (see Note 3)

H SINVH 21weuiqg

ALT. TMS4464-10 TMS4464-12 UNIT
SYMBOL| MIN MAX MIN MAX
tRLCHR Delay time, RAS low to CAS highl tCHR 20 25 ns
tRLcH  Delay time, RAS low to CAS high tCSH 100 120 ns
tcHRL Delay time, TAS high to RAS low 1CRP 0 (] ns
tRHCL  Delay time, RAS high to CAS low! tRPC 0 0 ns
tcLRH Delay time, CAS low to RAS high tRSH 50 60 ns
tcLwL Delay time, CAS low to W low (read-modify-write cycle only)# | tcwp 85 95 ns
tcLRL  Delay time, CAS low to RAS low ' tcSR 10 10 ns
Delay time, low AS low (maxi I ifi
tRLCL onlyyt::\jar:(:(ieoaccteossctitie) ( i velue specties fRCD 2 80 25 g0 ns
tRLWL Delay time, RAS low to W low {read-modify-write cycle only) ¥ | tgwp 135 155 ns
tGHD Delay time, G high before data applied at DQ tGDD 30 30 ns
trf Refresh time interval tREF 4 4 ms

NOTE 3: Timing measurements are referenced to V|| MAX and V|y MIN.
§ TAS-before-RAS refresh option only.
#G must disable the output buffers prior to applying data to the device.

{i’
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDGM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
{continued) (see note 3)

H Dynamic RAMs

ALT. TMS4464-15
SYMBOL| MIN MAX unIT
tc(P) Page-mode cycle time tpC 145 ns
tc(PM) Page-mode cycle time (read-modify-write cycle) tpCM 230 ns
te(rd) Read cycle timet tRC 260 ns
te(W) Wirite cycle time twe 260 ns
to(rdW) Read-write/read-modify-write cycle time tRWC 345 ns
tw(CH)p Pulse duration, CAS high (page mode) tcp 60 ns
tw(CH)  Pulse duration, CAS high (non-page mode) tCPN 25 ns
tw(CcL)  Pulse duration, CAS low* tCAS 75 10,000 ns
tw(RH)  Pulse duration, RAS high tRp 100 ns
tw(RL)  Pulse duration, RAS low? tRAS 150 10,000 ns
tw(W) Write pulse duration WP 45 ns
t Transition times (rise and fall) for RAS and CAS tT 3 50 ns
tsy(CA)  Column-address setup time tASC 0 ns
tsu{RA) Row-address setup time tASR [¢] ns
tsu(D) Data setup time DS 0 ns
tsu(rd) Read-command setup time tRCS 0 ns
tsu(wcl) Early write-command setup time before CAS low twes 9] ns
tsu(WCH) Write-command setup time before CAS high tCWL 45 ns
tsu(WRH) Write-command setup time before RAS high tRWL 45 ns
th(CLCA) Column-address hold time after CAS low tCAH 25 ns
th(RA) Row-address hold time tRAH 15 ns
th(RLCA) Column-address hold time after RAS low tAR 100 ns
th(cLD) Data hold time after CAS low tDH 45 ns
th(RLD)  Data hold time after RAS low tDHR 120 ns
th(wLD) Data hold time after W low tDH 45 ns
th(CHrd) Read-command hold time after CAS high tRCH 0 ns
th(RHrd) Read-command hold time after RAS high tRRH 10 ns
th(cLw) Write-command hold time after CAS low tWCH 45 ns
th(RLW) Write-command hold time after RAS low tWCR 120 ns

Continued next page.

NOTE 3: Timing measurements are referenced to V| MAX and Viy MIN.

TAll cycle times assume t; = 5 ns.
*In a read-modify-write cycle, tc yw| and tsy(WCH) Mmust be observed. Depending on the user’s transition times, this may require additional
CAS low time {tyw(cL))-
81n a read-modify-write cycle, tRLWL and tg, (WRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time (tw(RL))-

Texas
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(concluded) (see Note 3)

H SINVH d1weuAq

T. -1
AL TMS4464-15 UNIT
SYMBOL| MIN MAX
tRLCHR Delay time, RAS low to TAS high{ tCHR 30 ns
trRLcH  Delay time, RAS low to CAS high tCSH 150 ns
tcHRL Delay time, CAS high to RAS low tCRP 0 ns
tRHCL Delay time, RAS high to CAS lowY tRPC 0 ns
tCcLRH Delay time, CAS low to RAS high tRSH 75 ns
tciwL Delay time, CAS low to W low (read-modify-write cycle only) # tcWD 110 ns
tcLRL  Delay time, TAS low to RAS low I tCSR 20 ns
Delay time, RAS low to CAS low (maximum value specified
tRLCL . tRCD 25 75 ns
only to guarantee access time)
tRLwL Delay time, RAS low to W low (read-modify-write cycle only) # tRWD 185 ns
tGHD Delay time, G high before data applied at DQ tGDD 30 ns
trf Refresh time interval tREF 4 ms

NOTE 3: Timing measurements are referenced to V| MAX and V|4 MIN,
{ SAS-before-RAS refresh option only.
# G must disable the output buffers prior to applying data to the device.

i
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh cycle timing
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

CAS-hefore-RAS refresh cycle timing
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

AUGUST 1988

DRAM: 262,144 Words x 4 Bits
SAM: 512 Words x 4 Bits

Dual Port Accessibility—Simultaneous and
Asynchronous Access from the DRAM and
SAM Ports

Bidirectional Data Transfer Function
Between the DRAM and the Serial Data
Register

4 x 4 Block Write Feature for Fast Area Fill
Operations. As Many as Four Memory
Address Locations Written Per Cycle From
an On-Chip Color Register

Write Per Bit Feature for Selective Write to
Each RAM 1/0. Two Write Per Bit Modes to
Simplify System Design

‘Enhanced Page Mode Operation for Faster

Access
CAS-before-RAS and Hidden Refresh Modes

RAM Output Enable Allows Direct
Connection of DQ and Address Lines to
Simplify System Design

Long Refresh Period . . . Every 8 ms (Max)

DRAM Port is Compatible with the
TMS44C256

Up to 33 MHz Uninterrupted Serial Data
Streams

Split Serial Data Register for Simplified
Realtime Register Reload

3-State Serial 1/0s Allow Easy Multiplexing
of Video Data Streams

512 Selectable Serial Register Starting
Locations

All Inputs and Outputs TTL Compatible

Performance Ranges:

ACCESS ACCESS ACCESS ACCESS
TIME  TIME TIME TIME
ROW COLUMN SERIAL SERIAL
ADDRESS ENABLE DATA ENABLE
(MAX)  (MAX) ~ (MAX)  (MAX)
ta[R) talC)  talSC)  talSE)
TMS44C251-10 100ns  25ns  30ns 20 ns
TMS44C251-12 120ns  35ns  35ns  25ns
TMS44C251-15 150ns  45ns  40ns 30 ns

Texas Instruments EPIC™ CMOS Process

EPIC is a trademark of Texas Instruments Incorporated.

DJ PACKAGE
(TOP VIEW)
scd1 U281 Vvss
spao[]2 27[]sba3
spa1[]3 26[]sba2
TRG[}4 25{]SE
pao[}5 24[]DQ3
pa1[jé =23[]ba2
w7 22[]DSsF
GND[[]8 21 JCAS
RAS[]e 20[7]asF
As [J1o 18[JA0
As [ 18[dA1
As 12 17[]A2
A4 s 16[]A3
vee e 15[ A7

SD PACKAGE
{TOP VIEW)

DSF[O1
pasfia :‘:E baz
sbaz[1s SE
6[]spa3
Vss7
8[]sc
sbao[Je
—_— 10[]sba1
TRG[J11
12[]pao
paif]is —
140w
GND[J15 —
16[JRAS
Asfl17 18(]A6
A5[]19
200]A4
vecP2! ;a7
A31123 24[]A2
A1[J25

26[JA0
QSF[]27 2sf{cas

PIN NOMENCLATURE

AO-A8
CAS

SE
RAS
SC

TRG

w

DSF
QSsF
Vee

Vss
GND

DQO-DQ3

S$DQO-sDQ3

Address Inputs

Column Enable

DRAM Data In-Out/

Write Mask Bit

Serial Enable

Row Enable

Serial Data Clock

Serial Data In-Out
Transfer Register/Q Output
Enable

Write Mask Select/

Write Enable

Special Function Select
Split Register Activity Status
5-V Supply (TYP)

Ground

Ground (Important: not
connected to internal Vgg)

ADVANCE INFORMATION dncun':ants contain
f i d in the li

ation on new p

piing or
Characteristic

data and other specifications are subject to change
without notice.

phase of d
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

descripton

H SINVY 21weuliq

The TMS44C251 Multiport Video RAM is a high speed, dual ported memory device. It consists of a dynamic -
random-access memory (DRAM) organized as 262,144 words of 4 bits each, interfaced to a serial data
register, or Serial Access Memory (SAM), organized as 512 words of 4 bits each. The TMS44C251 supports
three basic types of operation: random access to and from the DRAM, serial access to and from the serial
register, and bidirectional transfer of data between any row in the DRAM and the serial register. Except
during transfer operations, the TMS44C251 can be accessed simultaneously and asynchronously from
the DRAM and SAM ports. During transfer operation, the 512 columns of the DRAM are connected to
the 512 positions in the serial data register. The 512 x 4 bit serial data register can be loaded from the
memory row (transfer read) or else the contents of the 512 x 4 bit serial data register can be written
to the memory row (transfer write).

The TMS44C251 is equipped with several features designed to provide higher system level bandwidth
and simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw
rates can be achieved by the device’s novel 4 x 4 Block Write Mode. Block Write mode allows four bits
of data present in an on-chip color data register to be written to any combination of four adjacent column
address locations. As many as 16 bits of data can be written to memory during each CAS cycle time.
Also on the DRAM port, a write mask register provides a persistent write per bit mode without repeated
mask loading.

On the serial register, or SAM port, the TMS44C251 offers a split register transfer read (DRAM to SAM)
option which enables realtime register reload implementation for truly continuous serial data streams,
without critical timing requirements. The register is divided into a high half and a low half. While one half
is being read out of the SAM port, the other half can be loaded from the memory array. This new realtime
register reload implementation allows truly continuous serial data. For applications not requiring realtime
register reload (for example, reloads done during CRT retrace periods), the single register mode of operation
is retained to simplify system design. The SAM can also be configured in input mode, accepting serial
data from an external device. Once the serial register within the SAM is loaded, its contents can be
transferred to the corresponding column positions in any row in memory in a single memory cycle.

The SAM port is designed for maximum performance. Data can be input to or accessed from the SAM
at serial rates up to 33 MHz. During split register mode of operation, internal circuitry detects when the
last bit position is accessed from the active half of the register and immediately transfers control to the
opposite half. A separate open drain output, designated QSF, is included to designate which half of the
serial register is active at any given time in split register mode.

All inputs, outputs, and clock signals on the TMS44C251 are compatible with Series 74 TTL. All address
lines and data-in are latched on-chip to simplify system design. All data-outs are unlatched to allow greater
system flexibility.

The TMS44C251 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double level
polysilicon/polycide gate technology for very high performance combined with low cost and improved
reliability.

The TMS44C251 is offered in a 28-pin small-outline J-leaded package (DJ suffix) for direct surface mounting
in rows on 400-mil (5,08-mm) centers. It is also offered in a 400-mil, 28-pin zig-zag in-line package (SD
suffix). Both packages are characterized for operation from 0°C to 70°C (L suffix).

The TMS44C251 and other Multiport Video RAMs are supported by a broad line of graphics processor
and control devices from Texas Instruments, including the TMS34010 Graphics System Processor.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

functional block diagram
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

DETAILED PIN DESCRIPTION vs OPERATIONAL MODE

I SINVY d1ueuAqg

PIN DRAM TRANSFER SAM
AO-AB Row, Column Address Row, Tap Address
CAS Column Enable Tap Address Strobe
DQi DRAM Data I/O Write Mask Bits
SE Serial-In Mode Enable Serial Enable
RAS Row Enable Row Enable
sC Serial Clock
SDQi Serial Data 1/0
TRG Q Output Enable Transfer Enable
w Write Enable Write per Bit Select Transfer Write Enable
DSF Block Write Enable Split Register Enable
Persistent Write per Bit Enable Alternate Write Transfer Enable
Color Register Load Enable
Write per Bit Mask Load Enable
QSF Split Register
Active Status

Vce 5-V Supply (typical)

Vss Device Ground

GND System Ground
operation

random access operation

Refer to Table 1, Functional Truth Table, for Random Access and Transfer Operations. Random access
operations are denoted by the designator ‘’R’’ and transfer operations are denoted by a “'T."”’

transfer register select and DQ enable (TRG)

The TRG 3G pin selects either register or random access operation as RAS falls. For random access (DRAM)
mode, TRG must be held high as RAS falls. Asserting TRG high as RAS falls causes the 512 storage elements
of each data register to remain disconnected from the corresponding 512-bit lines of the memory array.
(Asserting TRG low as RAS falls connects the 512-bit positions in the serial register to the bit lines and
indicates that a transfer will occur between the data registers and the selected memory row. See ‘‘Transfer
Operation’’ for details.)

During random access operations, TRG also functions as an output enable for the random (Q) outputs.
Whenever TRG is held high, the Q outputs are in the high-impedance state to prevent an overlap between
the address and DRAM data. This organization allows the connection of the address lines to the data |/0
lines but prohibits the use of the early write cycle. It also allows read-modify-write cycles to be performed
by providing a three-state condition to the common 1/O pins so that write data can be driven onto the
pins after output read data has been externally latched.

addresses (AO through A8)

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row address bits
are set up on pins AO through A8 and latched onto the chip on the falling edge of RAS. Then, the nine
column address bits are set up on pins AO through A8 and latched onto the chip on the falling edge of CAS.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

RAS and CAS address strobes and device control clocks

RAS is a control input that latches the states of the row address, W, TRG, SE, CAS, and DSF onto the
chip to invoke the various DRAM and Transfer functions of the TMS44C251. RAS is similar to a chip enable
in that it activates the sense amplfiers as well as the row decoder. CAS is a control input that latches
the states of the column address and DSF to control various DRAM and Transfer functions. CAS also acts
as an output enable for the DRAM output pins.

special function select (DSF)

The Special Function Select input is latched on the falling edges of RAS and CAS, similarly to an address,
and serves four functions. First, during write cycles DSF invokes persistent write per bit operation. If TRG =1,
W =0, and DSF=0 on the falling edge of RAS, the write mask will be reloaded with the data present on
the DQ pins. If DSF= 1, the mask will not be reloaded but will retain the data from the last mask reload cycle.

Second, DSF is used to change the internally stored write per bit mask register (or write mask) via the
load write mask cycle. The data present on the DQ pins when W falls is written to the write mask rather
than to the addressed memory location. See ‘“Delayed Write Cycle Timing’’ and the accompanying ‘' Write
Cycle State Table’’ in the timing diagram section. Once the write mask is loaded, it can be used on
subsequent masked write per bit cycles. This feature allows systems with a common address and data
bus to use the write per bit feature, eliminating the time needed for multiplexing the write mask and input
data on the data bus.

Third, DSF is used to load an on-chip four-bit data, or “‘color,’’ register via the Load Color Register cycle.
The contents of this register can subsequently be written to any combination of four adjacent column
memory locations using a 4 x 4 Block Write feature. The load color register cycle is performed using normal
write cycle timing except that DSF is held high on the falling edges of RAS and CAS. Once the color register
is loaded, it retains data until power is lost or until another load color register cycle is performed.

After loading the color register, the block write cycle can be enabled by holding DSF high on the falling
edge of CAS. During block write cycles, only the seven most significant column addresses (A2-A8) are
latched on the falling edge of CAS. The two least significant addresses (AO-A1) are replaced by the four
DQ bits, which are also latched on the later of CAS or W falling. These four bits are used as an address
mask and indicate which of the four column address locations addressed by A2-A8 will be written with
the contents of the color register during the write cycle, and which ones will not. DQO enables a write
to column address A1=0, AO=0; DQ1 enables a write to A1=0, AO=1; DQ2 enables a writeto A1=1,
AO0=0; and DQ3 enables a write to A1=1, AO= 1. Alogic level 1 enables a write and a logic level O disables
the write. A maximum of 16 bits can be written to memory during each CAS cycle (see Figure 1, Block
Write Diagram).

Fourth, the DSF pin is used to invoke the split register transfer and serial access operation, described in
the sections ‘“Transfer Operation’’ and ‘’Serial Operation.”’
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

BLOCK WRITE

A2:AB  LuaRIE A0-A1

1100 DECODE DECODE
[WRITE e
l_l
:” &F—a [ Mux 0Q2
i }_—@—0 [ Mux —pa1
'] | SV;ZIELET t— Mux pao

LOAD WRITE
MASK

SINVH olweuAqg

pa

LOAD
COLOR >-—|
REGISTER

BLOCK WRITE
ENABLE

ADDRESS ADDRESS ADDRESS
pa 4>< COLOR DATA X MASK MASK MASK

COLOR REGISTER LOAD BLOCK WRITE CYCLES

FIGURE 1. BLOCK WRITE DIAGRAM
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

-write enable, write per bit enable (W)

The W pin enables data to be written to the DRAM and also is used to select the DRAM write per bit mode
of operation. A logic high level on the W input selects the read mode and logic low level selects the write
mode. In an Early Write cycle, Wis brought low before CAS and the DRAM output pins (DQ) remain in
the high-impedance state for the entire cycle. During DRAM write cycles, holding W low on the falling
edge of RAS will invoke the write per bit operation. Two modes of write per bit operation are supported.

Case 1. If DSF=0 on the falling edge of RAS, the write mask is reloaded. Accordingly, a four-bit binary
code (the write per bit mask) is input to the device via the random DQ pins and is latched on the falling
edge of RAS. The write per bit mask selects which of the four random 1/Os are written and which are
not. After RAS has latched the write mask on-chip, input data is driven onto the DQ pins and is latched
on the falling edge of the later of CAS or W. If a O was strobed into a particular |/O pin on the
falling edge of RAS, data will not be written to that /0. If a 1 was strobed into a particular /O pin on
the falling edge of RAS, data will be written to that 1/0.

[72]
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Case 2. If DSF =1 on the falling edge of RAS, the mask is not reloaded from the DQ pins but instead retains
the value stored during the last write per bit mask reload. This mode of operation is known as Persistent
Write per Bit, since the write per bit mask is persistent over an arbitrary number of cycles.

See the corresponding timing dnagrams for details. IMPORTANT: The write per bit operation is invoked
only if W is held low on the falling edge of RAS. If W is held high on the falling edge of RAS, write per
bit is not enabled and the write operation is identical to that of standard x4 DRAMs.

data 1/0 (DQO-DQ3)

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

The three-state output buffers provide direct TTL compatibility (no pull-up resistors required) with a fanout
of two Series 74 TTL loads. Data-out is the same polarity as Data-in. The outputs are in the high impedance
(floating) state as long as CAS or TRG is held high. Data will not appear at the outputs until after both
CAS andE have been brought low. Once the outputs are valid, they remain valid while CAS and TRG
are low. CAS or TRG going high returns the outputs to a high-impedance state. In an early write cycle,
the outputs are always in the high-impedance state. In a register transfer operation {(memory to register
or register to memory), the outputs remain in the high-impedance state for the entire cycle.

enhanced page mode

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 TMS44C251 to operate at a higher
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address
is valid rather than when CAS transitions low. This performance improvement is referred to as ““enhanced
page mode.’’ Valid column address may be presented immediately after row address hold time has been
satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after ta(C) max
{access time from CAS low), if t3(CA) max (access time from column address) has been satisfied. In the
event that column addresses for the next page cycle are valid at the time CAS goes high, access time
for the next cycle is determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge
of CAS).

TEXAs b 4-85
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001



TMS44C6251
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H SINVY 2lweuliqg

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, row address hold, and address
multiplex is thus eliminated, and a memory cycle time reduction of up to 3 X can be achieved, compared
to minimum RAS cycle times. The maximum number of columns that may be accessed is determined by
the maximum RAS low time and page mode cycle time used. The TMS44C251 allows a full page (512
cycles) of information to be accessed in read, write, or read-modify-write mode during a single RAS low
period using relatively conservative page mode cycle times.

" During write per bit operations, the DQ pins are used to load the write per bit mask reglster using either

mode of write per bit operation described above under the W pin description.

During block write operations, the DQ pins are used to load the on-chip color register dunng the load color
register cycle and are also used.as a write enable during block write cycles.

refresh

GND

A refresh operation must be performed to each row at least once every eight milliseconds to retain data.
Since the output buffer is in the high-impedance state {unless CAS is applied), the RAS-only refresh sequence
avoids any output during refresh. Strobing each of the 612 row addresses with RAS causes all bits in
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

This pin is reserved for the manufacturer’s test operation. It is an input and should be tied to system ground
to ensure proper device operation.

IMPORTANT: GND is not connected internally to Vss.

CAS-before-RAS refresh

CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS. The external row address
is ignored and the refresh address is generated internally.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

TABLE 1. FUNCTIONAL TRUTH TABLE

— N
= CAS
T RAS FALL FALL ADDRESS DQO-3 =
I TAst FUNCTION é
£t | TAS | TR w DSF | SE DSF RAS CAS RAS — o
W -
R 0 X 1 X X X X X X X CAS-BEFORE-RAS REFRESH g
ROW | TAP REGISTER TO MEMORY TRANSFER
T 1 0 x | o X X X £
ADDR | POINT (TRANSFER WRITE) >
ROW | TAP ALTERNATE TRANSFER WRITE Q
T 1 [ 0 1 X X X X paily
ADDR | POINT (INDEPENDENT OF SE)
REFRESH| TAP SERIAL WRITE-MODE ENABLE
T 1 0 0 [o} 1 X X X
ADDR | POINT (PSEUDO-TRANSFER WRITE)
ROW | TAP MEMORY TO REGISTER TRANSFER
T 1 0
! 0 X X ADDR | POINT x X (TRANSFER READ)
T PLIT TRA
T . o ] ] x N ROW AP N x S REGISTER TRANSFER
ADDR | POINT READ (MUST RELOAD TAP)
R ] ] o o X o ROW | cOL [ WRITE | VALID | LOAD AND USE WRITE MASK,
ADDR | ADDR | MASK | DATA | WRITE DATA TO DRAM
A ] ] o o N ] ROW | COL | WRITE | ADDR | LOAD AND USE WRITE MASK,
ADDR | A2-A8 | MASK | MASK | BLOCK WRITE TO DRAM
R . ] o 1 N o ROW | coL. M VALID | PERSISTENT WRITE PER BIT,
ADDR | ADDR DATA | WRITE DATA TO DRAM
R ] ; o ] X ] ROW | coL X ADDR | PERSISTENT WRITE PER BIT,
ADDR | A2-A8 MASK | BLOCK WRITE TO DRAM
ROW [ coL VALID | NORMAL DRAM READ/WRITE
R 1 1 1 0 X 0 X
ADDR | ADDR DATA | (NON MASKED)
ROW | C R | BLOCK WRITE TO DRAM
R ] ] ] o x ] 0 oL X ADD K W 0
ADDR | A2-A8 MASK | (NON MASKED)
R 1 1 1 1 X o [FEFRESHL x | WRTE || 5AD wriTE MaSK
ADDR MASK
REFRESH COLOR
R 1 1 1 1 X 1 X X LOAD COLOR REGISTER
ADDR DATA

TR = RANDOM ACCESS OPERATION; T = TRANFER OPERATION
$DQ0-3 ARE LATCHED ON THE LATER OF W OR CAS FALLING EDGE.
ADDR MASK =1 WRITE TO ADDRESS LOCATION ENABLED

WRITE MASK =1 WRITE TO |/0 ENABLED
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random port to serial port interface

H SINVY dlweuiqg

RANDOM-ACCESS PORT

coL coL | coL coL
0 265 | 256 511
ROW
o
MEMORY ARRAY IR,
262,144 bits
ROW
511 :
TRE — § 256 #256
‘[‘);‘: : Tc’g?“”ggs TRANSFER | _| TRANSFER
W] “Loaic PASS GATES [ | PASS GATES
SE —» { 256 §256
[ s12eiT DATA REGISTER |
512
SC—s SERIAL
20-ns — CounTER [——"1__1 OF 512 REGISTER SELECT |

spa —¢
l/
SE —» SERIAL
TRG — 110
w CONTROL

FIGURE 2. BLOCK DIAGRAM SHOWING ONE RANDOM AND ONE SERIAL 1/0 INTERFACE

random address space to serial address space mapping

The 512 bits in each of the four data registers of the SAM are connected to the 512 column locations
of each of the four random 1/0s. Data can be accessed in or out of the SAM starting at any of the 512
data bit locations. This start location is selected by addresses AO through A8 on the falling edge of CAS
during any transfer cycle. The SAM is accessed starting from the selected start address, proceeding from
the lowest to the highest significant bits. After the most significant bit position {511) is accessed, the
serial counter wraps around such that bit O is accessed on the next clock pulse. The selected start address
is stored and used for all subsequent transfer cycles until CAS is again brought low during any
transfer cycle. Thus, the start address can be set once and CAS held high during all subsequent transfer
cycles and the start address point will not change regardless of data present on AO through AS8.

split register mode random address to serial address space mapping

In split register transfer operation, the serial data register is split into halves, the low half containing bits
0 through 255 and the high half containing bits 256 through 511. When a split register transfer cycle
is performed, the tap address must be strobed in on the falling edge of CAS. The most significant column
address bit (A8) determines which register half will be reloaded from the memory array. The eight remaining
column address bits (AO-A7) are used to select the SAM starting location for the register half selected
by A8. Thus when bit 255 or 511 is reached, the next bit read out will be from the previously loaded start
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TMS44C251
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To guarantee proper operation when using the split register read transfer feature, a non-split register transfer
must precede any split register sequence. The serial start address must be supplied for every split register
transfer.

transfer operations
As illustrated in Table 1, the TMS44C251 supports five basic transfer modes of operation:

1. Normal Write Transfer (SAM to DRAM)
2. Alternate Write Transfer (independent of the state of SE)
3. Pseudo Write Transfer (Switches serial port from serial out mode to serial in mode. No actual
data transfer takes place between the DRAM and the SAM.) |
4. Normal Read Transfer (Transfer entire contents of DRAM to SAM)
5. Split Register Read Transfer (Divides the SAM into a high and a low half. Only one half is
transferred to the SAM while the other half is read from the serial 1/0 port.)

Dynamic RAMs

transfer register select (TRG)

Transfer operations between the memory array and the data registers are invoked by bringing TRG low
before RAS falls. The states of W, SE, and DSF, which are also latched on the falling edge of RAS, determine
which transfer operation will be invoked. (See Table 2.)

During read transfer cycles, TRG going high causes the addressed row of data to be transferred into the
data register. Although the previous data in the data register is overwritten, the last bit of data appearing
at SDQ before TRG goes high will remain valid until the first positive transition of SC after TRG goes high.
The data at SDQ will then switch to new data beginning from the selected start, or ‘‘tap,’’ position.

transfer write enable (W)

In register transfer mode, w determines whether a read or a write transfer will occur. To perform a write
transfer, W and SE are held low as RAS falls. If SE is high during this transition, no transfer of data from
the data register to the memory array occurs, but the SDQs are put into the input mode. This allows serial
data to be input into the SAM. An alternative way to perform the transfer write cycle is by holding DSF
high on the falling edge of RAS. In this way, the state of SE is a Don't Care as RAS falls. To perform
a read transfer operation, W is held high and SE is a Don’t Care as RAS falls. This cycle also puts the
SDQs into the read mode, allowing serial data to be shifted out of the data register. (See Table 2.)

column enable (CAS)

If CAS is brought low during a control cycle, the address present on the pins AO through A8 will become
the new register start location. If CAS is held high during a control cycle, the previous tap address will
be retained from the last transfer cycle in which CAS went low to set the tap address.

addresses (AO through A8)

Nine address bits are required to select one of the 512 possible rows involved in the transfer of data to
or from the data registers. The states of AO-A8 are latched on the falling edge of RAS to select one
of 512 rows for the transfer operation.

To select one of the 512 positions in the SAM from which the first serial data will be read out, the appropriate
9-bit column address (AO-A8) must be valid when CAS falls. However, the CAS and start (tap) position
need not be supplied every cycle, only when changing to a different start position.

In split register transfer mode, the most siginificant column address bit (A8) selects which half of the register
will be reloaded from the memory array. The remaining eight addresses (AO-A7) determine the register
starting location for the register to be reloaded.
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special function input (DSF)

In read transfer mode, holding DSF high on the falling edge of RAS selects the split register mode read
transfer operation. This mode divides the serial data register into a high order half and a low order half;
one active, and one inactive. When the cycle is initiated, a transfer occurs between the memory array
and either the high half or the low half register, depending on the state of most significant column address
bit {A8) that is strobed in on the falling edge of CAS. If A8 is high, the transfer is to the high half of the
register. If A8 is low, the transfer is to the low half of the register. Use of the split register mode read
transfer feature allows on-the-fly read transfer operation without synchronizing TRG to the serial clock.

The transfer can be to either the active half or the inactive half register. If the transfer is to the active
register, with an uninterrupted serial data stream, then the timings t4(SCTR) and td(THSC) must be met.

In write transfer mode, holding DSF high on the falling edge of RAS permits use of an alternate mode of
transfer write. This mode allows SE to be high on the falling edge of RAS without performing a pseudo
write transfer, with the serial port disabled during the entire transfer write cycle.

serial access operation
Refer to Tables 2 and 3 for the following discussion on serial access operation.
serial clock {SC)

Data (SDQ) is accessed in or out of the data registers on the rising edge of SC. The TMS44C251 is designed
to work with a wide range of clock duty cycles to simplify system design. Since the data registers comprising
the SAM are of static design, there are no SAM refresh requirements and there is no minimum SC clock
operating frequency.

serial data input/output (SDQ0-SDQ3)

SD and SQ share a common 1/0 pin. Data is input to the device when SE is low during write mode and
data is output from the device when SE is low during read mode. The data in the SAM will be accessed in
the direction from least significant bit to most significant bit. The data registers operate modulo 512. Thus,
after bit 511 is accessed, the next bits to be accessed will be bits 00, 01, 02, and so on.

serial enable (SE)

The Serial Enable pin has two functions: first, it is latched on the falling edge of RAS, with both TRG and
W low to select one of the transfer functions (see Table 3). If SE is low during this transition, then a transfer
write occurs. If SE is high as RAS falls and DSF is low, then a write mode control cycle is performed.
The function of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing
data to be shifted into the data register. NOTE: All transfer read and serial mode enable (pseudo transfer
write) operations will perform a memory refresh operation on the selected row.

Second, during serial access operations, SE is used as an SDQ enable/disable. In the write mode, SE is
used as an input enable. SE high disables the input and SE low enables the input. To take the device out
of the write mode and into the read mode, a transfer read cycle must be performed. The read mode allows
data to be accessed from the data register. While in the read mode, SE high disables the output and SE
low enables the output.

IMPORTANT: While SE is held high, the serial clock is NOT disabled. Thus, external SC pulses will increment
the internal serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes
access time of serial output from SE low since the serial clock input buffer and the serial address counter
are not disabled by SE.
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split register active status output (QSF)

QSF is an OPEN DRAIN output pin. During the split register mode of serial access operation, QSF indicates
which half of the serial register in the SAM is being accessed. If QSF is low, then the serial address pointer
is accessing the low (least significant) 266 bits of the SAM. If QSF is high, then the pointer is accessing
the higher {(most significant) 256 bits of the SAM.

QSF changes state upon crossing the boundary between the two register halves. When the SAM is not
operating in split register mode, the QSF output remains in the high-impedance state.

QSF is designed as an open drain output to allow OR-tying of QSF outputs from several chips. Thus, an
external pull-up resistor is required for the zero to one transition on QSF and the output risetime is determined
by the load capacitance and the value of the pull-up resistor. The specification for QSF switching time
assumes a pull-up resistor of 820 ohms and a load capacitance of 50 picofarads.
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TABLE 2. TRANSFER OPERATION LOGIC

TRG W SE DSF MODE
0 o] 0 X Register to memory {write) transfer
0 (o] X 1 Alternate register to memory transfer
[¢] 0 1 (¢} Serial write mode enable
(o] 1 X o] Memory to register (read) transfer
o 1 X 1 Split register read transfer

NOTE: Above logic states are assumed valid on the falling edge of RAS.

TABLE 3. SERIAL OPERATION LOGIC

LAST TRANSFER CYCLE E sDa
Alternate register to memory 1 Input Disabled
Serial write mode enable t (o] Input Enable
Serial write mode enable’ 1 Input Disable
Memory to register, split register (o] Output Enabled
Memory to register, split register 1 Hi-Z

TPseudo transfer write

power up

After power up, the power supply must remain at its steady-state value for 1 gs. In addition, RAS must
remain high for 100 us immediately prior to initialization. Initialization consists of performing two RAS cycles
before proper device operation is achieved.

{i’
Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

4-91



SINYY dlweuAqg

TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

absolute maximum ratings over operating free-air temperaturet

Voltage on any pin except DQ and SDQ (see Note 1)........ e -1.0Vto7.0V
Voltage on DQ and SDQ (see Note 1). . .. ...ttt -1.0V to Vce
Voltage range on Vo (see Note 1) .. .. .. .. o i i i 00Vto7V
Short circuit output current (per OUtPUL) . . . . ..ottt i e 50 mA
PowWer diSSiPatioN . . . . o it t  ee e eeeeee 1w
Operating free-air temperature range. . . . . ... oottt ittt it i s 0°C to 70°C
StOrage temMPEratlre FANGE . . o v v v v v v e v vttt et e e s -65°C to 150°C

tStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating

NOILVYINHO4NI 3ONVAQY

only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘’‘Recommended Operating
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

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

recommended operating conditions

MIN NOM MAX UNIT
Vee Supply voltage 4.5 5.0 5.5 \"
Vss Supply voltage 0.0 \Y
VIH High-level input voltage ' 2.4 Vee Vv
ViL Low-level input voltage (see Note 2) -1.0 0.8 \4
VoH High-level output voltage 2.4 Vee \
VoL Low-level output voltage -1.0 0.4 \
TA QOperating free-air temperature o] 25 70 °C

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

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

ADVANCE INFORMATION H Dynamic RAMs

TEST TMS44C251-10 | TMS44C251-12 | TMS44C251-15
PARAMETER UNIT
CONDITIONS MIN MAX MIN MAX MIN MAX
VoH High level output voltage| IgH = ~5.0 mA 2.4 2.4 2.4 \
VoL Low level output voltage | lgL = 4.2 mA 0.4 0.4 0.4 \
VoL(asF) oali::v:;::; loL(asF) = 6 mA 0.4 0.4 0.4 \
V=0Vt 58V
1L Input leakage current vee = 5.5V +10 +10 +10 A
All other pins
= 0VtoVce
lo Output current leakage Vo =0Vt Vee +10 +10 +10 KA
Vee = 5.6V
TMS44C251-10 | TMS44C251-12 | TMS44C251-15
PARAMETER SAM PORT UNIT
MIN MAX MIN MAX MIN MAX
Icct Operation current Standby 90 80 70
te(RW) = Minimum
Icc1A  te(sC) = Minimum Active 110 95 85
lcc2 Standby current Standby 5 5 5
All Clocks = Vce
Icc2a  te(sc) = Minimum Active 35 30 30
Icca RAS-only refresh current Standby 90 80 70
tc(RW) = Minimum
Icc3A  te(sC) = Minimum Active 110 95 85
mA
lcca Page mode current Standby 50 45 40
te(p) = Minimum
Iccaa  te(sc) = Minimum Active 60 55 50
Iccs  CAS-before-RAS current Standby 80 70 65
tc(RW) = Minimum
IlccsA  te(scy = Minimum Active 110 95 85
Icce Data transfer current Standby 90 80 70
tc(Rw) = Minimum
Iccea  te(sc) = Minimum Active 110 95 85
+p
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capacitance over recommended supply voltage range and operating free-air temperature range,
f = 1 MHz (see Note 3) :

PARAMETER MIN MAX | UNIT
Ci(A) Input capacitance, address inputs 6 pF
Ci(RC) Input capacitance, strobe inputs 7 pF
Ciiw) Input capacitance, write enable input 7 pF
Ciisc) Input capacitance, serial clock 7 pF
Ci(sg) Input capacitance, serial enable 7 pF
Ci(DSF) Input capacitance, special function 7 pF
Ci(TRG) Input capacitance, transfer register input 7 pF
Co0 Qutput capacitance, SDQ and DQ 7 pF
Co{QSF) Output capacitance, QSF 10 pF

NOTE 3: V¢ equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V.

switching characteristics over recommended supply voltage range and operating free-air temperature
range (see Note 4)

NOILLYINHO4NI 3ONVAQY H SINVY dlweuAq

PARAMETER TEST ALT. | TMS44C251-10 | TMS44C251-12 | TMS44C251-15 UNIT
CONDITION SYMBOL MIN MAX MIN MAX MIN MAX
Access time from td{RLCL) =
— 30 35
'alC)  ¢As . MAX 'CAC 2 e
Access time from td(RLCL) =
t, t, 60 75
alCA) column address MAX CAA 50 ns
Access time from td(RLCL) =
t 65 80
(CP) AT high MAX CAP 55 ) ns
Access time from td(RLCL) =
120 150
ta(R) BAE MAX tRAC 100 ns
Access time of Q
t —_— t, 25 35 45 ns
alG) from TRG low 'OEA
Access time of SQ
Cl = 4
ta(sQ) from SC high 50 pF tSCA 30 35 0 ns
Access time of SQ
— Cl = F t 20 25 30
talSE) from SE low Sop SEA s
Access time of C1 = 50 pF
60 60 60
'alQSF osF from SC high See Figure 3 ne
Random output
tdis(CH) disable time from C1 = 100 pF tOFF (o] 25 (o] 30 o 35 ns
TAS high
Random output
tdis(G) disable time from C1 = 100 pF tOEZ 0 25 0 30 (o] 35 ns
TRG high
Serial output
tdis(SE) disable time from C1 = 50 pF tsez 20 20 25 ns
SE high

NOTE 4: Switching times assume C1 = 100 pF unless otherwise noted.
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timing requirements over recommended supply voltage range and operating free-air temperature ranget

ALT. | TMS44C251-10 | TMS44C251-12 | TMS44C251-15 uNIT é"
SYMBOL| MIN MAX MIN MAX MIN MAX
to(rd) Read cycle time (see Note 5) tRC 190 226 260 ns é
te(W) Write cycle time twe 190 220 260 ns )
telrdW) Read-modify-write cycle time tRWC 265 305 355 ns 'E
te(P) Page-mode read, write cycle time tpC 60 70 90 ns ®
tc(RDWP) Page-mode read-modify-write cycle time tRWC 125 150 180 ns [
tc(TRD) Transfer read cycle time tRC 190 220 260 ns 5‘
te(TW) Transfer write cycle time twe 190 220 260 ns
tc(SC) Serial clock cycle time tscc 30 35 40 ns
tw{CH) Pulse duration, CAS high tcp 20 25 35 ns n
tw(CL) Pulse duration, CAS low (see Note 6) tCAS 25 75,000 35 75,000 40 75,000 | ns
tw(RH) Pulse duration, RAS high tRP 80 90 100 ns 2
tw(RL) Pulse duration, RAS low (see Note 7) tRAS 100 75,000 120 75,000 150 75,000 | ns 9
tw(WL) Pulse duration, W low twp 25 25 35 ns I_,
tw(TRG)  Pulse duration, TRG low 25 35 40 ns <
tw(SCH) _ Pulse duration, SC high tsc 10 12 15 ns E
tw(SCL) Pulse duration, SC low tSCP 10 12 15 ns m
tsu(CA) Column address setup time tASC 0 [*] 0 ns
tsu(SFC)  DSF setup time before CAS low 0 [o] [¢] ns E
tsu(RA) Row address setup time tASR 4] 0 0 ns Z
tsu(WMR) W setup time before RAS low tWSR 0 o] o] ns —
tsy(DQR)  DQ setup time before RAS low tMS 0 0 0 ns wl
tsu(TRG)  THG setup time before RAS low t7LS 0 0 0 ns (&)
tsu(SE) SE setup time before RAS low - tESR 0 0 (] ns 2
tsu(SFR) DSF setup time before RAS low 0 0 0 ns <
tsy(DCL)  Data setup time before CAS low tpsc 0 0 0 ns >
tsy(DWL)  Data setup time before W low tDSW 0 0 0 ns Q
tsu(rd) Read command setup time tRCS [*] o] 4] ns <
. tsuWeL) E:;:/r:vg_:egc;nv:mand setup time wes _5 _s _s ns
tsy(WCH)  Write setup time before CAS high 1CWL 25 30 35 ns
tsu(WRH) hwi;:ev::;u%“ i bvivfo;e S:S TRWL 35 40 45 ns
tsu(SDS)  SD setup time before SC high tsps 3 3 3 ns
th(cLCA)  Column address hold time after CAS low 1CAH 20 20 25 ns
th(SEC) DSF hold time after CAS low 20 20 25 ns
th(RA) Row address. hold time after RAS low tRAH 15 15 20 ns
th(TRG) TRG hold time after RAS low tTLH 15 15 20 ns
th(SE) ii:‘%um: ante=r IIZA‘:VS low tREH 15 15 20 ns
ThEWM) :Iivn::ea::f%alrls:ver enable hold tRWH 15 15 20 s

Continued next page.
TTiming measurements are referenced to VL max and V|4 min.
NOTES: 5. All cycle times assume ty = 5 ns.
6. In a read-modify-write cycle, tq(CLWL) and tgy(WCH) must be observed. Depending on the user’s transition times, this may
require additional CAS low time (ty(CL)- '
7. In a read-modify-write cycle, t4(RLWL) and tsy(WRH) Mmust be observed. Depending on the user’s transition times, this may

require additional RAS low time (ty(RL)-
.Ji
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timing requirements over recommended supply voltage range and operating free-air temperature rangeT
(continued)

NOILVINHO4ANI 3ONVAQY H SINVY dlweuAq

ALT. | TMS44C251-10 | TMS44C251-12 | TMS44C251-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
DQ hold time after RAS low
t t 15 15 20
h(RDQ) (write mask operation} MH ns
th(SFR) DSF hold time after RAS low 15 15 20 ns
Column address hold time after RAS low ’
t t 45 45 55
h(RLCA (see Note 8) AR ns
th(CLD) Data hold time after CAS low tDH 25 30 40 ns
th(RLD)  Data hold time after RAS low (see Note 8) tDHR 50 55 70 ns
th(wip)  Data hold time after W low tDH 25 30 40 ns
th(CHrd) Read hold time after CAS (see Note 9) tRCH 0 0 0 ns
th(RHrd) Read hold time after RAS {see Note 9) tRRH 10 10 10 ns
th(CLW) Write hold time after CAS low twCH 25 35 45 ns
th{RLW) Write hold time after RAS low tWCR 50 60 75 ns
th(wLG)  TRG hold time after W low (see Note 10) tOEH 25 30 40 ns
th(SDS) SD hold time after SC high t1SDH 5 5 5 ns
th(sHsQ) SQ hold time after SC high tSOH 10 10 10 ns
t4(RLCH)  Delay time, RAS low to CAS high tCSH 100 120 180 ns
t4(CHRL)  Delay time, TCAS high to RAS low tCRP o] o] 0 ns
Delay time CAS low to
t, t 35 40 45
d(CLRH)  RZS high, write (see Note 11) RSH ns
Delay time, CAS low to W low
1, t 60 75 90
d(CLWLI (see Notes 12 and 13) CWD ns
Delay time, CAS low to
t, 1 25 75 25 85 30 110
dRLCL)  TAS low (see Notes 14 and 15) RCD "
t4(CARH)  Delay time, column address to RAS high tRAL 50 60 75 ns
td(CACH) Delay time, column address to CAS high tCcAL 50 60 75 ns
Delay time, RAS low to W low
t t 135 160 195
d(RLWL) (see Note 12) RWD ns
Delay time, column address to W low
1, t 85 100 120
d(CAWL) (see Note 12) AWD ns
Delay time, RAS low to CAS high
t 25
td(RLCH) . (see Note 16) CHR 2 30 ns
Delay time, CAS low to RAS low
1, 1 10 1
td(CLRL) (see Note 16) CSR 0 5 ns
. Delay time RAS high to CAS low’ ¢ 5 5 5
ns
d(RHCL) (see Note 16) RCP
td(CLGH) Delay time, TAS low to TRG high tCTH 25 35 40 ns

Continued next page.
tTiming measurements are referenced to V| max and V| min.
NOTES: 8. The minimum value is measured when tq(RLCL) is set to tq(RLCL) Min as a reference.
9. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle.
10. Output Enable controlled write. Output remains in the high-impedance state for the entire cycle.
11. Write cycles only.
12. Read-modify write operation only.
13. TRG must disable the output buffers prior to applying data to the DQ pms
14. Read cycles only.
15. Maximum value specified only to guarantee access time.
16. CAS-before-RAS refresh operation only.
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timing requirements over recommended supply voltage range and operating free-air temperature range

ADVANCE INFORMATION EI Dynamic RAMs

(concluded)
ALT. TMS44C251-10 | TMS44C251-12 | TMS44C251-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, TRG high before
t 25 30 0
d(GHD) 4413 applied at DQ 3 ne
J— ———= | Early load
. Delay time, RAS low to TRG Mai;y"n:a — . Ih(TRG) thTRG) !h(TRG) .
line real-
dBLTH)  pigh (see Notes 17 and 18) | © RTH 70 80 95 s
time load
Delay time, RAS low to first SC
t —_— t 85 95 115 n
dIRLSH)  1ign after TRG high (see Note 18) RSD s
Delay time, CAS low to first SC
¢ 4 45 5
d(CLSH) high after TRG high {see Note 18) tcsp 0 5 ne
Delay time, SC high to TRG high
t, t 10 10 15 ns
d(SCTR)  (see Notes 18 and 19) TSL
¢ Delay time, TRG high to RAS 10 10 _15 ns
d(THRH) high (see Note 18)
Delay time, SC high to RAS low with
1 — t 10 10 15
d(SCRL)  TRG = W = low (see Notes 20 and 21) SRS ns
Delay time, SC high to SE high
t t 20 20 25 n
d(SCSE) in serial input mode SRD s
Delay time, RAS high to SC high
t t 25 30 45
d(RHSC) (see Note 21) TRP ne
N Delay time, TRG high to RAS low t ¢ . 4 n
S
d(THRL) (see Note 22) TSD w(RH) w(RH) w(RH)
N Delay time, TRG high to SC high ¢ 10 10 15 ns
d{THSC) (see Note 22) SWS
Delay time, SE low to SC high
t 25 25 30
d(SESC) (see Note 23) ne
Delay time, RAS high to last (most signifi-
td{RHMS) cant) rising edge of SC before boundary 25 30 40 ns
switch during split read transfer cycles
Delay time, first (TAP) rising edge of SC
td(TPRL) after boundary switch to RAS low during 20 25 30 ns
split read transfer cycles
tri(MA) Refresh time interval, memory tREF 8 8 8 | ms
t Transition time tT 3 50 3 50 3 50 | ns

Timing measurements are referenced to Vi max and Vi min.
NOTES: 17. TRG may be brought high *‘early’” when real time memory to register data transfer is not required, provided that the th(TRG),

d(
18,
19.

20.
21.

22,
23.

SCTR): @nd t4(RLSH) specifications are met.

Memory to register (read) transfer cycles only.
In a transfer read cycle, the state of SC when TRG rises is a Don’t Care condition. However, to guarantee proper sequencing
of the internal clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high.
In a transfer write cycle, the state of SC when RAS falls is a Don’t Care condition. However, to guarantee proper sequencing
of the internal clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when RAS goes low.

Register to memory (write) transfer cycles only.

Memory to register (read) and register to memory (write) transfer cycles only.

Serial data-in shift cycles only.
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

read cycle timing

PARAMETER MEASUREMENT INFORMATION
1.31v. 5V
2180 ‘ 820 0
ouprlzur sk
50 pF

/I-\C1

Vss

a) LOAD CIRCUIT EXCEPT QSF

=

Vss

b) @QSF LOAD CIRCUIT

FIGURE 3. LOAD CIRCUIT
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early write cycle timing

[0
_ o =
i* tc(w) R <
_— twiRL) -l ! =
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NOTE 24: See ““Write Cycle State Table’” for the logic state of 1", *'2"’,

43 94 and V5",
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delayed write cycle timing
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NOTE 24: See ‘‘Write Cycle State Table’* for the logic state of 1’’, **2"*

3%, 4", and "'5".
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

write cycle state table

CYCLE STATE
1 2 3 4 5
Write mask load/use 0 o o WRITE VALID
Write DQs to |/Os MASK DATA
Write mask load/use o 1 o WRITE ADDR
Block write MASK MASK
Use previous write mask 1 o o DON'T VALID
Write DQs to 1/0s CARE DATA
Use previous write mask 1 1 o DON'T ADDR
Block write CARE MASK
|_.fad write Ek on later of 1 0 1 DON'T WRITE
W fall and CAS fall CARE MASK
Eyad color Lgister on later of 1 1 1 DON'T COLOR
W fall and CAS fall . CARE DATA
Write mask disabled, o 1 1 DON'T ADDR
Block write to all 1/Os CARE MASK
Normal early or late o o 1 DON'T VALID
Write operation CARE DATA

ADVANCE INFORMATION H] Dynamic RAMs
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‘TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

read-wrvite/read-modify-write cycle timing
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NOTE 25: See '“Write Cycle State Table’’ for logic state of ““1**, **2"", **

| I |
g™ M= = fetiga)

3

, ‘4", and “'5'". Same logic a3 delayed write cycle.
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

enhanced page-mode read cycle timing

g

Da

NOTE 26: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
_ specifications are not viclated and the proper polarity of DSF is selected on the falling edges of RAS and CAS to select the
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I | [ &
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tsulrd) T | -I—th(curd)—bi
0 —  |etyc) I :
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-a(c;( ’ e taica) T —1 le—st-tais(c)
ta)¥ e taicey? - taiscHyt
¢ 1 dis(CH)
}IVALID\ \ VALID h
your/ ouT

desired write mode {normal, block write, etc.).
TAccess time is ta(CP) OF ta(CA) dependent.
$Qutput may go from the high-impedance state to an invalid data state prior to the specified access time.
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

enhanced page mode write cycle timing
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Sl i
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t t ol
—-: "4 tsu(DQR) S‘::f(’l‘;\ghlzl’ $ i leap—— thchD)’—ﬂ
I i i r———tp, WD)
I i [~ th(RLD)
S S 4 '

NOTES: 24. See “Write Cycle State Table"” for logic state of 1%, 2", /3", “‘4"", and *'5"".
27. A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing
specifications. TRG must remain high throughout the entire page-mode operation if the late write feature is used, to guarantee

page-mode cycle time. If the early write cycle timing is used, the state of TRG is a Don’t Care after the minimum period th(TRG)

from the falling edge of RAS.
TReferenced to CAS or W, whichever occurs last.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

enhanced page-mode read-modify-write cycle timing
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I 1 ]
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]

VALID VALID VALID K AOOOOOOOOOOOOOOCK
s X+ BB ar B R BR800
1 |

t ! ke |
tsu(rnG)ERGlT:TI- l‘—'a(GI—’l “—’L‘d(GHD) tdis(G) Tt !"—
A e g 0 ' o

m N / \_/

NOTES: 24. See “'Write Cycle State Table’’ for logic state of 1’7, **2'", *“3"", 4", and "'5"".
28. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications
are not violated.
TOutput may go from the high-impedance state to an invalid data state prior to the specified access time.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

RAS-only refresh timing
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

CAS-before-RAS refresh
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

CAS-before-RAS refresh counter test timing
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

hidden refresh cycle timing

|#— MEMORY CYCLE—»!

jea—REFRESH CYCLE ——#»f

FtwRH) W(RH) —REFRESH cvcu.E——i

f————~ ty(RL) ViH

| ViL
td(RLCH)—tat—e»l

tw(CL)

thirA)

| , e
| l——ty(aL)
RAS
|
|
! e
— |
CAS , : i
| | |
} t -th(cLCA)
™1 [ tsulCAl
wintNE

tsu(RA)
lVVVVVYVV'VVVVVVVYV‘V'V'V'VYV'VV
&W | oL R KRN T CARE (XK RX

[*—th(RHrd)

>
-~

\Y
| L
|
|
|

|
Vavavavavavavavavavavavav Al ||
Q.O‘QQ’QQ‘ OO0

020002000200020 00000
|

=t MTtsurd) | |
= 77 VIH
W R __E Rt KBRS, KXY L
[*=ta(C) .
: L“a(R)"l tdis(CH) > =
I —4— Voh
pa ——-}-,——-{ VALID DATA L }—
tsulTRG) > R . {— ¥ Vo
| == keltyra) taisiG) e

ViL

>~

ADVANCE INFORMATION H Dynamic RAMs

TeExas ‘b

INSTRUMENTS 4-109

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001



TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

write-mode control pseudo write transfer timing

The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This
allows serial data to be written into the data register. The diagram below assumes that the device was
originally in the serial read mode.
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NOTES: 29. Random-mode Q outputs remain in the high-impedance state for the entire write-mode control.
30. SE must be high as RAS falls in order to perform a write-mode control cycle.
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: TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

data register to memory timing, serial input enabled
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tsu(SE} fa— T ;"tdlSESC)'ﬁ!

= [/ 7 \

NOTES: 31. Random mode Q outputs remain in the high-impedance state for the entire data register to memory transfer cycle. This cycle
is used to transfer data from the data register to the memory array. Every one of the 512 locations in each data register is
written into the corresponding 512 columns of the selected row. Data in the data register may proceed from a serial shift-in
or from a parallel load from one of the memory array rows. The above diagram assumes that the device is in the serial write
mode (i.e., SD is enabled by a previous write mode control cycle, thus allowing data to be shifted-in).

32. See “’Register Transfer Functions Table’’ for logic state of ““1'* and “'3"".
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

register transfer functions table

RAS FALL

FUNCTION TRG W DSF SE
(1) (3)

Register to memcry transfer 0 0 X ]
Register to memory transfer 0 0 1 X
Pseudo-transfer SDQ control 0 0 X 1
Memory to register transfer (o] 1 0 X
Split register transfer 0 1 1 X

NOILVINHO4NI 3ONVAQY H SINVH olweuiq
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

alternate data register to memory timing
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TMS44C251

262,144

BY 4-BIT MULTIPORT VIDEO RAM

memory to data register transfer timing
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NOTES: 33.

34,

Random mode (Q outputs) remain in the high-impedance state for the entire memory to data register transfer cycle. The memory
to data register transfer cycle is used to load the data registers in parallel from the memory array. The 512 locations in each
data register are written into from the 512 corresponding columns of the selected row. The data that is transferred into the
data registers may be either shifted out or transferred back into another row.

Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., the SQ is enabled), thus allowing
data to be shifted out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated
by a positive transition of SC.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

split register mode read transfer timing
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NOTE 35: There must be a minimum of one SC clock cycle between any two split register reload cycles.
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TMS44C251

262,144 BY 4-BIT MULTIPORT VIDEO RAM

split register operating sequence

RAS \ / N/ o/
s N\ __/ N/ S/ /1
apor XXX ¥
ROWiI TAPI ROWI TAPh ROW] TAPI2 ROW] TAPh2
A8=1 AB=0 A8=1
TRG _\_/ \—/ v
DSF M / \ — / \ S/ \
sc ~ A A 2 VaVaVaVall YAVAVAVAN YaVavVaVaV
TAP255 TAPh TAP511 TAPI2
ROWI ROWI ROWI ROW)
QsF \_-__._q’_—/ "
NORMAL TRANSFER SC CYCLES FROM SPLIT REGISTER SC CYCLES TO LAST SPUT REGISTER SC CYCLES TO LAST REPEAT HIGH/LOW HALF

READ (QSF HIGH)

TAP 1.

TRANSFER TO LOAD
HIGH HALF OF DATA
REGISTER. (OSF LOW
INDICATING SPULT
REGISTER MODE LOW
HALR

BIT OF LOW HALF.

(QSF HIGH INDICATING,
SWITCH TO HIGH HALF)

TRANSFER TO LOAD
NEXT ROW LOW HALF.

BIT OF HIGH HALF
(QSF LOW INDICATING |
SWITCH TO LOW HALF)

LOAD SEQUENCE.

NOTE 36: In split register mode, data can be transferred from different rows to the low and high halves of the data register.
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

serial data-in timing

te(SC) ™
[P b——tw(sCH)I—] 'F——-tw(scu-—’}

"_“su(SDSl—-I

sC

p

I th(sDS)

',l ""V’V‘v"".' ‘\'
VALID DATA ' | \2’202022202 2’2" X ’ VALID DATA m

|
r—‘d(sssm—ﬂ

|
ol
h—t5,,(SDS)—
| suSbs) ba—st—tn(sDS)

X -

sba

l

The Serial Data-in cycle is used to input serial data into the data registers. Before data can be written
into the data registers via SD, the device must be put into the write mode by performing a write mode
control, or pseudo-transfer, cycle. Transfer write cycles occurring between the write mode control cycle
and the subsequent writing or data will not take the device out of the write mode. However, a transfer
read cycle during that time will take the device out of the write mode and put it into the read mode, thus
disabling the input of data. Data will be written starting at the location specified by the input address loaded
on the previous transfer cycle.

While accessing data in the serial data registers, the state of TRG is a Don’t Care as long as TRG is held
high when RAS goes low to prevent data transfers between memory and data registers.

ADVANCE INFORMATION H Dynamic RAMs

i
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TMS44C251
262,144 BY 4-BIT MULTIPORT VIDEO RAM

serial data-out timing

te(sc)

bty (SCH)—
be——tyiscy—= | | pe——twiscL)—

|
[~ thisHsQ)—] I
"—'B(SQ)_H p—ta(SQ)" .ll

NOTE 37: While reading data through the serial data register, the state of TRG is a Don’t Care as long as TRG is held high when RAS
goes low. This is to avoid the initiation of a register to memory or memory to register data transfer operation.

The Serial Data-out cycle is used to read data out of the data registers. Before data can be read via SQ,
the device must be put into the read mode by performing a transfer read cycle. Transfer write cycles
occurring between the transfer read cycle and the subsequent shifting out of data will not take the device
out of the read mode. But a write mode control cycle at that time will take the device out of the read
mode and put it in the write mode, thus not allowing the reading of data.

NOILVINHOLNI IONVAQY H SINVH OlweuAq
ﬂ
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

JUNE 1986 — REVISED MAY 1988

262,144 x 4 Organization
Single 5-V Supply (10% Tolerance)

Performance Ranges:

ACCESS ACCESS ACCESS
TIME TIME TIME

ta(R) ta(C) ta(CA)

(trac) {tcac)  (tcaa)

(MAX) {MAX) (MAX)

TMS44C25_-10 100 ns 25 ns 45 ns
TMS44C25_-12 120 ns 30 ns 55 ns
TMS44C25_-15 150 ns 40 ns 70 ns

© TMS44C256 — Enhanced Page Mode

READ
OR
WRITE
CYCLE
(MIN})
190 ns
220 ns
260 ns

Operation with CAS-Before-RAS Refresh

0 TMS44C257 — Static Column Decode
Mode Operation with CAS-Before-RAS

Refresh

©® Long Refresh Period . . .
512-Cycle Refresh in 8 ms {Max)

3-State Unlatched Output

Lower Power Dissipation

Texas Instruments EPIC"‘ CMOS Process
All Inputs and Clocks Are TTL Compatible
High-Reliability Plastic 20-Pin 300-Mil-Wide

DIP or 20/26-Lead Surface Mount (SOJ)

Package

@ Operation of TI's Megabit CMOS DRAMs
Can Be Controlled by TI's SN74ALS6301

and SN74ALS6302 Dynamic RAM
Controllers

© Operating Free-Air Temperature . . .
0°C to 70°C

description

The TMS44C256 and TMS44C257 series are
high-speed, 1,048,576-bit Dynamic Random-
Access Memories organized as 262,144 words
of four bits each. They employ state-of-the-art
EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and

low power at a low cost.
operation
enhanced page mode (TMS44C256)

N PACKAGE
(TOP VIEW)
paif]1 Y20[vgs
paz2[]2 19[]pa4
wlz 18Jpa3
RAS[]4 17[]CAS
TF}s 16[]G
A0[]s 15HA8
A1[}7 14%A7
A2[ls 13[]A6
A3[]s 12[JA5
Vecljio 11[]A4
DJ PACKAGET
{TOP VIEW)
pa1[joe 26{]vgs
pa2f]2 2s5{]pas
WI[]3 = 24[Jpa3
RAS[j4 23[]CAS
TFOs 22[]G
Ao(Jo .18 %AS
Ao 17[JA7
A2[h1 1ePAe
A3[]12 15[]A5
veelJiz 1a[]As

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

PIN NOMENCLATURE
AO-A8 Address Inputs
CAS Column-Address Strobe
DQ1-DQ4 Data In/Data Out
G Data-Output Enable
RAS Row-Address Strobe
TF Test Function
w Write Enable
Vee 5-V Supply
Vss Ground )

[H Dynamic RAMs

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

EPIC is a trademark of Texas Instruments Incorporated,

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
sundnrd.wu.rrnntl!. Production processing does not
necessarily include testing of all parameters.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SINVYH o1weuAqg

the CAS page-mode cycle time used. With minimum CAS page cycle time, all 512 columns specified by
column addresses AO through A8 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling
edge of CAS latches the column addresses. This feature allows the TMS44C256 to operate at a higher
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced
page mode."’ Valid column address may be presented immediately after th(RA) (row address hold time)
has been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after
ta(C) max (access time from CAS low), if ta(CA) max {access time from column address) has been satisfied.
In the event that column addresses for the next page cycle are valid at the time CAS goes high, access time
for the next cycle is determined by the later occurrence of t5(C) or ta(CP) (access time from rising edge
of CAS).

static column decode mode (TMS44C257)

The static column decode mode of operation allows high-speed read, write, or read-modify-write by reducing
the number of required signal setup, hold, and transition timings. This is achieved by first addressing the
row and column in the normal manner, but after the first access maintain CAS low. Subsequently changing
the column address produces valid data at the t3(CA). The first bit is accessed in the normal manner with
read data coming out at tg(C) time. Similarly, write or read-modify-write cycle times can be achieved with
appropriate toggling of W. The addresses are latched during the write operation, but at the completion
of the internal write operation the addresses are unlatched.

address (AO through A8)

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine
column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar
to a chip enable in that it activates the sense amplifiers as well as the row decoder. The TMS44C256
CAS is used as a chip select activating the output buffer, as well as latching the address bits into the
column-address buffers. The TMS44C257 column addresses are latched only on write cycles with the

later of the CAS or W falling edge:
write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When
W goes low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle
permitting a write operation with G grounded. The TMS44C257 latches the column addresses on write
cycles with the later of CAS or W falling edge.

data in (DQ1-DQ4)

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

4-120
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

data out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
{floating) state until CAS and G are brought low. In a read cycle the output becomes valid after the access
time interval t3(C) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied.

The output becomes valid after the access time has elapsed and remains valid while CAS and G are low.

CASor G going high returns it to a high-impedance state. This is accomplished by bringing G high prior
to applying data, thus satisfying t4(GHD)-

Dynamic RAMs

output enable (G)

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

refresh

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

CAS-before-RAS refresh

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

power up

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

test function pin

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

'Ji
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TMS44C256, TMS44C257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

logic symbolt

©) RAM 256K x 4
A0 —=——120D9/21D0 )
|
(8)
A2
ng_(9) :
(1) L o__
ﬁg 12) A 262,143
(13)
A6
Ay 14)
a8-15L_150p17/21D8
C20[ROW]
@ G23/[REFRESH ROW]
RAS 24[PWR DWN]
c21[coL]
G24
(17
CAS & b o3caz
w3 23.21D0___| 24,25EN
RN poys
DQ1 ”—)I: A,22D A ZZI;-
v 26 ‘

(2)

DQ2 -]

(18)

DQ3 o

(19)

DQ4 ———=»]

This symbol is in accordance with ANSI/IEEE Std 91-1984 and |EC Publication 617-12.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

functional block diagram

P14

b | TminG anD conTROL |

= ROW
» | ADDRESS
BUFFERS
(9)
——
256K | ROW 256K L
ARRAY | DECODE | ARRAY A
A0 SENSE AMPLIFIERS ||
° _ DATA
A1 i BT e
A2 - - —*] ReG.
A3 »| COLUMN = 110
E -
A4 ’;32?5:55 M COLUMN DECODE BUFFERS
A5 - 40F8
a6 (9 ~a-o— SELECTION |-o—]
- DATA a
A7 ket - ouT —
A8 - 1 reG. 4
SENSE AMPLIFIERS L N
256K | ROW | 256K \
ARRAY | DECODE |ARRAY '
DQ1 - D4

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

Dynamic RAMs

Voltage range on any pin (see Note 1) . . ... ... ... . it -1Vto7V
VOoltage range On Vi G . « « v vttt e e e e e e e e e e e OVto7V
Short circuit output current. . . ... .. ... [P 50 mA
Power dissipation . . . ..ot e e e e 1w
Operating free-air temperature range . . . .. ... oottt it i e 0°C to 70°C
Storage temperature range . . . . o o v v ittt et e e e e e —-65°C to 150°C

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

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

{i’
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 v
Vgs Supply voltage (o] \"
VIH High-level input voltage 2.4 6.5 v
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature 0 70 °C

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

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

TEST TMS44C25_-10 | TMS44C25_-12 | TMS44C25_-15
PARAMETER CONDITIONS MIN MAX MIN MAX MIN MAX unIr
VOH High-level output voltage IoH = -5 mA 2.4 2.4 2.4 \
VoL . Low-level output voltage loL= 4.2 mA 0.4 0.4 0.4 \
Vi=0Vto 58V,
1] Input current (leakage) Vee = 6 V +10 +10 +10 A
All other pins
= 0VtoVce
Vo = 0V to Vce,
o Output current (leakage) Vee = 5.5V, +10 +10 +10 uA
TAS high
lect Read/write te(rdW) = minimum, 70 60 55 mA
cycle current Vee = 655V
After 1 memory cycle,
lcc2 Standby current RAS and CAS high, 3 3 3| mA
- VIH =24V
te(rdw) = minimum,
Ilcca Average refresh current VE= 5"5 V. 65 55 50 | mA
RAS cycling,
CAS high
te(p) = minimum,
Icca Average page current VC% Iif, V- 45 35 30 mA
CAS cycling
te{rdW) = minimum,
Average static column V =55V,
lcce decode current CR_S low, 45 38 30| mA
CAS cycling

{ip
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

f = 1 MHz (see Note 3) §
PARAMETER MIN MAX | UNIT <

Ci(A) Input capacitance, address inputs 6 pF [ 4
Ci(rRc) Input capacitance, strobe inputs 7 pF (4]
Citjw)  Input capacitance, write-enable input 7 pF E
Co Output capacitance 7 pF (=U
>

o

NOTE 3: Ve equal to 5.0 V + 0.5 V and the bias on pins under test is 0.0 V.

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

range (see Figure 1)

i ALT. TMS44C25_-10 | TMS44C25_-12 | TMS44C25_-15
PARAMETER UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
ta(C) Access time from CAS low tCAC 25 30 40 ns
ta(CA) Access time from column address tCAA 45 55 70 ns
ta(R) Access time from RAS low tRAC 100 120 150 ns
ta(G) Access time from G low 1GAC 25 30 40 ns
talcP) {A-rchzl:;ﬁ:‘tt(l:r;:;r::'\y;:olumn precharge teap 50 60 75 ns
Access time from W high,
ta(WwHQ) Static column decode mode tWRA 30 35 40 ns
(see Note 4) (TMS44C257 only)
Access time from W low,
ta(wLQ) Static column decode mode tALW 95 115 120 ns
(see Note 4) (TMS44C257 only)
taisiCH) Output disable time after CAS toFF o 25 o 30 o 35 ns
high (see Note 5)
tdis(G) hoi::‘p':;e:ﬁ;:tl: t;;ne after G tGOFF (o] 25 o] 30 [0 35 ns
NOTES: 4. Read-modify-write operation only.
5. tgis(CH) and tgjs(G) are specified when the output is no longer driven.
3
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

~<U ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT
g SYMBOL MIN MAX MIN MAX MIN MAX
3 teird) Read cycle time (see Note 7) tRC . 190 220 260 ns
o te(W) Write cycle time tWe 190 220 260 ns
Read-write/read-modify-write

; W) o time tRWC 220 255 305 ns
2 Page-mode read or write

t t 55 65 80 ns
[72] c(P} cycle time (see Note 8) PC

. Page-mode read-modify-write 1. . .

n te(PM) eycle time tPCM 85 100 125 ns
tw(CH) Pulse duration, CAS high tcp 10 15 25 ns
tw(CL) Pulse duration, CAS low (see Note 9) tCAS 25 10,000 30 10,000 |-~ 40 10,000 ns

’ tw(RH) - Pulse duration RAS high (precharge) tRP 80 90 . 100 . ns
Non-page-mode pulse duration, .
tw(RL) TAS low (see Note 10) tRAS 100 10,000 120 10,000 150 10,000 ns
-modi ion,
twiyp 298 mode pulse duration tRASP 100 100000 | 120 100,000 | 150 100,000 | ns

RAS low (see Note 10)
twiwL) Write pulse duration twp 15 20 25 ns
Column-address setup time

'SulCA)  patore TAS low tasc Y Y 0 ns
o ey w [ o | o [ o |-
tsuird) g;; ::;up time before v ‘RS 0 o o s
fsutWCH) g:_;whi::\up time before owL 25 30 ] 0 N
teu(WRH) Wm-lovtvligs:tup time before WL 25 30 0 e
N el I R R
th(RA) Row-address hold time tRAH 15 15 2 ne

after RAS low

Continued next page.
NOTES: 6. Timing measurements are referenced to V| max and Vi min.
7. All cycle times assume t; = 5 ns.
8. t¢(P) > tw(CH) min + ty(CL) min + 2t;.
9. In a read-modify-write cycle, tg(cLwWL) and tgy(WCH) must be observed. Depending on the user’s transition times, this may
require additional CAS low time Tty (CL)l-
10. In a read-modify-write cycle, tq(RLWL) and tsy(WRH) Must be observed. Depending on the user’s transition times, this may
require additional RAS low time [ty (RL))-
11. Later of CAS or W in write operations.
12. Early write operation only.

{i,
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TMS44C256

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

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

{continued)
ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Column-address hold time
- 0 0 100
h(BLCA)  ,prer RAS tow (see Note 13) AR ’ 8 ns
Data hold time after
— t 20 25 30 S
th(D) TAS low (see Note 11) DH "
Data hold time after
th(RLD) RAS low (see Note 13} 'DHR 70 8s 110 ne
Read hold time after " o o 0 ns
th(CHI)  TAS high (see Note 15) RCH
Read hold time after
thiRHrd)  RZS high (see Note 15) tRRH 10 10 1° ne
Write hold time after
th(CLW) CAS low (see Note 12) WCH 2 2 30 ns
Write hold time after
thiRLW) RAS low (see Note 13) 'WCR 70 85 100 e
Delay time, RAS low to
td(RLCH) TAS high tCSH 100 120 150 ns
Delay time, CAS high to
WCHRL)  BAS low tCRP Y Y Y ns
Delay time, CAS low to
WICLRH) RS pigh tRSH 25 30 40 ns
Delay time. CAS low to
tdicLw) W low (see Note 4) fcwop 50 60 70 ns
Delay time, RAS low to
td(RLCL) TAS low (see Note 14) tRCD 25 75 25 90 30 110 ns
Delay time, RAS low to
td(RLCA) column address (see Note 14) 'RAD 2 58 2 &5 25 80 ns
Delay time, column address
d(CARH) ;RS high tRAL 45 55 70 ns
Delay time, column address
td(CACH) . TAS high tcAL 45 55 70 ns
Delay time, RAS low to
td(RLWL) W low (see Note 4) tRWD 100 120 150 ns
Delay time, column address
—_ t 45 55 70
fd(CAWL) to W low (see Note 4} AWD s
Delay time, G high before
td(GHD) data at DQ tGDD .25 30 40 ns
Delay time, G low
W(GLRH) | RAS high tGSR 20 25 35 ns
Continued next page.
NOTES: 4. Read-modify-write operation only.
11. Later of CAS or W in write operations.
12. Early write operation only.
13. The minimum value is measured when tq(RLCL) is set to tg(RLCL) Min as a reference.
14. Maximum value specified only to guarantee access time.
15. Either th(RHrd) Of th(CHrd) must be satisfied for a read cycle.
T {l’
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
{concluded)

ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX

Delay time, RAS low to
td(RLCHIR CAS high (see Note 16) 'CHR % 2 30 ns

Delay time, CAS low to
t, —_— t, 10 10 15
d(CLRUR  RAS 1ow (see Note 16) CSR e

Delay time, RAS high to

0 0o .

td(RHCLIR TAS low (see Note 16) tRPC ° ns
trf Refresh time interval tREF 8 8 8 ms
t Transition time tT 3 50 3 50 3 50 ns

NOTE 16: CAS-before-RAS refresh only.

i
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
te(rd) Read cycle time (see Note 7) tRC 190 220 260 ns
te(W) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write
te(rdW) cycle time tRWC 220 255 305 ns
Static column decode mode
t t 50 60 90
cird)SC read-only cycle time SCR ns
Static column decode mode
t t 50 60 90 ns
c(Wisc write-only cycle time csw
Static column decode mode
te(rdW)SC . X . 1SCRDW 100 120 150 ns
read-modify-write cycle time
tw(CH) Pulse duration, CAS high tcp 10 15 25 ns
tw(CL) Pulse duration, CAS low (see Note 9) tCAS 20 10,000 25 10,000 35 10,000 ns
tw(RH) Pulse duration, RAS high (precharge) tRp 80 920 100 ns
Non-stati | decod d
twRL) or-static column decode mode tRAS 100 10000 | 120 10000 | 150 10000 | ns
pulse duration, RAS low (see Note 10)
Static column decode mode
t — t 100 100,000 120 100,000 150 100,000 ns
W(RLIP |, ise duration, RAS low (see Note 10)]  HASP
tw(WL) Write pulse duration twp 15 20 " 25 ns
Static column decode mode
t, 45 55 70 ns
twiCA) column address pulse duration ADP
Static column decode mode
— t 10 15 25 ns
twiwH) - 3 high pulse duration Wi
Column-address setup times
_— — 1 o] [0] o] ns
'SUCA) before TAS low or W low (see Note 11)]  'ASC
Row address setup time
— (o] 0 ns
sulRA] pefore RAS low tASR 0
Data setup time before
— t 0 o] 0 ns
tsu(D) W low (see Note 11) DS
Read setup time before
tsulrd)  TAS low tRCS o o 0 ns
W-low setup time before
t, — t 0 0 0 ns
suWCL)  &Z5 fow (see Note 12) wes
W-low setup time before
tsu(WCH) TAS high tcwL 25 30 40 ns
W-high setup time before
t J— t (¢} [o] 0 ns
sutWHCH) £75 high (see Note 12) WHCH

Continued next page.
Timing measurements are referenced to V| max and V)q min.

NOTES: 6.
7.
9.

10.

11.
12.

All cycle times assume t; = 5 ns.

In a read-modify-write cycle, tg(cLwL) and tsy(wCH) Must be observed. Depending on the user’s transition times, this may

require additional CAS low time [ty (CL)]-

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

require additional RAS low time [ty (RL)].
Later of CAS or W in write operations.
Early write operation only.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

SINVY d1weuAq

{continued)
ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
W-low setup time before
'SuWRH)  BAS high tRWL 25 30 40 ns
Read-command setup time
t o] [o] o)
tsulRLrd) before RAS low WRP ns
Column-address setup time
5 4] 75
BSulCARY  ofore AS high ICAR 0 5 ne
Column-address hold time
t — 20 20 25
hICA) after CAS low, W low (see Note 11) tCAH ns
Row-address hold time
t — t 15 15 20
h{RA) after RAS low RAH ns
Column-address hold time
_— 100 120 150
thiRLCA) 4161 BAS low (see Note 17) 'AR "
Data hold time after
t 20 25 30
thiD) CAS low (see Note 11) OH ne
Data hold time after
7 5 110
th(RLD) RAS low (see Note 17) 'OHR ° 8 ns
" Read hold time after ' o o 0 ns
h(CHrd) CAS high (see Note 15) ACH
¢ Read hold time after N 10 10 10 ns
h(RHrd) RAS high (see Note 15) RAH
Write hold time after
th(CLW) TAS low tWCH 20 25 30 ns
Write hold time after
1 70 85 100
hELW) AT low (see Note 17) WCR s
Column-address hold time
— 1 15 15
th(RHCA)  _tr0r RAS high tAH ° ns
N Output hold time after . 5 5 5 ns
h(CAQ) address change OH
Delay time, RAS low to
td(RLCH) TAS high tCSH 100 120 150 ns
Delay time, CAS high to
YICHRL)  FAS jow tCRP Y Y 0 ns
Delay time, CAS low to
t(CLRH)  Fxs high tRSH 25 30 40 ns
Delay time, CAS low to
— 2 30 40
tdicLwL) W low (see Note 4) fcwb ° "

Continued next page.

NOTES: 4. Read-modify-write operation only.

11. Later of CAS or W in write operations.
15. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle.
17. The minimum value is measured when tq(RLCA) is set to tg(RLCA) Min as a reference.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

(concluded)

ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, RAS low to
td(RLCL) TAS low (see Note 14) tRCD 25 75 25 90 30 110 ns
Delay time, RAS low to
fd(RLCA} column address {(see Note 14) 'RAD 2 55 20 65 28 80 ne
Delay time, column address
td(CARH) to AAS high tRAL 45 55 70 ns
Delay time, column address
td(CACH) to CAS high tCAL 45 55 70 ns
Delay time, RAS low to
WRLWL) low (see Note 4) fRWD 100 120 150 ne
Delay time, column address .
te(CAWL) to W low (see Note 4) tAWD 45 55 70 ns
Delay time, G high before
td(GHD) data at DQ tGDD 25 30 40 ns
Delay time, G low
WIGLRH) . AAS high tGSR 20 25 35 ns
Delay time, W high to output
td(wQj) transition from high impedance tow 0 0 0 ns
to active
Delay time, RAS low to
td{RLCHIR CAS high (see Note 16) tCHR 25 25 %0 ns
Delay time, CAS low to
'd(CLRLIR RAS low (see Note 16) 'CSR 10 10 18 e
Delay time RAS high to
'dRHCLIR AT 1ow (see Note 16) 'RPC ° ° ° ns
tef Refresh time interval tREF 8 8 8 ms
tt Transition time tT 3 50 3 50 3 50 ns
NOTES: 4. Read-modify-write operation only.
14. Maximum value specified only to guarantee access time.
16. CAS-before-RAS refresh only.
PARAMETER MEASUREMENT INFORMATION
131V Vee =5V
Ry = 218 Q R1 = 828 Q
OUTPUT OUTPUT
UNDER UNDER
TEST TEST
T CL = 100 pF CL = 100 pF Rz = 2950

{a) LOAD CIRCUIT

(b) ALTERNATE LOAD CIRCUIT

FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

O
<
3
]

2. s

3] RAS
=
>
=
[

CAS

A0-A8

w

bQ1-

DQ4

ol

- teird) -
I . |

' tw(RL) i ViH
N 7 N
1 ViL

ty el ]:-_ M t(CLAH) 1 a1, ipp)—d
| le—taipic) ——= |
| td(RLCH) =~ td(CHRL)——
I | ™ tw(CL) —*| ViH
(! i I
! | ! ! v
| | (B = | _! L
| P+ dRLcA) | | |~ tw(CH) -
! | tsu(CA) 1!
th(RA)—=d fa—  fe———LtgicacH)—= l__} !
—i  FtuRa) ""—ll-"‘d(CARH)_' 1 ;
[ h(RLCA)—r-l——i | Vin
@{ ROW }@{ COLUMN DON'T CARE
i | T Vi
: ! thiCA) | F*—=T"th(RHrd)
t
! = tsutrd) =1 th(CHrd)

XXX YYYYVYXH ECECEYOANNANALS TV ) ViH
QORLRERY KRROBERREELADE 1,

|
|
|
[
BN

] ‘ .
| tP_‘a(C)_’] tdis(CH) ‘;
| a(CA) d
| / NOTE_ vor
t HI-Z ¢ i VALID }—
i 18 _ X Vol
p= ta(R) - [ i
—tag—=d | i
l | :‘—-f—‘dis(G)
r< 'd{GLRH) i . v
& f H
ViL

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

s
k -l <
| te(rd) — [« o
| tw(RL) I ©
ViH E
RAS ) /
| ViL E
| - td(RLCL) ——ef ™ td(CLRH)——]  [#—tw(RH) —] >
. _.{ [ tdRLCH) {1t td(CHRL) ——! A
— o twict)—= | Vin
— |
CAS  tdRLCA) - : t (cu);———.I\—v|L ﬁ
b W
tsu(RA);"] : su{CA) T taCACH) g rer—— g
h{RA) [ td(CARH) |
! th(RLCA} v
. - H
AC-A8 Mnow ﬁ@q COLUMN |
ViL
| __: — e th(RHra)
r' tsufrd) ™ r———{- th(CHrd)

ViH
W i 00000 < 00000,
DR RRRIEIINEEEER

ft——ta(C) —*=

f——tgis(cH) —

ta(CA) |
I~ NOTE VoH
pai- HI-Z (NOTE 7 VALID }——
Da4 N_18 _Y
ta(R) or ) i Vo
be— ta(G)——=] Tl *=tdis(G)
- \L‘—‘d(GLRH)'—’ﬂ' / ViH
ViL

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.

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

early write cycle timing

|~}
§ te(wy
o tw(RL) - ViH
"31" RAS \ M‘ tw(RH) \ viL
——f —ty . | [
; — t4(RLCL) _J.-—I ‘:((;:RH) -11——-—- td{CHRL} ———I
% - td(RLCH) | Vin
_ T
CAs _-i f‘"k‘su(RA) \ / ! tw(CH) _J1 viL
k : td{CARH) ‘
‘h('RA)—-—l ' " ‘|su(CA) i
le———thtRLCA)— | Vi
. .V‘V"‘V \ \/ \V\N/VY V"‘V""’
Ao-h8 @( rou D@( corumn_ IXRCEXOINT CARE JARXKR) VL
k l .
=t tarLca) hCA) : {
! t 4 _‘su{wmkw LA
1_ T 'h(RLW) SuU ! 1 R
T Th{CLW) e VAVAAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAvAVAvAvAvAVARA |1 ]
w ) — QOO0 ) OO O
" XRSULTAR }tsuwe BRRRBR BONT SAEKXKIRIEIL
: H—tw{wt) I
{ RLD b= thp) =
— tsu(D) -—("i) |
vvvvvvvvvvvvvvvvvv VAVAVAVAvAvAvAvAvAvavav AR ALY]
DQ1- OO XX XXX Y VXXX XX XXX XXX X
20e 3K R K A KR ATRRARERRS
v
- '.'.V‘V.“V’V’V“"’V’V"’V’V \/ "V’V""‘V‘V‘V"" VVY VVVV V’V"‘V V‘V"‘V’V"’V’V’V V’V’V"‘V‘V"’V’V V‘V‘V "V \/ IH
S R RN A KRB KK RRBEKEIKRRRREL
{i’
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TMS44C257

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

early write cycle timing

)
=
[ te(w) é
tw(RL) -l VIH ©
RAS \ V'-—twmm—-# \ iL g
— = t4(CLRH) — ™1 c
F— td(RLCL} ——.. twiCL) h—— td(CHRL) ———= °>.
td(RLCH) ) Vi
CAS —{ t=ftsura) ] twiCH) -\ Vi n
: I b + td(CACH} HEN
H IS td(CARH} T 1
‘h:RA)—’-l . ‘?u(CA) { : {
ee—f——— th(RLC A} ———={ Vin
.V.V.V" \ \/ \/\/\/\'\/ “V’V"‘
rosa X row corumm XRKGRANKAXKKY v
. ! I ==t thica) pt-ot- 1
ll‘_—l“d(RLCA) . "'I'r su(WHCH)
- r= th(|RL:N) i -
1 th{CLW) VAVAVAVAVAVAYAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAvAVAvAvAv A vaRU 1]
W ) — 1 00O ) OOOOOOOOO
W XKPONT Care tsuwen LR N T CARE XKL “
: —tw(WL)
| oy SO
- -
= tsu(D) ——= | v
DQ1- v.v‘v’v’v‘v0v.v’v’v.v’v‘v.v’v 7 vv vAvAY. v.v.v‘v‘v’v‘v’v‘v’v‘v’v IH
or X R RS .
ViH
— V’V""""""".""'0'.""""V"‘V""’V""" VVY VVVV "V‘V’V’V"‘V’V‘V".V"’V""’V""‘V’V‘V‘V"‘V’V".V.'
S R8I A XXX KCCEEEEEREEREE .
{i} _
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TMS44C256, TMS44C257
262,1453-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing

te(w)
tw(RL) ﬁ

SINVY olweuiqg
3
= =5
- I

'
|
— et [, ]
Dk . td({CLRH) | F—tw(RH)—"]
| [~ 'diRLcl g =—t——1d(CHRL) -
| 'G{RLCH) -] |
i } = tw(CL) Il ViH
CAS i :&_ | I.\
. H SU{CA)~pm—e] | 1 t— tw(CH)————{
HRA} re—e=f fo———— L tgicARH————
™ Mtuma) : L —taicack -l
t
| T h'mLt:A)—~-—I——|I v
vavavay H
A0-A8 @{ ROW }@{ COLUMN %
. QOOOOOX X X % x X X XX XOOXXXN ViL
4 i thica -
td(RLCA) H=— NO':'E )1:1 l———‘su(WCH)—‘—’l. |

tsu(WRH)

vvvvvv

................

LU r———tvy —
| — thp) —
[ tsu)-=  r=—
[ th(RLD) -t
ATATA" < VIH/VOH
VALID DATA h
> h A4 ViLIVoL
be——tdiGHD) ——=
~ VIH
G _—/
i
NOTE 11: Later of CAS or W in write operation.
TeExAs ‘bi
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing

=
o te(rdW) - <
[ tw(RL) - | o
o ! I Viy
RAS :\.l 1A | 2
| £ | viL £
—] tt tw(CL) - F——tw(RH)—™ ©
} [‘—"d(RLCL)“—-‘ : I"_!_‘d(CHRL)—_"' Vin g
o 1] X 7 N g
| amca=t Dol A
th{RA) ~Lee—emi I———-{-'_SU(CA, } ; { tw(CH) -
—- bertsura) 11 .
. r-—,—!r:(mcm—f————ll | | v
TR oy R Y Y Y YT I XA H
AO-A8 ROW ) COLUMN ON'T CARE >
e R KELEERIOON T CARE XXX

ViL
| : T |
I h(CA) ] b= tsu(WeH —= i
| P—r‘ﬁwat)——' ll‘_‘sulWRHD_-‘
t.
I su(rd)-!-—f-——ﬂ i 'd(CLWL)"" [ —
YYVYVYYY T | |
w DON'T CARE i
|

[ ¢
f"_'_g‘d(RLWLl—ﬂ fe————thp) ——
[

VIH
| S ———
ARIRROON T CARE X KEXXY

A AL, Vi

| ]-_(SU(D)_.! I

VATAVAvAvAravavavavava. cava'a‘aravaaaaid AL
pai- VYTTVYXRIRKD m NEEAAL o
DON'T CARE | VALID OUT } 1 VALIDIN ¢ DON'T CARE
pas S RINT CARE VRN TR v v

!
—= =ty ;"—_”"diS(Gl :
p———ta(R) = f— t4(GHD)—=

f——1t(G) — ViH
5 \! /‘
: ViL

‘EIP
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SINIVY JlweuAq

3

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

enhanced page-mode read cycle timing

VIH
tw(RLIP ﬂ
! ViL

]

i
Ll
. ]
I td({RLCL) - . JL‘_ ‘d(CF.iRL] -
{ = td(RLCH) _'i | clP) l {
| -t -l
i fwiel T | wiCHI™) b= ta(cLRH) —=! v
T H H
| ! | l v
| = 11 } L
e tmica ~ [~ tdicacH= i
et 1, (RA tsu(CA ! |
I sulRA) su(cAl L_ p=—— td(CARH)—
I == th(ra) ~= —1 = thica) |
a \VAVAVAVAVAVAV, .v‘v‘vv vavavavavavav iR [Y]
A0-A8 | ROW N coLumN  CDON'T CARE X| COLUMN OOOCDON'T CARE ()
l I | TAVAY TAVAVAVAY ’A‘AAAAAAAAAA‘A VIL
|
. 1 | l |
RLCA
o d(RLCA) f ! : e th(CHrd)—1
i tsutrd) —1 ' | ! thiRHrd) =
_ T l VIH
" B Ty
: I : r-ta(cm-—: l viL
NOTE 20
l ‘a(CH-—-r |
! f—— taica)—=  —— ta(cP) ——ll "—"'I tdis(CH)
b talR) NOTE 20 ] i
pai. NOTE 18 NOTE 19 VoH
Da4 | l VALID OuT | -
| | VoL
i‘= ta(G) - l-—'l-l tdis(G)
_ [ ViH
G ! /
ViL

NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time.
19. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
20. Access time is ta(CP) Or ta(CA) dependent.

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

enhanced page-mode write cycle timing

—= twiRHI[™—
1 oy |
= tw(RL)P =11 !
. Y N
[
| = td(RLCH) - {‘—'d(cmH)—‘"I ',
} wRLCL twiCL) 7] ] i_ te(p) — _]l‘— ta(cHRL —1
[ ( L = twicn—~ I' I i
t T
cAS : i | | ! | I
il
S =
| th(RLCA) ] T td(CACH)—{
| thRA) _"l i th(CA)'l""'—'J, :‘_td(CARH)f_'l
1 e [ : ! I | | |
] Il i I
b tg(rLCAI =t tsutwon —= tsuweH = a }
' L = ™ tSu(WRH) ™1
DON'T CARE N'T CARE : DON'T CARE
W RGO GARE SRR OORONT CAREXRIL. AT GARESA
{ I : ‘i-—-—-—fth(m
l i : ) w NOTE 22
| [ NOTE 22 |
= 'r(RL.D) }
pa———tsu(D) — I |
NOTE 22 , |
tsu(D) . |
NOTE 22 !
bar. ATRTTR (XXX IYTYYYYX
] VALID DATA IN X : E
il ERRRRN o R s
|
——: == t4(GHD)
s f

ViH

ViL

ViH

Vi

ViH

ViL

ViH

ViL

ViH

ViL

ViH

ViL

Dynamic RAMs

NOTES: 21. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write

timing specifications are not violated.
22. Referenced to CAS or W, whichever occurs last.

Qip
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TMS44G256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

enhanced page-mode read-modify-write cycle timing

g
3 tw(RH) —‘1 r"
3 _ b tw(RLIP - ViH
o RAS jN[ | |
o ! | ViL
> } : R L — b td{CLAH)—————] }
td(RLCH) ————= 1
g | P e — t o]
7] | — tdmLcu—l—L_ { l 'w(crli) d(CHRL)
1 L twic) T | 1 Vin
J— 1} |
CAS | | | /) \ \I '/
1 1 - [ ] Vi
| la——— th(RLCA) | |
thiRA) -t_r'— A = hica) |
tsutRA)— I - tswca :
e = | L |
A ViH
A0-AB ROW | | COLUMN D COLUMN DON'T cm
v
! Lf! ! L
{ f td(CAWL) ——‘l l
! } = fietwn 1 tsu(WCH) ==t b=—
tsurd) Fo—t=] == twiwe) b= { |
sulrd) L | | "+ tsu(WRH)
td(RLWL) 1 | |
|
L | | | VIH
w ,\l I/' \! 5%%%8
' ViL
tsu{D)—=] j=t-
|| te——=tthp)
NOTE 18 [ ta(cP) | i NOTE 18 v
TYYYYYYYYYYY ViH
- VALID )
2 v oo Y o X L YRR R
e ta(C) |
tdis(G) —He—ef
] ‘a(CA)l . |
= ta(R) —] Q. dIGHD) ! Vin
e \ " taig) =1 Vi \—/
’ Vi

NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time.
23. Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications
are not violated.
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TMS44C257

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

SINVY dlweuAq
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static column decode mode read timing with CAS cycling
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SINVH diweuiqg

TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

static column decode mode read cycle timing

‘w(RH)T"JI
tw(RLIP Jl |
]
th(RLCA) { ViK
RAS |
| ViL
—] ety
} —td(RLCL)—=] v
l ——— VI
CAS | / -.Tth(m-ncm
0 Ly ViL
| ! hiRA) te(rdISC I
o