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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. Tl advises its customers to obtain the latest version
of device specifications to verify, before placing orders, that the
information being relied upon by the customer is current.

Tl warrants performance of its semiconductor products, including SNJ
and SMJ devices, to current specifications in accordance with Tl's
standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems such testing necessary to support this
warranty. Unless mandated by government requirements, specific
testing of all parameters of each device is not necessarily performed.

In the absence of written agreement to the contrary, Tl assumes no
liability for Tl applications assistance, customer’s product design, or
infringement of patents or copyrights of third parties by or arising from
use of semiconductor devices described herein. Nor does Tl warrant
or represent that any license, either express or implied, is granted
under any patent right, copyright, or other intellectual property right
of Tl covering or relating to any combination, machine, or process in
which such semiconductor device might be or are used.

Specifications contained in this data book supersede all data for these
products published by Tlin the United States before November 1985.

Copyright © 1985, Texas Instruments Incorporéted



INTRODUCTION

The 1986 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}, Eraseable Programmable Read-Only Memories (EPROMs), MOS one-
time Programmable Read-Only Memories (PROMs), and Read-Only Memories (ROMs) for the United States
market. Also provided are military specifications for the DRAM product line. This is TI’s first MOS Memory data
book to include specifications for complementary MOS (CMOS) memory devices {which now span ali MOS
Memory product lines). Surface-mount packaging is now available on all 64K, 256K and 1 MEG DRAMs and
CMOS ROMs. Another packaging option for DRAMs is the SIP which can increase memory density by over
3.5 times that of dual-in-line packages. .

This data book is divided into 12 sections. Section 1, General Information, includes the table of contents, an
alphanumeric index for quickly finding device numbers, plus a device selection guide and a product reference
guide for quick overview of the broad TI MOS Memory product line. Page numbers are included on the product
reference guide for easy access to the detailed specifications. In Section 2, the Interchangeability Guide lists
alternate vendor part numbering examples in addition to alternate sources to Tl devices (based on published
data). Product specifications for 71 devices can be found in Sections 4 through 8.

Recently published design considerations, product applications, and technical articles can be found in Section
9. Also included is a section (Section 12) on guidelines for handling ESD sensitive devices, since all MOS Memory
devices are ESD sensitive. ’

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
Literature Response Center
P.O. 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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DRAMs, EPROMs, PROMs, ROMs
REFERENCE GUIDE

BITS PER WORD
WORDS : 7 5
K
2K
(32K)
EPROM PROM ROMs
a* TMS2732A TMS27P32A TMS2332
TMS4732
164K}
EPROMSs PROM ROMs
8K TMS2764 TMS27P64 TMS2364
TMS27C64 TMS4764
(16K) (64K) (128K)
) DRAM DRAMSs EPROM PROM ROM
16K TMS4116 TMS4416 TMS27C128 TMX27PC128 TMS47128
SMJ4416 )
1256K)
EPROM PROM ROMs
32K TMS27C256 TMX27PC256 TMS47256°
TMS47C256
(64K) (256K) {512K)
DRAMSs DRAMSs EPROM ROM
TMS4161 TMS4464 TMX27C512 TMS47C512
64K T™MS4164  TMX4461
SMJ4161
SMJ4164
128K)
128K DRAM
TMS41128B
(256K} (1024K} {1024K)
DRAMs DRAMs R_O_M
256K TMS4256 © TMX44C256 TMS47C1024
TMS4257 TMX44C257
SMJ4256 TMX44C259
SMJ4257
(1024K)
DRAMSs
TMX4C1024
TMX4C1025
1024K TMX4C 1026
TMX4C1027
TMX4C1029

Numbers in parentheses indicate overall complexity.

1
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DYNAMIC RAM MODULE
REFERENCE GUIDE

BITS PER WORD

WORDS 7 2 5 s 3
16K TM4416KU8B
{256K) (320K) (512K) {576K)
64K TM4164EC4 TM4164EQ5 TM4164FL8 TM4164EL9
TM4164FM8 TM4164FM9
TM4464LU8
{256K) {320K)
64K Multiport TM4161EV4 TM4161EPS
Video RAM TM4161GW4
TM4161GY4
(1024K) (1280K} . (2048K) (2304K)
256K TM4256EC4 TM4256EQ5 TM4256FL8 TM4256EL9
TM4257EC4 TM4257EQ5 TM4257FL8 TM4257EL9
TM4256GU8 TM4256GU9
TM4257GU8 TM4257GU9
TM4256GP8 TM4256GP8
TM4256GV8 TM4256GVS
(2048K)
512K TM4256HE4
(1024K)
1 Meg TM4256FC1
) TM4257FC1
i
Texas
INSTRUMENTS
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SELECTION GUIDE

1
- DRAM SELECTION GUIDE
7]
(] Access Time Cycle Power | Power Dissipation
?p Density | Device Number | Organization Max (ns) Time Supplies Max (mW) Pins | Package' | Page
o taR) Min (ns) (VI [ Active | Standby
— TMS4116-15 150 375
3 16K | TMS4116-20 16K X 1 200 375 15,12 | 462 20 16 N 4.3
o TMS4116-25 250 410
'3 TMS4164-12 120 230 i 264 28
@ 64K | TMS4164-15 64 X 1 150 260 5 248 28 16 N, FP 4-41
o TMS4164-20 200 330 204 28
3 TMS4416-12 120 230 297 28
64K | TMS4416-15 16K X 4 150 260 5 264 28 18 N, FP 4-99
TMS4416-20 200 330 231 28
TMS4161-15 64K ‘x‘ K 150 240 5 523 110 20 N, FM
64K | rmsa161-20 Multiport 200 315 5 495 1m0 |20 | nem |+
Video RAM !
TMS4256-12 256K X 1, 120 230 413 25
256K | TMS4256-15 Page Mode 150 260 5 358 25 16 N, FM 4-75
TMS4256-20 200 330 275 25
TMS4257-12 256K X 1, 120 230 413 25 .
256K | TMS4257-15 Nibble Mode 150 260 5 358 25 16 N, FM 4.75
TMS4257-20 200 330 275 25
TMS4464-12 120 230 440 28
256K | TMS4464-15 64K X 4 150 260 5 385 28 18 N, FM | 4-117
TMS4464-20 200 330 330 28
TMX4461-12% 6aK X 4, 120 230 TBD TBD
256K Multiport 5 24 N 4135
TMX4461-15% Video RAM 150 260 TBD 8D
TMX4C102_-10% 100 200 TBD TBD
1 MEG | TMX4C102_-12% MX1 120 230 5 T8D T8D 18 N,DJ | 4-139
TMX4C102_-15% 150 260 TBD TBD
TMX44C25_-10F 100 200 TBD TBD
1 MEG | TMX44C25_-12% | 256K X 4 120 230 5 T80 T80 20 N,DJ | 4137
TMX44C25_-15% 150 260 TBD TBD :

N = Plastic DIP

FP = Plastic Chip Carrier
FM = Plastic Chip.Carrier
DJ = Plastic SOJ Package

*Preliminary Target Specifications for product under development by TI.

Texas

s
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SELECTION GUIDE

1
DYNAMIC RAM MODULE SELECTION GUIDE -
=
Cycle Power | Power Dissipation ©
Access Time -
Density | Device Number | Organization Max (ns) Time Supply Max (mW) Pins Package Page ©
.| Min (ns) V) Active | Standby 1<
e
TM4416KU8-12 120 230 594 55 (=]
128K TM4416KU8-15 16K X 8 150 260 5 528 55 30 Socketable | 5-237 ‘E
TM4164EC4-12 120 230 1056 112 :
256K | TM4164EC4-15 64K X 4 150 260 5 992 112 22 Leaded 5-561 E
TM4164EC4-20 200 330 816 112 8
64K X 4, (Y]
TM4161EV4-15 ) 150 240 2092 440
258K | tMare1Eva.zo | Multieort 200 315 8 1 920 sao | 31| tested |25 O
Video RAM
64K X 4,
TM4161GW4-15 . 150 240 2092 440
256K TM4161GW4-20 l.VIuItlport 200 315 5 1980 440 30 | Socketable 5-47
Video RAM
TM4161GY4-15 64K ,X 4 150 240 2092 440 :
258K | rMat61GYa-20 | Multiport 200 315 8 1980 | 4a0 | 30| ‘tesded | 547
Video RAM .
TM4161EP5-15 gaK _X 5 150 240 2615 550 )
320K | rMa161EPs-20 | Multiport 200 315 8 | 2475 | ss0 | 3% | leaded |53
Video RAM
TM4164EQ5-12 120 230 1320 140
320K | TM4164EQ5-15 64K X 5 150 260 5 1240 140 24 Leaded 5-81°
TM4164EQ5-20 200 330, 1020 140
TM4164FL8-12 120 230 2112 224
512K | TM4164FL8-15 64K X 8 150 260 5 1984 224 30 Leaded 5-99
TM4164FL8-20 200 330 1632 224
TM4164FM8-12 120 230 2112 224
512K | TM4164FM8-15 64K X 8 150 260 5 1984 224 30 Socketable 5-99
TM4164FM8-20 200 330 1632 224 '
TM4464LU8-12 120 230 880 55
512K TM4464LUB-16 64K X 8 150 260 5 770 55 30 Socketable | 5-247
TM4164EL9-12 120 230 2376 252
576K | TM4164EL9-15 64K X 9 150 260 5 2232 252 30 Leaded 5-67
TM4164EL9-20° 200 330 1836 252
TM4164FM9-12 120 230 2376 252
576K | TM4164FMS-15 64K X 9 150 260 5 2232 252 30 Socketable 5-67
TM4164FMS-20 200 330 1836 252
TM4256FC1-121 120 230 429 99
1024K | TM4256FC1-151 MMX1 150 260 5 374 99 22 Leaded 5-181
TM4256FC1-201 200 330 . 319 99
TM4256EC4-121 120 230 . 1716 99
1024K | TM4256EC4-15T| 256K X 4 150 260 5 1496 99 22 Leaded 5-111
TM4256€EC4-201 200 330 1276 99
Continued next page.
TAll 256K DRAM SIPs available with page-mode access (TM4256___) or nibble-mode access (TM4257___).
Texas ¥
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INSTRUMENTS

POST OFFICE BOX 1443

® HOUSTON, TEXAS 77001



SELECTION GUIDE

DYNAMIC RAM MODULE SELECTION GUIDE (CONCLUDED)

uonewWIoU| {eI8USD) l

Cycle Power | Power Dissipation
Density | Device Number | Organization A::e“ Time Time Supply Max (mW) Pins Package Page
2xIns) | Mintns) | (V) [ Active | Standby
TM4256EQ5-121 120 230 2145 | 124
1280K |TMa4256EQ5-151] 256K X 5 150 260 5 1870 | 124 | 22 Leaded | 5-157
TM4256EQ5-201 200 330 1595 | 124
TM4256FLB-12} 120 230 3432 | 201
2048K |TM4256FL8-15T | 256K X 8 150 260 5 2992 | 201 | 30 Leaded | 5-205
TM4256FL8-201 200 330 2552 201
TM42656GUS-121 120 230 | 3432 | 201
2048K | TM4256GUS-15t| 256K X 8 150 260 5 2092 | 201 | 30 | Socketable | 5-205
TM4256GUB-201 200 330 2552 | 201
TM4256GPg-121 120 230 3432 | 201 Low Profile,
2048K | TM4256GP8-151 | 256K X 8 150 260 5 2002 | 201 | 3o |Socketble | g 008
TM4256GP8-201 200 330 2552 | 201 " with Presence
Detect
TM4256Gv8-121 120 230 3432 | 201 Low Profile,
2048K | TM4256GV8-15t| 256K X 8 150 260 5 2002 | 201 | 3o [teaded 5-225
TM4256Gv8-20 200 330 2562 | 201 with Presence
Detect
TM4256HE4-121 120 230 , 1716 | 99
2048K |TM4256HE4-15T | 512K X 4 150 260 5 1496 | 99 | 24 Leaded | 5-233
TM4266HE4-201 200 330 1276 | 99
TM4256EL9-121 120 230 3861 | 226
2304K |TM4256EL9-15T | 256K X 9 150 260 5 3366 | 226 | 30 Leaded | 5-137
TM4256EL9-201 200 330 2871 226
TM4256GU9-121 120 230 3861 | 226 Socketable
2304K |TM4256GU9-15T| 256K X 9 150 260 5 3366 | 226 | 30 |with Presence| 5-137
TM4266GUS-201 200 330 2871 | 226 Detect
TM4256GP9-121 120 230 3861 | 226 Low Profile,
2304K | TM4256GP9-151| 256K X 9 150 260 5 3366 | 226 | 3o |So°ketEdle | o .09
TM4256GP9-20t 200 330 2871 226 with Presence
- Detect
TM4256GVg-121 120 230 3861 | 226 Low Profile,
2304K | TM4266GV9-15t| 256K X 9 150 260 5 3366 | 226 | 30 |MeR9dWIth | ong
" |Tm4256Gve-201 200 330 2871 | 226 ;’:;i"tce

TAll 266K DRAM SIPs available with page-mode access (TM4256

) or nibble-mode access (TM4257

)
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SELECTION GUIDE

EPROM SELECTION GUIDE

S
Access Time Cycle SP:;:;I Power Dissipation 'g
Density [ Device Number | Organization | Process Time Max (mW) Pins| Package!| Page E
Max (ns) Min (ns) Tolerance =
(V) Active |Standby \2
TMS2732A-17 170 170 [ s
TMS2732A-20 200 200
32K TMS2732A-25 4K X 8 NMOS 250 250 5+ 5% 657 158 | 24 J 6-3 E
TMS2732A-45 450 450 2
TMS2764-17 170 170 )
64K I:::i;’g:';g 8K X8 NMOS igg ;gg 5+ 5% 788 184 | 28 J 6-11 ©
TMS2764-45 450 450
TMS27C64-1% 150 150 5+ 5% 210
TMS27C64-15% 150 150 5+ 10% | 220
TMS27C64-2% 200 200 5+ 5% 210
TMS27C64-20% 200 200 5+ 10% | 220
TMS27C64% 250 250 5+ 5% 210
64K | tmsazcea.zst| BKX8 | CMOS 250 250 |5+ 10% | 220 14 |28 y 621
TMS27C64-3% 300 300 5+ 5% 210
TMS27C64-30+ 300 300 5+ 10% | 220
TMS27C64-4% 450 450 5+ 5% 210
TMS27C64-45% 450 450 |5+ 10% | 220
TMS27C128-1 150 160 5+ 5% 210
TMS27C128-15 150 150 5+ 10% 220
TMS27C128-2 200 200 5+ 5% 210
TMS27C128-20 200 200 5+ 10% 220
TMS27C128 250 250 5+ 5% 210
128K TMS27C128-25 16K x8 emos 250 250 5+ 10% 220 1.4 2 J 6-29
TMS27C128-3 300 300 5+ 5% 210
TMS27C128-30 300 300 5+ 10% 220
TMS27C128-4 450 450 5+ 5% 210
TMS27C128-45 450 450 5+ 10% | 220
TMS27C256-1 170 170 5+ 5% 210
TMS27C256-17 170 170 5+ 10% | 220
TMS27C256-2 200 200 5+ 5% 210
TMS27C256-20 200 200 5+ 10% | 220
TMS27C256 250 250 5+ 5% 210
256K TMS27C256-25 32k x8 cmos 250 250 5+ 10% | 220 14 2 J 6-37
TMS27C256-3 300 300 5+ 5% 210
TMS27C256-30 300 300 5+ 10% 220
TM527C256-4 450 450 5+ 5% 210
TMS27C266-45 450 450 5+ 10% 220
Continued next page.
1J = Ceramic DIP
*Advance information for product under development by TI.
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SELECTION GUIDE

EPROM SELECTION GUIDE (CONCLUDED)

g
g Access Time Cycle sP: w:vl Power Dissipation
= Density | Device Number | Organization | Process Time PPYY! Max (mW) Pins| Package!| Page
o Max (ns) Min (ns) Tolerance
- v} Active | Standby
3, TMX27C512-2% 200 200 5+ 5% 263
2 TMX27C512-20% 200 200 5+ 10% 275
3 TMX27C512% 250 250 5+ 5% | 263
] TMX27C512-25% 250 250 5+ 10% 275
g. 512K TMX27C512-3% 64K X 8 CMOSs 300 300 5+ 5% 263 1.4 28 J 6-45
© 3 TMX27C512-30% 300 300 5+ 10% 275
TMX27C512-4% 450 450 5+ 5% 263
TMX27C512-45% 450 450 5+ 10% 275
tJ = Ceramic DIP
$ Preliminary Target Specifications for product under development by TI.
PROM (OTP) SELECTION GUIDE
Power
Cycle Power Dissipation
Access Time Supply/
Density | Device Number | Organization| Process Time Max (mW) Pins PackageT Page
Max (ns) Min (ns) Tolerance
v) Active | Standby
TMS27P32A-25 250 250 )
32K |TMS27P32A-30 4K X 8 NMOS 300 300 5+ 5% 657 158 | 24 N 6-47
TMS27P32A-45 450 450 )
TMS27P64-25 250 250
64K |TMS27P64-30 8K X8 NMOS 300 300 5+ 5% 788 184 |28 N 6-53
TMS27P64-45 450 450
TMX27PC128-2% 200 200 5+ 5% 210
TMX27PC128-20% - 200 200 |5+ 10% | 220
TMX27PC128% 250 250 5+ 5% 210
- TMX27PC128-25% 250 250 5+ 10% 220
128K TMX27PC128-3% 16K X 8 7} CMOS 300 300 5+ 5% 210 14 28 N 661
TMX27PC128-30% 300 300 5+ 10% 220
TMX27PC128-4% 450 450 5+ 5% 210
TMX27PC128-45% 450 450 5 + 10% 220
TMX27PC256-2% . 200 200 5 5% 210
TMX27PC256-20% 200 200 5 + 10% 220
TMX27PC256+ 250 250 5+ 5% 210
TMX27PC256-26¢ 250 250 5 + 10% 220
256K TMX27PC256-3% 32K X8 | CMOS 300 300 5+ 5% 210 4 28 N 6-63
TMX27PC256-30% 300 300 5+ 10% 220
TMX27PC256-4% 450 450 6+ 6% 210
TMX27PC256-45% 450 450 5+ 10% 220

N = Plastic DIP
% Preliminary Target Specifications for products under development by TI.
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SELECTION GUIDE

ROM SELECTION GUIDE

General Information I

Cycle | Power |Power Dissipation
Density Device Number |Organization | Process Access Time Time Supply Max {(mW) Pins Packaga1 Page
Max (ns)
: Min (ns) (\'}} Active | Standby
TMS2332-15 150 150 :
32K TMS2332-20 4K X 8 NMOS 200 200 5 330 83 24 N 7-3
TMS2332-25 250 250
TMS4732-15 150 150
32K TMS4732-20 4K X 8 NMOS 200 200 5 330 83 24 N 7-15
TMS4732-25 250 250
64K, JEDEC | TMS2364-15 150 150
Approved | TMS2364-20 8K X8 NMOS 200 200 5 330 83 28 N 7-9
Pinout TMS2364-25 250 250
TMS4764-15 150 150
64K TMS4764-20 8K X8 NMOS 200 200 5 330 83 24 N 7-21
TMS4764-25 250 250
TMS47128-20 200 200 -
128K TMS47128-25 16K X 8 | NMOS 250 250 5 330 83 28 N 7-27
TMS47128-35 350 350
TMS47256-20 200 200 28
256K TMS47256-25 32K X 8 | NMOS 250 250 5 330 83 32' N, FM | 7-33
TMS47256-35 350 350
TMS47C256-15% 150 150 28
256K TMS47C256-20% 32K X 8 CMOS 200 200 5 220 3 32' N, FM 7-39
TMS47C256-25% 250 250 )
TMS47¢512-20% 200 200 28 .
512K TMS47C512-25% 64K X 8 | CMOS 250 250 5 TBD | TBD 32' N, FM | 7-45
TMS47C512-30% 300 300
TMS47C1024-20% 200 200 28
1024K | TMS47C1024-26%| 128K X 8 | CMOS 250 250 5 TBD TBD 32' N, FM | 7-51
TMS47C1024-30% 300 300

TN = Plastic DIP
FM = Plastic Chip Carrier
$Advance Information for products under development by TI.
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INTERCHANGEABILITY GUIDE

PART | — ALTEFiNATE VENDOR PART NUMBERING (EXAMPLES)
BASED ON AVAILABLE PUBLISHED DATA

TEXAS INSTRUMENTS (TI)

TMS 4256 - 12
UNIOUE PRODUCT TEMPERATURE
TI MOS PREFIX IDENTIFICATION SPEED RANGE PACKAGE RANGE
NUMBER
Max Access

TMS Commercial MOS - 4 45ns -20200ns DJ Plastic SOJ E —40°Cto 85°C
SMJ Military MOS . — 5 55ns —25250ns FE Ceramic Chip Carrier L 0°C to 70°C
TMX Pre-production MOS — 7 70ns —30300ns FG Ceramic Chip Carrier M —55°C to 125°C

-10 100 ns —35 350 ns FM Plastic Chip Carrier S -55°C to 100°C
—12 120 ns —45 450 ns FP Plastic Chip Carrier

-15 150 ns J Cerpak/Cerdip
JD Side Bra;e
N Plastic DIP
ADVANCED MICRO DEVICES (AMD)
Am 90 L 64 - 15
MOS PREFIX TYPE MEMORY LOW POWER DEVICE NUMBER SPEED RANGE
) VERSION
Max Access

90 DRAM . —-2200ns -10 100 ns

91 MOS RAM -3300ns -15 150 ns

92 MOS —4450ns —~20 200 ns

27 EPROM

AMERICAN MICROSYSTEMS, INC. (AMI)

S 2364 A P

STAN[:::;:EVICXDEVICE NUMBERX VERSION N PACKAGE TYPE )

Texas b
INSTRUMENTS
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INTERCHANGEABILITY GUIDE

FAIRCHILD
F 4164 -1
FAIRCHILD PREFIX ' DEVICE NUMBER* SPEED RANGE

v

Max Access
-1 120ns
-2 150ns
-3 200ns
-4 250ns

TMay be omitted.
Hinclusion of an ‘L'’ indicates low-power version.

aping Aljigeabueyaiaiu) !

FUJITSU

MB 81416 A -15

MOS PREFIX XEVICE NUMBEFXMODIFICATION X SPEED RANGE

Max Access
MB Fuijitsu . -10 100ns
MBM Industry Standard Prefix -12 120 ns
-15 160ns
HITACHI
HM 4864 A -2 P

T T

DEVICE TYPE XEVICE NUMBEIXMODIFICATION X SPEED RANGE PACKAGE

Max Access
HM RAM ~ 1 Fastest —15 150 ns P Plastic
HN ROM -2 © —~20 200 ns
-3 —-25 250 ns

— 4 Slowest —30 300 ns
-12 120ns -45 450 ns

24 TEXAs {" , |
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INTERCHANGEABILITY GUIDE

INMOS
IMS 2600 P -15 M
COMPANY DEVICE NUMBER PACKAGE SPEED RANGE SCREENING -8
5
Max Access o
P Plastic DIP -45 45ns Blank Commercial Z
S Ceramic DIP -55 655ns M MiL-8838 =
-10 100 ns E Extended 'g
-12 120ns Temperature g
-15 150 ns c
[1]
&=
2
INTEL S
-
=
2732 A . L -2 -
LOW POWER '
VI I E
DEVICE NUMBER MODIFICATION VERSION SPEED RANGE
Max Accass
—10 100 ns
—-12 120 ns
— 2 200 ns
— 3 300 ns
— 4 450 ns
MOSTEK
MK 4564 P -15
MOS PREFIX DEVICE NUMBER PACKAGE SPEED RANGE
Max Access
MK Standard Prefix 4___RAM P Sidebrazed ceramic DIP - 8 80ns —15150ns
MKB Military Prefix N Plastic —10 100 ns —20 200 ns
E Ceramic Leadless Chip —12 120 ns -25 250 ns

Carrier

Texas ‘Q’
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INTERCHANGEABILITY GUIDE

MOTOROLA

MCM 6665 A P -16

|

G MEMORY PREFIX DEVICE NUMBER N MODIFICATION PACKAGE SPEED RANGE

Max Access
P Plastic -10 100 ns -25 250 ns
-12 120 ns -30 300 ns
—15 160 ns —45 450 ns
-20 200 ns

tinclusion of an “‘L’ indicates low power version.

NATIONAL SEMICONDUCTOR

N-nfs ‘L‘rm ﬂf
MOS MEMORY DEVICE NUMBER SPEED RANGE
PREFIX
Max Access
-12 120 ns
-15 150 ns
—-20 200 ns
NEC
uPD 2764 ' . -15 [
MOS MEMORY DEVICE NUMBER SPEED RANGE PACKAGE
PREFIX v
Max Access
-10 100 ns —20 200 ns C Plastic DIP
-12120 ns -25 260 ns D Ceramic DIP
—-15 150 ns —30 300 ns
i
Texas b
INSTRUMENTS
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INTERCHANGEABILITY GUIDE

OKI SEMiICONDUCTOR (OKI)

MSM 3764 A -20

1 1 1 1

Max Access

lity Guide H

~10 100 ns
-12 120 ns ]
-15 150 ns 'g
—-20 200 ns %]
[=2]
_ c
- @
. =
SYNERTEK 7]
-
’ s
sy M c 2150 -4 -

MOS MEMORY TEMPERATURE . ' )
PREFIX RANGE X PACKAGE XJEVICE NUMBERX SPEED RANGE

Max Access
C Ceramic -2 200 ns
P Molded -3 300 ns
-4 45ns
-5 b56ns
"Inclusion of an alpha character indicates a device modification.
TOSHIBA
T™MM 4164 A P . -3

C MOi I:n:::(oav XDEWCE NUMBER VERSION PACKAGE SPEED RANGE

Max Access
P Plastic -12 120 ns
C Ceramic -15 160 ns
-20 200 ns
—-25 250 ns

i
TeExas ‘V 2-7
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VLS! TECHNOLOGY

(

)

aping AujqeabBueysisiu) !

VT 4500A -1 5 P c
MOS MEMORY x TEMPERATURE
AN PACKAGE
PREFIX DEVICE NUMBEFXSPEED RANGE X G X RANGE
Max Access
-15 150 ns C Commercial
—20 200 ns M Mititary
—25 250 ns

2-8
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PART Il — ALTERNATE SOURCESt
DYNAMIC RAMS

: VENDOR ‘
ORGANIZATION T ALTERNATE SOURCES PART NUMBER
Tl TMS4116 ]
AMD AMSO016F 2
T . ITT4116 3
16K X 1 Mostek MK4116 -
{3 Supply) Motorola . MCM41168B =
National MM5290 3
NEC uPD416 @©
Toshiba TMM416 g
Tl TMS4164% 5
AMD AM9064 c
Fairchild F64K e
Fujitsu MB8264A/MBB265A 9
Hitachi HM4864/HM4864A £
Inmos IMS2600+%
Intel 2164A
Matsushita MN4164
64K X 1 Micron Tech. MT4264%
(5V) Mitsubishi M5K4164
’ ' Mostek MK4564
Motorola MCM6665A
National NMC4164%
NEC uPD4164
Oki MSM3764
Siemens HYB4164
Toshiba TMM4164
TRISTAR KM4164A
64 K X 1 Multiport Tl TMS4161
Video RAM (5 V) AT&T M51064PX
T TMS4416
16K X 4 Fujitsu MB81416
A Hitachi HM48416A
Inmos IMS2620
Mitsubishi M5M4416

Continued next page.

tBased on available published data. (Official alternate sourcing agreements not necessarily implied.) All devices listed operate over the
0°C to 70°C temperature range. .

$These devices have a 256 cycle, 4 ms refresh scheme. All others refresh in 2 ms.

i
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DYNAMIC RAMS (CONCLUDED)

VENDOR
ORGANIZATION o ALTERNATE SOURCES PART NUMBER
Tl TMS4256/TMS4257
Fujitsu MB81257/MB81256
Hitachi HM50256/HM50257
Micron Tech. MT 1256
256K X 1 Mitsubishi M5M4256
Motorola MCM6256
NEC 1nPD41256/,PD41257
Oki MSM37256
Toshiba TMM41256
Western Electric WCM41256
TI . TMS4464
64K X 4 Hitachi HM50464/HM50465
(5V) Micron Tech. MT4064
NEC »PD41256
EPROMS
. VENDOR
ORGANIZATIQN T ALTERNATE SOURCES PART NUMBER
Ti TMS2732A
AMD Am2732
Fujitsu MBM2732A
KXB Hitachi HN462732
5 V) |nfel o 2732A
Mitsubishi M5L2732
NEC uPD2732
Oki MSM2732
Toshiba TMM2732
Tt TMS2764
AMD Am2764
Fairchild 2764
Fujitsu MBM2764
8K X 8 Hitachi HN482764
5V Infel ) 2764
Mitsubishi M5L2764
NEC rPD2764
Oki MSM2764A
Seeq 2764
Toshiba TMM2764
Tl TMS27C64
AMD Am27C64
8K X8 Fujitsu MBM27C64
5V) Hitachi HN27C64
Intel 27C64
NEC uPD27C64

Continued next page.
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EPROMS (CONCLUDED)

ORGANIZATION

VENDOR

PART NUMBER

Interchangeébility Guide H

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

Tl ALTERNATE SOURCES
T TMS27C128
AMD Am27128A
Fujitsu MBM27128
Hitachi HN4827128
16K X 8 Intel 27128
(5 V) Mitsubishi M5L27128
NEC uPD27128
Oki - MSM27128A
Seeq 27128
Toshiba TMM27128
Tl TMS27C256
AMD Am27256
Fujitsu MBM27256
. axxs Hitachi HN27256
Intel 27256/27C256
BV National NM27C256
NEC uPD272656/uPD27C256
Seeq 27C256
Toshiba TC57256
4
TeExas
INSTRUMENTS
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ROMS
VENDOR
ORGANIZATION T ALTERNATE SOURCES PART NUMBER
u Tl TMS4732
AMD Am9232
) 5 Gl RO-3-9332
- Motorola MCM68A332
) 2 4K X 8 NEC #PD2332
g' (5 V) Oki MSM2932
g Signetics 2632A
«Q Synertek SY2332
8 Toshiba TMM333
o VTi VT2332
] Tl TMS2332
< AMD Am9233
() 4K X 8 Gl R0O9333
g, (5V) Synertek SY2333
Q : Toshiba TMM2332
® VTl V72333
Tl TMS4764
AMD Am9264C
[¢]] RO9464C
GTE Micro G2364
Mostek MK36000
8K X8 Motorola MCM68364
5V} NCR NCR2364
24 pin NEC nPD2364
Oki MSM2965
Rockwell R2364A
SGS M2364
Signetics 2664A
Synertek §Y2364
VTI VT2364
T TMS2364
- AMD Am9265C
Gl RO9864C
8K X8 - Motorola MCM68370
(5V) NCR NCR2365
28 pin Rockwell R2364B
SGS M37000
Synertek SY2365
VTI VT2365

Continued next page.
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ROMS (CONCLUDED)

Interchangeability Guide H

VENDOR
ORGANIZATION T ALTERNATE SOURCES PART NUMBER
TI TMS47128
AMD Am92128D
EXEL XLs23128
Gl RO9128C
Gould AMI §231288B
16K X 8 NCR NCR23128
BV NEC xPD23128
Oki MSM38128A
Sharp LH23128
Signetics 23128
VTI 23128
T TMS47256
AMD Am92256
EXEL XLS23256
Gould AMI $23256C
32K X 8 Mostek MK38000
(5V) NCR NCR23256
NEC : #PD23256
Signetics 23256A
Synertek : SY23256
VTI V123256
TI TMS47C256
Fujitsu MB83256
GTE Micro ) G53256
Hitachi HN613256H
32K X 8 Motorola MCM65256
(5V) NCR NCR23C256
Oki MSM53256
.RCA CDM53256
SMOS ' SMM2325/SMM2326
" Toshiba TMM23256
Tl TMS47C512
64KX8 Gl R0O9512
(5V) Sharp LH53512
vTI VT23512
T TMS47C1024
128K X 8 Gl RO91000 (NMOS)
5V) Hitachi HN62301
NEC #PD231000 (NMOS)

{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 0; in electrical terms the value of a bit may be represented by
the presence or absence of charge, voltage, or current.

Byte — A word of 8 bits (see word)

Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated
circuit for input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes
the integrated circuit to be in a reduced power standby mode.

Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory.
They may be of two kinds:
1. Synchronous—Clocked/latched with the memory clock. Affects the inputs and outputs for the
duration of that memory cycle.
2. Asynchronous—Has direct asynchronous control of inputs and outputs. In the read mode, an
asynchronous chip select functions like an output enable.

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

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

Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive application
of control signals in order to retain the stored data.
NOTES: 1. The lwords ‘‘read/write’’ may be omitted from the term when no misunderstanding will
resuit.
Such repetitive application of the control signals is normally called a refresh operation.
A dynamic memory may use static addressing or sensing circuits.
This definition applies whether the control signals are generated inside or outside the
integrated circuit.

PN

Electrically Alterable Réad-Only Memory (EAROM) — A nonvolatile memory that can be field-programmed like
a PROM or EPROM, but that can be electrically erased by a combination of electrical signals at its inputs.

Erasable and Programmable Read-Only Memory (EPROM)/Reprogrammable Read-Only Memory — 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 EAROMSs. The procedure whereby programmed data is removed
and the device returns to its unprogrammed state.

Field-Programmable Read-Only Memory — A read-only memory that after being manufactured, can have the
data content of each memory cell altered.

Fixed Memory — A common term for ROMs, EPROMs, EAROMs, etc., containing data that is not normally
changed. A more precise term for EPROMs and EAROMs 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.

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.

{i,
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GLOSSAHYITIMING CUNVENTIONSIDATA SHEET STRUCTURE

Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined
during manufacture by the use of a mask, the data content thereafter being unalterable.

Memory — A medium capable of storage of information from which the information 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-channe!l MOS)

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

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)

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 device during which the device is operating in a Iow-po~wer or standby
mode. Normally read or write operations of the memory are not possible under this condition.

Program - Typically associated with EPROM memories, the procedure whereby logical O’s (or 1's) are stored
into various desired locations in a previously erased device.

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

Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations
in any desired sequence with similar access time to each location.
NOTE: The term as commonly used denotes a read/write memory.

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 content 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 dynamic RAMs to control the input of the row addressed. It
can be active high (RAS) or active low (RAS).

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 or retrieved
sequentially form a single output. .

{i’
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GLOSSARY|TIMING CONVENTIONS/DATA SHEET STRUCTURE

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.

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.

Write — A memory operation whereby data is written into a desired address location.
Wirite Enable — A control signal that when true causes the memoyy to assume the write mode, and when false
causes it to assume the read mode.

PART Il — OPERATING CONDITIONS AND CHRACTERISTICS
(INCLUDING LETTER SYMBOLS)
Capacitance
The inherent capacitance on every pin, which can vary with various inputs and outputs.

Example symbology:

Ci Input capacitahce
Co Output capacitance
Ci(D) Input capacitance, data input

Current

High-level input current, l|4
The current into an input when a high-leve! voltage is applled to that input.

High-level output current, IQH
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, lj
The current into an input when a low-level voltage is applied to that input.

Low-level output current, IoL
The current into™ an output with input conditions applied that according to the product specification will
establish a low level at the output.

Off-state (high-impedance-state) output current (of a three-state output), 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, l0s

The currentinto” an output when the output is short-circuited to ground (or other specmed potential) with
input conditions applied to establish the output logic leve! farthest from ground potential {or other specified
potential).

Supply current, Igg. Icc. IpD. PP
The current into, respectively, the VBB, VCC, VDD, VPP supply terminals.

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

Texas ‘b
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Operating Free-Air Temperature

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

Operating Case Temperature

2IN1ONAS 199YS BJRQ/SUORUAAUOY) Buiul | /A1essolD l
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The case temperature {Tc) range over which the device will operate and meet the specified electrical
characteristics.

Voltage

High-level input voltage, V|4

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

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

High-level output voltage, VOH
The voltage at an output terminal with input conditions applied that according to the product speclflcatlon

.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.

Low-leve! output voltage, VQL

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, VgB. Vcc. VDD. VPP

The voltages supplied to the corresponding vdltage pins that are required for the device to function. From
one to four of these supplies may be necessary, along with ground, Vgs.

Time Intervals

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted
by 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.

{i’
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Unclassified time intervals

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

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

and end of the time interval. Every effort is made to keep the A and C subscript length down to one letter,
if possible (e.g., R for RAS and C for CAS of TMS4116).

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
= low or transition to low
= a valid steady-state level
unknown, changing, or ‘“don’t care’’ level
high-impedance (off} state

NX<r
|

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 TMS4116 (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.

Access time

The time interval between the application of a specific input pulse and the availability of valid signals at
an output.

Example symbology:

Glossary/Timing Conventions/Data Sheet Structure H

Classified Unclassified Description

ta(A) tAVQV 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
tc(R), telrd) tAVAV(R) Read cycle time
tc(wW) 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.

Texas {l’ 3-7
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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.
Hold time

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

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

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

Example symbology:

Classified Unclassified Description

ai1m1onig 188Yyg eleq/suonuanuo) buwiy/Aiessojn !

th(D) tWHDX Data hold time {after write high) .
th(RHrd) tRHWH Read (write enable high) hold time after RAS high)
th(CHrd) tCHWH Read (write enable high) hold time after CAS high)

th(CLCA) tCL-CAX Column address hold time after CAS low
th(RLCA) tRL-CAX Column address hold time after RAS low
th(RA) tRL-RAX Row address hold time (after RAS low)

These last three symbols supersede the older forms:

NEW FORM OLD FORM
th(CLCA) th(ACL)
th(RLCA) th(ARL)
th(RA) th(AR)
NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the

classified form. In the case of hold times, this causes the order to seem reversed from what
would be suggested by the terms.

{i’
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Pulse duration (width)
The time interval between specified reference points on the leading and trailing edges of the pulse waveform.
Example symbology: '

Classified Unclassified Description

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

Refresh time interval

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

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

Example symbology:
Classified Unclassified Description

trf Refresh time interval

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:

ing Conventions/Data Sheet Structure H

Classified Unclassified Description i

tsu(D) tDVWH Data setup time (before write high) '
tsu(CA) tCAV-CL Column address setup time (befole_C_TS' low)

tsu(RA) tRAV-RL Row address setup time (before RAS low)

Transition times (also called rise and fall times)

Glossary/Tim

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

Example symbology:

Classified Unclassified Description

tt Transition time (general)

tt(CH) tCHCH Low-to-high transition time of CAS
tr(C) tCHCH CAS rise time

t(C) tCLCL CAS fall time

TeExAas {’ . 39
INSTRUMENTS .
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2IN19n1S 199Yg eleg/suonuanuo) Buwij /Alessoln !

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

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

PART Il — 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 f hi
High-to-low changes Hbec ang|.ng rom' igh
. to low some time during
permitted X ) .
designated interval
Low-to-high changes Will be changing from low
permitted to high sometime during
designated interval
\AAAAAAAAAAA/
9000000000090 .
0000000000090 Don't Care State unknown or changin
XOOOXXNIXX) 9

Centerline represents high-

Does not appl
{ ppiy) 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 logic symbol prepared in accordance with ANSI/IEEE Std
91-1984 and IEC Publication 617-12 and explained in Section 10 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

3-10
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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), the device’s operation is no longer guaranteed to
meet the data sheet parameters. Operation beyond the absolute maximum ratings as just described can
result in catastrophic failures.

The next section provides a table of electrical characteristics over full ranges of recommended operating
conditions (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 To =
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. .

The next few tables involve the device timing charateristics. 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.

Glossary/Timing Conventions/Data Sheet Structure H

TeExas {9
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ATTENTION

These devices contain circuits to protect the inputs and outputs against damage
due to high static voltages or electrostatic fields; however, it is advised that
precautions be taken to avoid application of any voltage higher than maximum-
rated voltages to these high-impedance circuits.

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground.

Additional information concerning the handling of ESD sensitive devices is
provided in Section 12 in a document entitled ‘‘Guidelines for Handling
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.”’



| TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

OCTOBER 1977—REVISED NOVEMBER 1985

® 16,384 X 1 Organization N PACKAGE
® 10% Tolerance on All Supplies (TOP VIEW)
@ All Inputs Including Clocks TTL Compatible VBg E ; LJ:g g ‘ésg
N Al
® Unlatched Three-State Fully TTL-Compatible w3z 140a
Output RAS E 4 13[]As
® Performance Ranges: Ao [ls 12[]A3
A2[le 110aAs
ACCESS ACCESS READ READ- a7 100as
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE! voo O e[ vee

ADDRESS ADDRESS CYCLE CYCLE
{MAX) (MAX)  (MIN)  (MIN)

TMS4116.20 200ms 135ms 375ns 375 me PIN NOMENCLATURE
TMS4116-25 250 ns 165ns 410ns 515ns AO-A6 Addresses
® Page-Mode Operation for Faster Access CAS Column-Address Strobe
Time . D Data Input
5 3 o] Data Output
® Common I/O Capability with Early Write TAS Row-Address Strobe
Feature VBB —5-V Power Supply
® Low-Power Dissipation Vee 5-V Power Supply
— Operating . . . 462 mW (Max) Vop 12-V Power Supply
— Standby . . . 20 mW (Max) Vss Ground
’ W Write Enable
® 1-T Cell Design, N-Channel Silicon-Gate
Technology

® 16-Pin 300-Mil (7,62-mm) Package
Configuration

description

The TMS4116 series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access
memories organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channel
silicon-gate technology.

Allinputs and outputs are compatible with Series 74 TTL circuits including clocks: Row-Address Strobe RAS
{or R) and Column-Address Strobe CAS (or C). All address lines (AO through A6) and data in (D) are
latched on chip to simplify system design. Data out (Q) is unlatched to allow greater system flexibility.

Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during §tandby (Ve is not
required during standby operation). To retain data, only 10 milliwatts average power is required which
includes the power consumed to refresh the contents of the memory.

The TMS4116 series is offered in a 16-pin dual-in-line plastic (N suffix) package and is guaranteed for
operation from 0°C to 70°C. The package is designed for insertion in mounting-hole rows on 7,62-mm
{300-mil) centers. )

operation

address (A0-A6)

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits
are set up on pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the

TThe term “read-write cycle’” is sometimes used as an alternative to ‘‘read-modify-write cycle.”

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
curront as of publication date. Products conform to U

spacifications per tha tarms of Texas Instruments TEXAS

standard Production pr ing does not

necessarily includs testing of all paramsters. lN STRUMENTS
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

seven column-address bits are set up on pins AO through A6 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 lotw 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 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 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 enable time interval
ta(C) that begins with the negative transition of CAS as long aﬁ(a) 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 an early write cycle, the output is always in the high-impedance state. In a
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least every two 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 128 row addresses (AO through A6) with RAS causes all bits
in each row to be refreshed. CAS remains high (inactive) for this refresh sequence, thus conserving power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses on the same page is eliminated. To extend beyond the 128 column locations on a single RAM,
the row address and RAS is applied to multiple 16K RAMs; CAS is decoded to select the proper RAM.

power up

VBB must be applied to the device either before or at the same time as the other supplies and removed
last. Failure to observe this precaution will cause dissipation in excess of the absolute maximum ratings
due to internal forward bias conditions. This also applies to system use, where failure of the VBB supply
must immediately shut down the other supplies. After power up, eight RAS cycles must be performed
to achieve proper device operation.

{if
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16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

logic symbolt

RAM 16K X 1
a0 131 50p7/2100
PR
T .
AZ an At6.383
a5 10)
as 31500131210
> C20[ROW]
G23/[REFRESH ROW]
As -2 24[PWR DWN]
> C21(COL]
G24
cas 18! =
E> 23022
w 3 23,21D 24EN
2 A,22D ' v L RN

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

functional block diagram

RAS —o]
CAS —» TIMING & CONTROL
RIW —»
D
A6
A Row >{Row {1/2) MEMORY ARRAY
a4 ADE DE
o DECO TATA
A2 RS IN
~ BUFFE DUMMY CELLS REG
A0 {7 {12} 1 OF 64 COLUMN DECODE DI *
/1
SEN? BUFFER & SATA
Ami 128 SENSE - REFRESH o] 10F2 ouT
110 SELECTIOM | REG.
conTRoL| P -
COLUMN (1/2) 1 OF 64 COLUMN DECODE v
| |t
JORE L DUMMY CELLS
ROW
BUFFERS
” PECODE (1/2) MEMORY ARRAY
A0-AG
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16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

!
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recommended operating conditions
. MIN NOM MAX | UNIT
Vgp Supply voltage -4.5 -5 -55 A\
vee Supply voltage . 4.5 5 5.5 \"
Vpp Supply voltage 10.8 12 13.2 \"
Vss -Supply voltage o] v
ViH High-level input voltage All inputs except RAS, CAS, WRITE 2.4 7 v
RAS, TAS, WRITE 2.7 . 7
VL Low-level input voltage (see Note 2) -1 o] 0.8 A\
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 only.
T i
4-6 EXAS L’
INSTRUMENTS

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

Voltage on any pin (see Note 1) ...... e e e e e ~0.5Vto20V
Voltage on Vcc, VDD supplies with respect to Vss ...... e e -1Vto15V
Short circuit output current . . ............ e e e e e e e e 50 mA
Power dissipation.. . ............. ... ..... e N 1w
Operating free-air temperature range ........ P 0°C to 70°C
Storage temperature range . . ... .........oueinmeunneennnn. [P -65°C to 150°C

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

device reliability.

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless

otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgs.

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPT Max | uniT
VOH High-level output voltage loH = -5 mA 2.4 \
VoL Low-level output voltage oL = 4.2 mA 0.4 \

Vi=0Vto 7V,
1] input current (leakage) 10 A
All other pins = O V except Vgg = -5V
| Output current (leakage) Vo = 01055V, 10| wA
utput current (leakage +
0 TAS high *
18B1 . 50 200 A
—— | Average operating current - i

Ilcc1t . Minimum cycle time 48 | mA

during read or write cycle .
pD1 27 35 | mA
| 10 100 A
|BBZ Standb After 1 memory cycle 10 #A

andby current +

cc2 RAS and CAS high =
IppD2 0.5 1.5 | mA
I8B3 Minimum cycle time 50 200 A
[[o7ok] Average refresh current RAS cycling, +10 | pA
Ipp3 CAS high 20 27 mA
IBB4 Minimum cycle time 50 200 pA
lccaqt| Average page-mode current RAS low, 48 mA
Ippa CTAS cycling 20 27 | mA

T Al typical values are at Tp = 25°C and nominal supply voltages.
k4 Vcc is applied only to the output buffer, so Icc depends on output loading.

§ Output loading two standard TTL loads.

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

Dynamic RAMs H

PARAMETER TYPT MAX | UNIT
Ci(A) Input capacitance, address inputs 4 5| pF
Ciip) Input capacitance, data input 4 5| pF
Ci(RC) Input capacitance, strobe inputs 8 10 | pF
Citw) Input capacitance, write enable input 8 10 pF
Co QOutput capacitance 5 7 pF

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

ALT. TMS4116-15 | TMS4116-20 | TMS4116-25
PARAMETER TEST CONDITIONS SYMBOL MIN MAX | MIN MAX | MIN MAX uniT
CL = 100 pF,
ta(C) Access time from CAS Load = 2 Series tCAC 100 135 165 ns
74 TTL gates
tRLCL = MAX,
ta(R) Access time from RAS L:alzi ____ 1202:::& tRAC 150 200 250 | ns
74 TTL gates
CL = 100 pF,
tgis(CH) Output disable time Lo:d =2 S:ries tOFF o 40 0 50 0 60| ns
after CAS high '
74 TTL gates

T All typical values are at Tp = 25°C and nominal supply voltages.

{ip
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TMS4116 .
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS4116-15 TMS4116-20 TMS4116-25 UNIT
SYMBOL| MIN MAX MIN MAX MIN MAX
tc(P) Page-mode cycle time tpc 170 225 275 ns
'tc(,d) Read cycle time tRC 375 375 410 ns
to(W) Write cycle time twe 375 375 410 ns
tc(rdw) Read-modify-write cycle time tRWC 375 375 515 ns
tw(CH) Pulse duration, CAS high (precharge time) tcp 60 80 100 ns
tw(CL) Pulse duration, CAS low tcAs | 100 10,000 135 10,000 165 10,000 ns
tw(RH) Pulse duration, RAS high (precharge time} tRP 100 120 150 ns
tw(RL) Pulse duration, RAS low tRAS 150 10,000 200 10,000 250 10,000 ns
tw(W) Write pulse duration twp 45 1 655 75 ns
Transition times (rise and fall) for '
—_ t 3 35 3 50 3 50
't RAS and CAS T e
tsu(CA) Column-address setup time tASC -10 -10 -10 ns
tsu(RA) Row-address setup time tASR 0 0 0 ns
tsu(D) Data setup time tps 0 0 (o] ns *
tsulrd) Read-command setup time tRCS 0 0 0 ns
Write-command setup time
t — t 60 80 100
SUWCH) ore TAS high CwL e
Write-command setup time
t, — 1 60 80 100
SUWRH) 0tore RAS high RWL ne
Column-address hold time
4 7 )
thICLCA)  .trer TAS low tCAH | 45 55 5 ns
th(RA) Row-address hold time tRAH 20 25 35 ns
Column-address hold time
! — 95 120 160
h{RLCA) after RAS low AR ns
thicLD) Data hold time after CAS low tDHC 45 55 75 . ns
th(RLD)  Data hold time after RAS low tDHR 95 120 160 ns
thwip) Data hold time after W low tDHW 45 55 75 ns
th{rd) Read-command hold time tRCH o] 0 0 ns
¢ Write-command hold time ¢ 45 55 . 75 s
NCLW)  4¢ter TAS low WCH
Write-command hold time
1 —_— t 95 120 160
NRLW)  4tter RAS low WCR ne
tRLCH Delay time, RAS fow to TAS high tCSH 150 200 250 ns
tCHRL Delay time, CAS high to RAS low tCRP -20 -20 -20 ns
tCLRH Delay time, CAS low to RAS high tRSH 100 135 165 ns
Delay time, TAS low to W low
t t 7
CLwL (read-modify-write-cycle only) cwp 0 95 125 ns
Delay time, RAS low to CAS low
tRLCL (maximum value specified only tRCD 20 50 25 65 35 85 ns
to guarantee access time)
Delay time, RAS low to W low
t, t 120 160 200
ALWL (read-modify-write-cycle only) RWD : ns
i Delay time, W low to CAS low
t N 1 -20 -20 -20
WLCL (early write cycle) Wes ns
tef Refresh time interval tREF 2 2 2 ms
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TMS4116

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

_ read cycle timing
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TMS4116 .
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

‘I‘f te(W) TI"
| f————— twirs - |
d L—' viL
I L_ l‘——-‘CLRH-——-—’I w(RH)
tRLCL

| [‘.‘. ! tALCH rl-—‘CHRI-—"l
a'\t———tw(cu \  ViH

tsu(RA)-’o-a] L——’] k—t;mcm -iz‘]ltl————tw(cm—ul "

. th(RLCA) —9
thiRA) H |H¢—b'—'h(cwm [
s KRN WO o YRS SR Yot
| -D‘ twiLcL | |
tsu(WCH) ———p
F:tsu(WRH)—’I
r—|—+th(any——b{
lo—-‘h(CLW)———b‘
| )

ViH

SINVY olweuAq !
O
a

e

" CUBRTHEX KRR
W X)X DON'T cARE XXy KAKDGNT CARER XX viL
i m_tw(m——ﬂ
‘h(WLD)—-’{
! l‘—‘h(CLD)
th(RLD)
A
o XQEETERRXXN_vaoown XK AERRL e
|
—’“‘—‘su(D)
a HI-Z o
VoL

{i’
Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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Dynamic RAMs H
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS4116

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle timing
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

SINVY otweuAq !
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

JULY 1983—REVISED NOVEMBER 1985

Dynamic RAMs H

® Dual Accessibility — One Port Sequential N PACKAGE
Access, One Port Random Access (TOP VIEW)
® Four Cascaded 64-Bit Serial Shift Registers scS::E ; Ufg % \S/EET
for Sequential Access Applications soe(]s  18[] TRIGE
® Designed for Both Video and Non-Video o4 17[JCAs
Applications . wls 16Ja
@ Fast Serial Port . . . Can Be Configured for R::Es ::’ % :?
V_ldtznata Rates in Excess of 150 MHz asOe 130 a2
@ TR/QE as Output Enable Allows Direct asl]e 12[Jas
Connection of D, Q and Address Lines to vpp 10 11[JA7
Simplify System Design EM PACKAGE
® Random Access Port Looks Exactly Like a (TOP VIEW)
TMS4164 é - g
® Separate Serial In and Serial Out to Allow n B> 0
Simultaneous Shift In and Out 2 1 2221
— o — e
65,536 x 1 Organization SOE 20[JTR/QE
D 19[]cAs
© Supported by Tl's TMS34061 Video System w Q
Controller (VSC) NC NC
@ Maximum Access Time from RAS Less Rﬁz 2?
Than 150 ns AB A2
® Minimum Cycle Time (Read or Write) Less
Than 240 ns T35 9
Long Refresh Period . . . 4 ms >
Low Refresh Overhead Time . . . As Low As PIN NOMENCLATURE
"1.7% of Total Refresh Period AO-A7 Address Inputs SIN Serial Data In
CAS  Column-Address Strobe SOE  Serial Output Enable
. é" Inplgzl' Outputs, Clocks Fully TTL D Random-Access SOUT  Serial Data Out
ompatible Data In TR/QE. Register Transfer/
® 3-State Unlatched Outputs for Both Random NC No Connection Q Output Enable
and Serial Access la Random-Access Vpp  5-V Supply '
- . . Data Out Vgs  Ground
° gommon 1/O Capability with ““Early Write RAS  Row-Address Strobe W Write Enable
eature SCLK Serial Data Clock

Page-Mode Operation for Faster Access

Low Power Dissipation {TMS4161-15)
—Operating . . . 2560 mW (Typical)
—Standby . . . 80 mW (Typical)

® New SMOS (Scaled-MOS) N-Channel

Technology
R Cited by Researth
® SOE Simplifies Multiplexing of Serial Data & Development magazine.for
Streams . " developing one of the 100 -
. most-significant technical
® Auvailable with MIL-STD-883B Processing products of the
and L(0°C to 70°C), E(—40°C to 85°C), or vear-

S(-55°C to 100°C) Temperature Ranges

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
cum;;[l as of puhlic;tinn date. rqlt_rdum' conform to Q’

specifications per the terms of Texas Instruments

standard wnmpm . Production processing does not TEXAS 4-17
necessarily includa testing of all parameters. . ]NS’T RUMENTS
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

description

SINVYY Slweulig !

The TMS4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random-
access port makes the memory look like it is organized as 65,536 words of one bit each like the TMS4164.
The sequential access port is interfaced to an internal 256-bit dynamic shift register organized as four
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be
sequentially read out after a transfer cycle depending on a two-bit code applied to the two most significant
column address inputs. The TMS4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double-
level polysilicon gate technology for very high performance combined with low cost and improved reliability.

The TMS4161 features full asynchronous dual access capability except when transferring data between
the shift register and the memory array.

Refresh period is extended to 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 shift register also refreshes that row.

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. Data out is unlatched to allow greater system flexibility.

The TMS4161 is offered in 20-pin plastic dual-in-line and 22-pin 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.

random access address space to sequential address space mapping

- The TMS4161 is designed with each row divided into four, 64-column sections (see functional block -

diagram). The first column section to be shifted out is selected by the two most significant column address
bits. If the two bits represent binary 00, then one to four registers can be shifted out in order. If the two
bits represent binary 01, then only 1 to 3 {the most significant) registers can be shifted out in order. If
the two bits represent 10, then one to two of the most significant registers can be shifted out in order.
Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers are
shifted out with the least significant bit (bit O) first and the most significant bit (bit 63) last. Note that
if the two column address bits equal 00 during the last register transfer cycle (TR/QE at logic level 0"
as RAS falls) a total of 256 bits can be sequentially read out.

{iP
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

functional block diagram
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random-access operation
TRIQE
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as
RAS falls, and second, if this is a random-access operation, it functions as an output enable after CAS falls.

To use the TMS4161 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit-
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows.

During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear
at the Q output (if this is-a read cycle). Whenever TR/QE is held high during random-access operation,
the Q output 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 output making it possible to connect the address
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.).

i
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

SINVYY dlweuiq !

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell 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 remam inthe 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. The faliing edge of CAS or W strobes data into
the on-chip data latch. This latch can be driven from standard TTL circuits without a puil-up resistor. In
an early write cycle, W is brought low prior to CAS and the data is strobed in by C_A_g_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 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 as long as CAS or TR/QE is held high. Data will not appear on the output until after both
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access
time is valid only if tCQE is greater than tcQe MAX, and tRLCL is greater than tRLCL MAX. Likewise,
ta(C) MAX is valid only if tRLCL is greater than tRL.CL MAX. Once the output is valid, it will remain valid
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or ready-
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle,
the output will always be in a high-impedance state.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM,
the row address and RAS are applied to muitiple 64K RAMs. CAS is then decoded to select the proper RAM.

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 before proper device operation is achieved.

4-20
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

sequential-access operation
TR/QE

Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/QE
low before RAS falls low. This enables the switches connecting the 256 elements of the shift register
to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from
or to the shift registers.

write enable (W)

In the sequential access mode, W determines whether a transfer will occur from the shift registers to the
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers,
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The
write setup and hold times are referenced to the falling edge of RAS for this mode of operation.

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 shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS.

register column address (A7, A6)

To select one of the four shift registers (transfer from memory to register onl only), the appropriate 2-bit column
address (A7, A6) must be valid when CAS falls. However, the CAS and register address signals
need not be supplied every transfér cycle, only when it is desired to change or select a new register.

SCLK

®
=
<<
o
L
E
&
c
>
(a]

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers
as though it were made of 256 rising edge D flip-flops connected D to Q. The TMS4161 is designed to
work with a wide range duty cycle clock to simplify system design. Note that data will appear at the SOUT

pin not only on the rising edge of SCLK but also after an access time of t3(RSQ) from RAS high during
a parallel load of the shift registers.

SIN and SOUT

Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed
such that it requires 3 ns.hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least
8 ns after SLCK rises. These features make it possible to easily connect TMS4161s together, to allow
SOUT to be connected to SIN, and to give external circuitry a full SLCK cycle time to allow manipulation
of the serial data. When loading data into the shift register from the serial input in preparation for a shift
register to memory transfer operation, the serial clock must be clocked an even number of times. To
guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial
data stream is applied at SIN.

SOE

The serial output enable pin controls the impedance of the serial output, allowing multiplexing of more
than one bank of TMS4161 memories into the same external video circuitry. When SOE is at a logic low
level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will
be disabled and be in the high-impedance state.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

refresh

The shift registers are also dynamic storage elements. The data held in the registers will be lost unless
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded
from the memory array. See specifications for maximum register data retention times. Important: If the
shift register has remained idle for a time period which exceeds the maximum SCLK high or SCLK low
time, the dynamic clock circuits will also lose charge. Under these conditions, the shift register clocks
must be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift

register.

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

SINVYY dlweuiq !

Voltage range on any pin except Vpp and data out {see Note 1)............... -1.5Vto 10V
Voltage range on Vpp supply and data out with respectto Vgg. . ................ -1Vto6V
Short Circuit OUPUL CUITENT. . . .o ottt e e it it et ettt et et e e e 50 mA
Power dissipation. . .. .. ot e e e e e 1w

0°C to 70°C

Operating free-air temperature range. . . . ... ...ttt ittt it i
Storage temperature raNge. . . .« v v vttt et en e e

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 Vgs.

recommended operating conditions

MIN NOM MAX | UNIT
Vpp Supply voltage 4.5 5 5.5 \
Vss Supply voltage [o] A
VIH High-level input voltage 2.4 VbD+0.3 v
VIL Low-level input voltage (sée Notes 2 and 3) —0.6 0.8 A
TA Operating free-air temperature 0 70 °c
NOTES: 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.
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this
occurrence.
4. See application report entitled ‘“TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.
+p
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

electrical characteristics over full range of recommended operating conditions (unless otherwise noted)
TMS4161-15 TMS4161-20

PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYP' MAX
High-level output
Vv IoH = —5 mA 2.4 2.4 v
OH  yoitage (@, SOUT) OH "
v Low-level output 1 - 4.2 mA 0.4 0.4 v
OL  yoltage (Q. SOUT) oL=" : -
V=0Vt 58YV,
] Input current {leakage) Vpp =5V, +10 +10 pA
All other pins = 0 V ,
Qutput current (leakage) Vo =04Vto55YV,
| 10 +10 A
0 (@, souT Vpp = 5V 10 »

te(rd) = minimum cycle time,
) TRIQE low after RAS falls,
Average operating current

| SCLK and SIN low, 50 70 A
DD1 during read or write cycle an ow | 50 70 m

No load on Q and SOUT
tc(rd) = minimum cycle time,
CAS high, RAS cycling,
SCLK and SIN low,

SOE high,

TR/GE high,

No load on Q and SOUT

SOE high, »

No load on Q and SOQUT E

After 1 RAS cycle, <

RAS and CAS high, o

Ipp2¥  Standby current SCLK and SIN low, : 186 20 16 20 mA 0
SOE high, £

c

>

o

Ipp3 Average refresh current 42 55 37 50 mA

te(P) = minimum cycle time,
RAS low, CAS cycling,
TR/QE low after RAS falls,

I A -

DD4 verage page-mode current SCLK and SIN low, 45 113 40 50 mA
SOE high,

No load on Q and SOUT

) X RAS and CAS high, ]
Average shift register
Ipps . No load on Q and SOUT, 30 40 30 40 mA
current (includes Ipp2) 5
te{SCLK) = tc(SCLK) min
te(rd) = minimum cycle time,
tc{SCLK) = minimum cycle time,
TR/QE low after RAS falls,
No load on Q and SOUT

Worst case average
IbDe DRAM and shift
register current

85 95 80 90| mA

NOTE 6: Additional information on Ipp1 — Ippg on page 4-40.

T Al typical values are at Tp = 25°C and nominal supply voltages.
See appropriate timing diagram.

SviL> —0.6 V.
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TMS4161

65,536-BIT MULTIPORT VIDEO RAM

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

PARAMETER TYPT  MAX | uNIT

Ci(a) Input capacitance, address inputs 4 5

Ci(D). Input capacitance, data input 4 5

Ci(RC) Input capacitance, strobe inputs 8 10

Citw) Input capacitance, write enable input 8 10

Ciick) Input capacitance, serial clock 8 10 -
Ci(s1) Input capacitance, serial in 4 5 P
Ci{SOE) Input capacitance, serial output enable 4 5

Ci(TR) Input capacitance, register transfer input 4 5

Co(Q) Output capacitance, random-access data 5 7
Co(souT) Output capacitance, serial out 5 7

1t All typical values are at To = 25°C and nominal supply voltages.

switching characteristics over recommended supply voltage range and operating free-air temperature
range (see Figure 1)

ALT, 61- 4 -
PARAMETER ‘ TEST CONDITIONS ! * SYMBOL T::::.l MA1X5 T::Ii 16M1A2; UNIT

ta(C) Access time from CAS CL = 100 pF tcAC 100 135

talQE) %;:;s‘:‘:\e of Q from CL =100 pF 40 50
' ta(R) Access time from RAS ::T‘i" 1=0 OM::X' tRAC 150 200
talRSO) '2%;“;,;:::%5 time from CL = 30 pF 65 o5
ta(SOE) ::f:e: sti(')':fT""mgﬁg CL = 30 pF 20 25 | ns
ta(SO) Access time from SCLK CL = 30 pF 45 50
tdis(cHy* :olut%d:‘si:ﬁle time CL = 100 pF tOFF 40 40
tdis(aE)* :o:’t%;%s:::: time CL = 100 pF 30 0
tdis(soB)* izri:;—ou;-p,:tg:isame e CL = 30 pF 20 25

1 Figure 1 shows the load circuit. R
*The maximum values for tdis{CH)- tdis{QE), and tdis(SOE) define the time at which the output achieves the open circuit condition and
are not referenced to VoH or Vg

4-24
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

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

Dynamic RAMs H

ALT. TMS4161-15 TMS4161-20 UNIT
SYMBOL MIN MAX MIN MAX
tc(P) Page-mode cycle time tpC 160 225 ns
te(rd) Read cycle time? tRC 240 315 ns
te(W) Wirite cycle time twe 240 315 ns
to(TW) Transfer write cycle time? 240 315 ns
te(Trd) Transfer read cycle time 240 3156 ns
to{rdW) Read-write/read-modify-write cycle time tRWC 265 330 ns
te(sCLK)  Serial-clock cycle time tsce 45 50,000 50 50,000 ns
tw(CH) Pulse duration, CAS high (precharge time$ tcp 50 80 ns
tw(CL) Pulse duration, CAS low{ tCAS 100 10,000 135 10,000 ns
tw(RHi Pulse duration, RAS high (precharge time) tRP 80 105 ns
tw(RL) Pulse duration, RAS low# tRAS 150 10,000 200 10,000 | ns
tw (W) Write pulse duration ) twp 45 45 ns
tw(CKL) Pulse duration, SCLK low 10 10 ns
tw(CKH)  Pulse duration, SCLK high 12 12 ns
tw(QE) TR/QE pulse duration low time (read cycle) 40 40 ns
iti i i nd f
tsu(CA) Column-address setup time tASC 0 0 ns
tsu(RA) Row-address setup time tASR 0 0 ns
foulRW) W setup time before RAS low o o ns
g with TR/QE low
tsu(D) Data setup time tps 0 0 ns
tsu(rd) Read-command setup time tRCS 0 0 ns
tsutWCL) Early w_ri_ticommand setup time twes _5 _5 ns
before CAS low )
tsu(WCH)  Write-command setup time before CAS high tcwL 40 60 ns
tsu(WRH)  Write-command setup time before RAS high tRWL 40 60 ns
tsu(TR) TR/QGE setup time before RAS low 0 0 ns
tsu(SI) Serial-data setup time before SCLK high 6 6 ns
th(Sl) Serial-data-in hold time after SCLK high 3 3 . ns
th(CLCA)  Column-address hold time after CAS low tCAH 45 55 ns
th(RA) Row-address hold time ) tRAH 20 25 ns
th(RW) W hold time after RAS low with TR/GE low 20 20 ns
th(RLCA)  Column-address hold time after RAS low tAR 95 120 ns
th(CLD) Data hold time after CAS low tDH 60 80 ns
th{RLD) Data hold time after RAS low ' tDHR 110 145 ns
th(wLD)  Data hold time after W low DH 45 55 ns
th(CHrd) Read-command hold time after CTAS high . tRCH 0 0 ns

(Continued next page.)
NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V| max and V|4 min
must be met at the 10% and 90% points. !

TAll cycle times assume t; = 5 ns except te(SCLK) Which assumes ty = 3 ns.

#Multiple transfer write cycles require separation by either a 500 ns RAS-precharge interval or any other active RAS-cycle.
§page-mode only. ’

1in a read-modify-write cycle, top wi and tsu(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 a read-modify-write cycle, tr wi and tsu(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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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

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

SINVH 21weuAq H

ALT. .TMS4161-15 TMS4161-20 UNIT
SYMBOL MIN MAX MIN MAX
th{RHrd) Read-command hold time after RAS high tRRH 5 5 ns
th{CLW) Write-command hold time after CAS low tWCH 60 80 ns
th{RLW) Write-command hold time after RAS low tWCR 110 145 . ns
th(RSO) Serial-data-?ut hold time after 30 30 ns
RAS low with TR/QE low
th(SO) Serial-data-qut hold time after SCLK high 8 8 ns
th(TR) TR/QE hold time after RAS low (transfer) 20 20 ns
tRLCH Delay time, RAS low to CAS high tcsH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP o [o] ns
tcLQeH  Delay time, TAS low to GE high 100 135 ns
tCLRH Delay time, CAS low to RAS high tRSH 100 135 ns
lay time, CA w to W
teLwL '(Dr:ac;/-r:\o;fy(-:wrsitleocycle onls;ﬂ tcwp 65 75 ns
Delay time, CAS low to QE low
tCQE {maximum value specified only 60 85 ns
to guarantee ta(QE) access time)
tRHSC Delay time, RAS high to SCLK high - 80 50,000 80 50,000 ns
lay time, w maximum
tALCL \?:Iuey stpe:ifi::ir':y tt:og(u::rir::: x(access time) tRCD 2 50 80 65 ns
Delay time, RAS low to W low
tRLWL (r:ad‘{-modify—:;rgiteocycle only) tRWD 135 150 ns
tCKAL E—Sg;:‘:iic% /g_'sr;ot:::m 10 50,000 | 10 50,000 | ns
trf(MA) Refresh time interval, memory array tREF1 4 4 ms
tr{SR} Refresh time interval, shift register ™ tREF2 50,000 50,000 ns

NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V| max and V|H min
must be met at the 10% and 90% points. .
IscLk may be high or low during ty(RL), but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to
RAS going low with TR/QE low (i.e., before a transfer cycle).
*See ‘“refresh’’ on page 4-22.

PARAMETER MEASUREMENT INFORMATION
131V

RL = 217 Q

OUTPUT
UNDER TEST

CL

FIGURE 1. LOAD CIRCUIT

{ip
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

read cycle timing

S i? —— tw(RL) | =i ‘ Vin
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| |

CAS | i 4 | { VIH
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| rl— )i\k_——j{—F—- tw(cm——ei .
|

| n

p— (RLCA)‘———"i
X r—«l—thmA) fo—tcmen——-—li |
l | | —01 r—‘su(CA) l || I

A0-A7 ViH
l l [ | viL
|o——ot-t CLCA)
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SINVH diweulig !

~ TMS4161
65,536-BIT MULTIPORT VIDEO RAM

early write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDED RAM

write cycle timing
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— [ 1l .
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C NN\ Y AL\
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N =
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l IQ——'—‘—'—'h(CLW)-_q I
AV \V,V,ViV.V.V.v.v.y.viy. {| : Wviviv,v.v.v.v.v.v.v.vARRM
v A‘A’A’AA’A.’A’A, ;! : ‘ ’A’A’A’A’A v
I I | ——twiw) |
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L — hiCLD)———ef ||
L. y h(RLDI) N | | y
AKX AKX XREXAAANA VAN AN /\/\/ "
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tThe enable time {ten) for a write cycle is equal in duration to the access time from CAS (t5(c)) in a read cycle; but the active levels at
the output are invalid.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

read-write/read-modify-write cycle timing
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NOTES: 7. Timing is for non-multiplexed D, Q, and Address lines.
8. Awrite 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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NOTES: 7. Timing is for non-multiplexed D, Q, and Address lines.
9. Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated.

Buju

)} 8]9AD 83um epow-eBed.

19LYSINL

WYY 03QIA LYOJILTNIN 119-9€G'G9



100LL SYX3L ‘NOLSNOH @ £¢pl X08 3J1440 1SOd

SININMNILISN

€e-v

ﬂ} SvXdL

NOTES:

|

[, 1, \
r w(RL) I Vin

RAS. ! :
l ;‘| % l ViL

jo—t h————-tc(m fe———tcLRH——— twiRH)
_.il : tRLCL .._ ‘w(cu—j l P—"-'—cnm.
o |

|

]

|

tmcu 1

i -
| | ’-——tw(cu——ﬁ- #____1 Vin
: I * ¥ | ¥_____.J hi-—'wlcm-—ﬂ v

|

tt—.ir— Il |‘—qr—-
H
14

th(CLCA)

L———th(m.cm-.—-‘i 1 N l|
wnA)H._..{ l-—-{- (CLCA}
x.u(nA)-c’t- — L-tau(cA) "u(CA)-.“-— : |:

mu@ X0, X0 m X0

thTR)Afo——ey 11

|
| tsu(rd) = 'o—— b tsuiwWRH)
| | ! twiwio| LWL fe—ef [ twiw1—o} ||

1! | viL

| t3u(WCH)

[
—-i bo=teutr) | | 1 | ||
J 1 | P————!clogu-——‘-frl ViH
THIGE ! I 1 I
| 2 & '
-+ i
| I’B—thua tl 1 (]
tautrd)do—eq | 1 | |
| touwL |
|

|
- tm(wcm-c= ! ! |
|
|

=

|
a4 ] | 1 1|
Jo— - th{RLD) mee | il |
| be— thicio) —el | po——thicLor——e] |
_.” '.'-t.um) | | r—-| o= tsu(D) | !
v VAVAVAVAYAV,\ VAN AVAVAY,\! vvvvvvv "
° ‘A ‘ ’ ’ (X) ’A’ m A’A‘ ‘ XX “ ‘A‘A‘A’A’A’A Ny,
*mwm) 4o—n l th(WLD)fe————oy 1dis(QE)
| tdu(cm-b—tl 'dmcm
| 'a(QE)'.i I
a ! VALID DATA f—=H1-Z ! VALID DATA HI-Z e Vou
| | VoL
p-t.(c) i
t.(m *.(cr-"

7. Timing is for non-multiplexed D, Q, and Address lines. i
10. A read cycle 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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TMS4161
65,5636-BIT MULTIPORT VIDEO RAM

RAS-only refresh timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

shift register to memory timing
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NOTES: 11. The shift register to memory cycle is used to transfer data from the shift register to the memory array. Every one of the
256 locations in the shift register is written into the 256 columns of the selected row. Note that the data that was in the
shift register may have resulted, either from a serial shift in or from a parallel load of the shift register from one of the memory
array rows.

12. SOE assumed low.
13. SCLK may be high or low during ty(RL)-
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

memory to shift register timing
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NOTES: 12. SOE assumed low.
13. SCLK may be high or low during ty(RL)-
14. The memory to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256
locations in the shift register are written into from the 256 columns of the selected row. Note that the data that is loaded
into the shift register may be either shifted out or written back into another row.
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TMS4161
65,536-BIT MULTIPORT VIDEG RAM

serial data shift timing
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NOTES: 15. When loading data into the shift register from the serial input in preparation for a shift register to memory transfer operation,
the serial clock must be clocked an even number of times.
16. While shifting data through the serial shift register, the state of TR/QE is a don’t care as long as TR/QE is held high when RAS

goes low and tg,(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory-
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift register.

Dynamic RAMs H
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tTAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length.
NOTES: 12. SOE assumed low.
17. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this
could be clearing all memory. To do this, the SIN line would be held at O to fill all locations in the shift register with O’s. The shift register would then
be written into all 256 rows of the memory array in 256 cycles. The random output port Q will be in a high-impedance state as long as register transfer

cycles are selected.
18. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tckRL prior to RAS falling with TR/QE low.
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1CAS and register address need not be supplied every transfer cycle, only when it is desired to changa from one register address to another.
NOTES: 12. SOE assumed low.
18. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKRL Prior to RAS falling with TR/QE low.
18. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored
in the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register
transfer cycles are selected.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM .
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

MAY 1985—REVISED NOVEMBER 1985

This Data Sheet Is Applicable to All
TMS4164s Symbolized with Code “"A”*
as Described on Page 4-57.

© 65,5636 X 1 Organization

© Single 5-V Supply (10% Tolerance)

JEDEC Standardized Pinout in Dual-in-Line
Package

©® Performance Ranges:

ACCESS ACCESS READ READ-
TIME TIME OR MODIFY-
ROW COLUMN WRITE  WRITE

ADDRESS ADDRESS CYCLE CYCLE

(MAX} (MAX) (MIN) (MIN)
‘4164-12 120 ns 70 ns 230ns 255ns
'4164-15 150 ns 85 ns 260ns 290 ns

‘4164-20 200 ns 135 ns 330ns 345ns

® Upward Pin Compatible with TMS4116
(16K Dynamic RAM) ’

First Military Version of 64K DRAM

Also Available with MIL-STD-883B
Processing and L{0°C to 70°C), E(—-40°C
to 85°C), §{(—55°C to 100°C}, or
M(—55°C to 125°C) Temperature Ranges

© Operations of the TMS4164 Can Be
Controlled by TI's TMS4500A and/or
THCT4501 Dynamic RAM Controllers

® Long Refresh Period . . . 4 ms

@' Low Refresh Overhead Time . . . As Low As
1.8% of Total Refresh Period

© All Inputs, Outputs, Clocks Fully TTL
Compatible

3-State Unlatched Output

Common I/O Capability with Early Write
Feature

® Page-Mode Operation for Faster Access

® Low Power Dissipation
— Operating . . . 135 mW (Typ)
— Standby . .. 17.5 mW (Typ)

® SMOS (Scaled-MOS) N-Channel Technology

description

N PACKAGE
(TOP VIEW)
nc1 UteJ vss
p2 15[JCAS
wls 14Ja
RAS[J4 13[]A6
Ao[]s 12[]A3
A2[0e 11[]A4
A1[Q7 10[]As
vppll8s 9f]A7
FP PACKAGE
(TOP VIEW}

Dynamic RAMs H

PIN NOMENCLATURE
AO-A7 Address Inputs
CAS Column-Address Strobe
D Data In
NC No Connection
Q Data Out
RAS Row-Address Strobe
Vop 5-V Supply
Vss Ground
w Write Enable

The TMS4164 is a high-speed, 65,536-bit, dynamic random-access merﬁory, organized as 65,536 words
of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate
technology for very high performance combined with low cost and improved reliability.

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated

current as of publication date. Praducts conform %

t;:l sp;:ritf.iuﬁnns n{'y" '}hndte:nlps of ‘I’cxns_lnn;umant:t 4-41
ndard warranty. Froguction processing doss no!
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

The TMS4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation
is 135 mW typical operating and 17.5 mW typical standby.

Refresh period is extended to 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.

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. Data out is unlatched to allow greater system flexibility.
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional
function.

The TMS4164 is offered in 16-pin dual-in-line plastic (N suffix) and 18-lead plastic chip carrier (FP suffix)
packages. The dual-in-line plastic package is designed for insertion in mounting-hole rows on 7,62-mm
{300-mil) centers. The TMS4164 is guaranteed for operation from 0°C to 70°C.

n operation

SINVYY dlweulig

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell 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 2 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_CTs 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 pdll-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 aﬁa) 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 an early write cycle, the output is always in the high-impedance state. In a
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the ouput
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 (AO through A7) with RAS causes all bits
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

4-42
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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 setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM,
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM.

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 before proper device operation is achieved.

logic symbolt

4
»
RAM 64K X 1 s
<
a0 2120082100 ) ('
A D o
a2 18 ,g
a3z U2 o c
(11) > A >
A4 ——— 65,535 (a]
10,
as %1
AG {13)
(9)
A7 ——————120D15/2107 _J
C20[ROW]
G23/[REFRESH ROW]
—_— (4)
RAS 24[PWR DWN]
B> C21(COL]
G24
— {15
CAS ! &
k> 23C22
w2 23,21D 24EN
2) (14)
D ————ere—i A,22D AVF—a

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the dual-in-line package.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram

A7
A8
A5
A4
A3
A2
Al
A0

SINlVY diweuiq !

RAS —]
CAS—q TIMING & CONTROL
W]
D
ROW
Row {1/2 MEMORY ARRAY)
ROW
ADDRESS DATA
BUFFERS IN
(8) REG
9 (1/2) 4 OF 256 COLUMN DECODE Vo ‘
palL
SENSE BUFFER & DATA
AMP 256 SENSE - REFRESH 10F410 |—1 OUT f=—q
CONTR. AMPS SELECTION REG.
vo| ¢
(1/2) 4 OF 258 coLumN Decope | _ 4
COLUMN
ADDRESS L
BUFFERS
8) ROW
DECODE (1/2) MEMORY ARRAY
—
AO-A7

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

Voltage on any pin except Vpp and dataout (see Note 1) .................... —15Vto 10V
Voltage on Vpp supply and data out withrespecttoVgsg .. ..................... —1Vtob6V
Short Circuit OULPUL CUITENT . . . . . .ttt ettt et it et et eae e eiieneen 50 mA
Power dissipation . . ... ..ot e 1w

Operating free-air temperature range . . . e 0°C to 70°C
Storage temperature range

1 Stresses beyond those listed under *’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘’‘Recommended Operating

Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

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

2. Additional information concerning the handling of ESD sensitive devices is avallable in a document entitled ‘“Guidelines for
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’’ in Section 12.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

MIN NOM MAX UNIT
Vpp Supply voltage 4.5 5 55 )
Vss Supply voltage .0 \
ViK Vpp = 45V 2.4 4.8 v
Vpp = 5.5V . 2.4 6
ViL Low-level input voltage (see Notes 3 and 4) —0.6 0.8 \
Ta Operating free-air temperature 0 70 °C

NOTES: 3. 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. :
4. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions must comprehend this
occurrence. See application report entitled “'TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 4
TEST TMS4164-12 TMS4164-15 7]
PARAMETER CONDITIONS MIN TYPT MAX | MIN TYPT MAX UNIT =2
VOH High-level output voltage loy = —5 mA 2.4 2.4 \4 <
VoL Low-level output voltage loL = 4.2mA 0.4 0.4 \2 o
) Input current (leakage) Vi=0Vito 5.8V, Vpp=5V, +10 £10 | uA 2
! put cu akage, All other pins = 0 V " E
Vo = 0.4t05.5 V, s
lo Output current (leakage) Vpp =5V, +10 ’ +10 A >
TAS high o
Average operating current te = minimum cycle,
'DDl* duringgreaz or wr?te cycle :II outputs openy 40 48 35 45 mA

After 1 memory cycle,
|DD2§ Standby current RAS and CAS high, . 3.5 5 3.5 5 mA
All outputs open

te = minimum cycle,
Ipp3*¥ Average refresh current CAS high and RAS cycling, 28 40 25 37 mA
All outputs open

te(p) = minimum cycle,
IpD4 Average page-mode current - | RAS low and CAS cycling, 28 40 25 37 mA
All outputs open

tAl typical values are at Tp = 25°C and nominal supply voltages.
¥ Additional information on page 4-58.
§V||_> —0.6V. See application report entitled ‘“TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.

i .
Texas % 4-45
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

TEST TMS4164-20
PARAMETER CONDITIONS MN_TYPT_max | UMW
VOH High-level output voltage lo = =5 mA 2.4 \
VoL Low-level output voltage loL = 4.2mA 0.4 \
Iy Input current (leakage} X:I ;t:ervp'i:ssf (\)/ 'VVDD =5V +10 pA
Vo =041t055V,
o Output current {leakage) Vop =5V, £10 | pA
CAS high :
Average operating current tc = minimum cycle
'oD1 : duringgrea: or wr?te cycle Acll outputs v:apeny 27 37 mA
' After 1 memory cycle, .
Ipp28 Standby current RAS and CAS high, 3.5 5| mA
All outputs open
tc = minimum cycle,
Ipp3a?t Average refresh current CAS high and RAS cycling, 20 32 mA
All outputs open
te(p) = minimum cycle,
Ippa Average page-mode current RAS low and CAS cycling, 20 32 mA
All outputs open

T Al typical values are at TA = 25°C and nominal supply voltages.
$Additional information on page 4-58.
8V|L> —0.6V. See application report entitled *“TMS4164A and TMS4416 Input Protection Diode” on page 9-5.

SINVH d1weuig !

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

PARAMETER TYPt  MAX | UNIT
Cita) Input capacitance, address inputs 4 5 pF
Ciip) Input capacitance, data input 4 5 pF
Ci(RC) Input capacitance strobe inputs 6 8 pF
Ciiw) Input capacitance, write enable input 6 8 pF
Co Output capacitance 5 6 pF

1 All typical values are at Ta = 25°C and nominal supply voltages.

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

PARAMETER TEST CONDITIONS ALT. TMS4164-12 | TMS3164.15 uNIT
SYMBOL [ MIN MAX | MIN MAX
tA(C) Access time from CAS f:ad: :o;;;es 74 TTL gates tcAC ’ 70 85 ns
ta(R) Access time from AAS f:a: =1°2° s":r’i::“;iLT:L“:::’s tRAC 120 150 | ns
tdis(CH) gf:: lgTd:::: e Ez-ad: :O;;ei'ies 74 TTL gates tOFF 0 40 0 10 ns

. {i’
‘ Texas
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

temperature range

'is(CH)  10r CAS high

Load = 2 Series 74 TTL gates

ALT. TMS4164-20
PARAMETER TEST CONDITIONS SYMBOL MIN - MAX UNIT
. — CL = 100 pF,
ta(C) Access time from CAS Load = 2 Series 74 TTL gates * tCAC 135 ns
. —_ CL = 100 pF, trLCL = MAX,
ta(R) Access time from RAS Load = 2 Series 74 TTL gates tRAC 200 ns
Output disable time Cp = 100 pF, toFF o 50 ns

éii#
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TMS4164 ’
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(see Note 1) )

SINVY diweuAiq !

ALT. TMS4164-12 TMS4164-15 UNIT
SYMBOL MIN MAX MIN MAX
te(P) Page-mode cycle time tpc 130 145 ns
telrd) Read cycle timeT tRC 230 260 ns
te(w) Wirite cycle time . twe 230 260 ns
te(rdW) Read-write/read-modify-write cycle time _tRWC 255 290 ns
tw(CH) Pulse duration, CAS high {precharge time)¥ tcp 50 50 ns
tw(CL) Pulse duration, CAS low3 tcAs 70 10,000 85 10,000 ns
tw(RH) Pulse duration, RAS high (precharge time) tRP 80 100 ns
tw(RL) Pulse duration, RAS low tRAS 120 10,000 150 10,000 ns
tw(W) Write pulse duration twp 40 45 ns
% Transition times (rise and fall) for RAS and CAS tT ) 3 50 3 50 ns
tsu(CA) Column-address setup time tASC —5 —5 ns
tsu(RA) Row-address setup time - tASR 0 0 ns
tsu(D) Data setup time L tps 0 0 ns
tsu(rd) Read-command setup time tRCS - 0 0 ns
tsu(WCH) Write-command setup time before CAS high tCWL 50 50 ns
1su(WRH) _ Write-command setup time before RAS high tRWL 50 50 ns
th(CLCA) _ Column-address hold time after CAS low tCAH 40 45 ns
th(RA) Row-address hold time RAH 15 20 ns
th(RLCA)  Column-address hold time after RAS low tAR 85 95 ns
th(CLD) Data hold time after CAS low tDHC 40 45 ns
th(RLD) Data hold time after RAS low tDHR 85 95 ns
th(wLp) _ Data hold time after W low tDHW 40 45 ns
th(CHrd) Read-command hold time after CAS high tRCH -0 0 ns
th(RHrd) Read-command hold time after RAS high tRRH 5 5 ns
th(CLw) . Write-command hold time after CAS low tWCH - | 40 45 ns
th(RLW) Write-command hold time after RAS low tWCR 85 95 . ns
tRLCH Delay time, RAS low to CAS high tCSH 120 150 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 70 85 ns
Delay time, CAS low to W low ‘
feLwi (read-modify-write cycle only) 'CWD 40 g0 ns
Delay time, RAS low to CAS low (maximum
tRLCL value specified only to guarantee access time) tRCD 15 50 20 85 ne
Delay time, RAS low to W low
*RLWL (read-modify-write cycle only) fRWD 110 120 ns
wicL Delay time, W low to CAS wes s s ns
low (early write cycle)
trf Refresh time interval tREF ) 4 4 ms

NOTE 1: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V)| max and V|4 min
must be met at the 10% and 90% points.

T All cycle times assume t; = 5 ns.

tPage mode only.

8 In a read-modify-write cycle, tCLWL and tgy(WCH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time (tw(CL)})- This applies to page-mode read-modify-write also.

1In_aread-modify-wn'te cycle, trpwL and tg(WRH) must be observed. Depending on the user’s-transition times, this may require additional
RAS low time (tw(RL))-

{i’
Texas
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(see Note 1)

. ALT. TMS4164-20 UNIT
SYMBOL MIN MAX
te(P) Page-mode cycle time tpC 225 ns
te(rd) Read cycle time T tRC 330 ns
| te(w) Write cycle time twe 330 ns
| telrdW) Read-write/read-modify-write cycle time tRWC 345 ns
tw(CH) Pulse duration, CAS high (precharge time)* tcp 80 ns
tw(CL) Pulse duration, CAS low3 tCAS 135 10,000 | ns
tw(RH) " Pulse duration, RAS high (precharge time) tRP 120 ns
tw(RL) Pulse duration, RAS low Y tRAS 200 10,000 ns
tw(W) Write pulse duration twp 55 ns
¢ Transition times (rise and fall) for RAS and CAS tT 3 50 ns
tsu(CA) Column-address setup time tASC —~5 ns
tsu(RA) Row-address setup time tASR [*] ns
tsu(D) Data setup time tps 0 ns
tsu(rd) Read-command setup time tRCS 0 ns
tsu(WCH)  Write-command setup time before CAS high tCWL 60 ns
tsu(WRH)  Write-command setup time before RAS high . tRWL 60 ns
th(CLCA)  Column-address hold time after CAS low tCAH 55 ns
| th(RA) Row-address hold time _ tRAH 25 ns
|__thiRLcA)  Column-address hold time after RAS low tAR 120 ns
th(CLD) Data hold time after CAS low tDHC 55 ns
th(RLD) Data hold time after RAS low 1DHR 145 ns
th(WLD) Data hold time after W low tDHW 55 ns
| _th(CHrd) Read-command hold time after CAS high tRCH 0 ns
| th(RHrd) Read-command hold time after RAS high tRRH 5 ns
| thicLw) Write-command hold time after CAS low tWCH 55 ns
th{RLW) Write-command hold time after RAS low tWCR 145 ns
tRLCH Delay time, RAS low to CAS high tCSH 200 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 135 ns
—_—— Delay time, CAS low to W low toWD’ 65 ns
{read-modify-write cycle only)
ALCL Delay time, RAS low to CAS low {maximum tRCD 25 65 ns
value specified only to guarantee access time)
_— Delay time, RAS low to W low WD 130 ns
(read-modify-write cycle only)
Delay time, W low to CAS
twieL low (early write cycle) twes -° ns
tef Refresh time interval tREF 4 ms

Dynamic RAMs H

NOTE 1: Timing measurements are made at the 10% and 80% points of input and clock transitions. In addition, V| max and V| min

must be met at the 10% and 90% points.
TAll cycle times assume t; = 5 ns.
t Page mode only.

5 1n a read-modify-write cycle, tcLWL and tgy(WCH) must be observed. Dependin
CAS low time {tw(cL)). This applies to page-mode read-modify-write also.
fina read-modify-write cycle, tRLwL and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional

RAS low time (tw(RL))-

g on the user’s transition times, this may require additional
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

PARAMETER MEASUREMENT INFORMATION

1.31V
R = 2200
OUTPUT
UNDER
TEST

I CL = 100 pF

FIGURE 1. LOAD CIRCUIT

read cycle timing
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

- o
i‘ te(w) "
| I
| Irl= twiRL) | | [
I ViH
s L b
| (| | _-I viL
—o-| t tw(RH)
[ e tCLRH ﬂ o= tw ®
| l—thLct l‘l—‘CHRL—’I =
| b — 'ALCH N é
- e twicL) Al ‘4\_ Vi o
I I I ll | ViL -E
‘su(RA)'}"" | —’! [$—tsuica) | lT—'w(cm——'{ @
c
I‘-—'h(RL(.;A)—"’ I ' =
th(RA)—r-.I l ] b= th(CLCA) | | 0
: U
VIH
A0-A7 ROW COLUMN DON'T CARE NEXT CYCLE
viL ’
§
twicL —sf h— |
le———teuwery——l 1
11
e tsuwrH) —|
L——,—rtthW)——-I
1 I‘——th(m.wn—'l
- l I I ; VIH
! DON'T CARE
viL
t
] ﬁ—-——' ‘leI—.{
It
| "—,—-‘h(WLD)_—"
| th(CLD)
lr= jth(RLD) ol
R ITTTITTTTTIIION e o0 ViH
D SRRXKDONT CARE 00000  vauD DATA  MXXXXXXXXDON'T CARE $000000 v
. ; L
_’"‘_‘sulD) ’
VoH
a HI-Z
VoL
i
EXAS U 4-51
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS4164 .
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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1 The enable time (ten) for a write cycle is equal in duration to the access time from CAS (ty(C)) in a read cycle; but the active levels at
the output are invalid.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-modify-write cycle timing
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65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle t

TMS4164
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, TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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device symbolization

This data sheet is applicable to all Tl TMS4164 Dynamic RAMs with the code ‘“A’’ to the left of the date

code as shown below:

TI -15
TMS4164
FPL AYYWW

S & TMS4164-15NL
f zv7vw

DATA SHEET REVISION CODE ~/ | DATA SHEET REVISION CODE

YEAR OF MANUFACTURE YEAR OF MANUFACTURE

WEEK OF MANUFACTURE WEEK OF MANUFACTURE

{i@
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

TYPICAL SUPPLY CU
Vs

TYPICAL CHARACTERISTICS

RRENT
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

ACCESS TIME
Vs
FREE-AIR TEMPERATURE

A
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

APRIL 1985—REVISED NOVEMBER 1385

o e 16-PIN PLASTIC
© 21X 65,536 X 1 Organlzation DUAL-IN-LINE STACKED PACKAGES T
® Single 5-V Supply (10% Tolerance) (TOP VIEW)
© Operating Free-Air Temperature . . . 0°C to o1 UieJvss
70°C __WQ2 1spcAs
. RAS1[]s 140
[ ] .. —
Long Refresh Period .. . 4 ms AAS2[J4  13[)A6
Low Refresh Overhead Time . . . As Low As AO[]5 12[]A3
1.8% of Total Refresh Period A2[]6 11%A4
Al
@ - All Inputs, Outputs, Clocks Fully TTL VDDE; 13 :\\?
Compatible
3-State Unlatched Output TRAS1 (pin 3) selects the lower DRAM, and pin 3 on the upper
. o o DRAM is a no connect. RAS2 {pin 4) selects the upper DRAM,
Common I/O Capability with “’Early Write and pin 4 on the lower DRAM is a no connect.
Feature
Page-Mode Operation for Faster Access
Low Power Dissipation PIN NOMENCLATURE
— Operating . . . 193 mW (Typ) AO-A7 Address Inputs
— Standby . . . 35 mW (Typ) CAS Column-Address Strobe
. . . D Data In
© Max Access/Min Cycle Times: a Data Out
ACCESS ACCESS READ READ- RAS1, RAS2 Row-Address Strobes
TIME TIME OR  MODIFY- Vpp 5-V Supply
ROW COLUMN WRITE WRITE Vss Ground
ADDRESS ADDRESS CYCLE CYCLE w Wirite Enable
. (MAX) {MAX) (MIN) (MIN)
. TMS41128B-15 150 ns 85ns 260ns 315ns
@ SMOS (Scaled-MOS) N-Channel Technology
description

The TMS41128B consists of two high-speed, 65,536-bit, dynamic random-access memories that are -

separately packaged. These DRAMs are electrically similar to TMS4164s; however, the pin out is different.
The two packages are permanently connected, pin for pin, one on top of the other. The result is a 16-pin
memory device organized as 131,072 words of one bit each with essentially the same characteristics of
the TMS4164 NMOS dynamic RAM.

A logic low on the RAS1 input selects the lower DRAM; a logic low on the RAS2 input selects the upper
DRAM.

The TMS41128B-15 features a RAS access time of 150 ns. Power dissipation is 193 mW typical operating,
35 mW typical standby.

Refresh period is extended to 4 ms, and during thls period each of the 256 rows must be strobed with
RAS1 and RAS2 in order to retain data. CAS can remain high during the refresh sequence to conserve power.

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

The TMS41128B is offered in 16-pin plastic dual-in-line stacked packages and is guaranteed for operation
from 0°C to 70°C. This package is designed for insertion in mounting-hole rows on 300-mil (7,62-mm)
centers.

Copyright © 1985, Texas Instruments Incorporated

Dynamic RAMs H

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.

{ip
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

oberation

SINVY 2lweuAq !

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS1 or RAS2). 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 RAS1, RAS2, and
CAS. RAS1 and RAS2 are similar to a chip enable in that they activate 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. When CAS is applied to the device, only one of the RAS signals (either RAS1 or RAS2) must be
applied to select either the lower DRAM or the upper DRAM. When a RAS-only refresh is performed (CAS
logic high), both RAS1 and RASZ may be applied simultaneously.

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 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 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 aread cycle the output goes active after the access time interval *
ta(C) that begins with the negative transition of CAS as long asﬁ;n) 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 an early write cycle, the output is always in the high-impedance state. In a
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least t every 4 ms on both DRAMs 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 (AO through A7) with both RAS1 and RAS2
causes all bits in each row to be refreshed. CAS must remain high (inactive) for this refresh sequence.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM,
the row address and RAS are applied to multiple 64K RAMSs. CAS is then decoded to select the proper RAM.

power-up

After power up, RAS1 and RAS2 must remain high for 100 us immediately prior to initialization. Initialization

consists of performing eight RAS cycles before proper device operation is achieved.
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

logic symbol T functional block diagram
(5) RAM 128K X 1 {5)
AO 230 A0 -——-——\
[T} 77
Al 6 z31 A1 _)_.—\
(6
A2 < 732 A2
A3~ 233 12) \
A4 o] 23 A A )
AS =] 235 v
AE - 236 a5 10
13)
A7 5] 237 A6
CAS —= z3s (9)
w 239 A7

RAM 64K X 1

AO-A7

CAS

w

A2 RAS1 RAS
65,535

- na)
p 1 D

12

30+20D8/21D0

o
2
3
[=]
Dynamic RAMs H

36
— @ 37420D15/21D7 .
RAS1 ——D4733 3g-£> €20 [ROW] . . RAM 64K X 1

384 G23/[REFRESH ROW] ' 8,
384 24 (PWR DWN] A0-A7
394> C21 [COL) CAS
394 G24 w
iz:[ & b>asc22 7As2 2 RAS
354-23,21D |Z4EN e D
a1fa22p AT Q

(4

RAS2

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12. . :
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

Voltage on any pin except Vpp and data out {see Note 1) ............ ieii....—15Vto10V
Voltage on Vpp supply and data out with respecttoVgg............ e ....~-1Vtob6V
Short circuit output current . . .......... ittt ittt e e i e ciee....50mMA
Power dissipation . ... v\ttt e e e e e e e e e 2w
Operating free-air temperature range . . .. ...... e e e 0°C to 70°C
Storage tempPerature FrANGE . . . . .. v v vt ittt iee ettt —65°C to 160°C

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

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

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled “‘Guidelines for
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’’ in Section 12.

recommended operating conditions

MIN NOM MAX | UNIT
Vpp Supply voltage 4.5 5 5.5 \4
Vss Supply voltage [} v
VIH - High-level input voltage zgg : ;2 z - ;: 4’2 v
VIL Low-level input voltage (see Notes 3 and 4) : —0.6 0.8 v
TA Operating free-air temperature (o] 70 °C

SINVY 2lweuAqg !

NOTES: 3. 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. )
4. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions must comprehend this
¢ occurrence. See application report entitled *'TMS4164A and TMS4416 Input Protection Diode’ on page 9-5.

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

PARAMETER . - TEST CONDITIONS MIN TYPt MAX | UNIT
VOoH High-level output voltage loH = —5 mA 2.4 ) \4
VoL Low-level output voltage loL = 4.2 mA 0.4 v
Vi=0Vt58V,Vpp =5V,
| t (leak: +20 A
I Input current (leakage) All other pins = 0 V I
Vo =04t556YV,
o Output current (leakage) Vpp =5V, +20 | pA "
CAS high
1901 Ave:rage operatin? current te = minimum cycle, 38.5 65 mA
during read or write cycle All outputs open - .
After 1 memory cycle,
Ipp2# Standby current RAS and CAS high, 7 10 mA

All outputs open

tc = minimum cycle,
Ipp3 Average refresh current RAS low, CAS high, ) 90 | mA
All outputs open

. tg(P) = minimum cycle,
IpD4 Average page-mode current RAS low, CAS cycling, 90 | mA
All outputs open

1 All typica! values are at TA = 25°C and nominal supply voltages.
tviL > —0.6 V.

i .
Texas {‘
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

4-64




TMS41128B
~131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

f =1MHz
PARAMETER TYPT  MAX| UNIT
Ci(a) Input capacitance, address inputs 8 14 pF
Ci(p) Input capacitance, data input 8 14 pF
Ci(RC}) Inpuut capacitance strobe inputs 16 20 pF
- Ciiw) Input capacitance, write-enable input 16 20 pF
Co Output capacitance 10 16 pF
tal typical values are at TA = 25°C and nominal supply voltages.
switching characteristics over recommended supply voltage range and operating free-air
temperature range '
PARAMETER TEST CONDITIONS ALT. SYMBOL MIN MAX | UNIT
] — CL = 100 pF,
ta(C) Access time from CAS Load = 2 Series 74 TTL gates tcAC 85 ns
. a5s tRLCL = MAX,
t, A ti fi RAS t
alR) ceess time from Load = 2 Series 74 TTL gates RAC 150 ns
w Output disable time CL = 100 pF, N o 40 ns
distCHl  atrer CAS high Load = 2 Series 74 TTL gates ,TOFF

Dynamic RAMs H

ns
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TMS411288
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

SINVH Slweuiq !

ALT. SYMBOL MIN MAX | UNIT
te(P) Page-mode cycle time tpC 160 ns
te(rd) Read cycle time! tRC 260 ns

| te(w) Write cycle time - twe 260 ns
| te{rdw) Read-write/read-modify-write cycle time tRWC 315 ns
tw(CH) Pulse duration, CAS high (precharge time)* tcp 60 ns
twiCL) Pulse duration, CAS low % tCAS 85 10,000 ns
tw(RH) Pulse duration, RAS high (precharge time) tRP 100 ns
tw(RL) Pulse duration, RAS low Y tRAS 150 10,000 ns
tw(W) Write pulse duration twp 45 ns
te Transition times (rise and fall) for RAS and CAS tT 3 50 ns
tsu({CA) Column-address setup time tASC 0 ns
tsu(RA) Row-address setup time tASR 0 ns
tsu(D) Data setup time tps 0 ns
tsu(rd) Read-command setup time tRCS 0 ns
tsu(WCH)  Write-command setup time before CAS high tewL 55 ns
tsu(WRH)  Write-command setup time before AAS high tRWL 55 ns
th(cLCA)  Column-address hold time after CAS low tCAH 45 ns
th(RA) Row-address hold time tRAH 20 ns
| th(RLCA)  Column-address hold time after RAS low tAR 110 ns
th(CLD) Data hold time after CAS low tDH 45 ns
| th(RLD) Data hold time after RAS low tDHR 120 ns
th(wip)  Data hold time after W low tDH 45 ns
th(CHrd) Read-command hold time after CAS high tRCH 0 ns
th(RHrd) __ Bead-command hold time after RAS high tRRH 20 ns
| th(CLW) Wirite-command hold time after CAS low tWCH 60 ns
th(RLW) Write-command hold time after RAS low tWCR 120 ns
tRLCH Delay time, RAS low to CAS high ' tCSH 150 ns
tCHRL Delay time, CAS high to RAS low tCRP 10 ns
tCLRH Delay time, CAS low to RAS high tRSH 85 ns
teLwL Delay ﬁme., ﬁé low to W low WD 75 ns
(read-modify-write cycle only)
Delay time, RAS low to CAS low
tRLCL (maximum value specified only tRCD 30 65 ns
to guarantee access time) '
TRLWL Delay time, RAS low to W low {RWD 150 ns
(read-modify-write cycle only)
tWLCL Delay time, W low to CAS twes 0 ns
low (early write cycle)
trf Refresh time interval tREF a4 ms

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V| max and V|4 min
must be met at the 10% and 90% points.

Wy cycle times assume ty = 5 ns.

tPage mode only.

§ In a read-modify-write cycle, tcLwL and tsy(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 cycles also.

11n 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 (tw(RL))- :
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~TMS411288
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

PARAMETER MEASUREMENT INFORMATION

131V
AL = 2200
ouTPUT
UNDER
TEST

I Cp = 100 pF

FIGURE 1. LOAD CIRCUIT

read cycle timing

:r= te(rd) 1
I tw(RL) = *
RAS1, kl -f_L_- ViH
RAS2 I | I viL

— Ja—t Jle———tcLRH ——{ je—twirH)—{
I
|
|

Dynamic RAMs H
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byl —d M tsuica) 1|

VIH
VIL
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VIH
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1

e [
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|
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v
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e
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TMS41128B

131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

e te(w) —
| |
| iF twiRL) - | |
RAS1. ’t Izi" 'k
RAS2 n | _,I
¢ t
——.{ r— t IL tCLAN :[[_I i" 'w(RH)
)
| l‘—‘RLCL—-I lT—tch.—"l
} tRLCH
Ra—iry 2 '
L Wi
- TAS |1 1 J‘ZF; -,\_
< tsuraie—o] | —.! [ tsuica) | le—— twicn—+|
3 I fe——thmica —f L
3 ‘thA)-lio—-l | : Je—=tthicLea) ; :
o ! ,
0 A0-A7 ROW COLUMN DON'T CARE NEXT CYCLE
]é twrcL —ef H— |
» ] be———tsuwch) o |
[~ tsulWRH) »|
L—'r'h(RLW)—-—DI
ooy || [ thictw) —]
W XXX bonT CARE OGN | | DON'T CARE

]
| o — twiw) ———
11
| [ thiwLo)—
L | fe— ‘h(CLD)_j
re jth(RLD)
VAVAV Y VvV v v v v v v ear e ees VAV VAV VYA VAVA Y VAVAY v v VA vava e e vy
(QUQKDON'T CARE JXUXXMI|  VALID DATA QKLY DON'T CARE XXBXXNXP
]
—’"“" tsu(D)
Q HI-Z

ViH
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VIH
ViL

ViH
ViL
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ViL
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- TMS411288
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing

1 : »l
I te(w) i

Jo— twiRL) -+

r
t, t
— e tCLRH - [ 'WiRH) ==

l k—‘RLCL —-1 l‘_'CHRL _’l
| Je- \__taicH —] | ! |
—~d b——— twic—1 } Vi
CAS 1] lq F ll IR
tsu(RA) -I-—I ] ! t I tw(CH ! iL &
! —* 19 tsuica | I‘_—I wiCH)———®] s
! J&—— thrLca— —of le—1, n<:
‘h(RA)'!"’l | E‘—'l- thictcal | || o
’ - eavar VIH -
AO-A7 NEXT CYCLE £
. ViL 1]
| I le—tsuwecH) —af 1 g
| j— tsu(WRH)——=| A
L——‘h(RLW)—'—"‘ |
,
| I‘—l—‘h(CLW) —-'1 ' Vin
T RTTTTTTTTTT TS et . v
W XXRE DoN'T CARE XRIEXXON alolelel Vi
I ! o—twwy—s |
| | | Me=thwi) -+ I
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b -vvvvvvvvvvvvvv.v‘v.v.v.v’ v, ViH
XX m i : viL
—I.! [*—tsu(D) |
fo—ten’—] bt taisichy
v
Q HI-Z NOT VALID OH
’ VoL

T The enable time {ten) for a write cycle is equal in duration to the access time from CAS (t,(C)) in a read cycle; but the active levels at
the output are invalid.
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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-modify-write cycle timing
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NOTE 6: 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 8: 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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TMS41128B
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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TMS4256, TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

MAY 1983—REVISEb NOVEMBER 1985

262,144 X 1 Organization
Single 5-V Supply (10% Tolerance)
JEDEC Standardized Pinout

Upward Pin Compatible with TMS4164
(64K Dynamic RAM)

Performance Ranges:

ACCESS ACCESS READ
TIME TIME OR
DEVICE ROW COLUMN WRITE

’ ADDRESS ADDRESS CYCLE
(MAX) (MAX) (MIN)

TMS4256-12

TMS4257-12 120 ns 60 ns 230 ns

TMS4256-15

TMS4267-15 150 ns 75 ns 260 ns

TMS4256-20

TMS4257-20 200 ns 100 ns 330 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

Operations of the TMS4256/TMS4257 Can
Be Controlled by TI's THCT4502 Dynamic
RAM Controller

All Inputs, Outputs, and Clocks Fully TTL
Compatible

3-State Unlatched Output

Common 1/O Capability with ‘‘Early Write’’
Feature

Page ('4256) or Nibble-Mode {'4257)
Options for Faster Access Operation

Power Dissipation As Low As
—Operating . . . 275 mW (Typ)
—Standby . . . 12.5 mW (Typ)

RAS-Only Refresh Mode
Hidden Refresh Mode

description

N PACKAGE
(TOP VIEW}

1 Uhe[]vss
15[]CAS
14[Ja
13%A6
12[JA3
11JA4

10[JAs
9[]A7

© NGO WN

FM PACKAGE
(TOP VIEW)

Dynamic RAMs H

PIN NOMENCLATURE
AO-AB Address Inputs .
CAS Column-Address Strobe
D - _Data in
NC No Connection
Q Data Out
RAS Row-Address Strobe
Vpp 5-V Supply
Vss Ground
W Write Enable

CAS-Before-RAS Refresh Mode

Available 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

The ‘4256 and ‘4257 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.

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current n:ncj:f pnblictuhtion dl(:.' ;rodu;its conform ¢

specifications @ terms of Texas Instruments
standard wlmn{’y..' Production processing does not EXAS 4-75
necessarily include testing of all paramsters. lNST RUMENTS
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SINVYH olweuAq

These devices feature maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation
is as low as 275 mW operating and 12.5 mW standby.

New SMOS technology pefmits 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 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 (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 the
nine column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address
strabe (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 wnthou_t_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 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 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 aread cycle the output goes active after the access time interval
ta(C) that begins with the negative transition of CAS as long a __t_a(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.

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.

4-76
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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 tRL.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 ‘"RAS-only’’ refresh cycle. The external address is also ignored during the hidden refresh cycles.

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 setup 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: .

—> (0.0) & (0,1) - (1,0) - (1,1) 1

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

power-up

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

Dynamic RAMs H

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

logic symbol T

- RAM 256K X 1
A0 Ty ——2operz100
Al
A2 81
A3 o
:54 1101 " 262,143
(13)
A6
(9)
AT ]
PrypLLE— 20017/2108
C20[ROW]
G23/[REFRESH ROW]
ras & 24[PWR DWN])
B> C21(COL]
(15) 624
CAS & b o23c22
w ::; 23,210 | 2aEN (14}
p ———A,22D AV}———0

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 16-pin dual-in-line package. '

SINVY 2iweulig !
&

functional block diagram

| | TIMING AND CONTROL

L2 2, |
ROW
> 32K ARRAY pecope | 32K ARRAY
> ROW
#— ADDRESS [— 256 SENSE AMPS 256 SENSE AMPS
BUFFERS <
> 8 ROW DATA
@ 32K ARRAY | peoone | 32K ARRAY - N
> 10 REG
A <—>—{ BUFFERS
COLUMN DECODE -1 10f8
Ao C - SELEC-
” > ‘ ROW Tiow > nt:\u‘rl
Az COLUMN K ammay | ROW | 32k aneay o
A3 -1 ADDRESS |——
LU ————{ BUFFERS 256 SENSE AMPS 256 SENSE AMPS 4 {
A5 > ®)
- ROW
AB 32K ARRAY DECODE 32K ARRAY
A7
COLUMN_ [
A8 - > nw_|

{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)
Short circuit output current
Power dissipation
Operating free-air temperature range
Storage temperature range

.—1Vto7V
50 mA

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

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

recommended operating conditions

MIN NOM MAX

UNIT
Vpp Supply voltage 4.5 5 5.5 \4
Vgsg Supply voltage [} \"
VIH High-level input voltage 2.4 6.5 Vv
ViL Low-level input voltage {see Note 2) —1 0.8 Vv
Ta Operating free-air temperature [+] 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.

Dynamic RAMs H

{i,
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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)

PARAMETER ‘I;EST :::z:::::: UNIT
CONDITIONS MIN_ TYPT  MAX
VoH High-level output voltage IoH = -5 mA 2.4 \
VoL Low-level output voltage oL = 4.2 mA 0.4 v
, Vi=0Vto65V,Vpp =5V,

] Input current (leakage) All other pins = O V t0 6.5 V +10 A

lo Output current (leakage) :/ISD==°5V\:’O§%ZY_‘;9|‘ +10 BA

IDD1 Avt?rage operaging.; current tg = minimum cycle, 65 78 mA

during read or write cycle Output open
After 1 memory cycle, .

Ipp2  Standby current RAS and CAS high, 25 45| mA
Output open
te = minimum cycle,

Ipp3  Average refresh current RAS cycling, TAS high, 45 60 mA
Output open '
tc(p) = minimum cycle,

IpD4 Average page-mode current RAS low, TAS cycling, 35 48 mA
Output open
te(N) = minimum cycle,

Ipps  Average nibble-mode current RAS low, CTAS cycling, 32 44 mA
Output open
TEST TMS4256-15 TMS4256-20

PARAMETER CONDITIONS TMS4257-15 TMS4257-20 UNIT
MIN TYPT MAX | MIN TYPT MAX

VoH.  High-level output voltage IpH = -5 mA 2.4 24 \"

VoL Low-level output voltage loL = 4.2 mA 0.4 0.4 \

N Input current (leakage) X:l_ot?\e\: ::ngi \:)' 2//?(?;551/\,' +10 +10 A

o Output current (leakage) xgp_:: \;?ESZX%\P/\;gh Tox10 +10 | pA

IbD1 Av?rage operating current tc = minimum cycle, 55 68 45 58 mA

during read or write cycle Output open
After 1 memory cycle,
Ipp2  Standby current RAS and CAS high, 25 45 25 45| mA
Output open ’
tc = minimum cycle,
Ipp3  Average refresh current RAS cycling, CAS high, 40 53 35 48 | mA
Output open
te(p) = minimum cycle,
IpDs Average page-mode current | RAS low, TAS cycling, 30 43 25 35 mA
) Output open
tc(N) = minimum cycle,
Ipps  Average nibble-mode current | RAS low, TAS cycling, 27 39 22 32| mA
Output open

) TAIl typical values are at TA = 25°C and nominal supply voltages.

4-80
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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 = 1 MHz
. PARAMETER TYPT MAX | UNIT
Ciia) Input capacitance, address inputs 4 7 pF
Ci(p) Input capacitance, data input 4 7 pF
Ci(Rc) Input capacitance strobe inputs -4 8 pF
Ci(W) Input capacitance, write enable input 4 8 pF
Co Output capacitance 5 10 pF

TAIl typical values are at To = 25°C and nominal supply voltages.

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

Dynamic RAMs H

range
ALT TMS4256-12
PARAMETER TEST CONDITIONS SYMB.OL TMS4257-12 | UNIT
: MIN  MAX
] tRLCL = MAX, C_ = 100 pF,
t Access ti fi CAS t 6
a(C) fme from Load = 2 Series 74 TTL gates CAC 0| ns
. tRLCL = MAX, CL = 100 pF,
t Access time from RAS 1 120
alR) ime fr Load = 2 Series 74 TTL gates RAC ns
Output disable time CL = 100 pF,
tdi 3
disiCH)  atter TAS high Load = 2 Series 74 TTL gates tOFF 0 ° ns
ALT TMS4256-15 | TMS4256-20
PARAMETER " TEST CONDITIONS SYMB;)L TMS4257-15 | TMS4257-20 | UNIT
MIN MAX MIN MAX
. tRLCL = MAX, C_ = 100 pF,
t. Access t fi CAS t 75 1
a(C) ime from Load = 2 Series 74 TTL gates CAC 00 | ns
. tRLCL = MAX, CL = 100 pF,
t Access t fi RAS t 150 2
a(R) ime from Load = 2 Series 74 TTL gates RAC o ne
o Output disable time CL = 100 pF, ¢ i o a0 0 a5
disiCH)  atter TAS high Load = 2 Series 74 TTL gates OFF ne

X
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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

SINVH 2iweuliq !

TMS4256-12
SYANLIZOL TMS4257-12 UNIT
MIN MAX

tc(P) Page-mode cycle time (read or write cycle) tpC 120 ns
tc(PM) Page-mode cycle time (read-modify-write cycle} tPCM 165 ns
te(rd) Read cycle timet tRC 230 ns
te(w) Write cycle time . twc 230 ns
te{rdW) Read-write/read-modify-write cycle time tRWC 275 ns
tw(CH)P Pulse duration,CAS high (page mode) tcp 50 ns
tw(CH) Pulse duration, CAS high {non-page mode) tCPN 25 © ns
tw(CL) Pulse duration, TAS low?# 1CAS 60 10,000 ns
tw{RH) Pulse duration, RAS high tRP 100 ns
twi(RL) Pulse duration, RAS low$ tRAS 120 10,000 ns
tw(W) Wirite pulse duration twp 40 ns
t Transition times (rise and fall) for RAS and CAS 1T 3 50 ns
tsu(CA} Column-address setup time tASC 0 ns
tsu(RA) Row-address setup time tASR 0 ns
tsu(D) Data setup time tps 0 ns
tsu{rd) Read-command setup time tRCS 0 ns
¢ Early write-command setup time 4 o

SUWCL)  petore TAS low wCs ns
tsu{WCH)  Write-command setup time before TAS high tcwL 40 ns
tsu(WRH)  Write-command setup time before RAS high tRWL 40 ns
th(cLCA) _ Column-address hold time after CAS low ) tCAH 20 ns
th(RA) Row-address hold time tRAH 15 ns
th(RLCA)  Column-address hold time after RAS low tAR 80 ns
th(CLD) Data hold time after CAS low tDH 35 ns
th(RLD) Data hold time after RAS low tDHR 95 ns
th(wLD) Data hold time after W low tDH 35 ns
th(CHrd) Read-command hold time after TAS 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 35 ns
th(RLW) Write-command hold time after RAS low tWCR 95 ns

Continued next page.

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

TAl cycle times assume ty = 5 ns.

*In a read-modify-write cycle, topwy and tsu(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.

§1n a read-modify-write cycle, tr i and tsu{WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time {tw(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

(continued)
. S4256-
ALT. I:s:;z:g-: : UNIT
SYMBOL N MAX

tRLCH Delay time, RAS low to CAS high tCsH 120 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 60 ns
tRLcHR  Delay time, RAS low to CAS highl tCHR 25 ns
tCLRL Delay time, TAS low to RAS low1 tCSR 25 ns
tRHCL Delay time, RAS high to TAS low{ tRPC 20 ns
LWL Delay time', TZA_S low to W low towD 60 ns

(read-modify-write cycle only)

Delay time, RAS low to CAS low _
tRLCL {maximum value specified only tRCD 25 60 ns

’ to guarantee access time)
RLWL Delay tim(-?, m low to W low tAWD 120 ns
. (read-modify-write cycle only) .

trf Refresh time interval tREF 4 ms

Continued next

page.

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

Dynamic RAMs =

xas
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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 dlweuiq !

(continued)
ALT. TMS4256-15 TMS4256-20
SYMBOL TMS4257-15 TMS4257-20 UNIT
MIN MAX MIN MAX
tc(P) Page-mode cycle time (read or write cycle) tpC 145 190 ns
tc(PM) Page-mode cycle time (read-modify-write cycle) tPCM 180 245 ns
te(rd) Read cycle time? tRC 260 330 ns
te(W) Write cycle time twe 260 330 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 305 370 ns
tw(CH)P _ Pulse duration,CAT high {page mode) tcp 60 80 ns
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 25 30 ns
tw(CL) Pulse duration, CAS low* tCAS 75 10,000 100 10,000 ns
tw(RH) Pulse duration, RAS high tRP 100 120 ns
tw(RL) Pulse duration, RAS low$ tRAS 150 10,000 200 10,000 ns
tw(W) Write pulse duration twpP 45 55 ns
4 Transition times {rise and fall) for RAS and CAS tr 3 50 3 50 ns
tsu(CA) Column-address setup time tASC 0 0 ns
tsu(RA) Row-address setup time tASR 1] o] ns
tsu(D) Data setup time tpsS 0 0 ns
tsu(rd) Read-command setup time tRCS o] o] ns
tau(WeEL) Early write-command setup time twes o o ns
before CAS low

tsu(WCH) . Write-command setup time before TAS high towL 45 60 ns
tsy(WRH)  Write-command setup time before RAS high tRWL 45 60 ns
th(cLCA)  Column-address hold time after CAS low tcAH 25 30 ns
th{RA) Row-address hold time tRAH 15 20 ns
th(RLCA)  Column-address hold time after RAS low tAR 100 130 ns
th(CLD) Data hold time after CAS low tDH 45 55 ns
th(RLD) Data hold time after RAS low tDHR 120 155 ns
th(WLD) Data hold time after W low tDH 45 55 1 ns
th(CHrd)  Read-command hold time after CAS high tRCH ‘0 [¢] ns
th(RHrd) _ Read-command hold time after RAS high tRRH 10 15 ns

_'MCLW) Wirite-command hold time after CAS low tWCH 45 55 ns
th(RLW) Write-command hold time after RAS low tWCR 120 1565 ns

Continued next page.

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

TAll cycle times assume ty = 5 ns.

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

8In a read-modify-write cycle, tRLWL and tsy(WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time (ty(RL))-

4-84 ‘ Texas {l,
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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. TMS4256-15 TMS4256-20
SYMBOL TMS4257-15 TMS4257-20 | UNIT
MIN MAX MIN MAX
tRLCH Delay time, RAS low to CAS high tCSH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 75 100 ns
tRLCHR  Delay time, RAS low to TAS high{ tCHR 30 35 ns
tCLRL Delay time, CAS low to RAS low! tCSR 30 35 ns
tRHCL Delay time, RAS high to TAS low1 tRPC 20 25 ns
Delay time, CAS low to W low
teLwe (ready-modify-write cycle only) fcwo " 9o ns n
Delay time, RAS low to CAS low .
tRLCL {maximum value specified only tRCD 25 75 30 100 ns £
to guarantee access timel <
o | w e  |e| &
tef Refresh time interval tREF 4 4 ms E
NOTE 3: Timing measurements are referenced to V) max and V|4 min. g
{TAS-before-RAS refresh only. 5

NIBBLE-MODE CYCLE

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

range
PARAMETER ALT. TMS4257-12 | TMS4257-15 | TMS4257-20 UNIT ,
SYMBOL | MIN MAX | MIN MAX | MIN MAX
ta(CN) Nibble-mode access time from CAS tNCAC 30 40 50 ns
timing requirements over recommended supply voltage range and operating free-air temperature range
ALT. TMS4257-12 | TMS4257-15 | TMS42567-20 UNIT
SYMBOL | MIN MAX | MIN MAX | MIN MAX
te(N) Nibble-mode cycle time INC 60 75 90
tc{rdwN)  Nibble-mode read-modify-write cycle time INRMW 85 105 130
tCLRHN Nibble-mode delay time, CAS low to RAS high | tNRSH 30 40 50
tCLWLN  Nibble-mode delay time, CAS to W delay tNCWD 25 30 40
tw(CLN) Nibble-mode pulse duration, CAS low tNCAS 30 40 50 ns
tw(CHN)  Nibble-mode pulse duration, TAS high tNCP 20 25 30
tw (CAWN) Nibble-mode read-modify-write pulse i NCRW 55 70 .
duration, CAS low
tsuWCHN) Nibble-mode write ‘command setup tNCWL 25 15 45
time before CAS high
+
TEXAS 4-85

INSTRUMENTS

POST OFFICE éOX 1443 @ HOUSTON, TEXAS 77001



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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Dynamic RAMs H
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

read-write/read-modify-write cycle timing
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TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read cycle timing
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262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY
nibble-mode write 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

i telrd)

|

I r—*w(nu—-l h—'wmm—-—tl

I tCLRH —.ll ¢ viL
I"Y" ] !‘-— RHCL

[} '
rg? ViH

AT 4 Nidig o

AAAAA ravae e Vi
n A0-A7 QLDON'T CARE X0 X H
XN R : " 8 viL
\7
Q HI-Z OH
VoL
hidden refresh cycle timing
Io— MEMORY CYCLE—e{ je——REFRESH CYCLE—]
| le——REFRESH CYCLE —#y |
l r-'wmu-vl r—tw(nu)-’l r—twmu"l I‘-'wmm-'l . I
| | [
| | | | Vin
RAS
ViL

tRLCHR .,._.l_]

l
] tw(CL)
| .

ORI
0000 00000000000000
0.0 0‘0‘0’0‘0’0’0’0’0’0‘0‘0“.0‘0.

076707470707074°0°4°64°6048848 V“_

Koo rel R X XXX XX XM NXNNON T & ARERSN
A0-AS A 010000000000000000000000000000000000000000000000,

1 [ l
tsu(rd
su(re )‘—F l‘l —s] I'Q-‘h(RHrd)

T S R T KRR IR RN ViH
w 0 | \:ouonnuunuunu DONT CAREIOOQOE XABAAAAAANNN
....... o et AR 8 85 a . XRRARENE, XK v,
|
b ta - ‘dis(CH)-bl e
- 55— VoH

Q ___{ : VALID bATA }-
4 VoL

{i’
4-96 EXAS
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001



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

automatic (CAS-before-RAS) refresh cycle timing
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

AUGUST 1980—REVISED NOVEMBER 1985

0 16,384 X 4 Organization

Single 5-V Supply (10% Tolerance)

Performance Ranges:

ACCESS ACCESS
TIME TIME

ROW COLUMN

ADDRESS ADDRESS
{(MAX) (MAX)
TMS4416-12 120 ns 70 ns
TMS4416-15 150 ns 80 ns
TMS4416-20 200 ns 120 ns

READ
OR
WRITE
CYCLE
{MIN)
230 ns
260 ns
330 ns

READ-
MODIFY-
WRITE
CYCLE
(MIN)
315 ns
365 ns
445 ns

© Available with MIL-STD-883B Processing

and L(0°C to 70°C), E(—

40°C to 85°C), or

S(—55°C to 100°C) Temperature Ranges

Long Refresh Period . . . 4 ms

Low Refresh Overhead Time . .

1.7% of Total Refresh Period

. As Low As

© All Inputs, Outputs, Clocks Fully TTL

Compatible
3-State Unlatched Outputs

© Early Write or G to Control Output Buffer

Impedance

Page-Mode Operation for Faster Access

Low Power Dissipation
— Operation . .
— Standby . . .

description

. 200 mW (Typ)
17.5 mW (Typ)

© SMOS (Scaled-MOS) N-Channel Technology

N PACKAGE
(TOP VIEW)

& 1" Uisl] vss

>

o

M
COoONOO b WN

17[] pa4
16[] CAS
15[] a3
14[J Ao
13[] a1
12[] A2
11[J A3
10[J A7

FP

PACKAGE

(TOP VIEW)

16[] CAS
150 oa3
14[] a0
13[] A1
12[] A2

PIN NOMENCLATURE

AO-A7
CAS
DQ1-DQ4
6 N
RAS
Vbp
Vss

1

Address Inputs
Column-Address Strobe
Data In/Data Out
Output Enable
Row-Address Strobe
5-V Supply

Ground

Write Enable

Dynamic RAMs H

The TMS4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words
of 4 bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate
technology for very high performance combined with low cost and improved reliability.

The TMS4416 features RAS access times to 120 ns maxnmum Power dissipation is 200 mW typical
operating, 17.5 mW typical standby.

SMOS technology permits operation from a single 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. Ipp peaks have been reduced to 60 mA typical, and a —1-V input
voltage undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used

to ease system design.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per tha terms of Texas Instruments
uction does not
necessarily include tasung M all parameters.

Texas ‘E@

INSTRUMENTS

Copyright © 1985, Texas Instruments Incorporated

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

Refresh ‘period is extended to 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.

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. Data out is unlatched to allow greater system flexibility.

The TMS4416 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

SINIVY 2lweuAiq !

address {(AO through A7)

Fourteen address bits are required to decode 1 of 16,384 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 six
column-address bits are set up on pins A1 through A6 and latched onto the chip by the 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 allowing a write cycle with
G grounded.

data in (DQ1 through 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 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. 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.

data out (DQ1 through 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 an early write cycle, the output is always in the 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

4-100

{i’
TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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.

refresh

A refresh operation must be performed at least 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 (AO through A7) with RAS causes all bits
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single RAM,
the row address and RAS are applied to multiple 16K x 4 RAMs. CAS is then decoded to select the proper
RAM.

power up

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

logic symbolt

RAM 16K x 4
a0 {2006
a1 10p7/2100
Az 12)
ST o
Poii— Al6.383
A7)
ag-L6 20012/21D5
a79% 1o0p13
C20[ROWI
(g $T]G23/IREFRESH ROWI
RAS 24[PWR DWNI
c21(COL
AL ~ Gz:
L. 23C22
W 23,210 | 24,26EN
[RLBENN proe
pat 2 = .
! 728 A.226
DQ. Lb—
pa3 18
pas e o

tThis symbol is in accordance with ANSI/IEEE Std.91-1984 and IEC Publication 617-12.

) i
TEXAS &ﬁ
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POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

Dynamic RAMs H

4-101



TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram

SINVY dlweuig !

RAS ———]
CAS ] TIMING & CONTROL
[rp—
A e et
Al {1/2) MEMORY ARRAY
a2 ROW
ROW DECODE
A3 ADDRESS | - . 4
™ BUFFERS DATA IN
) DUMMY CELLS : REG. -
A5 G
A6 : (1/2) 4 OF 256 COLUMN DECODE * *
A7 : ()
SENSE 256 SENSE REFRESH s DATA 4
AMP Pt 110 — - oa
CONTR BUFFERS
REG.
- (1/2) 4 OF 256 COLUMN DECODE
COLUMN
FOORESS DUMMY CELLS
BUFFERS Lol
6)
ROW :
DECODE (1/2) MEMORY ARRAY
A1-A6

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 1)............... -1.5Vto10V
Voltage range for Vpp supply and data out with respectto VgS.................. -1Vto6V
Short Circuit OULPUL CUMTENt. . . . . . . ottt ittt ettt e et e e e et et et e ee s 50 mA
Power dissipation . . .. ... . i e e e e 1w
Operating free-air temperature range. . . . ... ..o ittt inee e nnnnnns 0°C to 70°C
Storage temperature range . . . . . . vt v vt ettt n e e it e et e —-65°C to 150°C

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

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

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled “’Guidelines for
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’’ in Section 12. .

Texas {"

INSTRUMENTS
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TMS4416

16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

MIN NOM MAX | UNIT

Vpp Supply voltage 4.5 5 5.5 \'

Vss Supply voltage 0 \
. . Vpp = 45V 2.4 4.8

VIH High-level input voltage A
Vpp = 5.5V 2.4 5.8

ViL Low-level input voltage (see Notes 3 and 4) -0.6 0 0.8 \

TA Operating free-air temperature [*] 70 °C

NOTES: 3. 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.

4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this

occurrence. See application report entitled *“TMS4164A and TMS4416 Input Protection Diode’” on page 9-5.

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

Dynamic RAMs H

TMS4416-12
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT MAX
VOH High-level output voltage IoH = -2 mA 2.4 \%
VoL Low-level output voltage loL = 4.2 mA 0.4 \4
V=0Vt 58V,
Iy Input current (leakage) Vpp = 5V, +10 pA
All other pins = 0V
, o (oakage) Vo=04Vto55YV, 10| ua
utput current (leakage +
0 i o Vpp = 5 V, CAS high
Average operating current te = minimum cycle,
IDD1 54 mA
during read or write cycle All outputs open
After 1 memory cycle,
Standby current
IpD2 4 RAS and CAS high, 3.5 5 mA
(see Note 5)
All outputs open
tc = minimum cycle,
Ipp3 Average refresh current RAS cycling, CAS high, 46 mA
All outputs open
1, = minimum cycle,
Average page-mode c(P) J—
IbD4 9e pag RAS low, CTAS cycling, 46 mA
current
All outputs open

t Al typical values are at Tao = 25°C and nominal supply voltages.
NOTE 5: V| > ~0.6V on all inputs. See application report entitled “TMS4164A and TMS4416 Input Protection Diode’* on page 9-5.

{ip
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

TMS4416-15 TMS4416-20
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYPt MAX
VoH High-level output voltage IoH = -2 mA 2.4 2.4 . \
VoL Low-level output voltage oL = 4.2 mA 0.4 0.4 Vv
Vi=0Vto 58V, .
Iy Input current (leakage) Vpp = 5V, +10 +10 | pA
All other pins = QO V
1 Output t (leakage) Vo =04Vto55V, +10 10 | pA
u current (leakage "
o Pu i Vpp = 5V, CAS high
Average operating current te = minimum cycle,
1pD1 90 operating : N 4 40 a8 35 42 | ma
i during read or write cycle All outputs open

Standby. current After 1 memory cycle,
Ipp2 Note & RAS and CAS high, 3.5 5 3.5 5 mA
(see Note 5) * All outputs open

te = minimum cycle,
'DD3 Average refresh current RAS cycling, CAS high, 25 40 21 34 mA
All outputs open

Average page-mode te(p) = minimum cycle,
IpD4 RAS low, CAS cycling, 25 40 21 34 mA

current
All outputs open

SINVY 21weuig !

T All typical values are at TA = 25°C and nominal supply voltages.
NOTE 5: V| > —0.6V on all inputs. See application report entitled ‘“TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.

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

PARAMETER TYP MAX | UNIT
Ci(A) Input capacitance, address inputs 5 7 pF
Ci(RC) Input capacitance, strobe inputs 8 10 pF
Ciiw) Input capacitance, write-enable input 8 10 pF
Cijo Input/output capacitance, data ports 8 10 pF

{i’
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS4416-12
PARAMETER TEST CONDITIONS SYMBOL MIN MA1X UNIT
) CL = 100 pF,
ta(C) Access time from CAS Load = 2 Series 74 TTL gates tCAC 70 | ns
tRLCL = MAX,
ta(R) Access time from RAS CL = 100 pF, tRAC 120 | ns
Load = 2 Series, 74 TTL gates
= 100 pF,
ta(G) Access time after G low E(I)-ad -2 ;eries 74 TTL gates tOEA 30 | ns
—— Cp = 100 pF,
tdis(CH)  Output disable time after CAS high L(!c-ad -2 Speries 74 TTL gates tOFF 0 30 ns
. Output disable time CL = 100 pF,
'dis(G)  after G high Load = 2 Series 74 TTL gates t0EZ 0 30| ns
S4416 S4416 S
ALT. TMS4416-15 | TMS4416-20
PARAMETER TEST CONDITIONS SYMBOL | MIN MAX | MIN _MAX UNIT 3
. CL = 100 pF, 0
ta(C) Access time from TAS Load = 2 Series 74 TTL gates tCAC 80 120 ns o
tRLCL = MAX, ' . £
ta(R) Access time from RAS CL = 100 pF, tRAC 150 200 | ns 1]
Load = 2 Series, 74 TTL gates g
= 100 pF,
ta(G) Access time after G low Eé-ad =2 Speries 74 TTL gates tOEA 40 50 ns =
= 100 pF,
tdis(CH) Output disable time after CAS high I(.:cl;ad =0208peries 74 TTL gates tOFF (o] 30 0 40 ns
. Output disable time CL = 100 pF,
'dis(G)  after & high Load = 2 Series 74 TTL gates | '0EZ 0 30| 0 40| ms
i
EXAS b 4-105
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TMS4416 ,
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

SINVY olweuliqg !

ALT. TMS4416-12 UNIT
SYMBOL MIN _ MAX
te(P) Page-mode cycle time tpC 120 ns
| te(rd) Read cycle timel tRC 230 ns
tc(w) Write cycle time twe 230 ns
| tc(rdw) Read-write/read-modify-write cycle time tRWC 315 ns
tw(CH) _Pulse duration, CAS high (precharge time)¥ tcp 40 ns
tw(CL)  Pulse duration, CAS low§ : tCAS 70 10,000| ns
tw(RH}  Pulse duration, RAS high (precharge time) tRP 80 ns
tw(RL) __Pulse duration, RAS low{ tRAS 120 10,000| ns
tw(W) ‘Write pulse duration twp 30 ns
ty Transition times (rise and fall} for RAS and CAS tT 3 50| ns
tsu(CA) Column-address setup time tASC 0o ns
'_‘su[RA) Row-address setup time -tASR 0 ns
tsu(D) Data setup time tps 0- ns
tsu(rd) Read-command setup time tRCS 0 ns
tsu(WCH) Write-command setup time before CAS high tCWL 50 ns
tsu(WRH) Write-command setup time before RAS high tRWL 50 ns
th(CLCA} Column-address hold time after CAS low tCAH 35 ns
|__th(RA) Row-address hold time tRAH 15 ns
th(RLCA) Column-address hold time after RAS low tAR 85 ns
thcLD)  Data hold time after CAS low tDH 40 ns
th(RLD) __ Data hold time after RAS low tDHR 90 ns
th(wLp) Data hold time after W low tpH 30 ns
| th(RHrd) Read-command hold time after RAS high tRRH 10 ns
| th(CHrd) Read-command hold time after TAS high tRCH 0 ns
th(cLw) _Write-command hold time after CAS low tWCH 40 ns
| _th(RLW) Write-command hold time after RAS low tWCR 90 ns
tgLcH  Delay time, RAS low to CTAS high tCSH 120 ns
tcHRL  Delay time, CAS high to RAS low tCRP 0 ns
tctrRH  Delay time, TAS low to RAS high tRSH 70 ns
LWL Delay time, CAS low to W low \CWD 120 ns
(read-modify-write-cycle only)#
RLCL Delay time, RAS low to CAS low ‘RCD 20 ol ns
(maximum value specified only to guarantee access time)
LWL Delay time, RAS low to W low {AWD 170 ns
{read-modify-write-cycle only)¥
twLcL  Delay time, W low to TAS low (early write cycle) tWes -5 ns
tGHD Delay time, G high before data applied at DQ - tOED 30 ns
trf Refresh time interval tREF 4| ms

T All cycle times assume ty=5 ns.

¥ page mode only.

5 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)-

Tina read-modify-write cycle, tg_w| and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time tw(RL): )

# Necessary to insure G has disabled the output buffers prior to applying data to the device.

{ip
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

Dynamic RAMs H

ALT. TMS4416-15 | TMS4416-20 UNIT
SYMBOL | MIN MAX | MIN MAX

tc(P) Page-mode cycle time tpc 140 210 ns
teird) Read cycle timeT [ 260 . 330 ns
te(w) Wirite cycle time twe 260 330 ns
tc(rdw)  Read-write/read-modify-write cycle time tRWC 365 445 ns
tw(CH) Pulse duration, CAS high (precharge time)* tcP 50 80 ns
tw(CL) Pulse duration, CAS low § tCAS 80 10,000 { 120 10,000 ns
tw{RH) Pulse duration, RAS high (precharge time) tRP 100 120 ns
tw(RL) Pulse duration, RAS low{ tRAS 150 10,000 | 200 10,000 ns
tw (W) Write pulse duration twp 40 50 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 o 0 ns
tsu(D) Data setup time tps 4] [*] ns
tsu(rd) Read-command setup time tRCS o] 0 ns
tsu(WCH) Write-command setup time before CAS high tCWL 60 80 ns
tsu(WRH) Write-command setup time before RAS high tRWL 60 80 ns
th(CLCA) Column-address hold time after CAS low tCAH 40 50 ns
th(RA) Row-address hold time tRAH 20 25 ns
th(RLCA) Column-address hold time after RAS low tAR 110 130 ns
th(cLD) _ Data hold time after CAS low tDH 60 80 ns
th(LD) _Data hold time after RAS low tDHR 130 160 ns
th(wLD) Data hold time after W low tDH 40 50 ns
th(RHrd) Read-command hold time after RAS high tRRH 10 10 ns
th(CHrd) Read-command hold time after CAS high tRCH 0 0 ns
thicLw) Write-command hold time after CAS low tWCH 60 80 ns
th(RLW)  Write-command hold time after RAS low tWCR 130 160 ns
tRLCH Delay time, RAS low to CAS high tCsH 150 200 ns
tcHRL  Delay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 80 120 ns

Delay time, CAS low to W low
feLwL (read-modify-write-cycle only)¥ tcwD 120 150 ns

Delay time, RAS low to CAS low
fRLCL {maximum value specified only to gl;larantee access time) 'RCD 20 70 25 g0 ne

Delay time, RAS low to W low
fRLWL (read-modify-write-cycle only)"’ RWD 190 X 230 ns
twLcL  Delay time, W low to CAS low (early write cycle) twes -5 -5 ns
1GHD Delay time, G high before data applied at DQ tOED 30 40 ns
trf Refresh time interval tREF 4 4| ms

T All cycle times assume t;=5 ns.

t Page mode only.

8 In a read-modify-write cycle, tc|_w|_and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time ty(CL)-

fina readmodlfy write cycle, tRp wi and tsy(WRH) must be observed. Depending on the user’s transition txmes, this may require additional
RAS low time twiRL)-

# Necessary to insure G has disabled the output buffers pnor to applying data to the device.
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TMS4416

16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

SINVYY 2dlweuAq !

AO - A7

Da

PARAMETER MEASUREMENT INFORMATION
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L1 {1

NOTE 6: Each input is tested separately.

FIGURE 1. INPUT CLAMP VOLTAGE TEST CIRCUIT
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing
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Dynamic RAMs H
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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Dynamic RAMs I
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NOTE 7: A write cycle or 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 8: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated.

Dynamic RAMs
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NOTE 9: A read cycle or a write cycle can be intermixed with read-modify-write cycles as long as read and write timing specifications are not violated.
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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Dynamic RAMs H

7 XXX AR KRR o XX R IICRIICHKIKRX
OO YOO OO e AT TOTO Lo TALALTOTOTo Lo Lo TN

5 XRXRRRRKRORX KKK A KKK IRHKXKKIHRK o

100

80
70
60

50
40

30

20

IDD1 — SUPPLY CURRENT — mA

10
100

IDD1 VS CYCLE TIME

ACCESS TIME DERATING CURVE

90 ns v
80 ns ,ﬂ
70ns /
<
- T 60ns “o?%/ P
CJ
o, ) 3 SA
P 2] S 50ns & \GP‘
N0, INY e ] <&
~7 7, 5 40ns
NS < /
~ ' NG 30ns ,/
~ \r\ 4 /
= NN 20 ns /
\h
™ 10 ns
Ons
100 pF 600 pF 1100 pF
200 300 400 600 800 1000 CLOAD

teird) — CYCLE TIME — ns

TXAS*?

E
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

4-115



Dynamic RAMs

4-116



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

NOVEMBER 1983 —REVISED NOVEMBER 1985

65,536 X 4 Organization
Single 5-V Supply (10% Tolerance)
JEDEC Standardized Pinout

Pinout Identical to TMS4416 (16K X 4'
Dynamic RAM)

Performance Ranges:

ACCESS ACCESS READ READ-
TIME TIME OR MODIFY-
ROW  COLUMN WRITE WRITE
ADDRESS ADDRESS CYCLE CYCLE
(MAX) (MAX) (MIN)  (MIN)
TMS4464-12 120 ns 60ns 230ns 310ns
TMS4464-15 150 ns 75ns 260 ns 345ns
TMS4464-20 ' 200 ns 100 ns 330 ns 435ns

® 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

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 . . . 275 mW (Typ)
— Standby ... 12.5 mW (Typ)

RAS-Only Refresh Mode
® CAS-Before-RAS Refresh Mode

description

N PACKAGE
(TOP VIEW)

G
pQ1[]
pa2(]

w(
RAS[]
AGE
A5

aa]]

von([

2 17[] a4
16[] CAs
15[] pa3
14[] A0

131 ] A1
121} A2
111 A3

10] | A7

1 kﬁegvss

0 WowNOO S W

FM PACKAGE
{TOP VIEW)

PIN NOMENCLATURE

AQ-A7
CAS

DQ1-DQ4

G
NC
RAS
VbD
Vss
W

Address Inputs
Column-Address Strobe
Data In/Data Out
Output Enable

No Connection
Row-Address Strcbe
5-V Supply

Ground

Write Enable

Dynamic RAMs H

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 wivth low cost and improved reliability.

This device features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation

is as low as 275 mW operating and 12.5 mW standb

Y.

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.

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

E
tandard warranty. Production processing does not
;a:::s:'arir; incﬂl ] t;sting of apll paramegtars. lNST RUME

TXAS{I}

NTS
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The TMS4464 is offered in 18-pin plastic dual-in-line-and 22-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

SINVY diweulg !

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 AQ 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 puII -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 1/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 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. 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 /O 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 |nput This is accomplished by
bringing G high prior to applying data, thus satlsfylng 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.

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.

4-118
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CAS-before-RAS refresh

N

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

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 setup 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.

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.

logic symbolt

RAM 64K X 4
a0 141 0ps/2100
A 13
Az 120
a3z 11 o
a8 | A&5.535
a5 2
A6 18 ‘
a7 19 laop1si2107
C20[ROW]
: b-0] G23/(REFRESH ROW]
P iid 24[PWR DWN]
c21[coL]
(16) 24
cas & boaac2
w M—’—i‘za,zm 24,25EN
G _ul,_bh?zs
pa1 2 A.22D 0
! 9 26 A.226 1

(3}

003 (15)

(17!

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

Dynamic RAMs
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functional block diagram

RAS  Cas S

S A A

! | ING AND CONTROL

ROW
32K ARRAY
s amRay | Cot
ROW
ADDRESS 256 SENSE AMPS 256 SENSE AMPS
BUFFERS L
18) 32K ARRAY ROwW 32K ARRAY DATA
——] DECODE
our
o REG
l COLUMN DECODE BUFFERS
Ao
@ DATA
M 32K ARRAY Row 32K ARRAY IN 001004
A2 COLUMN DECODE REG
A3 ADDRESS
- BUFFERS 256 SENSE AMPS 256 SENSE AMPS
@
AS ROW
32K ARRAY
I, azc armay | SO
a7

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

Voltage on any pin including Vpp supply {see Note 1)

Short Circuit OUTPUL CUITENTt . . .o ..t ettt et et ettt e e et i st iae e iiaeeen
Power dissipation. . ............ e e et e e e

Operating free-air temperature range . . . . . ... ...ttt ireennneeeenannan
Storage temperature raNGE . . . v v vvi ittt i et ettt e e,

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

NOTE 1:

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

recommended operating conditions

MIN NOM MAX | UNIT
Vbp Supply voltage 4.5 5 -6.5 \
Vss Supply voltage X - . [ . \
ViH High-level input voltage 2.4 Vpp+1 \4
Vi 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 maximum, is used in this data sheet
for logic voltage levels only.
i
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS TMS2464-12 UNIT
MIN TYPT MAX
VOH High-level output voltage IoH = —5 mA 2.4 \"
VoL Low-level output voltage loL = 4.2mA 0.4 \
Vi=0Vto65V,Vpp =5V,
Iy Input current (leakage) Al other pins = 0 V 0 6.5 V +10 pA
Vo =0Vto55V,
o Output current (leakage) Vpp = 5V, CAS high, +10 pA
All outputs open
I6D1 Avt?rage operatin9 current tc = minimum cycle, 65 20 mA
during read or write cycle All outputs open .
After 1 memory cycle, n
DQ1-DQ4 held at > 0O V,”
! Standb t 2.5 5 mA
DD2 andby curren FAS and CAS high, ‘
All outputs open )
te = minimum cycle, E
IpD3 Average refresh current RAS low, CAS high, 50 60 mA o
All outputs open o
te(P) = minimum cycle, 'é
'DD4 Average page-mode current RAS low, CAS cycling, 45 55| mA ©
All outputs open o
- >
o
TMS4464-15 TMS4464-20
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYPT MAX
VOH High-level output voltage IoH = -5 mA 2.4 2.4 Vv
VoL Low-level output voltage loL = 4.2mA 0.4 0.4 \4
N Vi=0Vt65V,Vpp =5V,
Input c! leakage +10 +10 A
I put current ({lsakage] Al other pins = 0V 10 6.5 V ¢
X Vo =0Vto55V,
o Qutput current (leakage) Vpp =5V, CAS high +10 +10 nA
Al outputs open
Average ting current te = minim 1
D1 v'r ge opera |n? urr c inimum cycle 55 70 50 60 mA
during read or write cycle All outputs open
After 1 memory cycle,
DQ1-DQ4 held at > O V.-
! Standb t 2.5 5 2.5 5 mA
DD2 ancby curren AAS and TAS high,
All outputs open
tc = minimum cycle,
IpD3 Average refresh current RAS low, CAS high, 45 55 40 50 mA
All outputs open
te(p) = minimum cycle,
Ipp4 Average page-mode current | RAS low, CAS cycling, 40 50 30 40 mA
All outputs open
] typical values are at TpA = 25°C and nominal supply voltages.
i
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capacitance over recommended supply voltage range and operating free-air temperature range,

f=1MHz
TMS4464
PARAMETER UNIT
. TYPT MAX
Cita) Input capacitance, address inputs 4 7 pF
Ci(RC) Input capacitance strobe inputs 8 10 pF
Cijw) Input capacitance, write enable input 8 10 pF
Cilo Output capacitance 8 10 pF
t Al typical values are at TA = 25 °C and nominal supply voltages.
switching characteristics over recommended supply voltage range and operating free-air
temperature range
ALT. TMS4464-12
RAMETE! TEST CONDITIONS UNT
n PA R co SYMBOL MIN MAX T
lw) — tRLCL = MAX, Cp = 100 pF,
t, ime f CAS 60
; a(C) Access time from Load = 2 Series 74 TTL gates tcAC ns
[ . tRLCL = MAX, CL = 100 pF,
§, ta(R) Access time from RAS Load — 2 Series 74 TTL gates tRAC 120 ns
(4} Access time after CL = 100 pF,
ta(g)¥ - t 35
o alG) G low Load = 2 Series 74 TTL gates GAC ne
> - Output disable time CL = 100 pF, ¢ o 30
g dis(CH) after CAS high Load = 2 Series 74 TTL gates OFF ns
@ . Output disable time Cp = 100 pF, N 0 30 ns
dis(G) after G high Load = 2 Series 74 TTL gates GOFF
switching characteristics over recommended supply voltage range and operating free-air
temperature range
ALT. TMS4464-15 | TMS4464-20
METE EST CONDITIONS UNIT
PARAMETER T co 0 SYMBOL MIN MAX | MIN MAX
. === tRLCL > MAX, C| = 100 pF,
ta(C) Access time from CAS Load = 2 Series 74 TTL gates tcAC 75 100 ns
. — trLCcL = MAX, CL = 100 pF,
ta(R) Access time from RAS Load = 2 Series 74 TTL gates tRAC 150 200 ns
Access time after CL = 100 pF,
¥ p- 45 55
ta(C) G low Load = 2 Series 74 TTL gates GAC ns
Output disable time CL = 100 pF,
i —_— 0 30 o] 35
1dis(CH) after CAS high Load = 2 Series 74 TTL gates 'OFF - ns
Output disable time CL = 100 pF,
tdi — o - 30 [] 35 ns
dislG)  after B high Load = 2 Series 74 TTL gates | 'GOFF
t'a(C) and ta(R) must be satisfied to guarantee t5(G)-
.
Texas W
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timing requirements over recommended supply voltage range and operating free-air temperature range

Dynamic RAMs H

ALT. TMS4464-12
uNIT
SYMBOL MIN MAX
tc(P) Page-mode cycle time tpC 120 ns
te(PM) Page-mode cycle time (read-modify-write cycle) tPCM 200 ns
te(rd) Read cycle timeT : tRC 230 ns
te(wW) Write cycle time twe 230 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 310 ns
tw(CH)P Pulse duration, CAS high (page mode) tcp 50 ns
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 50 ns
tw(CL) Pulse duration, CAS low?# tCAS 60 10,000 | ns
tw(RH) Pulse duration, RAS high tRP 100 ns
tw(RL) Pulse duration, RAS low 3 tRAS 120 10,000 ns
tw(W) Write pulse duration twp 40 ns
tt Transition times (rise and fali) for RAS and CAS tT 3 50 ns
tsu(CA) Column-address setup time tASC 0 ns
tsu(RA) Row-address setup time tASR 0 ns
tsu(D) Data setup time tps 0 ns
tsu(rd) Read-command setup time trRCS 0 ns
Early-write cim_mand setup d
fsulWel) time before CAS low twes ns
tsu(WCH) Write-command setup time before CAS high tcwL 40 ns
tsu(WRH) Write-command setup time before RAS high tRWL 40 ns
th{CLCA) Column-address hold time after CAS low. tcAH 20 ns
th(RA) Row-address hold time tRAH 15 ns
th(RLCA) Column-address hold time after RAS low tAR 80 ns
th{CLD) Data hold time after CAS low 1DH 35 ns
th(RLD) Data hold time after RAS low tDHR 95 ns
th(WLD) Data hold time after W low tpDH 35 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 35 ns
th(RLW) Write-command hold time after RAS low tWCR 95 ns

Continued next page. .
TAll cycle times assume t; = 5 ns.

*1n a read-modify-write cycle, tcpwpand tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time (tw(cL)):
m read-modify-write cycle, tri wi_ and tgy(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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}iming reqctlx,irements over recommended supply voltage range and operating free-air temperature range
continue: ‘

ALT. TMS4464-12

: SYMBOL TMIN__ MAX ] YNIT
tRLCHR Delay time, RAS low to CAS highl tCHR 25 ns
tRLCH Delay time, RAS low to CAS high tCSH 120 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ns
tRHCL Delay time, RAS high to CAS low tRCP 0 ns
tCLRH Delay time, CAS low to _F_!_AS high tRSH 60 ns
¢ Delay time, CAS low to W low ' 95 ns
CLWL (read-modify-write cycle only)¥ cwo
tCLRL Delay time, CAS low to RAS low1 tCSR 25 ns

Delay time, RAS low to CAS low
1RLCL {maximum value specified only tRCD 25 60 ns

to guarantee access time)

Delay time, RAS low to W low :

t 155 ns

fRLWL {read-modify-write cycle only)¥ AWD

Delay time, G high before
t 1 30 ns
GHD data applied at DQ GoD
trf Refresh time interval tREF 4 ms

1 TAS-before-RAS refresh option only.
#G must disable the output buffers prior to applying data to the device.

SINVY 2lweuiq !
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timing requirements over recommended supply voltage range and operating free-air temperature range

Dynamic RAMs H

(continued)
ALT. TMS4464-15 TMS4464-20 UNIT
SYMBOL MIN MAX MIN MAX

te(P) Page-mode cycle time tpc 145 190 ns
tc(PM) Page-mode cycle time {read-modify-write cycle) tPCM 230 295 ns
te(rd) Read cycle time® tRC 260 330 ns
tc(W) Write cycle time tWC 260 330 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 345 435 ns
tw(CH)P Pulse duration, CAS high (page mode) tcp 60 80 ns
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 60 80 ns
tw(CL) Pulse duration, CAS low? tCAS 75 10,000 100 10,000 ns
tw(RH) Pulse duration, RAS high tRp 100 120 ns
tw(RL) Pulse duration, RAS low3 tRAS 150 10,000 200 10,000 ns
tw(w) Write pulse duration twp 45 55 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 [*] ns
tsu(RA) Row-address setup time tASR 0 0 ns
tsu(D) Data setup time tiDs 0 0 ns
tsu(rd) Read-command setup time tRCS 0 0 ns
¢ Early-write command setup ¢ o o

su(WeL) time before CAS low WS ns
tsu(WCH) Write-command setup time before CAS high tCWL 45 60 ns
tsu(WRH) Write-command setup time before RAS high tRWL 45 60 ns
th(CLCA) Column-address hold time after CAS low tCAH 25 45 ns
th{RA) Row-address hold time tRAH. 15 20 ns
th(RLCA) Column-address hold time after RAS low tAR 100 145 ns
th(CLD) Data hold.time after CAS low tDH 45 55 ns
th(RLD) Data hold time after RAS low tDHR 120 155 ns
th{WLD) Data hold time after W low tpH 45 55 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 15 ns
th{CLW) Write-command hold time after CAS low tWCH 45 55 ns
th{RLW) Write-command hold time after RAS low tWCR 120 155 ns

Continued next page.

TAll cycle times assume t; = 5 ns.
*1n a read-modify-write cycle, tcLwiand tgy(weH) must be observed. Depending on the user’s transition times, this may require additional
CAS low time (tw(cL))-
51n a read-modify-write cycle, tg_w and ‘su(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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timing requirements over recommended supply voltage range and operating free-air temperature range

(concluded)
A\.Tr TMS4464-15 TMS4464-20
p UNIT
SymaoL MIN  MAX | MIN  MAX
tRLCHR Delay time, RAS low to CAS high{ tCHR 30 35 ns
tRLCH Delay time, RAS low to CAS high tCSH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns
tRHCL Delay time, RAS high to CAS low T tRCP 0 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 75 100 ns
Delay time, CAS low to W low
t : 1 110 140 ns
CLwL (read-modify-write cycle only)# cwp
tCLAL Delay time, CAS low to RAS low1 tCSR 30 35 ns
Delay time, RAS low to CAS low
tRLCL {maximum value specified only tRCD 25 75 30 100 ns
to_guarantee access time)
Delay time, RAS low to W low
t t 185 240 ns
RLWL {read-modify-write cycle only)# AWD
Delay time, G high before
t, t, 30 35
GHD data applied at DQ Gbo e
tef Refresh time interval tREF 4 4 ms

1_CA§-before-RA§ refresh option only.
#G must disable the output buffers prior to applying data to the device.

SINVH JlweuAq !
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read cycle timing
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early write cycle timing
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write cycle timing
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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

3 tafrd) ol
. eirdy H

|
| tw(RL) lo—twmm—tl
-

l"'lf't'CLRH

999909V IVIIVYY

DOOOO - X)
S DON’T CAREXXX)

OOCANNNNNNANN

SINVY olweuiq !
H

CAS-before-RAS refresh cycle timing

'l: teird) —*
}-——twmm——l i: twiRL) | I

|
| ‘CLﬁL-I'—‘I ! viL

tHcLje—b | fe—scun

_ﬂr ——ﬂy——l——— ViH

ViH -

ViH

ViL

VIH

viL

VOH -
DQ - HI-Z
VoL
i
4-134 Texas b
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001



PRODUCT
PREVIEW

TMX4461
262,144-BIT MULTIPORT VIDEO RAM

NOVEMBER 1985

® 65,536 X 4 Organization

® Dual-Port Accessibility — Four 1/0’s for
Sequential Access, Four I/0’s for Random
Access

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

® Fast Serial Ports . . . 30-MHz Shift Rate

® 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

® Random-Access Port Is Compatible with the
TMS4464, 64K X 4 DRAM-

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

® Maximum Access Time from RAS
...120 ns

@ Minimum Cycle Time (Read or
Write) . . . 200 ns

® Long Refresh Period .. . 4 ms

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

® All Inputs, Outputs, Clocks Fully TTL
Compatible

@ Three-State Unlatched Random-Access
Outputs

® Common Random-Access |/O Capability
with ““Early Write’’ Feature

® High-Speed Page-Mode Operation for Faster
Access

® CAS-Before-RAS Refresh and Hidden
Refresh Modes

description

N PACKAGE

(TOP VIEW)

1 U24[] Vss
SDQi1[]2 23[]Sba4
SDQ2[]s 22[]sSba3
TRG[]4 - 21[]SG
pDai1f]s 20[]DQ4
paz2[]s 19[]DQ3

WE[]7 18[]TAS
RAS{]s 17[JA0
As[ls 16[dA1
As[]1o0 15[]A2
A4[l11 1a[JA3

12 13] |A7

PIN NOMENCLATURE

AOQ-A7
CAS
DaQ1-DQO4

RAS

sC
sDQ1-sbQ4
5G

TR

Vbp
Vss
WE

Address Inputs
Column-Address Strobe
Random-Access Data In/
Data Out/Write-Mask Bit
Row-Address Strobe
Serial Data Clock

Serial Data In/Data Out
Serial Output Enable
Transfer Register/

Q Output Enable

5-V Supply

Ground

Write-Mask Select/
Write Enable

Low Power Dissipation

—Operating . . . 260 mW (Typical, DRAM

Port)

24-Pin, 400-Mil Dual-in-Line Package

Dynamic RAMs H

The 256K Multiport Video RAM 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 like 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 like it is organized as 256 four-bit words of up to

256 bits each which are accessed serially.

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

PRODUCT PREVIEW documents contain information . . Copyright © 1985, Texas Instruments Incorporated

on products in the formative or design phase of v/

devg[liqp::gnt. l:h;ug:terini[n It_lltn I“:ru ntI:‘g TEXAS 4-135
specifications are design goals. Texas Instrume

Feserves the right to ¢ lguc or discontinue thess lNSTRUMENTS

products without notice.
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| PRODUCT TMX44C256, TMX44C257, TMX44C259

PREVIEW 262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES
NOVEMBER 1985
® 262,144 X 4 Organization N PACKAGE
(TOP VIEW)
® Single 5-V Supply {10% Tolerance) O
pa1 [J1 Uzo[] Vv
® Pinout to Proposed JEDEC Standard pazz2 190 D(s)i
® Performance Ranges: w3 1s0pa3
RAS [J4 17]JCAS
Agcsss ACCESS READ Tels . 160G
IME TIME OR
ROW  COLUMN  WRIFE Aof]e 1s[]As
ADDRESS ADDRESS  CYCLE a7 1Az
(MAX)  (MAX) (MIN) A2(0s 130aAs
TMX44C25_-10 100 ns 50 ns 200 ns a3l]e 12[0As
TMX44C25_-12 120 ns 60 ns 230 ns 10
TMX44C25_-15 150 ns 75ns 260 ns veel 11 A4 ,
® Multiple Operations Options: DJ PACKAGET “
TMX44C256 — Page Mode/Enhanced (TOP VIEW)
Page Mode (]
TMX44C257 — Static Column Mode gg; > ‘égﬁ =
TMX44C259 — 256 X 4 Bit Nibble Mode WE 3 24 %Doa é
Serial Mode — _—
: { ) RAS[]4 23[]CAS K
® Long Refresh Period TFs 220G £
512-Cycle Refresh in 8 ms (Max) g
® Three-State Unlatched Output 5
® Lower Power Dissipation . A0[Jo 18[]As
A1([ho 17[JA7
[ ] -
New Scaled-CMOS Technology a2t 16f1 a6
® Low Standby Power with CMOS-Level A3[12 1s[JA5
Inputs veeha 14[]as
i High-RfalialziIity Plastic 20-Pin tThe packages shown here are for pinout reference
300-Mil-Wide DIP or Surface-Mount only. The DJ package is actually 75% of the length
Packages ] of the N package.
description
PIN NOMENCLATURE
The Megabit DRAM devices are high-speed, AOAB Address Inputs
1,048,576-bit dynamic random-access — put
- - CAS Column-Address Strobe
memories organized as 262,144 words of four DQ1-DQ4 Data In/Data Out
bits each. They employ state-of-the-art TIC-MOS 5 ) Data Output Enable
(Scaled CMOS) technology for “high el ) P
e RAS + Row-Address Strobe
performance, reliability and lower power at a low T Test Function
cost. W Write Enable
Vee 5-V Supply
Vgs Ground
PRODUCT PREVIEW documsnts contain information . Copyright © 1985, Texas Instruments Incorporated
on products in the formative or design phase of 4, .
development. Characteristic data and other {’ 4-137
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PRODUCT TMX4C1024, TMX4C1025, TMX4C1026, TMX4C1027, TMX4C1029
PREVIEW - 1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

NOVEMBER 1985

® 1,048,576 X 1 Organization
® Single 5-V Supply (10% Tolerance)
® Pinout to Proposed JEDEC Standard
® Performance Ranges:
ACCESS  ACCESS READ
TIME TIME OR
ROW COLUMN  WRITE
ADDRESS ADDRESS  CYCLE
(MAX) (MAX} (MIN}
TMX4C102_-10 100 ns 50 ns 200 ns
TMX4C102_-12 120 ns 60 ns 230 ns
TMX4C102_-15 150 ns 75 ns 260 ns

® Multiple Operations Options:

TMX4C1024 — Page Mode/Enhanced Page
Mode

TMX4C1025 — 4-Bit Nibble Mode

TMX4C1026 — 8-Bit Nibble (Byte)

TMX4C1027 — Static Column Mode

TMX4C1029 — 1024-Bit Nibble Mode
(Serial Mode)

® Long Refresh Period
512-Cycle Refresh in 8 ms (Max)

N PACKAGE
(TOP VIEW)
o1 Utsvss
W2 170a
RAS[]3 16[1CAS
TF[4 15JA9
AO[]s 14[]As
A1[]s 13JA7
A2[Q7 120 a6
A3[]s 11[JAs5
VeclQ8___10[]A4
DJ PACKAGE '
(TOP VIEW)
D[ 26[]vss
- W2 250
RAS[Js 2a[QTAs
Nc[s 23[INC
TF[s 22[JA9

A0([]e 18[0A8
A1Q10 17QA7

Dynamic RAMs H

® Three-State Unlatched Output a2l 18f1A6
® Lower Power Dissipation A3(J12 15[]A5
® New Scaled-CMOS Technology Veclrs 1s[]A4
® All Inputs and Clocks Are TTL Compatible TThe packages shown here are for pinout reference
. only. The DJ package is actually 75% of the length
® Low Standby Power with CMOS-Level of the N package.
Inputs
® High-Reliability Plastic 18-Pin PIN NOMENCLATURE
300-Mil-Wide DIP or Surface-Mount AO-A9 Address Inputs
Packages : CAS Column-Address Strobe
D Data In
. er NC No Connection
description a Data Out
The Megabit DRAM devices are high-speed, RAS. Row-Address Strobe
1,048,576-bit dynamic random-access TF Test Function
memories organized as 1,048,576 words of one w Write Enable
bit each. They employ state-of-the-art TIC-MOS vee 5-V Supply
(Scaled CMOS) technology for high Vss Ground
performance, reliability-and lower power at a low
cost.
PRODUCT PREVIEW documents contain information " Copyright © 1985, Texas Instruments Incorporated
on products in the formative or design phase of 1/
development. Characteristic data and other T b

spacifications are design goals. Texas Instruments

reserves the right to change or discontinue thess ‘ lNS’TRUMENTS

products without notica.
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ATTENTION

. These devices contain circuits to protect the inputs and outputs against damage

due to high static voltages or electrostatic fields; however, it is advised that
precautions be taken to avoid application of any voltage higher than maximum-
rated voltages to these high-impedance circuits.

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground.

Additional information concerning the handling of ESD sensitive devices is
provided in Section 12 in a document entitled ‘’Guidelines for Handling
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.’’



TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

JULY 1984 — REVISED NOVEMBER 1985

o0 65,536 X 5 Organization P SINGLE-IN-LINE PACKAGE
TOP VIEW|
O Single 5-V Supply (10% Tolerance) { :
0 35-Pin Single-in-Line Package (SIP) ‘% 1
SOE (2)
0 Utilizes Five Multiport Video RAMs in Plastic SINT  (3)
Chip Carriers SOUT1  (4)
o Serial In/Serial Out Capability _bat (5
CAS1 (6)
© Dual Accessibility — One Port Sequential A0 (7)
Access, One Port Random Access A1 (8) D
o Five Serial Shift Registers for Sequential — A2 (9)
Access Applications, Each Comprised of TR/QE (10
Four Cascaded 64-Bit Segments SIN2 - (11)
. ] . SOuUT2 (12)
o Desu_)net_i for both Video and Non-Video LQZ (13) y
Applications : CAS2 (14)
A3 (15) D

0 Fast Serial Port . . . Can Be Configured for

Video Data Rates in Excess of 150 MHz A4 {16)
o . SIN3 (17)
© TR/QE as Output Enable Allows Direct SOUT3 (18)
Connection of DQ and Address Lines to pQ3 (19) ")
Simplify System Design CAS3 (20) ] .2.=’
O Separate Serial In and Serial Out to Allow A5 (21) D '8
Simultaneous Shift In and Out A6 (22) SR s
A7 (23) .
0 Supported by Tl's TMS34061 Video System RAS (24) s
Controller (VSC) W (25) <
o SOE Simplifies Multiplexing of Serial Data  ° SING (26) _ o«
Streams SouT4 (27) O L2
DQ4 (28) E
0 Long Refresh Period . . . 4 ms (256 Cycles) CAS4 (29) ®©
SINS  (30) £
All Inputs, Outputs, Clocks Fully TTL 31 >
Compatible SOUTS (31) (a]
DQA5 (32)
0 3-State Outputs \ CAS5 (33) —
Performance Ranges: ' SCLK  {34) D
Vpp (35)
ACCESS ACCESS READ
TIME TIME OR
ROW COLUMN WRITE
ADDRESS ADDRESS  CYCLE PIN NOMENCLATURE
(MAX) (MAX) (MIN) AO0-A7 Address Inputs
TM4161EP5-15 150 ns 100 ns 240 ns CAS1-CASS Column-Address Strobes
TM4161EP5-20 200 ns 135 ns 315 ns DQ1-DA5 Random-Access Data In/Data Out
O Separate CAS Control with Common Data- RAS Row-Address Strobe
In and Data-Out Lines SCLK Serial Data Clock
O Low Power Dissipation: g_lo"‘_; -SINS :e'ia: gata II:E b
~Operating ..., 1250 mW (Typ) SOUT1-S0UT5 ser!al Duwuo tna ’
—Standby . . . 400 mW (Typ) gl erial Data Ou
i TR/QE Register Transfer/Q Output Enable
O Operating Free-Air Temperature . . . 0°C to Vpp 5-V Supply
70°C - Vss Ground
: W Write Enable
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications pe‘r the terms of Texas _Instdmrr;an;: TE b 5-3
warranty. F joes n =
necessarily include testing of all parameters. lNSTRUMEN’rS
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

description

The TM4161EP5 is a 320K dual-access dynamic random-access memory module organized as 65,536
x 5-bits in a 35-pin single-in-line package comprising five TMS4161FML, 65,536 x 1-bit Muiltiport Video
RAMs in 22-lead plastic chip carriers mounted on top of a substrate together with five decoupling capacitors.
The random-access port makes the module look like it is organized as 65,5636 words of five bits each.
The sequential-access port is interfaced to five internal 256-bit dynamic shift registers each organized as
four cascaded 64-bit shift register segments which are accessed serially. One, two, three, or four 64-bit
shift register segments can be sequentially read out after a transfer cycle depending on a two-bit code
applied to the two most significant column address inputs.

The TM4161EP5 features full asynchronous dual access capability except when transferring data between
the shift registers and the memory array.

Refresh period is extended to 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 shift registers also refreshes that row.

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. Data out is unlatched to allow greater system flexibility.

The TM4161EPS5 is guaranteed for operation from 0°C to 70°C.

Texas *9
INSTRUMENTS
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TM4161EP5

65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

functional block diagram

A0 ——
A1 &
A2 191 \
——as N
A3
PPN X
a5 —211 X
(22) \
A8
PO N
124) N
1251
sc __'13"% e
e — 1o #{A0AT
soe—2 RAS
1 Cas
w
SCLK
TR/QE
308
SIN1 :i') sw  sour—2 sourt
pa1 [ Q
VoD Vss
8
b A0-A7
RAS
AL prd
W
LX
TR/GE
an SoE 12
N2 —— o SIN  sout soutz
oaz D a
I VoD Vss |
8 [RoAT
RAS
—_— 20)
Ass —22 TAS
w
SCLK
TRGE
50¢
17) 1
w3 — s sout "2 sours
pa3 [ a
Vop__ Vss
8
] AO-A7
RAS
— 29
tass 22 o
X
TRIGE
SOE
(28) {27)
SiNg SN sour souTs
pas 281 o a
| Vop __Vss I
8
AO-A7
FAS
— 33)
CAS5 23 CAs
\vd
scLK
TR/GE
SOF
30 .
SINS (m); sn  sour 21 souts
pas D a
Vop  Vss |
vog 22!
D
'LC| oo.’Lcs
o T T
Vss
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

TMS4161 functional block diagram

RAS
TAS TIMING AND CONTROL
w
o
a0 RAO DUMMY CELLS
A1 . N L)
A2 . . 1 OF 256 DATA
A3 row |. .| pow (1/2) MEMORY ARRAY IN
™ ADDRESS] RA7 DECODE REG
BUFFERS
AS
A6 - (1/2) 4 OF 256 COLUMN DECODE J
A7 .
i vl 256 SENSE - REFRESH 10ra | Q
CAO » |conTrol AMPLIFIERS SELECTOR
CA1
(caz] F (1/2) 4 OF 256 COLUMN DECODE
cotumn|«
ADDRESS] * Lo 2)
BUFFERS |+ 11 oF 256 (1/2) MEMORY ARRAY
CA6 M ROW
CA7 * { becooe
o DUMMY CELLS
< S CA0
5 ca1
 mwmaE
3 L, >
5' TRANSFER CONTROL I
; SIN <
2 SCLK REGISTER | REGISTER | REGISTER | REGISTER _J
00 01 10 1
2 Lcotumn 192
%) OLUMN 128 1oFa
o COLUMN 64 SELECTOR sout
OLUMN 0
£ [
®
n 4
CA7
CA6
SOE

random-access address space to sequential address space mapping

The TM4161EP5 is\designed with each row divided into four, 64-column sections which map directly onto
the four segments of each shift register (see TMS4161 functional block diagram). The first column section
to be shifted out is selected by the two most-significant column-address bits. If the two bits represent
binary 00, then one to four register segments can be shifted out in order. If the two bits represent binary
01, then only 1 to 3 (the most significant) register segments can be shifted out in order. If the two bits
represent 10, then one to two of the most-significant register segments can be shifted out in order. Finally,
if the two bits represent 11 only the most-significant register segment can be shifted out. All register
segments are shifted out with the least-significant bit (bit O) first and the most-significant bit (bit 63) last.
Note that if the two column-address bits equal 00 during the last register transfer cycle (TR/QE at logic
level 0" as RAS falls) a total of 256 bits can be sequentially read out of each serial output pin.

{i’
Texas
INSTRUMENTS
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

random-access operation

TR/QE
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as
RAS falls, and second, during a random-access operation, it functions as an output enable after CAS falls.

To use the TM4161EP5 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows.

During random-access operation, once CAS has been 1 pulled low, TR/QE controls when the data will appear
at the Q output (if this is a read cycle). Whenever TR/QE is held high during random-access operation,
the Q output 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 output making it possible to connect the address
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.).

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell 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 outputs 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 inputs are disabled when the read mode is selected. The
common /O feature of the TM4161EP5 dictates the use of early write cycles to prevent contention on
'DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire
cycle permitting common |/O operation.

data in (DQ1-DQ5)

Data is written during a write or read-modify-write cycle. 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 CAS with setup and
hold times referenced to this signal.

data out (DQ1-DQ5)

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 as long as CAS or TR/QE is held high. Data will not appear on the output until after both
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access
time is valid only if tCQE is greater than tcQE MAX, and tRLCL is greater than tRLcL MAX. Likewise,
ta(C) MAX is valid only if tRLCL is greater than tgL cL MAX. Once the output is valid, it will remain valid
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance
state. In an early write cycle, the output is always in a high-impedance state. In a register transfer cycle,
the output will always be in a high-impedance state.
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65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power.

page mode

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the module. Thus, the time required to setup and strobe sequential
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M5,

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module.
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 before proper device operation is achieved.

sequential-access operation
TR/GE
Memory transfer operations involving parallel use of the shift registers are first indicated by bringing TR/QE
low before RAS falls low. This enables the switches connecting the 256 elements of the shift registers

to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from
or to the shift registers.

write enable (W)

In the sequential-access mode, W determines whether a transfer will occur from the shift registers to the
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers,
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The
write setup and hold times are referenced to the falling edge of RAS for this mode of operation.

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 shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS.

register column address (A7, A6)

To select one of the four shift register segments within each shift register (transfer from memory to register
only), the appropriate 2-bit column address (A7, A6} must be valid when CAS falls. However, the CAS
and segment address signals need not be supplied every transfer cycle, only when it is desired to change
or select a new segment.

SCLK

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view each shift register
as though it were made of 256 rising edge D flip-flops connected D to Q. The TM4161EP5 is designed
to work with a wide range duty cycle clock to simplify system design. Note that data will appear at the
SOUT pins not only on.the rising edge of SCLK but also after an access time of ta(RsQ) from RAS high during
a parallel load of the shift registers.

SIN and SOUT

Data is shifted in through the SIN pins and is shifted out through the SOUT pins. The TM4161EP5 is designed
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least

{i,
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TMA161EPS
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

8 ns after SCLK rises. When loading data into the shift registers from the serial inputs in preparation for
a shift register to memory transfer operation, the serial clock must be clocked an even number of times.
To guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial
data stream is applied at SIN.

SOE

The serial output enable pin controls the impedance of the serial outputs, allowing multiplexing of more
than one bank of TM4161EP5 memories into the same external video circuitry. When SOE is ata logic low
level, the SOUTs will be enabled and the proper data read out. When SOE is at a logic high level, the SOUTs
will be disabled and be in the high-impedance state.

refresh

The shift registers are also dynamic storage elements. The data held in the registers will be lost unless
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded
from the memory array. See specifications for maximum register data retention times. Important: If the
shift registers have remained idle for a time period which exceeds the maximum SCLK high or SCLK low
time, the dynamic clock circuits will lose charge. Under these conditions, the shift register clocks must
be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift registers.

single-in-line package and components

PC substrate: 0,79 mm (0.031 inch) minimum thickness
Bypass capacitors: Multilayer ceramic
Leads: Tin/lead solder coated over phosphor-bronze

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

Voltage range on any pin except Vpp and data out (see Note 1)............... -1.5Vto 10V
Voltage range on Vpp supply and data out with respecttoVgsg. ................. -1Vtob6V
Short CirCuUit OULPUE CUITENT. « . . . ot it ettt et ettt ettt i e et e i a e eane s 50 mA
Power dissipation. . . ... ... .t e e e e e 5W
Operating free-air temperature range . . . . . oot ie vt e it ie et e et 0°C to 70°C
Storage temperature range . . . . . .o v oo vt ittt ittt et e .. —65°C to 150°C

Dynamic RAM Modules H

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.

recommended operating conditions

MIN NOM MAX | UNIT
VpD Supply voltage 4.5 5 5.5 A"
Vgs Supply voltage 0 v
ViIH High-level input voltage 2.4 VbD+0.3 \
ViL Low-level input voltage (see Notes 2 and 3} -0.6 0.8 \
TA Operating free-air temperature [o] 70 °C

NOTES: 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.
3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V; test conditions must comprehend this
occurrence. . .
4. See application report entitled “TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.

TXAS{i’ . 5-9
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TM4161EPS
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS TM4161EPS 15 TM4161EPS-20 UNIT
MIN TYPT MAX | MIN TYPT mMAX
High-fevel output voltage
VOH  pa1.pas, souT1-souts) | 'OH = ~3 ™A 24 24 v
Low-level output voltage
VoL pas.pas, souti-souts) | 'Ot = 42 MA 0.4 04t Vv
V=0Vt 58V,
Iy Input current (leakage) Vpp =6V, +10 +10 uA
) All other pins = 0V
Output current (leakage) Vo =04Vtab5V,
'o {DQ1-DQ5, SOUT1-SOUTS) | Vpp = 5V £10 £10) M
) te(rd) = Minimum cycle time,
Average operating current TRITE low after RAS fais, *
IpD1 during read or write cycle SCLK and SIN low, SOE high, 250 350 250 350 mA
No load on DQ1-DQ5
and SOUT1-SOUT5
After 1 RAS cycle,
n ) RAS and CAS high, S
'DDZ§ Standby current SCLK and SIN low, SOE high, 80 100 80 100 mA
(w] No load on DQ1-DQS
S and SOUT1-SOUTS
[ te(rd) = minimum cycle time,
3. CAS high, RAS cycling,
; Ibp3 Average refresh current ;%Khiagn: :l;éogv:igh, 210 275 185 250 mA
- P . No load on DQ1-DQ5
= and SOUT1-SOUTS
g te(p) = minimum cycle time,
o RAS low, CAS cycling,
g IpD4 Average page-mode current ;2{?(2':: Sz:fl\:i;\f{v/,-\;;l?":‘igh, 225 275 200 250 mA
n No load on DQ1-DQS
and SOUT1-SOUTS
RAS and CAS high,
Average shift register te(SC = te(SCLK) min,
Iops current (includes Ipp2} t\fo(slo::)on 00(1 %Q; 150 200 150 200 mA
and SOUT1-SOUT5
te(rd) = minimum cycle time,
Worst case average tc(SCLK) = minimum cycle time,
Ippg  DRAM and shift TR/QE low after RAS falls, 425 475 400 450 | mA
register current No load on DQ1-DAS
and SOUT1-SOUTS

tAll typical values are at Ta = 25°C and nominal supply voltages.
¥See appropriate timing diagram.
Svii > -06V :

5-10
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65,536 BY 5-BIT MULTIPORT VIDEG RAM MODULE

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

PARAMETER MAX | UNIT

Ci(A) Input capacitance, address inputs 35

CiipQ) Input capacitance, data inputs 25

CiiRc) Input capacitance, strobe inputs 50

Ciiw) Input capacitance, write enable input 50 £
Ciick) Input capacitance, serial clock 50 P
Ci(sly Input capacitance, serial in 25

Ci(SOE) Input capacitance, serial output enable 30

Ci(TR) Input capacitance, register transfer input 35
Co(souT) Output capacitance, serial out 35

tAll typical values are at TA = 25°C and nominal supply voltages.

switching characteristics over recommended supply voltage range and operating free-air temperature
range (see Figure 1)

ALT. TM4161EP5-15 | TM4161EP5-20
T T UNIT
PARAMETER TEST CONDITIONS SYMBOL MIN MAX MIN MAX
ta(C) Access time from CAS CL = 100 pF tcAC 100 135 n
taia Access time of Q from o . 100 oF 20 50
a(QE) [ = P N
TR/QE low - 9
. RLCL = ' 3
t A 1 fi RA! t 150 200
a(R) ccess time from RAS CL = 100 pF RAC _g
SOUT access time from
taRS0) AT pigh CL = 30 pF 65 85 =
Access time from SOE ’ b=
ta(SOE) low to SOUT CL = 30 pF 30 30 ns =4
ta(S0) Access time from SCLK CL = 30 pF 45 50 f
Q output disable time ' 5
tais(CH)* from CAS high CL = 100 pF toFF 40 40 £
¢+ Qoutput disable time g
'is(QE)”  45m TR/GE high CL = 100pF 40 40 >
Serial output disable time
tis(SOE)* from SOE high CL = 30pF 30 %0

7Figure 1 shows the load circuit.
#The maximum values for tdis(CH). tdis(QE). and tgis(SOE) define the time at which the output achieves the open circuit condition and
are not referenced to VgH or VQL.
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TM4161EP5 S
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

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

ALT. TM4161EP5-15 | TM4161EP5-20 UNIT
SYMBOL MIN MAX MIN MAX
te(P) Page-mode cycle time tpC 160 225 ns
te(rd) Read cycle time? © 1RC 240 315 ns
te(w) Write cycle time twe 240 315 ns
tc(TW) Transfer write cycle time¥ 240 315 ns
te(Trd) Transfer read cycle time 240 315 ns
te(sCLK)  Serial-clock cycle time tsce 45 50,000 50 50,000 ns
tw(CH) Pulse duration, CAS high (precharge time)3 tcp 50 80 ns
tw(CL) Pulse duration, CAS low tCAS 100 10,000 135 10,000 ns
tw(RH) Pulse duration, RAS high (precharge time) tRp 80 105 ‘ns
tw(RL) Pulse duration, RAS low tRAS 150 10,000 200 10,000 ns
tw(W) Wirite pulse duration twp 45 45 ns
tw(CKL) Pulse duration, SCLK low 10 10 ns
tw(CKH) Pulse duration, SCLK high 12 12 ns
tw{QE) TR/GE pulse duration low time (read cycle) ) 40 40 ns
t %S%“::: s‘:;j(a“d fall o 3 50 3 50| ns
tsu(CA) Column-address setup time tASC 0 0 ns
tsu{RA) Row-address setup time tASR [+] 0 ns
I W setup time before RAS low o o ns
with TR/QE low

tsu(D) Data setup time tps (o} 0 ns
tsu(rd) Read-command setup time tRCS 0 (o] ns

¢ Early write-comrpand setup time " -5 _5 n
SUWCL)  potore TAS low wes i
tsy(WCH) _ Write-command setup time before CAS high towL 40 60 ns
tsu(WRH)  Write-command setup time before RAS high tRWL 40 60 ns
tsu(TR) TR/QE setup time before RAS low 0 0 ns
tsu(sh) Serial-data setup time before SCLK high 6 6 ns
thisi) Serial-data-in hold time after SCLK high 3 3 ns
th(CLCA)  Column-address hold time after CAS low ICAH 45 55 ns
th(RA) Row-address hold time tRAH 20 25 ns
| thirw) W hold time after RAS low with TR/QE low 20 20 ns
th(RLCA) Column-address hold time after RAS low tAR 95 ) 120 ns
th(CLD) Data hold time after CAS low tDH 60 80 ns
th{RLD) Data hold time after RAS low tDHR 110 145 ns
thwLp)  Data hold time after W low tDH 45 55 ns
| thiCHrd)  Read-command hold time after TAS high tRCH 0 0 ns

{Continued next page.)

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V| max and Vi min
must be met at the 10% and 90% points.

TAll cycle times assume ty = 5 ns except tg(scLK) which assumes t¢ = 3 ns.

$Muiltiple transfer write cycles require separation by either a 500-ns RAS-precharge interval or any other active RAS-cycle.

SPage-mode only.
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

timing requirements over recommended supply voltage range and operatlng free-air temperature range
(concluded)

ALT. TM4161EP5-15 | TM4161EP5-20 UNIT
SYMBOL MIN MAX MIN MAX
th{RHrd) Read-command hold time after RAS high tRRH 5 5 ns
thicLw)  Write-command hold time after TAS low twCH 60 80 ns
th(RLW) Wirite-command hold time after RAS low tWCR 110 145 ns
N Serial-data-out hold time after . 30 30 ns
MRSO)  FAS low with TR/GE low
th(S0) Serial-data-out hold time after SCLK high 8 8 ns
th(TR) TR/QE hold time after RAS low (transfer) 20 20 ns
tRLCH Delay time, RAS low to CAS high tCSH 150 ‘ 200 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ] ns
tCLQEH Delay time, TAS low to QE high 100 135 ns
tCLRH Delay time, CAS low to RAS high tRSH ) 100 135 ns
Delay time, CAS low to QE low ) '
tCQE (maximum value specified only ) 60 85 ns
to guarantee ta(QE) access time)
tRHSC Delay time, RAS high to SCLK high 80 50,000 80 50,000 ns
Delay time, RAS low to CAS low {maximum
! Y 25 50 30 65
RLCL value specified only to guarantee access time) RCD ns
Delay time, SCLK high before
— 10 50,000 10 50,000
'CKRL  RZS low with TR/GE low1 ne
trf{MA) Refresh time interval, memory array tREF1 4 4 ms
t§(SR) Refresh time interval, shift register? tREF2 50,000 50,000 | ns

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clack transitions. In addition, V| max and V)4 min
must be met at the 10% and 90% points.
1SCLK may be high or low during tw (RL). but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to
RAS going low with TR/QE low (i.e., before a transfer cycle)
#See “refresh’”’ on page 5.9.

Dynamic RAM Modules ﬂ

PARAMETER MEASUREMENT INFORMATION

1.31v
R = 217 Q
OUTPUT
UNDER TEST
I cL

FIGURE 1. LOAD CIRCUIT
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read cycle timing
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early write cycle timing
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RAS-only refresh timing
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shift register to memory timing
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l I | [

OLD SHIFT OLD SHIFT REGISTER SAME AS
sout1- OLD SHIFT
SOUTS REG DATA DATA NOT VALID N DATA Vo

\

NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the
shift registers may have resulted, either from a serial shift in or from a paralle! load of the shift registers from one of the
memory array rows.

10. SOE assumed low.
11. SCLK may be high or low during t\(RL)-
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

memory to shift register timing
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NOTES: 10. SOE assumed low.
11. SCLK may be high or low during tw(RL)-
12. The memory to shift register cycle is used to load the shift registers in parallel from the memory.array. Every one of the
256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is
loaded into the shift registers may be either shifted out or written back into another row.
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TMA4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MUDULE

serial data shift timing

[* 'c(SCLK‘
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r | u viL
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st \J : . Vi
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NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation,
the serial clock must be clocked an even number of times.

14. While shifting data through the serial shift registers, the state of TR/QE is a don't care as long as TR/QE is held high when RAS

goes low and tg(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory-

to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers.
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tCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length.

NOTES:

10. SOE assumed low.

ViH

ViL

15. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this could
be clearing all memory. To do this, the SIN lines would be held at O to fill all locations in the shift registers with O’s. The shift registers would then be
written into all 256 rows of the memory array in 256 cycles. The random output ports (DQ1-DQ5) will be in a high-impedance state as long as register

transfer cycles are selected.

16. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKRL prior to RAS falling with TR/QE low.
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tCAS and register address need not be supplied every cycle, only when it is desired to change from one register address to another.
NOTES: 10. SOE assumed low.
16. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tCKRL prior to RAS falling with TR/QE low.

Vi

Vi

VL

17. The memory to shift register to memoary multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored in
the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register transfer

cycles are selected.

Dynamic RAM Modules
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TMA4161EPS
65,536 BY 5-BIT MULTIPORT VIDEC RAM MODULE

T1 single-in-line package nomenclature

TM ' 4161 E P 5 =15

T 1
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MEMORY PINOUT 