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IMPORTANT NOTICE 

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

TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl's standard warranty. Testing and other quality 
control techniques are utilized to the extent TI deems necessary to support this warranty. 

, Specific testing of all parameters of each· device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications"). 

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN L1FE·SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CAITICAL APPLICATIONS. 

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use of TI products in such applications requires the written approval of an appropriate TI officer. 
Questions concerning potential risk applications should b~ directed to TI· through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate deSign and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

TI assumes no liability for applications assistance, customer product design, software 
performance,or infringement of patents or services described herein. Nor does TI warrant or 
representthat any license; either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 

Copyright@ 1995, Texas Instruments lncorporated· 
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INTRODUCTION 

The 1995 MOS Memory Data Bookfrom Texas Instruments Includes complete detailed specifications on the 
expanding MOS Memory product line including Dynamic Random Access Memories (DRAMs), Single-In-Une 
Memory Modules (SIMMs), Erasable Programmable Read-Only Memories (EPROMs), One-Time 
Programmable Read-Only Memories (OTP PROMs), Electrically Erasable Programmable Read-Only 
Memories (Flash Memories), and Video RAMs (VRAMs). Also included are military specifications for DRAMs, 
EPROMs, and VRAMs. 

The data book is divided into 12 chapters. Below you will find a brief description of each chapter. 

Chapter 1. General Information -Includas an alphanumeric Index for quickly finding device numbers and a part 
number guide with ordering information. 

Chapter 2. Selection Guide - An easy-to-use reference guide that includes specific device Information. Page 
numbers are also shown for easy access to the detailed specifications. 

Chapter 3. Glossarymming Conventions/Data Sheet Structure - Defines terms and standards used 
throughout the data book. 

Chapter 4-8. Product specifications for more than 100 devices can be found in these sections. 

Chapter 9. Mechanical Data - Detailed package drawings and specifications are shown in this section. 

Chapter 10. Logic Symbols-Includes an explanation and examples oftha IEEE standard. 

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

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

For ordering information or further assistance, please contact your nearest Texas Instruments Sales Office or 
Distributor as listed in the back of this book. 
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PRODUCT STAGE STATEMENTS 
, 

Product stage statements are used on Texas Instruments data sheets to indicate the development stage(s) of the 
product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate statement from the 
following list is placed in the lower left corner of the first page of the data sheet. 

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

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development. 
Characteristic data and other specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change 
or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first statement below is 
placed in the lower left corner of the first page of the data sheet. SubsequElnt pages of the data sheet containing 
PRODUCT PREVIEW information or ADVANCE INFORMATION are then marked in the lower left-hand corner with 
the appropriate statement given below: 

vi 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information current as of 
publication date. Products conform to specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development. 
Characteristic data and other specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change 
or discontinue these products without notice. 
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TMS46100 ................ 4-25 

TMS27PC512 ........... 7·169 TM248CBK32S ............ 6-29 TMS46100P ..•............ 4-25 

TM248CBK32U ............ 6-39 TMS28F010B .............. 7-25 TMS46400 ................ 4-49 

TM248NBK36B ............ 6-63 TMS28F020 ............... 7-67 TMS46400P ............... 4-49 

TM248NBK36C ............ 6-81 TMS28F200 ............... 7-89 TMS464160 ............. 4-185 

TM248NBK36F ............ 6-73 TMS28F210 ............... 7·47 TMS464400 ............. 4·185 

TM248NBK36G ............ 6-91 TMS28F400 .............. 7-117 TMS464800 ............. 4-185 

TM248NBK36R ............ 6-63 TMS28F512A ............... 7-3 TMS55160 ................ 5-79 

TM248NBK36S ............ 6-81 TMS416160 ............. 4-161 TMS55161 .............. 5·191 

TM248NBK36U ............ 6-73 TMS416160P ............ 4-161 TMS55165 .............. 5·135 

TM248NBK36V ............ 6-91 TMS416169 ............. 4-189 TMS55166 .............. 5-251 

TM4100EAD9 ............. 6-15 TMS416169P ............ 4-189 TMS626402 ................ 5-3 

TM4100GAD8 .............. 6-3 TMS416400 ............. 4-133 TMS626802 ............... 5·41 
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General Information 

DRAMNRAM/FMEM Ordering Information 

1-4 

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

Blank 
Blank 
4 
8 
16 

4. Technology: 
C 

xl 
x4 
)(4 
)(8 
)(16 

CMOS 

TMS 
I 

4 C 256 

5. Density: ------------------------' 

-10 

6. Speed Designator: _______________________ --' 

DRAMsNRAMs 
-60 60ns 
-70 70ns 
-SO SOns 
-10 100 ns 
-12 120ns 
-15 150 ns 
- 20 200 ns 

OJ 

7. Package: ------------------------------' 
Commercial (Plastic) Military (Ceramic) 
OJ Smail-Outline J-lead (SOJ) FQ Small-Outline Leadless Chip Carrier (SOlCC) 
ON Thin Small-Outline J-Lead (ThinSOJ) FV Leadless Chip Carrier (ClCC) 
DZ Small-Outline J-lead (SOJ) HJ Small-Outline J-Lead (SOJ) 
SD Zig-Zag In-Une (ZIP) HK Flatpack 
N Dual-in-Une (DIP) Hl Low Profile leadless Surface Mount 
DGA Thin Small-Outline Package JD Dual-In-Une (DIP) 

SV Zig-Zag In-Une (ZIP) 

8. Temperature Range: ------------------------------' 
Commercial 
l O·C to 70·C (VRAMs) 
Blank O·C to 70·C (DRAMs) 

Military 
M - 55·C to 125·C 

~TEXAS 
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General Information 

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

1. PrefIX: 
TMS Commercial MOS 
SMJ Military MOS 

2. Product Family: 
4 DRAM 

~s 1 1 
3. Density- Refresh: -------------' 

2 2 Meg 1 K Refresh 
4 4 Meg 1 K Refresh 
5 4 Meg 512 Cycle Refresh 
6 4 Meg 1 K Refresh 3.3 V 
7 4 Meg 512 Cycle Refresh 3.3 V 

16 16 Meg 4K Refresh 5 V 
17 16 Meg 2K Refresh 5 V 
18 16 Meg 1KRefresh5V 
26 16 Meg 4K Refresh 3.3 V 
27 16 Meg 2K Refresh 3.3 V 
28 16 Meg 1 K Refresh 3.3 V 
64 64 Meg 8K Refresh 3.3 V 

4. Organization-I/O: ---------------' 
10 )( 1 SId 90 )(9 Std 
26 )( 2 Quad-CAS 91 x9 WPB 
40 )(4 Std 16 x16 Std 
41 )(4 WPB 17 x16 WPB 
46 )( 4 Quad-CAS 18 x18 Std 
80 )(8 Std 19 x18 WPB 
81 )(8 WPB 

00 

5. Functional Mode/Optr.::o"'ns;':':------------------' 
o Enhanced Page Mode 
o Enhanced Page Mode 

2 CAS (x16 and x18 Devices) 
o Enhanced Page Mode 

4 CAS (Quad-CAS Devices) 

5 Enhanced Page Mode 
2 WE(x16 and x18 Devices) 

9 Extended Data 0u1 
Extended Data 0u1 

9 2 CAS (x16 and x18 Devices) 

-80 

6. Speed Deslgnator:----------------------' 

-60 60ns - 80 80 ns 
-70 70ns 

OM 

7. Package:---------------------------' 

Commercial (Plastic) 
DGA 300-mil Thin Small Ou1line (TSOP) 
DGB 300-mil Reverse Lead Thin Small Outline 

(TSOP) 
DGC 400-mil Thin Small Outline (TSOP) 

(50-mil-pitch) 
DGD 400-mil Reverse Lead Thin Small Outline 

(TSOP) (50-mil-pitch) 
DGE 400-mll Thin Small Outline (TSOP) 

(31-mll-pitch) 
DGF 400-mil Reverse Lead Thin Small Ou1line 

(TSOP) (31-mll-pltch) 
OJ 300-mil Small Outline J-Lead (SOJ) 

(26/24-lead) 
ON Thin Small Outline J-Lead (SOJ) 
DZ 400-mil Small Outline J-Lead (SOJ) 

8. Temperature Range: 
Commercial 

Blank O·C to 70·C 

Military (Ceramic) 
HM Small-Outline Leadless Chip Carrier 

(SOLCC) 
HJ Small-Outline J-Lead (SOJ) 
HR Flatpack 
JD Side-Brazed Dual-In-Llne 

Military 
M - SS·C to 125·C 

~.TEXAS 
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General Information 

Standard DRAM Module Ordering Information 

1·6 

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

TM 024 E AD 9 
1. Prefix: ____________ -', 

TM Commercial TI MOS Module 
2. Memory Device:--------------', 

024 1 Meg DRAM. Enhanced Page Mode 
4100 4 Meg DRAM. Enhanced Page Mode 
16100 16 Meg DRAM. Enhanced Page Mode 

3. Pinout Configuration: _____________ -..,--J 

E 
G 

4. Board Dimensions: ________________ -..,--J 

AD 
BD 

5. Word Width Output: ----------,--------------' 
8 .. 8 
9 .. 9 

-10 

6. Speed Designator:-----------------------' 
-60 60ns 
-7070ns 
-80 80ns 
-10 100ns 

7. Temperature Range: _______________________ -..,--J 

Blank O·C to 70·C 
L O·C to 70·C (1 Meg only) 

~ThXAS 
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General Information 

Differentiated DRAM Module Ordering Information 

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

TM 124 
1. Prefix: __________ --'1 

TM Commercial TI MOS Module 
2. Density: ____________ -.J 

256 
512 
124 
246 

256K 
512K 
1 Meg 
2 Meg 

496 
497 
892 
893 

4 Meg 
4 Meg - 2K Refresh 
8 Meg 
8 Meg - 2K Refresh 

E 

3. Pinout Configuration: --------------' 
B G M 
C K T 
E L V 

AO 

4. Board Dimensions: ______________ ---J 

U 
AD 
BK 
BM 

9 

5. Word Width Output:-------------------' 
8 x8 
9 x9 
32 x32 
36 x36 
40 x40 

B 

6. Devices Used:-----------------------' 
Blank 8 - '444005 ('124BBK32) 
Blank 9-('41OOEAD9) 
A 2 - '444005 f124GU8A) 
B 2 - '444005 + 1 '4C1024 C124EAU9B) 
B 8 - '444oos + 1 '44460 ('124MBK36B) 
B 16 - '444005 + 2 '444605 ('246NBK36B) 
C 8 - '444005 + 2 '44460s C124MBK36C) 
C 16 - '44400s + 4 '44460s ('124NBK36C) 

~TEXAS 
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General Information 

EPROM, FLASH, OTP Ordering Information 

1-8 

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

TMS 
1. Prefix: ______________ ...JI 

TMS 
SMJ 

Commercial MaS 
Military MaS 

27 

2. Product Family: --------------' 
27 EPROM/OTP 
28 12-V Flash Memory 
29 5-V Flash Memory 

P 

3. Erasability: ________________ ...J 

P Non-erasable (One-Time Programmable) 
Blank Erasable 

C 

4. Technology: ___________________ ---l 

C 
F 
LV 

CMOS 
CMOS Flash Memory 
Low Voltage 

512 

5. Density: ------------------------' 
816 
128 
256 
257 

510 
512 

16K 
128K 
256K 
256K 

512K 
512K 

010A 
210A 
020 
040 
200 
240 
400 

1 Meg 
1 Meg 
2 Meg 
4 Meg 
2 Meg 
4 Meg 
4 Meg 

-10 

6. Speed Designator: -----------------------' 
80 ns - 8, - 80 
100 ns -10, - 100 
120 ns - 12, - 120 
150ns -1,-15,-150 

170ns 
200ns 
250ns 
300ns 

-I, -17, -170 
- 2, - 20, - 200 
Blank, - 25, - 250 
-30, -300 

FM L 4 

7.Pac~ge: ----------------------------~ 
DO Plaslic Thin Small-Oulline (TSOP) 
DU Plasllc Thin Smail-Outline (TSOP, Reverse Form) 
FM Plasllc Chip Carrier (32-Pin) Rectangular 
FN Plastic Chip Carrier (44-Pin) Square 
J Ceramic Dual-In-Une (DIP) 
N Plaslic Dual-In-Une (DIP) 
PM Square Quad Flat Package (SQFP) 

8. Temperature Range: __________________________ ...1 

Commercial Mllilary 
L O'C10 70'C M - 55'C to 125'C 
E - 40'C 10 85'C 
Q - 4O'C 10 125'C 
T -40'Clo 110'C 

9.168 Hour Burn-in Opllon: ----------------------------' 
Commercial 
4 168 Hour Burn-in 
Blank No Burn-In 

Military 
Blank 5004 Processing 

~ThXAS 
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General Information 

VRAM Ordering Information 

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

TMS 
1. Prefix: ________ ....11 

TMS 
SMJ 

Commercial MOS 
MilitaryMOS 

5 

2. Product Family: ----------' 
5 VRAM 

3. Density 
4 
5 

16 
17 

Refresh: 
4 Meg 
4 Meg 

16 Meg 
16 Meg 

4. Organization Features: 

lK Refresh 
512 Cycle Refresh 
4K Refresh 
2K Refresh 

40 x 4 Standard 
41 x 4 Enhanced Page Mode 
80 x 8 Standard 
81 x 8 Enhanced Page Mode 
16 x16 Standard 
17 x16 Enhanced Page Mode 

5 16 5 

I 

5. Functional Mode - Options: --------------~ 
o Enhanced Page Mode 
1 Hyper Page Mode 
5 Enhanced Page Mode 
6 Hyper Page Mode 

-80 

6. Speed Designator: ------------------------' 
-80 60 ns 
-70 70 ns 
-80 80 ns 
-10 100 ns 

DGH 

7. Package: ------------------------------' 
DGH Super Smail-Outline (SSOP) 

8. Temperature Range: ---------------------'---------' 
Commercial 
Blank O·C to 70·C 

Military 
M -55·Cto 125·C 

~TEXAS 
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General Information 
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DRAM 

MAX POWER 
DENSITY ORGANIZATION DEVICE NUMBER ACCESS SUPPLY (WORDS x BITS) TIME 

(na) (V) 

SMJ4Cl024-80 80 

1024Kx 1 
SMJ4Cl 024-1 00 100 

5:1:10% 
SMJ4Cl024-120 120 

1024K 
SMJ4Cl024-150 150 

SMJ44C256-80 80 

256Kx4 
SMJ44C256-100 100 

5:1:10% 
SMJ44C256-120 120 
SMJ4Cl024-150 150 

TMS44460-ao* 60 
TMS44460-70* 70 5:1:10% 
TMS44460-60* 80 

TMS44460P-8o* 60 
TMS44460P-70* 70 5:1:10% 
TMS44460P-8o* 80 

1024Kx4 
TMS46460-60* 60 
TMS46460-70* 70 5:1:10% 
TMS46460-80* 80 

4096K TMS46460P-ao* 60 
TMS46460P-7o* 70 5:1:10% 
TMS46460P-8o* 80 

TMS441 00-60* 60 
TMS441 00-70* 70 5:1:10% 
TMS441OD-80* 80 

TMS44100P-80* 60 
TMS44100P-70* 70 5:1:10% 4096Kx 1 
TMS44100P-80* 80 

SMJ441 00-80 80 
SMJ441 00-1 0 100 5:1:10% 
SMJ441 00-12 120 

SMJ41616o* 
60 

16384K 1024)( 16 70 5:1:10% 
SMJ418160* 

80 

tOGA PlastiC Thin Small-Outhne-Package (TSOP) 
OJ Plastic Small-Outline J-Lead (SOJ) 
FQ Leadless Ceramic Chip Cerrier (Military) (CDCC) 
HJ Ceramic Small-Outline J-Lead (Military) (SOJ) 
HK Flatpack (Military) 
HKD Flatpack (Military) 
HL Small-Outline Leadlass Ceramic Chip Carrier (Military) (SOlCC) 
HR Flatpack (Military) 
JD 400-Mil Ceramic Sidebrazad Dualln-Une Package (Military) (DIP) 
JOB 300-mil Ceramic Side-Brazed Dualln-Une Package (Military) (DIP) 
SV Ceramic Zig-Zag Package (ZIP) (Military) 

* Advance Information for product under development by TI 

MAX POWER 
DISSIPATION 

STAND-ACTIVE 
(mW) BY 

(mW) 

22 

578 
495 11 
440 

578 
495 11 
440 

385 
330 3.6 
275 

385 
330 3.6 
275 

523 
468 11 
413 

523 
468 11 
413 

468 
440 22 
385 

495 
440 11 
385 

~lExAs 
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Selection Guide 

PINS PACKAGEt NOTES PAGE 

HJ, FQ, 
18,20, 

Hl,JD, Military 8-25 
20/26 

HK,SV 

HJ, FQ, 
20/26 Hl,JD, Military 8-5 

HI(, SV 

CMOS 

24/26 OJ,DGA 
Enhanced 

4-5 
Page Mode 
Quad CAS 

CMOS 

24/26 DJ,DGA 
Enhanced 

4-5 
Page Mode 
Quad CAS 

CMOS 
Enhanced 

24{26 DJ,DGA Page Mode 4-5 
Low Voltage 
Quad CAS 

CMOS 
Enhanced 

24/26 OJ, DGA Page Mode 4-5 
Low Voltage 
Quad CAS 

CMOS 
20/26 DGAOJ Enhanced 4-27 

Page Mode 

CMOS 

20/26 DGA, OJ 
Enhanced 

4-27 Page Mode 
Low Power 

Military 
18,20, HR,JD, CMOS 8-45 
28 JDB,Hl Enhanced 

Page Mode 

Military 

50 HKD 
CMOS 

8-123 
Enhanced 
Page Mode 
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Selection Guide 

DRAM (ConUnued) 

MAX 
ORGANIZATION ACCESS POWER 

DENSITY DEVICE NUMBER SUPPLY (WORDS x BITS) nME (V) (n8) 

TMS4610D-70* 70 
TMS46100-SO* so 3.3:1:10% 
TMS461OD-10* 100 

4096Kx 1 
TMS46100P·70* 70 
TMS46100P·60* SO 3.3:1: 10% 
TMS461OOP·l0* 100 

TMS44400-60* 60 
TMS444OD-70* 70 5:1:10% 
TMS44400·S0* SO 

TMS44400P·60:j: 60 
TMS44400P.70* 70 5:1:10% 
TMS44400P·SO* 60 

SMJ44400·S0 SO 
SMJ44400·10 100 5",10% 

1024K x 4 SMJ44400·12 120 

TMS464OD-70* 70 
4096K 

TMS46400·So* SO 3.3:1: 10% 
TMS4640D-10* 100 

TMS46400P·7o* 70 
TMS46400P·60:j: 60 3.3:1: 10% 
TMS46400P·10:j: 100 

TMS44165-70 70 
TMS44165-80 SO 5:1:10% 
TMS44165·10 100 

TMS44165P·70 70 
TMS44165P·SO 60 5:1:10% 
TMS44165p·10 100 

256Kx 16 
TMS4516D-70 70 
TMS45160·60 60 5:1:10% 
TMS45160·10 100 

TMS45160p·70 70 
TMS45160P·60 80 5:1:10% 
TMS45160P·10 100 

t DGA PlastiC Thin Small·Outllne·Package (TSOP) 
DGE Plastic Surface Mount Thin SmaU·Outline Package (TSOP) 
DJ Plastic Small·Outline J·Lead (SOJ) 
DZ Plastic Small·Outline J·Lead (SOJ) 
Hl Small·Outline Leadless Ceramic Chip Carrier (Military) (SOlCC) 
HR Flatpack (Military) 
JDB 3OD-mil Ceramic Side·Brazed Dualln·line Package (Military) (DIP) 
SV Ceramic Zig·Zag Package (ZIP) (Military) 

* Advance Information for product under development by TI 

MAX POWER 
DISSIPATION 

ACTIVE STANDBY 
(mW) (mW) 

216 
1S0 3.6 
144 

216 
180 3.6 
144 

550 
495 11 
440 

550 
495 11 
440 

46S 22 
440 
358 

252 
216 7.2 
1S0 

252 
216 7.2 
160 

660 
578 11 
523 

660 
578 11 
523 

8S0 
770 11 
660 

880 
770 11 
660 

~TEXAS 
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PINS PACKAGEt NOTES PAGE 

CMOS 

20/26 DGA, DJ. 
Enhanced 

4·27 Page Mode 
Low Voltage 

CMOS 
Enhanced 

20/26 DGA, DJ Page Mode 
4·27 Low Voltage 

Extended 
Refresh 

CMOS 
20/26 OJ, DGA Enhanced 4-51 

Page Mode 

CMOS 

20/26 DJ, DGA 
EnhanCed 

4·51 Page Mode 
Low Power 

Military 

20 
HR, JDB, CMOS 

8-65 Hl,SV Enhanced 
Page Mode 

CMOS 

20/26 DGA,DJ 
Enhanced 4-51 Page Mode 
Low Voltage 

CMOS 
Enhanced 

20/26 DGA, DJ Page Mode 4·51 low Voltage 
Extended 
Refresh 

40, CMOS 
DGE, DZ Enhanced 4·73 

40/44 Page Mode 

CMOS 
40, 

DGE, DZ 
Enhanced 

4-73 
40/44 Page Mode 

Low Power 

40, CMOS 

40/44 
DGE, DZ Enhanced 4·93 

Page Mode 

CMOS 
40, 

DGE, DZ Enhanced 
4·93 

40/44 Page Mode 
Low Power 



DRAM (Continued) 

MAX ORGANIZAnON 
ACCESS 

POWER 
DENSITY (WORDS x DEVICE NUMBER SUPPLY 

BITS) TIME M (na) 

TMS45165-7<l* 70 
TMS45165-80* 80 5",10% 
TMS45165-10* 100 

4096K 256Kx 16 
TMS45165P-70* 70 
TMS45165P-80* SO 5",10% 
TMS45165P-l<l* 100 

SMJ4161 00-70 70 
16384Kxl SMJ4161OO-SO SO 

5",10% 

TMS416400-60 60 
TMS416400-70 70 5",10% 
TMS416400-SO 80 

TMS416400P-60 60 
TMS416400P-70 70 5",10% 
TMS416400P-80 80 

SMJ416400-60 60 
SMJ4164oo-70 70 
SMJ416400-SO 80 

5",10% 

SMJ416400-10 100 

16384K TMS417400-60 60 
TMS417400-70 70 5",10% 

4096Kx4 TMS417400-SO 80 

TMS4174ooP-60 60 
TMS417400P-70 70 5., 10% 
TMS417400P-80 80 

TMS426400-60§ 60 
TMS426400-70§ 70 3.3", 10% 
TMS426400-80§ 80 

TMS426400P-60§ 60 
TMS426400P-70§ 70 3.3",10% 
TMS426400P-80§ SO 

tOGA Plastic Thin Smail-Outline-Package (TSOP) 
OGE Plastic Surface Mount Thin Smail-Outline Package (TSOP) 
OJ Plastic Small-Outline J-Lead (SOJ) 
OZ Plastic Smail-Outline J-Lead (SOJ) 
FNC Smail-Outline Leadless Chip Carrier (Military) (SOLCC) 
HKBFlatpack (Military) . 
SV Ceramic Zig-Zag Package (ZIP) (MiI~ry) 

Selection Guide 

MAX POWER 
DISSIPATION 

PINS PACKAGEt NOTES PAGE 
ACTIVE STANDBY 

(mW) (mW) 

880 
40, CMOS 

770 11 OGE,OZ Enhanced 4-115 
660 

40/44 Page Mode 

CMOS 880 
770 11 

40, 
OGE,OZ 

Enhanced 
4-115 

660 
40/44 Page Mode 

Low Power 

440 Military 

385 
11 24/28 FNC, HKB Enhanced 8-85 

Page Mode 

440 CMOS 
385 11 24/26 OGA, OJ Enhanced 4-135 
330 Page Mode 

440 CMOS 
385 11 24/26 OGA, OJ Enhanced 4-135 
330 Page Mode 

495 
Military 440 FNC, 

385 
11 24/28 HKB,SV 

Enhanced 8-105 

330 
Page Mode 

605 CMOS 
550 11 24/26 OGA, OJ Enhanced 4-135 
495 Page Mode 

605 CMOS 
550 11 24/26 DGA, OJ Enhanced 4-135 
495 Page Mode 

252 
CMOS 

216 3.6 24/26 OGA, OJ 
Enhanced 

4-135, 
180 

Page Mode 
LowVo~age 

CMOS 
252 Enhanced 
216 3.6 24/26 OGA, OJ Page Mode 4-135 
180 LowVo~ge 

Low Power 

* Advance Information for product under development by TI 
§ Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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Selection Guide 

DRAM (Continued) 

MAX 
ORGANIZATION ACCESS POWER 

DENSITY 
(WORDS" BITS) 

DEVICE NUMBER TIME SUPPLY 
M (na) 

TMS427400-60* 60 
TMS427400-70* 70 3.3 :010% 
TMS427400·60* 80 

4096Kx4 
TMS427400P-60* 80 
TMS427400P·70* 70 3.3:0 10% 
TMS427400P·60* 80 

TMS416160·60* 60 
TMS416160·70* 70 5:010% 
TMS416160·60* 80 

TMS416160P·60* 60 
TMS416160P·70* 70 5:010% 
TMS416160P·80* 80 

TMS418160·60* 60 
TMS418160-70* 70 5:010% 
TMS418160-80* 80 

TMS418160P·60* 60 16384K 
TMS418160P.70* 70 5:010% 
TMS418160P-SO* 80 

TMS426160·60* 60 
1024K" 16 TMS426160-70* 70 3.3:010% 

TMS426160-80* 80 

TMS426160P·60* 60 
TMS426160P·70* 70 3.3:010% 
TMS426160P·60* 80 

TMS42816o-a@ 60 
TMS428160·70* 70 3.3:010% 
TMS428160-ao* 80 

TMS428160P·6@ 60 
TMS428160P.7@ 70 3.3:010% 
TMS428160P·80* 80 

tOGA PlastiC Thin Small·Outline-Package (TSOP) 
OGE Plastic Surface Mount Thin Small·Outline Package (TSOP) 
OJ Plastic Small·Outline J·Lead (SOJ) 

MAX POWER 
DISSIPATION 

ACTIVE 
PINS PACKAGEt NOTES PAGE 

STANDBY 
(mW) (mW) 

360 
CMOS 

324 3.6 24/26 OGA, OJ 
Enhanced 

4·135 
288 

Page Mode 
Low Voltage 

CMOS 
360 Enhanced 
324 3.6 24/26 OGA, OJ Page Mode 4-135 
288 Low Voltage 

Low Power 

495 42, CMOS 
440 11 OGE,OZ Enhanced 4·163 
385 

44/50 
Page Mode 

495 
CMOS 

440 11 
42, 

OGE,OZ 
Enhanced 

4·163 
385 

44/50 Page Mode 
Low Power 

1045 42, CMOS 
990 11 OGE,OZ Enhanced 4·163 
935 

44/50 
Page Mode 

1045 
CMOS 

42, Enhanced 
990 11 

44/50 
OGE,OZ 

Page Mode 
4·163 

935 
Low Power 

324 
CMOS 

288 3.6 
42, 

OGE,OZ 
Enhanced 

4-163 
252 

44/50 Page Mode 
Low Voltage 

CMOS 
324 

42, 
Enhanced 

288 3.6 OGE,OZ Page Mode 4·163 
252 

44/50 
Low Voltage 
Low Power 

684 
CMOS 

648 3.6 
42, 

OGE,OZ 
Enhanced 

4·163 
612 

44/50 Page Mode 
Low Voltage 

CMOS 
684 

42, 
Enhanced 

648 3.6 OGE,OZ Page Mode 4·163 
612 

44/50 
Low Voltage 
Low Power 

OZ Plastic Small·Outiine J·Lead (SOJ) 
* Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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DRAM (Continued) 

MAX 
ORGANIZATION ACCESS POWER 

DENSITY DEVICE NUMBER SUPPLY (WORDS i< BITS) TIME (VI (na) 

TMS416169-60* 60 
TMS416169-70* 70 5",10% 
TMS416169-80* 80 

TMS416169P-60 * 60 
TMS416169P-70* 70 5",10% 
TMS416169P-60* 60 

TMS418169-60* 60 
TMS418169-70* 70 5",10% 
TMS418169-80* 80 

TMS418169P-60* 60 
TMS418169P-70* 70 5",10% 
TMS418169P-80* 60 

TMS426169-60* 60 
16384K 1024K" 16 TMS426169-70* 70 3.3",10% 

TMS426169-80* 80 

TMS426169P-60* 60 
TMS426169P-70* 70 3.3",10% 
TMS426169P-80* 80 

TMS428169-6o* 60 
TMS428169~70* 70 3.3",10% 
TMS428169-ao* 80 

TMS428169P-6o* 60 
TMS426169P-7O* 70 3.3",10% 
TMS428169P-8o* 80 

TMS464800-5O* 50 
TMS464800-6o* 60 

3.3",10% 
TMS4648OQ-7o* 70 
TMS484800-80:J: 80 

65536K 8192K,,8 
TMS464800P-5O* 50 
TMS464800P-6o* 60 
TMS464800P-70* 70 

3.3",10% 

TMS464800P-80* 80 

t DGC PlastiC Thin Small-Outline Package (TSOP) 4OO-mll (50-mil pitch) 
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 
DZ Plastic Small-Outline J-Lead (SOJ) 

Selection Guide 

MAX POWER 
DISSIPATION 

PINS PACKAOEt NOTES PAOE 
ACTIVE STANDBY 

(mW) (mW) 

495 
42, 

CMOS 
440 11 DGE,DZ Enhanced 4-191 
385 

44/50 
Page Mode 

495 
CMOS 

440 11 
42, 

DGE,DZ 
Enhanced 

4-191 
385 

44/50 Page Mode 
Low Power 

1045 
42, 

CMOS 
990 11 DGE,DZ Enhanced 4-191 
935 

44/50 
Page Mode 

1045 
CMOS 

990 11 
42, 

DGE,DZ 
Enhanced 

4-191 
935 

44/50 Page Mode 
Low Power 

324 
CMOS 

288 3.6 
42, 

DGE,DZ 
Enhanced 

4-191 
252 

44/50 Page Mode 
LowVol1age 

CMOS 
324 

42, 
Enhanced 

288 3.6 DGE,DZ Page Mocie 4-191 
252 

44/50 
LowVol1age 
Low Power 

684 
CMOS 

648 3.6 
42, 

DGE,DZ 
Enhanced 

4-191 
612 

44/50 Page Mode 
LowVol1age 

CMOS 
684 

42, 
Enhanced 

648 3.6 DGE,DZ Page Mode 4-191 
612 

44/50 
Low Voltage 
Low Power 

504 CMOS 
432 

7.2 32 
OZ, Enhanced 

4-187 
396 DGC Page Mode 
360 LowVol1age 

CMOS 504 
432 DGC, Enhanced 

396 
7.2 32 

DZ 
Page Mode 4-187 

360 
Low Voltage 
Low Power 

* Product preview documents contain information on products in the formative or design phase of development. Characteristic datil and other 
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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Selection Guide 

DRAM (Continued) 

MAX POWER 
DENSITY ORGANIZATION DEVICE NUMBER ACCESS SUPPLY (WORDS x BITS) TIME M (n8) 

TMS464160-so* 50 
TMS464160-60* 60 

3.3:t 10% 
TMS464160-70* 70 
TMS46416D-80* 80 

4096Kx 16 
TMS464160P-50* 50 
TMS464160P-SO* 60 
TMS464160P-70* 70 

3.3:t 10% 

TMS464160P-80* 80 
65536K 

TMS464400-50* 50 
TMS464400,60:j: 60 3.3:t 10% 
TMS464400-70* 70 
TMS464400-So* 80 

16384K x 4 
TMS464400P,so* 50 
TMS464400P-6O* 60 
TMS464400P-70:j: 70 

3.3:t 10% 

TMS464400P-80* 80 

t DGC PlastIC Thin Small-Outline Package (TSOP) 4OO-mil (50-mil pitch) 
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 

ACTIVE STANDBY PINS PACKAGEt NOTES PAGE (mW) (mW) 

504 CMOS 
432 

7.2 
50, DGE, Enhanced 

4-187 396 TBD DZ Page Mode 
360 Low Voltage 

CMOS 504 
432 50, DGE, Enhanced 

396 
7.2 TBD DZ Page Mode 4-187 

360 
Low Voltage 
Low Power 

504 CMOS 
432 

7.2 32 
DGC, Enhanced 4-187 

396 DZ Page Mode 
360 Low Voltage 

CMOS 504 
432 DGC, Enhanced 

396 
7.2 32 DZ 

Page Mode 4-187 

360 
Low Voltage 
Low Power 

DZ Plastic Small-Outline J-Lead (SOJ) 
* Product preview documents contain information on products in the formative or deSign phase of development. Characteristic data and other 

speCifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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SDRAMa 

MAX MAX POWER 

ORGANIZATION ACCESS 
POWER DISSIPATION 

DENSITY 
(WORDS x BITS) 

DEVICE NUMBER 
TIME SUPPLY 

(V) ACTIVE STANDBY 
(na) (mW) (mW) 

TMS626402-10 9 612 
4Mx4 TMS626402-12 10 3.3:t 10% 504 3.6 

TMS626402-15 12 468 
16M 

TMS626802-10 9 612 
2Mx8 TMS626802-12 10 3.3:t 10% 504 3.6 

TMS626802-15 12 468 

t DGE PlastiC Surface Mount Thin Small-Ouiline Package (TSOP) 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS nOO1 
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44 DGE 5-3 

44 DGE 5-41 
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Selection Guide 

Video RAMs 

MAX 
DENSITY ORGANIZATION DEVICE NUMBER ACCESS 

(WORDS x BITS) 

SMJ44C251B-10 
1024K 256Kx4 

SMJ44C251B-12 

SMJ55161-70 
SMJ55161-80 

SMJ55166-70 
SMJ55166-80 

TMS5516Cl-60 
TMS55160-70 

4096K 256K x 16 TMS55160-80 

TMS55161-60 
TMS55161-70 
TMS55161-80 

TMS55165-60 
TMS55165-70 
TMS55165-80 

TMS55166-60 
TMS55166-70 
TMS55166-80 

t DGH Plastic Super Sma"-Outllne Package (SSOP) 
GB Ceramic Pin Grid Array 
HJ Ceramic Sma"-Outline J-Lead (Military) (SOJ) 

TIME 
(na) 

100 
120 

70 
80 

70 
80 

60 
70 
80 

60 
70 
80 

60 
70 
80 

60 
70 
80 

POWER 
SUPPLY 

M 

5%10% 

5% 10% 

5%10% 

5%10% 

5% 10% 

5%10% 

5%10% 

HKC 0.5 mm Pitch Ceramic Flatpack (Non-conductive lie bar) (Military) 
HM Sma"-Outline leadless Ceramic Chip Carrier (Military) (SOlCC) 
JD Ceramic Sidebrazed Dual In-line Package (Military) (DIP) 
SV Ceramic Zig-Zag Package (ZIP) (Military) 

MAX POWER 
DISSIPATION 

ACTIVE STANDBY 
(mW) (mW) 

550 
83 

495 

1050 825 
975 800 

1050 825 
975 800 

908 
28 

880 

908 
880 

28 

908 
880 

28 

908 
880 

28 

~ThxAs 
INSTRUMENTS 
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HJ,HM, 
Military 

28 CMOS 8-145 
JD,SV Multlport 

Video RAM 

Military 

64,68 
GB, CMOS 

8-197 HKC Multiport 
Video RAM 

Military 

64,68 
GB, CMOS 

8-259 
HKC Multiport 

Video RAM 

CMOS 
64 DGH Multiport 5-79 

Video RAM 

CMOS 
64 DGH Multiport 5-191 

Video RAM 

CMOS 
64 DGH Multipart 5-135 

Video RAM 

CMOS 
64 DGH Multipart 5-251 

Video RAM 



DRAM Module 

ORGANIZATlON DENSITY (WORDS K BITS) 

4MxS 

4Mx9 

1MJ( 32 

4MByte 

1Mx36 

-

DEVICE NUMBER 

TM4100GADS-!'O 
TM4100GADS-70 
TM4100GAD8-60 

TM497GUS-80 
TM497GUS-70 
TM497GUS-80 

TM4100EAD9-60 
TM4100EAD9-70 
TM4100EAD9-80 

TM497EU9-60 
TM497EU9-70 
TM497EU9-S0 

TM124BBK32-60 
TM124BBK32-70 
TM124BBK32-80 

TM124BBK32S-80 
TM124BBK32S-70 
TM124BBK32S-80 

TM124BBK32F-80 
TM124BBK32F-70 
TM124BBK32F-80 

TM124BBK32U-60 
TM124BBK32U-70 
TM124BBK32U-80 

TM124MBK36B-80 
TM124MBK36B-70 
TM124MBK36B-80 

TM124MBK36R-60 
TM124MBK36R-70 
TM124MBK36R-80 

TM124MBK36C-80 
TM124MBK36C-70 
TM124MBK36C-80 

TM124MBK36S-60 
TM124MBK36S-70 
TM124MBK36S-80 

TM124MBK36F-80 
TM124MBK36F-70 
TM124MBK36F-80 

TM124MBK36U-80 
TM124MBK36U-70 
TM124MBK36U-80 

TM124MBK36G-60 
TM124MBK38G-70 
TM124MBK38G-80 

TM124MBK36V-80 
TM124MBK36V-70 
TM124MBK36V-80 

MAX 
DIMENSION 

ACCESS POWER LENGHT K HEIGHT 
SUPPLY INCHES 

TIME M (MILLIMETERS) (na) 

60 3.5" xO.S" 
70 5:010% (SS,90 x 20,32) 
80 

60 3.5" x 0.65" 
70 5:010% (SS,90 " 16,65) SO 

60 3.5"" O.S" 70 5:010% (SS,90 x 20,32) 
80 

60 3.5" x O.S" 
70 5:010% 

(88,90 " 20,32) 80 

60 3.5" x 0.65" 
70 5:010% (68,90 x 16,65) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00-
70 5:010% (107,95 x 25,40) 
SO 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
SO 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1.00" 
70 5:010% (107,95 x 25,40) 
80 

60 4.25" x 1 .00" 
70 5:010% (107,95 x 25,40) 
80 

~TEXAS 
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Single-Sided 
30 Socketable 8-3 

Solder-Tabbed 

Single-Sided 
30 Socketable 6-9 

Solder-Tabbed 

Single-Sided 
30 Socketable 6-15 

Solder-Tabbed 

Single-Sided 
30 Socketable 6-23 

Solder-Tabbed 

Single-Sided, 
72 Socketable 8-29 

Gold-Tabbed 

Single-Sided 
72 Socketable 8-29 

SOlder-Tabbed 

Single-Sided 
72 Socketable 6-39 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-39 

Solder-Tabbed 

Single-Sided 
72 Socketable 8-63 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-63 

Solder-Tabbed 

Single-Sided 
72 Socketable 6-S1 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-81 

Solder-Tabbed 

Single-Sided 
72 Socketable 8-73 

Gold-Tabbed 

Single-Sided 
72 Socketable 8-73 

Solder-Tabbed 

Single-Sided 
72 Socketable 6-91 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-91 

Solder-Tabbed 

2-11 



Selection Guide 

DRAM Module (continued) 

DENSITY ORGANIZAT10N 
(WORDS. BITS) 

2Mx32 

8 MByte 

2Mx36 

DEVICE NUMBER 

TM248CBK32-60 
TM24SCBK32-70 
TM24SCBK32-S0 

TM24SCBK32S-60 
TM24SCBK32S-70 
TM248CBK32S-60 

TM24SCBK32F-60 
TM248CBK32F-70 
TM24SCBK32F-80 

TM248CBK32U-60 
TM24SCBK32U-70 
TM248CBK32U-80 

TM248NBK36B-60 
TM24SNBK36B-70 
TM248NBK36B-80 

TM248NBK36R-60 
TM248NBK36R-70 
TM248NBK36R-80 

TM248NBK36C-60 
TM248NBK36C-70 
TM248NBK36C-80 

TM248NBK36S-60 
TM248NBK36S-70 
TM248NBK36S-60 

TM24SNBK36F-60 
TM246NBK36F-70 
TM248NBK36F-SO 

TM24SNBK36U-60 
TM248NBK36U-70 
TM248NBK36U'80 

TM248NBK36G-60 
TM248NBK36G-70 
TM248NBK36G-a 

TM248NBK36V-60 
TM248NBK36V-70 
TM248NBK36V-80 

MAX POWER ACCESS SUPPLY T1ME M (na) 

60 
70 5",10% 
60 

60 
70 5",10% 
SO 

60 
70 5",10% 
SO 

60 
70 5",10% 
SO 

60 
70 5,010% 
SO 

60 
70 5,0 10% 
80 

60 
70 5,0 10% 
80 

60 
70 5,0 10% 
80 

60 
70 5,0 10% 
SO 

60 
70 5,0 10% 
80 

60 
70 5,0 10% 
80 

60 
70 5,0 10% 
SO 

~TEXAS 
INSTRUMENTS 

DIMENSION 
LENGHT x HEIGHT 

INCHES 
(MILUMETERS) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1 .00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95)( 25,40) 

4.25" x 1 .00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.90" 
(107,95)( 25,40) 

4.25" x 1.00" 
(107,95 x 25,40) 

4.25" x 1.00· 
(107,95 x 25,40) 

POST OFFICE BOX 1443 • HOUSTON. TEXAS nC01 
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Double-Sided 
72 Socketable 6-29 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-29 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-39 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-39 

Solder-Tabbed 

Double-Sided 
72 Sockelable 6-63 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-83 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-81 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-81 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-73 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-73 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-91 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-91 

.Solder-Tabbed 



DRAM Module (Concluded) 

ORGANIZATION DENSITY (WORDS x BITS) 

4Mx32 

16 MByte 4Mx36 

8Mx32 

32 MByte 8Mx36 

DEVICE NUMBER 

TM497BBK32-60 
TM497BBK32-70 
TM497BBK32-60 

TM497BBK32S-60 
TM497BBK32S-70 
TM497BBK32S-80 

TM497MBK36A-60 
TM497MBK36A-70 
TM497MBK36A-60 

TM497MBK36Q-60 
TM497MBK36Q-70 
TM497MBK36Q-60 

TM497MBM36A-60 
TM497MBM36A-70 
TM497MBM36A-80 

TM497MBM36Q-60 
TM497MBM36Q-70 
TM497MBM36Q-80 

TM893CBK32-60 
TM893CBK32-70 
TM893CBK32-80 

TM893CBK32S-60 
TM893CBK32S-70 
TM893CBK32S-80 

TM893NBM36A-60 
TM893NBM36A-70 
TM893NBM36A-80 

TM893NBM36Q-60 
TM893NBM36Q-70 
TM893NBM36Q-80 

MAX DIMENSION 

ACCESS POWER LENGHT x HEIGHT 
SUPPLY INCHES TIME 

M (MILLIMETERS) 
(na) 

60 4.25" x 1.00-
70 5:1:10% 

(107,95 x 25,40) 
60 

60 
4.25" x 1.00" 

70 5:1:10% 
(107,95 x 25,40) 

60 

60 
4.25" x 1.00" 

70 5:1:10% 
(107,95 x 25,40) 

60 

60 
4.25" x 1.00" 

70 5:1:10% 
(107,95 x 25,40) 

80 

60 
4.25" x 1.25" 

70 5:1:10% 
(107,95 x 31,75) 

80 

60 4.25" x 1.25" 
70 5:1:10% 

(107,95 x 31,75) 
80 

60 4.25" x 1.25" 
70 5:1:10% 

(107,95 x 31,75) 
80 

60 
4.25" x 1.25" 

70 5:1:10% (107,95 x 31,75) 
80 

60 
4.25" x 1.25" 

70 5:1:10% 
(107,95 x 31,75) 

80 

60 4.25" x 1.25" 
70 5:1: 10% 

(107,95 x 31 ,75) 
80 

~TEXAS 
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Single-Sided 
72 Socketable 6-47 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-47 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-99 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-99 

Solder-Tabbed 

Single-Sided 
72 Socketable 6-107 

Gold-Tabbed 

Single-Sided 
72 Socketable 6-107 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-55 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-55 

Solder-Tabbed 

Double-Sided 
72 Socketable 6-107 

Gold-Tabbed 

Double-Sided 
72 Socketable 6-107 

Solder-Tabbed 

2-13 
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EPROM 

ORGANIZATION DEVICE NUIIBER DENSITY (WORDS )( BITS) 

SMJ27C128-12 
SMJ27C128-15 

16Kx8 SMJ27C128.17 
SMJ27C128-2O 
SMJ27C128-25 

TMS27C256-10 
TMS27C256-12 

258K 32Kx8 
TMS27C256-15 
TMS27C256-17 
TMS27C256-2O 
TMS27C256-25 

TMS27C510-12 
TMS27C510-15 
TMS27C510-17 
TMS27C510-2O 
TMS27C510-25 

512K 64Kx8 
TMS27C512-10 
TMS27C512-12 
TMS27C512-15 
TMS27C512-2O 
TMS27C512-25 

TMS27Co10A-10 

128Kx8 
TMS27C010A-12 
TMS27C010A-15 
TMS27COfOA-20 

1024K TMS27C210A-10 
TMS27C210A-12 

64Kx 16 TMS27C210A-15 
TMS27C210A-2O 
TMS27C210A-25 

TMS27C020-12 

2048K 258Kx8 
TMS27C020-15 
TMS27C020-2O 
TMS27C020-25 

t J Ceramic Dual In-Line Package (DIP) 

MAX MAX POWER 
ACcESS POWER DISSIPATION 

TIME SUPPLY 
ACTIVE STANDBY 

(-) 
tv) 

(IIIW) (IIIW) 

120 
150 
170 5:t10%' 138 1.7 
200 
250 

100 
120 
150 

5:t10% 185 1.4 
170 
200 
250 

120 
150 
170 5:t 10% 165 1.4 
200 
250 

100 
120 
150 5:t10% 165 1.4 
200 
250 

100 
120 

5:t10% 185 0.55 
150 
200 

100 
120 
150 5:t 10% 165 O.SS. 
200 
250 

120 
150 

5:t10% 165 0'.55 
200 
250 

~TEXAS 
INSTRUMENTS . 
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28 J MUllary 8-319 

28 J CMOS 7-143 

32 J CMOS 7-155 

28 J CMOS 7-167 

32 J CMOS 7-179 

40 J CMOS 7-191 

32 J CMOS 7-201 



Flash 

ORGANIZATION DENSITY DEVICE NUMBER (WORDS x BITS) 

TMS28F512A-10 

512K 64Kx8 
TMS28F512A-12 
TMS28F512A-15 
TMS28F512A-17 

TMS28F010B-90 

128Kx8 
TMS28F01 OB-1 0 
TMS28F010B-12 

1024K 
TMS28F010B-15 

TMS28F21 0-1 0 

64Kx 16 
TMS28F21 0-12 
TMS28F21 0-15 
TMS28F210-17 

TMS28F020-10 

256Kx 8 
TMS28F020-12 
TMS28F020-15 

2048K 
TMS28F020-17 

TMS28F200x-60 * 
256K x 8 or TMS28F200x-70* 
128Kx 16 TMS28F200x-80* 

TMS28F200x-90 * 

TMS28F400x-60 * 

4096K 
517Kx8or TMS28F4OOx-70* 
256Kx 16 TMS28F400x-60 * 

TMS28F400x-90 * 

t DBJ PlastiC Smail-Outline Package 
DBR Plastic Small-Outline Package 
DD Plastic Thin Small-Outline Package 

MAX 
ACCESS 

TIME 
(na) 

100 
120 
150 
170 

100 
120 
150 
170 

100 
120 
150 
170 

100 
120 
150 
170 

60 
70 
80 
90 

60 
70 
80 
90 

DU Plastic Thin Small-Outline Reverse Form Package 
FM Plastic Leaded Chip parrier 
FN Plastic Leaded Chip Carrier 
J Ceramic Dualln-Une Package (DiP) 
N Plastic Dual in-Une Package (DIP) 

* Advance Information for product under development by TI 

MAX POWER 
POWER DISSIPATION 
SUPPLY 

(V) ACTIVE STANDBY 
(mW) (mW) 

5:t10% 165 .55 

5:t10% 165 .55 

5:t10% 275 .55 

5:t10% 275 .55 

5:t5% 
5:t10% 358 .55 5:t10% 
5:t10% 

5:t5% 
5:t10% 358 .55 5:t10% 
5:t 10% 
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Selection Guide 

PINS PACKAGEt NOTES PAGE 

CMOS 
32 

FM,N, 
Flash 7-3 

DD,DU Memory 

CMOS 
32 

DD,DU, 
Flash 7-25 

FM Memory 

CMOS 
40,44 FN,J Flash 7-47 

Memory 

CMOS 
32 FM,DD Flash 7-67 

Memory 

CMOS 

44,56 DBJ,DBR Boot-Block 7-87 Aash 
Memory 

CMOS-

44,56 DBJ,DBR 
Boot-Block 

7-115 Flash 
Memory 
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EPROM 

MAX MAX POWER 
ORGANIZATION ACCESS POWER DISSIPATION 

DENSITY (WORDS x BITS) DEVICE NUMBER nME SUPPLY PINS PACKAGEt NOTES PAGE 
(V) ACTIVE STANDBY 

(ns) (mW) (mW) 

TMS27C040-10 100 
TMS27C040-12 120 5:010% 275 0.55 32 J CMOS 7-211 

512Kx8 
TMS27C040-15 150 

SMJ27C040-10 100 
4096K SMJ27C040-12 120 5:010% 275 0.55 32 J Military 8-331 

SMJ27C040-15 150 

TMS27C240-10 100 
256Kx 18 TMS27C240-12 120 5:010% 275 0.55 40 J CMOS 7-221 

TMS27C240-15 150 

t J Ceramic Dualln-Une Package (DIP) 

-!111ExAs 
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One·Tlme Programmable (OTP) PROM 

MAX 
ORGANIZATION ACCESS DENSITY (WORDS x BITS) DEVICE NUMBER TIME 

(na) 

TMS27PC256-10 100 
TMS27PC256-15 150 

256K 32Kx8 TMS27PC256-17 170 
TMS27PC256-20 200 
TMS27PC256-25 250 

TMS27PC51 0-15 150 
TMS27PC51 0-17 170 
TMS27PC51 0-20 200, 
TMS27PC51 0-25 250 

512K 64Kx 8 TMS27PC512-10 100 
TMS27PC512-12 120 
TMS27PC512-15 150 
TMS27PC512-20 200 
TMS27PC512-25 250 

TMS27PC010A-12 120 
128K x 8 TMS27PC010A-15 150 

TMS27PC010A-20 200 

1024K TMS27PC210A-12 120 

64Kx 16 
TMS27PC210A-15 150 
TMS27PC210A-20 200 
TMS27PC210A-25 250 

TMS27PC020-12 120 

2048K 256Kx 8 
TMS27PC020-15 150 
TMS27PC020-20 200 
TMS27PC020-25 250 

TMS27PC040-10 100 
512K x 8 TMS27PC040-12 120 

TMS27PC040-15 150 
4096K 

TMS27PC240-10 100 
256K x 16 TMS27PC240-12 120 

TMS27PC240-15 150 

t DD Plastic Thin Smail-Outline Package 
DU Plastic Thin Small-Outline Reverse Form Package 
FM Plastic Leaded Chip carrier 
FN Plastic Leaded Chip Carrier 
N Plastic Dual In-Line Package (DIP) 

MAX POWER 
POWER DISSIPATION 
SUPPLY 

M ACTIVE STANDBY 
(mW) (mW) 

5:0:10% 165 1.4 

5:0: 10% 165 1.4 

5:0: 10% 165 1.4 

5:0: 10% 165 0.55 

5:0: 10% 165 0.55 

5:0: 10% 165 0.55 

5:0:10% 275 0.55 

5:0: 10% 275 0.55 
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Selection Guide 

PINS PACKAGEt NOTES PAGE 

28,32 FM,N CMOS 7-143 

32 FM,N CMOS 7-155 

DD,DU, 
28,32 CMOS 7-167 FM,N 

DD,DU, 
32 CMOS 7-179 

FM,N 

44 FN CMOS 7-191 

32 FM CMOS 7-201 

32 FM CMOS 7-211 

44 FN CMOS 7-221 
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Definition of Termsmming Conventions 

GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address - Any given memory location in which data can be stored or from which it can be retrieved. 

Automatic Chip-Select/Power Down - see Chip Enable Input. 

Bit - Contraction of binary digit i.e., a 1 or a O. In electrical terms, the value of a bit can be represented by the presence 
or absence of charge, voltage, or current. 

Byte - A word of eight bits (see Word). 

C of C - Certification of Conformance. 

CDIP - Ceramic Dual In-Line Package. 

CERPAC - CERamic flat PACk (hermetic). 

CMOS - A complementary MaS technology that uses transistors with electron (N-channel) and hole (P-channel) 
conduction. 

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

Chip Select Input - Chip select inputs are gating inputs that control the input to, and output from, the memory. They 
may be of two kinds: 

1. Synchronous - Clocked/latched with the memory clock. Affects the inputs and outputs for the duration 
of that memory cycle. 

2. Asynchronous - Has direct asynchronous control of inputs and outputs. In the read mode, an 
asynchronous chip select functions like an output enable. 

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

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

Die - Unpackaged semiconductor. 

DIP - Dual In-line Package. 

DESC - Defense Electronics Supply Center. 

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

NOTES: 
1 . The words "read/write" can be omitted from the term when no misunderstanding will result. 

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

3. A dynamiC memory might use static addressing or senSing circuits. 

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

EPIC'M - Enhanced Performance Implanted CMOS. 

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

EPIC is a trademark of Texas Instruments Incorporated. 
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Definition of Terms/Timing Conventions 

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

ESD - Electrostatic Discharge. 

Extended Data Output - Extended data out allows for data output rates of up to 40 MHz for 60 ns devices. When 
keeping the same row address while selecting random column addresses, the time for row-address setup and 
hold and address multiplex is eliminated. The maximum number of columns that can be accessed is determined 
by tRASP, the maximum RAS low time. 

Extended data out does not enter the DOs into the high-impedance state with the rising edge of CAS. The out~ 
remains valid for the system to latch the data. After CAS goes high, the DRAM is decoding the next address. OE 
and WE can be used to control the output impedance. Descriptions of OE and WE further explains EDO operation 
benefit. 

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

Field-Programmable Read-Only Memory - See One-lime Programmable Read-Only Memory. 

FIFO - First-In, First-Out. 

Fit - A failure rate of one failure in one billion hours. 

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

Flash Memory - A nonvolatile memory that can be field-programmed like an OTP PROM or EPROM but that can 
be electrically erased by a combination of electrical signals at its inputs. 

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

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

GENERIC DATA - Group A, B, C, & D Ouality Conformance Data. 

JAN - Joint Army Navy. Specifically, a JM3851 0 qualified device. 

JANB - Class B screened JAN device. 

JANS - Class S screened JAN device. 

JEDEC - Joint Electronic Device Engineering Council. 

JTAG - Joint Test Action Group. 

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

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

Memory - A medium capable of storing information that can be retrieved. 

Memory Card - A pocket-size memory storage system. 
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Definition of Termsrriming Conventions 

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

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

MIL-M-38510 - A military controlling specification pertaining mainly to JAN-qualified devices (microcircuits). 

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

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

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

OTP - One-Time Programmable~ 
One-Time Programmable (OTP) Read-Only Memory - A read-only memory that, after being manufactured, can 

have the data content of each memory cell altered once. Also referred to as OTP. 

Output Enable - A control input that, when true, permits data to appear atthe memory output, and when false, causes 
the output to assume a high-impedance state. (See also chip select.) 

PCMCIA - Personal Computer Memory Card International Association. 

PDIP - Plastic Dual-Inline Package. 

PLCC - Plastic Leaded Chip Carrier .. 

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

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

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

Program - Typically associated with EPROM and OTP memories, the procedure whereby logical Os (or 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) - See One-Time Programmable (OTP) Read-Only Memory. 

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

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

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

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

Row Address Strobe (RAS) - A clock used in dynamic RAMs to control the input of the row addresses. It can be 
active high (RAS) or active low (RAS). 
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Definition of Terms/TIming Conventions 

SCD - Sourc:e Control Drawings. 

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

SDRAM - Synchronous Dynamic Random Access Memory. SDRAM synchronizes all address, data and control 
signals with the system clock. This makes the data transfer rates much nigher than can be attained with 
asynchronous data. System design will be made easier with timing relationships now similar to other system 
operations. 

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

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

SIMM - Single In-Une Memory Module. 

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

SMD - Standard Military Drawing. 

SOlCC - Small Outline Leadless Ceramic Chip Carrier. 

SOJ - Small Outline J-Iead package. 

SOP - Small Outline Package. 

SQFP -- Small Quad Flat Pack. 

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

ThlnSOJ - (TSOJ) Thin Small-Outline J-Lead package. 

ThinSOP - (TSOP) Thin Small-Outline package. 

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

Video RAM (VRAM) - A dual-port dynamic random-access memory with an on-Chip serial data register. 

Volatile Memory - A memory in which the data content is lost when the power supply is disconnected. 

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

Write - A memory operation whereby data is written into a desired address ·Iocation. 

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

ZIP - Zig-zag In-line Package. 
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Definition of TermsJ1"imlng Conventions 

OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 

Capacitance 

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

Example symbology: 

CI Input capacitance 

Co Output capacitance 

CI(D) Input capacitance, data input 

Current 

High-level Input current, IIH 

The current into an input when a high-level voltage is applied to that input. 

High-level output current, 10H 

The current into· an output with input conditions applied that, according to the product specification, establishes 
a high level at the output. 

Low-level Input current, IlL 

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

Low-level output current, 10L 

The current into· an output with input conditions applied that, according to the product specification, establishes 
a low level at the output. 

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

The current into· an output having three-state capability with input conditions applied that according to the product 
specification establishes the high-impedance state at the output. 

Short-circuit output current, los 

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

Supply current, IBB, Icc, 100, Ipp 

The current into, respectively, the VBB, Vee, VDD, Vpp supply terminals. 

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

Operating Free-Air Temperature 

The temperature (T A> range over which the device operates and the range which meets the speCified electrical 
characteristics. 

Voltage 

High-level Input voltage, VIH 

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

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

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

Low-level Input voltage, VIL 

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

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

Low-level output voltage, VOL 

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

Supply voltages, VBB, Vee, Voo, Vpp 

The voltages supplied to the corresponding voltage pins that are required forthe device to function. From one 
to four of these supplies· may be necessary, along with ground (V ss). 

Time Intervals 

3-8 

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 when intervals can be 
easily classified as access, cycle, disable, enable, hold, refresh, setup, transition, or valid times and for pulse 
durations. The second form can be used generally, but in this book primarily, for time intervals not easily 
classifiable. The second (unclassified) form is described first. Since some manufacturers use this form for all time 
intervals, symbols in the unclassified form are given with the examples for most of the classified time intervals. 

Unclassified time Intervals 

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

tAB-CD 

Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of state 
or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and end 
of the time interval. E~ effort is made to keep the A and C subscript length down to one letter, if possible (e.g., 
R for RAS and C for CAS). 

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

H = high or transition to high 

L = low or transition to low 

V = a valid steady-state level 

X = unknown, changing, or "don't care" level 

Z = high-impedance (off) state 

The hyphen between the Band C subscripts is omitted when no confusion is likely to occur. 
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Definition of Terms!TIming Conventions 

Classified time Intervals (general comments, specific times follow) 

Because ofthe 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: 

Classified 

ta(A) 
ta(S), ta(CS) 

Cycle time 

Unclassified 

tAVQV 
tSLQV 

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

Description 
Access time from address 
Access time from chip select (low) 

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), tc(rd) tAVAV(R) Read cycle time 
tc(W) tAVAV(W) Write cycle time 

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

Disable time (of a three-state output) 

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

Example symbology: 

Classified Unclassified Description 

ldis(S) tSHQZ Output disable time after chip select (high) 
ldis(W) tWLQZ Output disable time after write enable (low) 

These symbols supersede the older forms tpvz 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 from tpZV. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 3-9 



Definition of TermsJTiming Conventions 

3-10 

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 diQital 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 can 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 

th(D) tWHDX 

th(RHrd) tRHWH 

th(CHrd) tCHwH 

th(CLCA) tCL-CAX 

th(RLCA) tRL-CAX 

th(RA) tRL-RAX 
These last three symbols supersede the older forms: 

NEW FORM OLD FORM 

th(CLCA) th(AC) 

th(RLCA) th(ARL) 

th(RA) th(AR) 

Description 
Data hold time (after write high) 
Read (write enable high) hold time after RAS high 
Read (write enable high) hold time after CAS high 
Column S\ddress hold time after CAS low 
Column address hold time after RAS low 
Row address hold time (after RAS low) 

NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified 
form. I n the case of hold times, this causes the order to seem reversed from what would be suggested 
by the terms. 

Pulse duration (width) 

The time interval between the specified reference points on the leading and trailing edges of the pulse waveform. 

Example symbology: 

Classified 

tw(W) 
tw(RL) 

Refresh time Interval 

Unclassified 

tWLWH 

tRLRH 

Description 
Write pulse duration 
Pulse duration, RAS low 

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

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

Example symbology: 

Classified 

trf 

Unclassified Description 
Refresh time interval 
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Setup time 

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

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

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

Example symbology: 

Classified Unclassified 

tsu{O) tOVWH 

tsu{CA) tCAV-CL 
tsu{RA) tRAV-RL 

Transition times (also called rise and fall times) 

Description 
Data setup time (before write high) 
Column address setup time (before CAS low) 
Row address setup time (before RAS low) 

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

Example symbology: 

Classified 

tt 
tt{CH) 

tr{C) 
tf{C) 

Valid time 

(a) General 

Unclassified 

tcHCH 

tCHCH 
tCLCL 

Description 
Transition time (general) 
Low-to-high transition time of CAS 
CAS rise time 
CAS fall time 

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 
This supersedes the older form tpvx. 

Output data valid time after change of address 
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nmlng Diagram Symbol 
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//III 

TIMING DIAGRAMS CONVENTIONS 

Input Forcing Functions 

Must be steady high or low 

High-to-Iow changes permitted 

Low-to-high changes permitted 

Don1care 

(Does not apply) 

Meaning 

Output Response Functions 

Will be steady high or low 

Will be changing from high to low sometime 
during designated intervals 

Will be changing from low to high sometime 
during designated intervals 

State unknown or changing 

Centerline represents high-impedance 
(off) state. 
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• Organization ••• 1048576 x 4 

• Single 5-V Power Supply for TMS44460/P 
(:t10% Tolerance) 

• Single 3.3·V Power Supply for TMS46460/P 
(:t10% Tolerance) 

• Low Power Dissipation (for TMS46460P) 
- 200-JAA CMOS Standby 
- 200-JAA Self Refresh 
- 300·JAA Extended·Refresh Battery 

Backup 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ 

TIME TIME 

(tRAC) (tCAC) 
(MAX) (MAX) 

TIME OR WRITE 

(tAAl CYCLE 
(MAX) (MIN) 

'4x460/P-60 60 ns 15 ns 30 ns 110 ns 

'4x460/P-70 70 ns 18 ns 35 ns 130 ns 
'4x460/P-80 80 ns 20 ns 40 ns 150 ns 

• Four Separate CASx Pins Provide for 
Separate I/O Operation 

• Parity· Mode Operation 

• Enhanced Page·Mode Operation for Faster 
Memory Access 

• CAS·Before·RAS (CBR) Refresh 

• Long Refresh Period 
- 1024·Cycle Refresh in 16 ms 
- 128 ms (Max) Low·Power, Self·Refresh 

Version (TMS4x460P) 

• 3·State Unlatched Output 

• Texas Instruments EPIC™ CMOS Process 

• Operating Free·Air Temperature Range 
O·Cto 70°C 

description 

The TMS4x460 series are high-speed, 
4194304-bit dynamic random-access memories, 
organized as 1048576 words of four bits each. 
The TMS4x400P series are high-speed, 
low-power, self-refresh with extended-refresh, 
4194304-bit dynamic random-access memories, 
organized as 1048576 words of four bits each. 
Both series employ state-of-the-art enhanced 
performance implanted CMOS EPIC'· technology 
for high performance, reliability, and low power. 

TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

DJPACKAGE 
(TOP VIEW) 

DGAPACKAGE 
(TOP VIEW) 

= 10 26 p 
= 2 25p: 

=3 24p: 

F4 23 p 
~5 22p: 

6 21 

DQ1 = 1 U 26 p VSS DQ1 

D~= 2 25 p D04 D02 
W3 24D03 Vii 

RAS = 4 23 1= CAS4 RAS 
CAS1 ;: 5 221= OE CAS 1 

CAS2 ;: 6 21 ;: CAS3 CAS2 

~8 19p: 
9 181= 

i= 10 
F 11 

17p 

:= 12 
16 ;: 

i= 13 
15 ;: 
14 

A9~ 8 19 = NC A9 

AO~ 9 18 = A8 AO 

A1F 10 17 = A7 A1 
A2 11 16 = AS A2 
A3~ 12 15 = A5 A3 
~ 

VCC VCC 13 14 A4 

PIN NOMENCLATURE 

AO-A9 Address Inputs 
CAS1-CAS4 Column-Address Strobe 
OQ1-0Q4 Data In/Data Out 
OE Output Enable 
RAS Row-Address Strobe 
VCC 5-V or 3.3-V Supply 
VSS Ground 
W Write Enable 

AVAILABLE OPTIONS 

VSS 
D04 
D03 
CAS4 

OE 
CAS3 

NC 

A8 
A7 
AS 

AS 
A4 

POWER 
SELF-REFRESH 

REFRESH 
DEVICE BATTERY 

SUPPLY BACKUP CYCLES 

TMS44460 5V - 1024 In 16 ma 

TMS44460P 5V YES 1024 in 128 ms 

TMS46460 3.3V - 1024 in 16 ms 

TMS46460P 3.3 V YES 1024 In 128 ms 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

EPIC is a trademark of Texas Instruments Incorporated. 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

description (continued) 

Four separate CAS pins (CAS 1-CAS4) provide for separate I/O operations, allowing this device to operate 
in parity mode. The TMS44460 also functions in enhanced page mode, similar to the TMS44400. 

The TMS4x400 and TMS4x400P are offered in a 24/26-lead plastic small outline (TSOP) package (OGA suffix) 
and a 300-mil24/26-lead plastic surface mount SOJ package (OJ suffix). Both packages are characterized for 
operation from O·C to 70·C. 

functional block diagram 

AD 
Column Decode A1 

• Column- Sense Amplifiers 
• Address 128KArrey 
• Butters 

R 
A9 128KArray 

0 
• w • • · • • 

• Row-• Address 
• Buffers 

128KArray DQ1-DQ4 

operation 

parity mode 

4-6 

Four CASx pins (CAS 1-CAS4) are provided to give independent control of the four data I/O pins (001-004). 
For read or write cycles, the column addressed is latched on the first CASx falling edge. Each CASx pin going 
low enables its corresponding DO pin with data coming from the column address latched on the first CASxfalling 
edge. All address setup and hold parameters are referenced to the first CASx railing edge. The delay time from 
CASx low to valid data out (see parameter tCAd is measured from each individual CASx to its corresponding 
OOxpin. 

To latch in a new column address, all four CASx pins must be brought high. The column precharge time (see 
parameter tcp) is measured from the last CASx rising edge to the first CASx falling edge of the new cycle. In 
order for a column address to remain valid while toggling CASx, there exists a minimum setup time (tCLCH) 
where at least one CASx must be brought low before all other CASx pins are taken high. 

For· early-write cycles, the data is latched on the first CASx falling edge. Only the DOs that have the 
corresponding CASx low are written into. Each CASx has to meet tCAS minimum in order to ensure writing into 
the storage cell. To latch a new address and new data, all CASx pins must come high and meet tcp. 

This DO independence allows the TMS4x460/P to provide four parity bits in memory designs that normally 
require the use of four 1-megabit x 1 DRAMs. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON, TEXAS n251-1443 



enhanced page mode 

TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multiplex is eliminated. The 
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CASx 
page-cycle time used. With minimum CASx page-cycle time, alii 024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CASx is high. The falling edge of 
CASx latches the column addresses. This feature allows the TMS4x400 to operate at a higher data bandwidth 
than conventional page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when CASx transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented immediately after row-address hold time has been satisfied, usually well in 
advance of the falling edge of CASx. In this case, data is obtained after tCAC max (access time from CASx low) 
if tAA max (access time from column address) has been satisfied. If column addresses for the next cycle are 
valid at the time CASx goes high, access time for the next cycle is determined by the later occurrence of tcAC 
or tCPA (access time from rising edge of CASx). 

address (AO-AS). 

Twenty address bits are required to decode 1 of 1 048576 storage-cell locations. Ten row-address bits are set 
up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address 
bits are set up on AO through A9 and latched onto the chip by the column-address strobe (CASx). All addresses 
must be stable on or before the falling edges of RAS and CASx. RAS is similar to a chip enable in that it activates 
the sense amplifiers as well as the row decoder. CASx is used as a chip select, activating the output buffer as 
well as latching the address bits into the column-address buffer. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on W selects the read mode 
and a logiC low selects the write mode. W can be driven from standard TIL circuits (TMS44460/P) or low-voltage 
TIL circuits (TMS46460/P) without a pull up resistor. The data input is disabled when the read mode is selected. 
When W goes low prior to CASx (early write), data out remain in the high-impedance state for the entire cycle, 
permitting a write operation independent of the state of OE. This permits early-write operation to be completed 
with OE grounded. 

data in/out (DQ1-DQ4) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CASx and OE 
are brought low. In a read cycle, the output becomes valid after all access times are satisfied. The output remains 
valid while CASx and OE are low. CASx or OE going high returns it to a high-impedance state. This is 
accomplished by bringing OE high prior to applying data, satisfying tOED, 

output enable (OE) 

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

refresh 

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x400P) to retain data. This 
can be achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CASx at the high (inactive) level, 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

refresh (continued) 

conserving power as the output buffer remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintaining valid data at the 
output. This is accomplished by holding CASx at VIL after a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CASx-before-RAS refresh (CBR) 

CBR refresh is utilized by bringing CASx low earlier than RAS (see parameter tCSR) and holding it low after RAS 
falls (see parameter tCHR)' For successive CSR refresh cycles, CASx can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 300-J.t,A (TMS46460P) or 500-J.t,A 
(TMS44460P) refresh current is available on the low-power devices. Data integrity is maintained using CSR 
refresh with a period of 125 fAS while holding RAS low for less than 1 fAS. To minimize current consumption, all 
input levels need to be at CMOS levels (VIL S 0.2 V, VIH ~ VCC - 0.2 V). 

self refresh 

The self-refresh mode is entered by dropping CASx low prior to RAS going low. CASx and RAS are both held 
low for a minimum of 100 fAS. The chip is then refreshed by an on-board oscillator. No external address is 
required because the CSR counter is used to keep track ofthe address. To exit the self-refresh mode, both RAS 
and CASx are brought high to satisfy tCHS' Upon exiting the self-refresh mode, a burst refresh (refresh a full set 
of row addresses) must be executed before continuing with normal operation. This ensures the DRAM is fully 
refreshed. 

power up 

4-8 

To achieve proper device operation, an initial pause of 200 its followed by a minimum of eight initialization cycles 
is required after full VCC level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CSR) cycle. 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee: TMS44460, TMS44460P ...•................•.... - 1 V to 7 V 

TMS46460, TMS46460P ...•..............•..• - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1): TMS44460, TMS44460P ........................ - 1 V to 7 V 

TMS46460, TMS46460P ...................... - 0.5 V to 4.6 V 
Short-circuit output current ............•............................................••..... 50 mA 
Power dissipation ..•.....•..•....••................ ;....................................... 1 W 
Operating free-air temperature range, T A .........•...........••..••...•......•........ O·C to 70·C 
Storage temperature range, Tsttg .........................•........•.••............ - 55·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maximum·rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

'44460/P '46460/P 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 3.0 3.3 3.6 V 

VIH High-level input voltage 2.4 6.5 2.0 VCC+ 0.3 V 

VIL Low-level input voltage (see Note 2) -1 0.8 -0.3 0.8 V 

TA Operating free-air temperature 0 70 0 70 ·C 

z o 
fi 
:IE 

NOTE 2: The algebraic convention, where the more negative Oess positive) limit is designated as minimum, Is used for logic-voltage levels only. a: 
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1 048576·WORD BY 4·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TMS44460/P 

'44460·60 
PARAMETER TEST CONDITIONS '44460P·60 

MIN MAX 

VOH 
High-level 

IOH=-5mA 2.4 output voHage 

VOL 
Low-level output 

IOL=4.2 mA 0.4 voHage 

II 
Input current VCC = 5.5 V, VI = 0 V to 6.5 V, 

:1:10 (leakage) All others = 0 V to V CC 

10 
Output current VCC =5.5V, Va = 0 Vto VCC, 

:1:10 (leakage) CASxhigh 

Read- or wrRe-
ICCl cycle current VCC=5.5V, Minimum cycle 105 

(see Note) 

After 1 memory cycle, 
RAS and CASx high, 2 
VIH = 2.4 V (TTL) 

ICC2 Standby current After 1 memory cycle, 
RAS and CASx high, 

'44460 1 

VIH =YCC-0.2V 
'44460P 500 (CMOS) 

Average refresh VCC = 5.5 V, Minimum cycle, 
current RAScycling, 

ICC3 (RAS only or 105 
CBR) CASx high (RAS only); 

(see Note 4) RAS low after CASx low (CBR) 

Average page 

ICC4 
current VCC = 5.5 V, tpc = minimum, 

90 (see Notes 4 RASlow, CASxcycling 
and 5) 

Self-refresh 
CASx<0.2V, -

ICC6t current 
RAS< 0.2 V, 

500 
(see Note 4) tRAS and teAS> 1000 ms 

Standby current, 
RAS=VIH, CASx=VIL 

ICC7 outputs enabled 5 
(see Note 4) 

Data out enabled 

Battery-backup 
tRC = 125 1'8, tRAS" 1 1'8, 

ICClOt VCC-0.2V "VIH ,,6.5 V, current 
OV"VIL,,0.2V, Wand OE =VIH, 

500 
(wRhCBR) 

Address and data stable 

t For TMS44460P only 
NOTES: 3. ICC max is specified with no load connected. 

4-10 

4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CASx = VIH 
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'44460·70 '44460·80 
'44460P·70 '44460p·80 UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 tlA 

:1:10 :1:10 tlA 

90 80 mA 

2 2 mA 

1 1 mA 

500 500 tlA 

90 80 mA 

80 70 mA 

.500 500 tlA 

5 5 mA 

500 500 tlA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TMS46460/P 

'46460-60 
PARAMETER TEST CONDITIONS '46460P-60 

MIN MAX 

High-level 10H = - 2 mA (LVTTL) 2.4 
VOH output voltage 10H =-100 IIA (LVCMOS) VCC-0.2 

Low-level output 10L = 2 mA (LVTTL) 0.4 
VOL voltage IOL = 100 IIA (LVCMOS) 0.2 

II 
Input current VCC = 3.6 V, VI = OVt03.9V, 

.,10 
~eakage) All others" 0 V to VCC 

10 
Output current VCC=3.6V, Vo =OVtoVCC, ., 10 
(leakage) CASxhigh 

Read- or write-
ICCI cycle current VCC=3.6V, Minimum cycle 70 

(see Note) 

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

ICC2 Standby current After 1 memory cycle, 
RAS and CASx high, 

'46460 300 

VIH =VCC-0.2V 
'46460P 200 (LVCMOS) 

Average refresh VCC=3.6V, Minimum cycle, 
current 

RAScycling, 
ICC3 (RAS only or 70 

CBR) CASx high (RAS only); 

(see Note 4) RAS low after CASx low (CBR) 

Average page 

ICC4 
current VCC = 3.6 V, tpc = minimum, 

60 
(see Notes 4 RASlow, CASxcycling 
and 5) 

Self-refresh -- RAS<0.2V, 
ICCSt current 

CASx<0.2V, 
200 

(see Note 4) 
tRAS and teAS> 1000 ma 

Standby current, -
CASx = VII 

ICC7 outputs enabled RAS=VIH, 
5 

(see Note 4) 
Data out enabled 

Battery-backup 
tRC = 125118, tRAS s 1118, 

ICC10t VCC-0.2V sVIH s3.9V, 
current 

OV sVILSO.2V, Wand OE=VIH, 
300 

(with CBR) 
Address and data stable 

t For TMS46460P only 
NOTES: 4. ICC max is specified with no load connected. 

4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CASx = VIH 
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'46460-70 
'46460P-70 

MIN MAX 

2.4 

VCC-0.2 

0.4 

0.2 

.,10 

.,10 

60 

2 

300 

200 

60 

50 

200 

5 

300 
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'46460-80 
'46460P-80 UNIT 

MIN MAX 
2.4 

V 
VCC-0.2 

0.4 
V 

0.2 

.,10 IIA 

.,10 IIA 

50 mA 

2 mA 

300 IIA 

200 IIA 

50 mA 

40 mA 

200 IIA 

5 mA 

300 IIA 
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capacitance over recommended ranges of supply voltage and operating free~alr temperature, 
f = 1 MHz (see Note 6) . 

PARAMETER MIN MAX UNIT 

CilA) Input capacitance, AO-AS 5 pF 

Ci(RC) Input capacitance, ~ and RAS 7 pF 

CilOEl Input capacitance, OE 7 pF 

CilWl Input capacitance, W 7 pF 

Co Output capacitance 7 pF 

NOTE 6: VCC = 5 V:t .5 V for IheTMS44460/P devlC88, VCC = 3.3 V:t 0.3 VfortheTMS46460/P devices, and the bias on PinS under test IS 

OV. 

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

'4x400-60 '4x400-70 14x400-80 

PARAMETER '4x400P-60 '4x400p-70 '4x400P-80 UNIT 

MIN MAX MIN MAX MIN MAX 

lAA Access time from column address 30 35 40 ns 

tCAC Access time frcm CASx low 15 16 20 ns 

tCPA Access time from column precharge 35 40 45 ns 

tRAC Access time frcm RAS low 60 70 80 ns 

toEA Access time from OE low 15 18 20 ns 

tcLZ CASx to output In low·impedance state 0 0 0 ns 

toFF Output disable time after CASx high (see Note 7) 0 15 0 18 0 20 ns 

tOEZ Output disable time after OE high (see Note 7) 0 15 0 18 0 20 ns 

." NOTE 7: tOFF and toEZ are specified when the output is no longer driven. o 
:D 
:s:: 
!i -o z 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576-WORD BY 4-BIT 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

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

'4x400·60 
'4x400P·60 

MIN MAX 
tRC Cycle time, random read or write (see Note 8) 110 

tRWC Cycle time, read-write (see Note 8) 155 

tpc Cycle time, pag!!"mode read or write (see Notes 8 and 9) 40 

tpRWC Cycle time, page-mode read-write (see Note 8) 85 

tRASP Pulse duration, RAS low, page mode (see Note 10) 60 100000 

tRAS Pulse duration, RAS low, non page mode (see Note 10) 60 10000 

tRASS Pulse duration, RAS low, self refresh 100 

teAS Pulse duration, CASx low (see Note 11) 10 10000 

tep Pulse duration, CASx precharge time 10 

tRP Pulse duration, RAS high (precharge) 40 

tRPS Precharge time after self refresh using RAS 110 

twp Pulse duration, write 10 

tASC Satup time, column address before CASx low 0 

tASR Satup time, row address before RAS low 0 

tos Setup time, data (see Note 12) 0 

tRCS Setup time, W high before CASx low 0 

teWL Setup time, W low before CASx high 15 

tRWL Setup time, W low before RAS high 15 

twcs 
Setup time, W low before CASx low 

0 (early-write operation only) 

twSR Setup time, Whlgh (CBR refresh only) 10 

tCAH Hold time, column address after CASx low 10 

tOHR Hold time, data after RAS low (see Note 13) 50 

tOH Hold time, data (see Note 12) 10 

tAR Hold time, column address after RAS low (see Note 13) 50 

teLCH Hold time, CASx low to CASx high 5 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CASx high (see Note 14) 0 

tRRH Hold time, W high after RAS high (see Note 14) 0 

twCH Hold time, W low after CASx low (early-write operation only) 10 

twCR Hold time, W low after RAS low (see Note 13) 50 

twHR Hold time, W high (CBR refresh only) 10 

tCHS Hold time, CASx low after RAS high (self refresh) -50 

tOEH Hold time, OE command 15 

NOTES: 8. All cycle times essume IT = 5 ns. 
9. To assure tpc min, tASC should be " tep. 

10. In a read-write cycle, tRWO and tRWL must be observed. 
11. In a read-write cycle, tewo and teWL must be observed. 
12. Referenced to the later of CASx or W In write operations 
13. The minimum value is measured when tRCO is set to tRCO min as a reference. 
14. Either tRRH or tRCH must be satisfied for a read cycle. 

~TEXAS 
INSTRUMENTS 
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'4x400·70 '4x4oo·80 
'4x400P·70 '4x4ooP·80 UNIT 
MIN MAX MIN MAX 
130 150 ns 

181 205 ns 

45 50 ns 

96 105 ns 

70 100000 60 100000 ns 

70 10000 80 10000 ns 

100 100 J.IS 
18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

130 150 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 

15 15 ns 

55 60 ns 

15 15 ns 

55 60 ns 

5 5 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

55 60 ns 

10 10 ns 

-50 -50 ns 

18 20 ns 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4-BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

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

'4x460-60 '4x460-70 '4x460-80 
'4x460P-60 '4x46OP-70 '4x460P-60 

MIN MAX MIN MAX MIN MAX 

toED Hold time, DE to data delay 15 18 20 

tROH Hold time, ~ referenced to OE 10 10 10 

tAWD Delay time, cclumn address to W low (read-write operation only) 55 63 70 

tCHR Delay time, ~ low to CASx high (CBR refresh only) 10 10 10 

leRP Delay time, CASx high to ~ low 0 0 0 

leSH Delay time, RAS low to CASx high 60 70 60 

leSR Delay time, CASx low to RAS low (CBR refresh only) 5 5 5 

leWD Delay time, CASx low to W low (read-write operetion only) 40 46 50 

lRAD Delay time, ~ low to cclumn address (888 Note 15) 15 30 15 35 15 40 

tRAL Delay time, cclumn address to ~ high 30 35 40 

ICAL Delay lime, cclumn address to ~ high 30 35 40 

IRCD Delay time, RAS low to CASx low (see Note 15) 20 45 20 52 20 60 

tRPC Delay time, RAS high to CASx low 0 0 0 

tRSH Delay time, CASx low to RAS high 15 18 20 

IRWD Delay time, RAS low to W low (read-write operation only) 85 98 110 

Refresh time interval 
1'4X460 16 16 16 

tREF 
1'4X460P 128 128 128 

IT Transition time 2 30 2 30 2 30 

NOTE 15: The maximum value is specified only to essure access lime. 

4-14 

PARAMETER MEASUREMENT INFORMATION 

Vnf VCC 

R1 

Output Under Test 
Output Under Te8t-..... -----. 

CL=100pF 
R2 

I 
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

DEVICE 

46460/P 

44460/P 

VCC (V) R1 «(2) R2 «(2) VTH (V) RL«(2) 

3.3 1178 868 1.4 500 

5 828 295 1.31 218 

Figure 1. Load Circuits for TIming Parameters 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ms 

ms 

ns 



TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

... -it - ~c Yi ~I 
tr -! ~ "----

-; r==tRCD~ r-tRPj 

CAS1 I "l\t=tcAS -y I ~I 
I I I 
I I :!,. ~ tclCH (see Note A) I I 

CAS2 1 ! I\{ I !! 
1 II!" ~ tclCH I I 
I I I \.~ I I I 

CAS3 1 II -{ 1 I I 

I I I tclCH I.. ~ 14 I I tcp --+I--.. ~ 

i ! 
I \il~ I Ii I I I 

CAS4 I I I \, ii ~RP ---.I 
I.. i ItCSH I I I I 
I II" tRSH II ~I 
I4-tRAD~ I I I I I I 
l...-!- I II I II 

I I~ -: tRAH I I I I I I I 
I I ItASC~ I I I I I 
I~I I j4 tCAl ~I II 

tASR ---Ji! ~ i ft7\7\ t I I tRAl ~ 

_ .. X "; ~ +T" ~S*~"-__ _ 
I I I I+-toi- tcAH 1 I 14 ~I tRRH 
I tRCS--!..--tI I I I 

I I j4-- tRCH --41 

w I I 
I ~tcAC~ See Note B I I 

I I4---ttAA~ ~ toFF ~ 
I tcLZ~ I 

I 

~ .. _o~: 2 DQ1-DQ4 
I (see Note C) 

~ ~ tRAC 
j+- toEA --.I I'll toEZ 

j4 tROH i~ 
OE i I 

NOTES: A. To hold the address latched by the first CASx going low, the parameter !clCH must be met. 
B. !cAC is measured from CASx to its corresponding DQx. 
C. Output can go from high-impedance to an invalid-data state prior to the specified access time. 
D. CASx order is arbitrary. 

Figure 2. Read-Cycle Timing (see Note D) 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·B11 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~Ji ~ .. ~ 11 } ..... _-
I j4-- tRCD ----r I iii ~ tRP 

I 14 ~CSH ~ 14 I teRP~ 
! ! rx*-teAS~y!!! T\-
I I I I iii ~ tClCH (see Note A) I 
I I I . I ,..-+-1 .... 1 --+I-----~II---

II :I'i / I: I i 
II II.! tRSH II ~ 1 
I 1 I , /';-1 .... 1--,.....------;-1-
I I 1 \ . I I 1 
I I I I I 1 

I I I rt j I I I \. i i !+- tRAD ~ I \. j4-1 _-+-_ 1 
tASR -jol<lll---"~ I 1 I 1 I'll tep ~ 

I I I 1 I 
1 ~tRAHI II I I 

I I i tASC+, I i I 
I I 1 141 I teAL ~ I 

.. -.. =>t -:*H-~~~~ 
'= /I l teAH 1 1 
'" tAR~1 ~ twcs 14 1 1 

____ --!I~ I 1 ,..--!-I ---+1--------
W I \~ I I4--twCH~/ I I 

1 'JI. II ---¥ 1 1 
I 14 ItCWl 1 ~ I 
I I I I 1 I 
I i4 Ii tRWll ~ 
I.! I twcn I ~ 
I I Iltw~ 

.. '--Q§%m1ii$§K .... +F ~m\c!*~ 
I I 1 I DH 
I'll I toHR ~ 

i4- tDS-iIi 

NOTES: A. To hold the address latched by the first CASx going low, the parameter tcLCH must be met. 
B. CASx order Is arbitrary. 
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Figure 3. Early-Write-Cycle Timing (see Note B) 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4-BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. To hold the address latched by the first CASx going low, the parameter tcLCH must be met. 
B. Referenced to the later of either the first eASx or W In write operations. 
C. CASi order Is arbitrary. 

Figure 4. Wrlt..cycle Timing (.ee Note C) 
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TMS44460, TMS44460P,TMS46460, TMS46460P 
1 048576-WORD BY 4-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. To hold the address latched by the first CASx going low. the parameter tCLCH must be met. 
, B. !QAQ. is measured from CASx to its corresponding OOx. 

4-18 

C. CASx order is arbitrary. 

Figure 5. Read-Write/Read-Modify-Write-Cycle Timing (see Note C) 
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OQ2 

OQ3 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP j4 ~ 

~f---------lRASP--------I~ 
1 I4-tRco~ 1 1 I ____ +I ....... _~ 1 14--- teRP 1 1 ~ 

: \l,...1 _---JI I I ! 
I I 1 1 1 
1 1 1:.--__ -+1 -+1 ___ _ 

--~~-~~~--~fl \~--~r1 I I 
I ~ >r}tcLcH.......... I I i i 

----t-!---~N Ii. 14 tRI
:; ~I I 

1 I ~ 1 ~PC--~-I 
r4 teSH ~~~teP~ 1 1 1 1 I 

----+I-I!---~ I I 1 1 . 
~I ttSR Nt- teAS ~ \J. 0 I 
1 j4--tARM Ii 1 
IlRAH~ ill ~ ---.I I 1 
1 1 T*I j4j tASC ~ teAL tRAL 1 I 
1 1 1 J',tC:7iA;;:H~~~" r 

~~~~;tr I I 'Wl I ~%~~;t& 
1 I I See Note BI I 1 

1 1 ~ tCAC ~ 14- tAA -+I 1 
1 14 I tAA----j . 1 1 
14-14----: tRAC ~ I 1 

---------~l--~ ~ _____ ~I--I4-~rl~~~F~F-------
I _ tePA ~ -.I j.- ~EZ 
I 1 1 (see Note C) 1 ""-_.1..:1 "",I 

------------~I---~!~ ~~~ )~----------------
II~ 1 

------te-LZ--lI-4 --""~~~-----+:I --------------
(see Note 0) (ll)X ~~~ )-@( ~~~) 

_____ -. !4-- ~EA ~ :.-_______ _ 

\l I 
NOTES: A. To hold the address latched by the first CASx going low, the parameter teLCH must be met. 

B. teAC is measured from CASx to its corresponding DQx. 
C. Access time is tePA or lAA dependent. 
D. Output can go from high-impedance to an Invalid-data state prior to the specified access time. 
E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 

specifications are not violated. 
F. CASx order is arbitrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing (see Notes E and F) 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tR:R 
~ t~P----------------~1' !~ 

!I \ Ii ~ ~ZJ i 

II ~ j II I I 
I I I I I'll ~ I leLCH (see Note A) j4- leRP ~ 
I I I I I I I I r-+I----------

: ~tRCD ~ \{ Y :! \.,'=~!T:...IJ : I I ~i I 14 tpc - .. 

! ~ N' I leSH ~ I4-leP~ i I I 
I V 'i / II I I I 14--- leAS ~ '.l 

1+-.... 1-1 +-1 tASR I ------'1-. ...-----~I I 
I I ~ .1 leAH I I I 
I+-- tAR !---.il I . I I 
I I I I ~ I 
I~C1 i4+: I tRAL I ~ 

~-~ ~~~~~~~~~~~ 
AD-AS Column XXXXXXXX)(; Don't Care 

Vi 

DQ1 )>-------

DQ2 Not Written ) 

DQ3 valid In ) 

DQ4 valid In ) 

NOTES: A. To hold the address latched by the first CASx going low, the parameter tCLCH must be met. 
e. Referenced to the leter of either the first CASx or W in write operations. 

4-20 

C. CASx order is arbitrary. 
D. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modlfy-write timing 

specifications are not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP ~ i+
~I~~------------------~ASP--------------------~.I I I 

RAS -N ~'-__ 
, I~ teSH III, 141~----- ~SH -------+1 .. 1 I 

CAS1 ~CD ,: II~ . ~ tpCM ~ ! )t- II ~ teRP * teAS rL J{ -I : I I See Note A 1 :~ llll---te-p----.Jt1 : 

Ii I~ teLCH ·'1 I , 
II ~ ~ Yl 
I I I I I I , 

il ;XI~ r-\.I ./ I 
I , I I , 
!_I"\I r--\. ~/ ,I Z 

-.I, ~I tASR !'Ir Ii' ¥ 0 
, I I , 

'tfSc-+lH- I I I e 
~AD ~ ~ , I~ .1 teAH I I I '""" 

.. -.. ~!~m.~ ~_. ~~ 
tRAH ~ :.- I I j+- teWD --1 I teWL ~ 1111 I f2 

, ~tAWD----+I I 1 I I Z 
~ IltRWD ~l~ .!~ r-tRWL~ 

W ~ III SeeNoteaN. ~ \l ~~~~~~~'O' ~ 
, I I~ r- teAC I : I I Z 

DQ1-OO4 

lR9S -+, I ~ I -+I ~ t i+- tePA -+I I+- toEH -toI, ~ 
ItAAI'IIII·1 liDS , 1 ", 
I+-- tRAC -1--+1 I I' C 

tc I ~I 1 I A L.;:-~alidout I « 
_____ LZ __ -+j~M:W Valldl" ) ~ Valid In )>-,..: ____ _ 

Valid ou~\; i ,I 
:.-- toEA --+j I I~ III' taEH , : 

I -+I I.- toEZ I :~ ., tOED I 

OEmQN I \ I ~ 
NOTES: A. To hold the address latched by the first CASx gOing low, the parameter tcLCH must be mel. 

B. ~ is measured from CASx to its corresponding DOx. 
C. CASx order is arbitrary. 
D. A read or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications 

are not violated. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write Cycle Timing 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS564A - MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1+11III--------lRC--------+l·1 

~lRP---11 1 I 
RAS T. "\ ~14-1,. -----lRAS j FE-I ----

__ .J/1 i+-tcSR -+! \:1'-1 ____________ J 
I 1 1 1 

lRpc --.I '1- : 14-1l1li ---tcHR .1 \l i r tr y,..-------CASxt 

twsR ~ .1 114-l1li --I.~I twHR 

AO-A9 ~:e~i::*B:~ 
OE ~:efi::¥.aX~:~ 

DQ1-DQ4 ------------HI-Z------------

t Any CASx can be used. 

Figure 10. Automatic CBR Refresh-Cycle Timing 

AO-A9~:ef~'r*B:~ 

OE~:efi::¥.ay-~:~ 

DQ1-DQ4-----------HI-l------------

Figure 11. Self-Refresh·Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 12. Hldden-Refresh-Cycle (Read) Timing 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1048576·WORD BY 4·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
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PARAMETER MEASUREMENT INFORMATION 

Figure 13. Hldden-Refresh-Cycle (Write) Timing 
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TMS44460, TMS44460P, TMS46460, TMS46460P 
1 048576·WORD BY 4·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
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device symbolization (TMS44460 Illustrated) 

TI 

T~ 
) TMS44460 ~ 

W B YM T+ 

Speed (-60, -70, -80) 

Low-Power/Self-Refreeh Deelgnator (Blenk or P) 

Package Code 

Asembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Ole Revlelon Code 

Wefer Fab Code 

~1ExAs 
INSTRUMENTS 
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• Organization ••• 4194304 x 1 

• Single 5 V Power Supply, for TMS44100/P 
(:1:10% Tolerance) 

• Single 3.3 V Power Supply, for TMS46100/P 
(:I: 1 0% Tolerance) 

• Low Power Dissipation (TMS46100P only) 
- 200-t-tA CMOS Standby 
- 20()..t-tA Self Refresh 
- 30()..t-tA Extended-Refresh Battery 

Backup 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ 

TIME TIME 

(tRAC) (teAC) 
(MAX) (MAX) 

TIME OR WRITE 

(tAA) CYCLE 

(MAX) (MIN) 

'4xl00/P-60 60 ns 15 ns 30 ns 110 ns 

'4xl00/p-70 70 ns 18 ns 35 ns 130 ns 

'4xl00/P-60 80 ns 20 ns 40 ns 150 ns 

• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
- 1024-Cycle Refresh In 16 ms. 
- 128 ms (Max) for Low-Power, 

Self-Refresh Version (TMS4x100P) 

• 3-State Unlatched Output 

• Texas Instruments EPICTM Process 

• Operating Free-Air Temperature Range 
O·C to70·C 

description 

The TMS4x100 series are high-speed, 
4194304-bit dynamic random-access memories, 
organized as 4194304 words of one bit each. The 
TMS4x100P series are high-speed, low-power, 
self-refresh with extended-refresh, 4194304-bit 
dynamic random-access memories, organized as 
4194304 words of one bit each .. Both series 
employ state-of-the-art EPIC™ (Enhanced 
Performance Implanted CMOS) technology for 
high performance, reliability, and low voltage. 

TMS44100, TMS44100P, TMS461 00, TMS46100P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS561A - MARCH 1995 - REVISED JUNE 1995 

DGAPACKAGE DJPACKAGE 
(TOP VIEW) (TOP VIEW) 

D VSS D VSS 
W Q W Q 

RAS CAS RAS CAS 
NC NC NC NC 

A10 A9 A10 A9 

AO A8 AO A8 
A1 A7 A1 A7 
A2 AS A2 A6 
A3 A5 A3 A5 

VCC A4 VCC A4 

PIN NOMENCLATURE 

AO-Al0 Address Inputs 
CAS Column-Address Strobe 
D Data In 
NC No Connection 
a Data Out 
RAS Row-Address Strobe 
W Write Enable 
VCC 5-V or 3.3-V Supply 
VSS Ground 

POWER 
SELF·REFRESH 

REFRESH 
DEVICE 

SUPPLY 
BAITERY 

CYCLES BACKUP 

TMS44100 5V - 1024 In 16 ms 

TMS44100P 5V YES 1024 In 128 ms 

TMS48100 3.3V - 1024 In 16 ms 

TMS46100P 3.3V YES 1024 In 128 ms 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4x100 and TMS4x100P are offered in a 20-/26-lead plastic surface-mount small-outline (TSOP) 
package (OGA suffix) and a 300-mil20-/26-lead plastic surface-mount SOJ package (OJ suffix). Both packages 
are characterized for operation from O·C to 70·C. 

EPIC Is a trademark of Texas Instruments Incorporated. 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304·WORD 8Y 1·81T 
DYNAMIC RANDOM·ACCESSMEMORIES 
SMHS561A - MARCH 1995 - REVISED JUNE 1995 

logic symbolt 

RAM 4096K x 1 
9 

30011/2100 
10 
11 
12 

14 

AO 

A1 
A2 

A3 
A4 
AS 
A6 
A7 
A8 
A9 

15 
16 

0 
> A 4194303 

A10 

Vi 
o 

17 

18 
22 

5 

3 

24 

2 

1 

b 

~ 
r=; 
~ 

31021/21010 

C3OIROW] 
033 [REFRESH ROW] 
34 [PWR OWN] 
> C31 [COL) 
034 

" > 33C32 

33310 34 EN 

A, 320 AV 

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

functional block diagram 

AO 
A1 

• Column-

• Addre .. 

• Buffers 

A10 

• Row-
• Addre .. 
• Buffers 
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128KArray 128KArray 
R 128KArray 
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128KArray 
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128KArray 128KArray 
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operation 

enhanced page mode 

TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS581A- MARCH 1995 - REVISED JUNE 1995 

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

Unlike conventional page-mode DRAMs, the column-address buffers In this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the TMS4x1 00 to operate at a higher data bandwidth than 
conventional page-mode parts because data retrieval begins as soon as the column address is valid rather than 
when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented immediately after row-address hold time has been satisfied, USUally;ell in 
advance of the falling edge of CAS. In this case, data is obtained after tcAC max (access time from CA low), 
if tAA max (access time from column address) has been satisfied. If column addresses for the next cycle are 
valid at the time CAS goes high, access time for the next cycle Is determined by the later occurrence of teAC 
or tePA (access time from rising edge of CAS). 

address (AO-A10) 

Twenty-two address bits are required to decode 1 of 4194304 storage cell locations. Eleven row-address bits 
are set up on inputs AO through A 10 and latched onto the chip by the row-address strobe (RAS). The eleven 
column-address bits are set up on AO through A 10 and latched onto the chip by the column-address strobe 
(CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS.is similar to a chip 
enable In that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, activating 
the output buffer, as well as latching the address bits into the column-address buffer. 

write enable (W) 

z 
o 
~ 
:E a: 
~ z -The read or write mode is selected through the write-enable CW> input. A logic high on W selects the read mode W 

and a logic low selects the write mode. W can be driven from standard TTL circuits (TMS44100/P) or 0 
low-voltage TTL circuits (TMS461 OO/Pb without a pullup resistor. The data input is disabled when the read mode Z 
is selected. When W goes low prior to AS (early write), data out remains in the high-impedance state for the 
el1tire cycle, permitting common I/O operation. ~ 

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

data out (a) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS is brought 
low. In a read cycle, the output becomes valid after the access time interval tCAC (which begins with the negative 
transition of CAS) as long as tRAC and tAA are satisfied. The output becomes valid after the access time has 
elapsed and remains valid while CAS is low; CAS going high returns it to the high-impedance state. In a 
delayed-write or read-write cycle, the output follows the sequence for the read cycle. 
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TMS44100, TMS44100P,TMS46100, TMS46100P 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS561A- MARCH 1995-REVISEDJUNE 1995 

refresh 

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x1 OOP) to retain data. This 
can be achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintairiing valid data at the 
output. This is accomplished ~olding CAS at Vil after a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter tcsRl and holding it low after RAS 
falls (see parameter tCHRl. For successive CBR refresh cycles, CAS can remain lowwhile cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 300-JAA (TMS46100P) or 500-JAA 
(TMS44100P) refresh current is available on the low-power devices. Data integrity is maintained using CBR 
refresh with a period of 125 lAS while holding RAS low for less than 1 lAS. To minimize current consumption,all 
input levels need to be at CMOS levels (Vll s; 0.2 V, VIH :II: VCC - 0.2 V). 

self refresh 

The self~refresh mode is entered by dropping CAS low prior to RAS going low. CAS and RAS are both held low 
for a minimuQl of 100 pS. The chip is then refreshed by an on-board oscillator. No external address is required 
because the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS and CAS 
are brought high to satiSfy tcHS. Upon exiting the self-refresh mode, a burst refresh (refresh a full set of row 
addresses) must be executed before continuing with normal operation. This ensures the DRAM is fully 
refreshed . 

power up 

To achieve proper device operation, an initial pause of 200 lAS followed by a minimum of eight initialization cycles 
i~uired after full Vcc level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

An indust~standard design-for-test (DFT) mode is incorporated in the TMS4x100 and TMS4x100P. A CBR 
cycle with W low (WCBR) cycle is used to enter the test mode. In the test mode, data is written into and read 
from eight sectiornf of the array in parallel. Data is compared upon reading and if all bits are equal, the data-out 
terminal goes high. If anyone bit is different, the data-out terminal goes low. Any combination of read, write, 
read-write, or page-mode cycles can be used in the test mode. The test-mode function reduces test times by 
enabling the 4-Mbit DRAM to be tested as if it were a 512K DRAM, where row address 10, column address 10, 
and column address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the OFT mode. 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1·BIT· 

DYNAMIC RANDOM·ACCESS MEMORIES 
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test mode (continued) 

.. 14----1.01-1 Entry Cycle Exit Cycle --foI141-----~.1 

1414f------- Test-Mode Cycle _____ -I.~I *-- Normal 
1 I 1 Mode 

I 

I 
t The states of W, daIS in, and address are defined by the type of cycle used during test mode. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltage range, Vee: TMS441 00, TMS44100P ......................... -1 Vto 7 V 

TMS461 00, TMS461 OOP ...................... - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1): TMS441 00, TMS44100P ........................ -1 V to 7 V 

TMS461 00, TMS461 OOP ...................... - 0.5 V to 4.6 V 
Short-circuit output current ...........................•.................................... 50 mA 
Power dissipation .......................................................................... 1 W 
Operating free-air temperature range, T A ...........................................•.. O°C to 70°C 
Storage temperature range, Tstg .................................................. - 55°C to 150°C 

:I: Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOT,!: 1: All voHage values are with respect to VSS. 

recommended operating conditions 
TMS44100/P TMS46100/P 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply vollSge 4.5 5 5.5 3 3.3 3.6 V 

VIH High-level input voHage 2.4 6.5 2 VCC+ 0.3 V 

VIL Low-level input voltage (see Note 2) -1 O.S -0.3 O.S V 

TA Operating free-air temperature 0 70 0 70 ·C 

NOTE 2: The algebraiC convention, where the more negative (less positive) limit Is designated as minimum, is used for logic-voltage levels only. 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS561A - MARCH 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

'44100·60 
'44100P·60 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL=;4.2mA 0.4 

VCC=5.5V, 
II Input current (leakage) VI = 0 V to 6.5 V, :tl0 

All others = 0 Vto VCC 

10 Output current (leakage) 
VCC = 5.5 V, Vo = OVtoVCC, 

:tl0 
~high 

ICCI 
Read- or write-cycle current 

VCC = 5.5 V, . Minimum cycle 105 (see Note 3) 

After 1 memory cycle, 
RAS and CAS high, 2 
VIH = 2.4 V (TIL) 

ICC2 Standby current After 1 memory cycle, 
RAS and CAS high, 

'44100 1 

VIH =VCC-0.2V 
'44100P 500 (CMOS) 

Average refresh current 
VCC=5.5V, Minimum cycle, 

ICC3 (RAS only or CBR) 
RAScycling, 

105 
CAS high (RAS only); (see Note 4) 
RAS low after CAS low (CBR) 

ICC4 
Average page current VCC = 5.5 V, tpc = minimum, 

90 (see Notes 3 and 5) RASlow, CAS cycling 

ICC6t Self-refresh current CASsO.2V, RAS < 0.2 V, 
500 (see Note 3) tRAS and teAS> 1000 ms 

ICC7 
Standby current, outputs RAS=VIH, CAS=VIL, 5 enabled (see Note 3) Data out = enabled 

tRC = 125 lIS, tRAssl ms, 

Battery-backup current 
VCC - 0.2 V s VIH s 6.5 V, 

ICC10t OV sVILsO.2V, 500 (withCBR) 
Wand OE = VIH, 
Address and data stable 

t For TMS441 OOP only 
NOTES: 3. ICC max is specified with no load connected. 
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4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CAS = VIH 
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'44100·70 '44100·80 
'44100P·70 '44100P·80 UNIT 
MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:tl0 :tl0 J.iA 

:tl0 :tl0 J.iA 

90 80 mA 

2 2 mA 

1 1 mA 

500 500 J.iA 

90 80 mA 

80 70 mA 

500 500 J.iA 

5 5 mA 

500 500 J.iA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

'46100-60 
'46100P-60 

MIN MAX 

High-level 10H = - 2 mA (LVTTL) 2.4 
VOH output voltage 10H = - 100 iAA (LVCMOS) VCC-0.2 

Low-level 10L = 2 mA (LVTTL) 0.4 
VOL output voltage 10L" 100 iAA (LVCMOS) 0.2 

II 
Input current VI = 0 Vto 3.9 V, VCC = 3.S V, 

:10 
(leakage) All others = 0 V to VCC 

10 
Output current Vo = OVtoVCC, VCC = 3.SV, 

:10 
Oeakage} CAS high 

Read- or 

ICC1 
write-cycle 

Minimum cycle, VCC=3.SV 70 
current 
(see Note3) 

After 1 memory cycle, 
RAS and CAS high, 2 

Standby 
VIH = 2.0 V (LVTTL) 

ICC2 current After 1 memory cycle, '46100 300 
RAS and CAS high, 
VIH =VCC-0.2V 

'46100P 200 (LVCMOS) 

Average 
Minimum cycle, VCC = 3.S V, refresh current 

ICC3 (RAS only or 
RAS cycling, 

70 
CAS high (RAS only); 

CBR} 
RAS low after CAS low (CBR) 

(see Note 4) 

Average page 

ICC4 
current tpc = minimum, VCC=3.SV, 

60 
(see Notes 3 RASlow, CAS cycling 
and5) 

Self-refresh - RAS <0.2V, 
ICCSt current 

CASsO.2V, 
200 

(see Note 3) 
tRAS and tCAS > 1000 ms 

Standby 
current, 

RAS=VIH, 
-

ICC7 outputs 
CAS=VIL, 

5 
enabled 

Data out = enabled 

(see Note 3) 

tRC = 125 J.tS, tRASs 1 ms, 

Battery-backup VCC-0.2 V sVIH s 3.9 V, 

ICC10t current OV sVILsO.2V, 300 
(wlthCBR) Wand OE "VIH, 

Address and data stable 

t For TMS461 OOP only 
NOTES: 3. ICC max Is specified with no load ccnnected. 

4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CAS = VIH 
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'46100-70 
'46100P-70 

MIN MAX 

2.4 

VCC-0.2 

0.4 

0.2 

:10 

:10 

SO 

2 

300 

200 

SO 

50 

200 

. 
5 

300 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

'46100-80 
'46100P-80 UNIT 
MIN MAX 

2.4 
V 

VCC-0.2 

0.4 
V 

0.2 

:10 iAA 

:10 iAA 

50 mA 

2 mA 

300 iAA 

200 iAA 

50 mA 

40 mA 

200 iAA 

5 mA 

300 iAA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN MAX UNIT 

CiIA) Input capacitance, AO-Al0 5 pF 

Ci(RC) Input capacitance, CAS and RAS 7 pF 

CUW\ Input capacitance, W 7 pF 

Co Output capacitance 7 pF 

NOTE 6: VCC = 5 V:t.5 V for the TMS44100 devices, VCC = 3.3 V :to.3 V for the TMS46100 devices, and the bias on pins under test is 0 V. 

switching character/sties over recommended ranges of supply voltage and operating free-air 
temperature 

'4x100·60 '4x100·70 '4x100·80 

PARAMETER '4x1OOP·60 '4x100P·70 '4x100P·80 UNIT 
MIN MAX MIN MAX MIN MAX 

tAA Access time from column address 30 35 40 ns 

tCAC Access time from CAS low 15 18 20 ns 

tCPA Access time from column precharge 35 40 45 ns 

tRAC Access time from RAS low 60 70 80 ns 

tcLZ CAS to output in low impedance 0 0 0 ns 

tOFF Output disable time after CAS high (sae Note 7) 0 15 0 18 0 20 ns 

o NOTE 7: toFF is specified when the output Is no longer driven. 

m -z 
'TI 
o 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

'4x100-80 
'4x100P-80 

MIN MAX 
tRC Cycle time, random read or write (see Note 8) 110 

tRWC Cycle time, read-write (see Note 8) 130 

tpc Cycle time, page-mode read or write (see Notes 8 and 9) 40 

tpRWC Cycle time, page-mode read-write (see Note 8) 80 

tRASP Pulse duration, RAS low, page mode (see Note 10) 80 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 10) 80 10000 

tRASS Pulse duration, RAS low, self refresh 100 

teAS Pulse duration, CAS low, (see Note 11) 15 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

tRPS Precharge time after self refresh using RAS 140 

twp Pulse duration, write 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 12) 0 

tRCS Setup time, W high before CAS low 0 

tcwL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low (early-write operation only) 0 

twSR Setup time, W high (CBR refresh only) 10 

twrs Setup time, W low (test mode only) 10 

tCAH Hold time, column address after CAS low 10 

tOHR Hold time, data after RAS low (see Note 13) 50 

tOH Hold time, data (see Note 12) 10 

tAR Hold time, column address after RAS low (see Note 13) 50 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 14) 0 

tRRH Hold time, W high after m high (see Note 14) 0 

twCH Hold time, W low after CAS low (early-write operation only) 10 

twCR Hold time, W low after RAS low (see Note 13) 50 

twHR Hold time, W high (CBR refresh only) 10 

twrH Hold time, W low (test mode only) 10 

tAWO 
Delay time, column address to W low 

30 (read-write operation only) 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 

teRP Delay time, CAS high to RAS low 0 

tCSH Delay time, RAS low to CAS high 80 

NOTES: 8. All cycle times essume IT = 5 ns. 
9. To essure tpc min, tASC should be :Ii: 5 ns. 

10. I" a read-write cycle, tRWO and tRWL must be observed. 
11. In a read-write cycle, tewo and teWL must be observed. 
12. Referenced to the later of CAS or W In write operations 
13. The minimum value is measured when tAco is set to tRCO min as a reference. 
14. Either tRRH or tACH must be setisfied for a read cycle. ' 
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'4x100-70 '4x100-80 
'4x100P-70 '4x100P-80 UNIT 

MIN MAX MIN MAX 
130 150 ns 

153 175 ns 

45 50 ns 

88 75 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

100 100 I1S 
18 10000 20 10000 ns 
10 10 ns 

50 80 ns 

130 150 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 

10 10 ns 

15 15 ns 

55 80 ns 

15 15 ns 

55 80 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

55 80 ns 

10 10 ns 

10 10 ns 

35 40 ns 

10 10 ns 

0 0 ns 

70 80 ns 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304·WORD BY 1·BIT 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature {continued} 

'4x100-60 '4x100-70 '4X1OO-80 
'4x100P-60 '4x1OOP-70 '4x1OOP-80 

MIN MAX MIN MAX MIN MAX 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 5 

tCHS Hold time, CAS low after RAS high, self refresh -50 -50 -50 

tCWD Delay time, CAS low to W low (read-write operation only) 15 18 20 

tRAD Delay time, RAS low to column address (see Note 15) 15 30 15 35 15 40 

tRAl Delay time, column address to RAS high 30 35 40 

tCAl Delay time, column address to CAS high 30 35 40 

tRCD Delay time, RAS low to CAS low (see Note 15) 20 45 20 52 20 60 

tRPC Delay time, RAS high to CAS low 0 0 0 

tRSH Delay time, CAS low to RAS high 15 18 20 

tRWD Delay time, RAS low to W low (read-write operation only) 60 70 80 

!TAA Access time'from address (test mode) 35 40 45 

!TCPA Access time from column precharge (test mode) 40 45 50 

!TRAC Access time from RAS (test mode) 65 75 85 

1'4xl00 16 16 16 
tREF Refresh time interval 

1'4xl00P 128 128 128 

!T Transition time 2 50 2 50 2 50 

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

1.31 V VCC=5V 

R1 =8280 -1 RL=2180 

Output Under Teat .. Output Under Teat --..... --. 

CL=1OOpF I Cl = 100 pF 
R2=2950 

(8) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 1. Load Circuits for Timing Parameters 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ms 

ns 
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PARAMETER MEASUREMENT INFORMATION 

1.4V VCC=3.3V 

--l RL=500Q 

Output Under Teat 

CL=100pF I 
Output Under Teat ---411---" 

CL=100pF 

R1 = 1178 Q 

R2=868Q 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 2. Low-Voltage Load Circuits for Timing Parameters 

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

Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Q--------------HI·Z ....... -------------
Figure 4. Early-Wrlte-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS561A - MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Figure 5. Write-Cycle TIming 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS561A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTE A: Output can go from the high-Impedance stata to ah Invalld-data state prior to the specified access time. 

Figure 6. Read-Wrlte-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1-BIT 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS561A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Column 

tAR I ,.. tAA 1_; tRRH-+I i4I--=- tAcs ~ I (see Note A) ~ tACH --+I 
I I I ~ W~I I II w:n II II 'aaY/ 104- tRAD ~ W 

I I I 114 .. ---- tePA ---tI---1.~1 
I I I+- teAC --+I (see Note A) I I 
I 1oI1 .. ---tAA .1 ~t __ 
I" tRAC .1 I OFF ~I 

teLZ ~ .I~ I I 
Q ___________ ~ Velld ~ Valid Out '-

See Note B Out ~ r 
NOTES: A Access time is tCPAor tAA dependent. 

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

Figure 7. Enhanced-Page-Mode Read-Cycle Timing 
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TMS44100, TMS44100P, TMS461 00, TMS46100P 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS561A - MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP 14 "I 
I I 

14 tRASP .. I I I 

N YL , I I I 
1l1li tcSH "', 1l1li tpc .. r-- tcRP -+I 
I r--- tRCD -----+I I I . I 
I I '-.... -01 I 14--~H r-'1 

141'4-.. totl-i tASR ~'i Yi N /Ie--+i -----
I I tASC I 1 I j4- tcp -.I I I 
I 14 I tAR I I 1 .. 1 I I 
: ~ tRAH +I I I ~tCAH~~t:=tcA? "I 

AO-AIO X ~- X: ~~, : ~ CoI'~ ~:*~I*~]§l 
j+- tRAD -+I 14 I I .. I tcWL 14 .. I tcWL I 
14 twCR' 'I :' I 1 , 14 , 'twp J+- tRWL --+I 
14 I I tDHR .. I I 

~~~~~~~I:!I.-' I I I 
WI'I I 

I See Note A 
I I· I I+----- tDH ----+I 

14--- tDS "I 1414+1 -- tDH "I 
14---- tDS .. I (see Note A) 1 

See Note A 

o Valid Date In Valid 
Data In 

Q ---------------HI-Z---------------
NOTES: A. Referenced to CAS or W, whichever occurs last 

4-42 

B. A reael cycle or a reael-wrlte cycle can be Intermlxeel with write cycles as long as reael anel reael-wrlte timing specifications are not 
violated. 

Figure 8. Enhanced-Page-Mode Write-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS561A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP-+! !+-
14 IRASP .1 1 1 

RAS N )0 
I 1 i~ 
I I 14 tPRwc.1 14 I .1 teRP 

14 tcsH I .1 14 ~I tep 1 I 
j4--IRCD~,--- --J.' 1 ~tRSH~ I . 1 1 teAS 1 1 1 I I I 

CAS I ~ ~ :n All-I +-: ---

I I 11 1 J 1 I 
I 14 ~I IRAD 1 I 1 1 1 I --+I I4-HASR *- tASC -+I I 1 1 1 I 

1 -+.I I+- IRAH 1 *- teAH 1 1 1 1 I 
1 'l~ tAR] I ~ 1 III 

AD-A1O ~ .:. ~ +~ »<: eao_ ~:~~g;:E§ 
I ~ IR -+I-#i 114- teWD I 14- teWL -.I I I 
I ,- I"'CS I I 1 I I 
I 1 j+- tAWD --t-+!!.- +I I I+-IRWL --1+1 
14 1 I tRWD I .1 I twp I I 1 I I xxxxxxmt II I I ~ 1 ~~.~~m7" 

Vi ~ I I N ¥XU( ~1'-1 --~~~~~Q,. 
I -}+Ii++- tDS 1 1 1 

1 I 1114.ltoHI I I 

D .=$ ..... k+~+:x +~ ~E~S~ 
I 1 ;+-teAC-+f I 1 1_ I --+I 
I 14 tAA .• 1 I teLZ -+I I"' j+- toFF I 
14 tRAC I ~I 14 tePA I ., I 

teLZ --+I I+-II 1 I 
Q See Note A ~ See Note A ~ valid Out r 

NOTES: A. Output can go from the high-Impedanca state to an invalid-data state prior to the specified access time. 
B. A read or write cycle can be Intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

Figure 9. Enhanced-Page-Mode Read-Wrlte-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS561A - MARCH 1995- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

I.. tRC .1 
I !4- tRAS -+J I __________________________ ~I I I I 

RAS ~lli~ M ~ i ~ 14- tRP ---+I '----
toRP ~ I I -+I 1+ toRP 

I -+l I+- tr ~ I+- tRPC 

III W 

Q-----------------------------------------------------
o NOTE A: A 10 is a don't care. 

::rJ 
:s:: 
!i -o z 

4-44 

Figure 10. RAS-Only Refresh-Cycle Timing 
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TMS441 00, TMS44100P, TMS46100, TMS46100P 
4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHSS61A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~'4----------------~C--------------~~' 
j+-- ~P -----., 14-14 ---------~AS -----------.t~ , 
'II 1JE-'----

~ ANY 
, I I 

I4-tcSR~ 
tRPC --.I !41 I :!+-4 ---tcHR ~I 

CAS \l~. ~ IT Y 
twsR ~ ~I ~~--... ~+-: twHR 

AO-A10~:*~~~.::~ 

D~i;£K*~:~ 

Q------------HI..z------------
Figure 11. Automatic CBR-Refresh-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS561A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

__ t _ 1414--'.-1-1 tRPS 
I~ RP ~ I 141'i1-----lftASS _____ --+1.1 1 1 
1 II II { 

RAS If N 11 '--
I 1 1 1 

t -.I ~ tcSR ~ I tcHS 14 .1 
RPe rill }I . .r-. 

~ '{~I ----~~~r----~----------------------------~~ 
twSR ~ .1 14 

AO-A10~}~~K~a=:~ 

D~::?~*~:~ 
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Q----------------~--------HI~--------------------------
Figure 12. Self-Refresh-Cycle Timing 
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TMS44100, TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS581A- MARCH 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ Refresh Cycle--.t 
~ Memory Cycle ==+i r Refneh Cycle ~ 
I 1l1li ~ lAp· I 
I ,l1li ~, I tRAS , 1l1li ~I lAp I 

RAS --N . ~ . X .1/ tRAS l\ /~: ;-
I' " , teHR L ~I I , , 

CAl -""""!-!-I--"N! 1 teAS t-I +-----ss---I-I "t""1 ---Itr 
IAR 1 1l1li '~L! I I I I I 

'I ~ r teAH , , , , I 
I ~ ~IASC' ., I I I 

1RAH~1+t I I I I' , , I I 
~ IIIIIttASR I I I' , I I I 

_A1D_$~*::~~ 
I IRRH ~ II1II- ~ II1II- twHR ~ t+- twHR ~ jIIII- twHR 

Wlllll I I~I lAcs Vi -+I +-tws~IR --.! I4-twsR ~. *-tws.1 R I 
- "I "'<Xxx>o&W 
W 'I I ~~ 

, .~ 

D :::1~~~:_~ 
I+-IAAC -+I I 

1l1li I ~L 1M toFF -+l j+-
-+I,. ~tcAC I 

teLZ ~n ~ 
Q ~ ~~ ~ ~ 

Figure 13. Hidden-Refresh-Cycle (Read) llmlng 
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TMS44100,TMS44100P, TMS46100, TMS46100P 
4194304-WORD BY 1-B11 . 
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PARAMETER MEASUREMENT INFORMATION 

Q --------------HJ.Z----...;... .... '\/'rj------

Figure 14. Hldden-Refresh-Cycle (Write) Timing 

·-!I1TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 -HOUSTON, 'TEXAS 77251-1443 



TMS441 00, TMS44100P, TMS46100, TMS46100P 
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DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS581A- MARCH 1995-REVISEDJUNE 1895 

PARAMETER MEASUREMENT INFORMATION 

~14-------------------~C----------------~~1 
1 

14--~P ~ 14�4-----------~AS ____________ ~~I 1 
1 J., ! I 1 

RAS If ~\L Y ---' 1 1 I!"---------------
t -----..! ~'+- teSR ---+!I I bl 
RPe ~I 1- i 114-4--- teHR --------~ ... 

\l ~~tr 11 
twrs 14 ~ r- twrH 

W~ __ ~~~~~:*~*K~*!:~t~~~~~ 

AO-A10~:*~t~a::~ 

D~::~::*::~ 

Q--------------HI.z--------------
Figure 15. Test-Mode Entry Cycle 

device symbolization (TMS44100 Illustrated) 

b 
T~ 

111544100 ~ 
W B ::L M T+ 

Speed ( -80, - 70, -80) 

Low.power/Self-Refreeh Deelgnator (blank or p) 

Package Code 

Alembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Die Revlalon Code 

Wafer Fab Code 
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• Organization ••• 1048576 x 4 

• Single 5-V Power Supply for TMS44400/P 
(%10% Tolerance) 

• Single 3.3-V Power Supply for TMS46400/P 
(%10% Tolerance) 

• Low Power Dissipation (TMS46400P only) 
- 2OD-jAA CMOS Standby 
- 200-jAA Self Refresh 
- 300-jAA Extended-Refresh Battery 

Backup 

• Performance Ranges: 

'4x400/P-60 
'4x400/P-70 

ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR WRITE 

(tRAC) (tcAC) (tM> CYCLE 
(MAX) (MAX) (MAX) (MIN) 
60ns 15ns 30ns 110ns 
70 ns 18 ns 35 ns 130 ns 

'4x400/P-80 80 ns 20 ns 40 ns 150 ns 
• Enhanced Page-Mode Operation for Faster 

Memory Access 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
1024-Cycle Refresh In 16 ms 
128 ms (Max) for Low-Power, 
Self-Refresh Version (TMS4x400P) 

• 3-State Unlatched Output 

• Texas Instruments EPIC™ CMOS Process 

• Operating Free-Air Temperature Range 
DoC to 70°C 

description 

TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 

DGAPACKAGE 
(TOP VIEW) 

D01 VSS 

DJPACKAGE 
(TOP VIEW) 

D01 VSS 
D02 DQ4 D02 D04 

IN D03 IN D03 
RAS CAS RAS CAS 

A9 OE A9 OE 

AO AS AO AS 
A1 A7 A1 A7 
A2 A6 A2 A6 
A3 A5 A3 A5 

VCC A4 Vec A4 

PIN NOMENCLATURE 

AO-AS 
CAS 
OQ1-0Q4 
OE 
RAS 
VCC 
VSS 
IN 

Address Inputs 
Column-Address Strobe 
Oate In 
Output Enable 
Row-Address Strobe 
5-V or 3.3-V Supply 
Ground 
Write Enable 

The TMS4x400 series is a set of high-speed, AVAILABLE OPTIONS 
4194304-bit dynamic random-access memories 
(DRAMs), organized as 1048576 words of four 
bits each. The TMS4x400P series is a set of 
high-speed, low-power, self-refresh with 
extended-refresh, 4194304-bit DRAMs, 
organized as 1 048576 words of four bits each. 
Both series employ state-of-the-art enhanced 
performance implanted CMOS (EPIC™) 
technology for high performance, reliability, and 
low power. 

DEVICE 

TMS44400 
TMS44400P 
TMS46400 
TMS46400P 

POWER 
SUPPLY 

5V 
5V 

3.3 V 
3.3V 

SELF-REFRESH REFRESH BATTERY CYCLES BACKUP 

- 1024 In 16 ms 
Yes 1024 In 128 ms 
- 1024 in 18 ms 

Yes 1024 In 128 ms 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4x400 and TMS4x400P are offered in a 20 /26-lead plastic small-outline (TSOP) package (DGA suffix) 
and a 300-mil20/26-lead plastiC surface-mount SOJ package (DJ suffix). Both packages are characterized for 
operation from O°C to 70°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS662A-MAY 1995 - REVISED JUNE 1995. 

logic symbolt 

AD 
A1 
A2 

A3 
A4 
M 
M 
A7 

AS 
~ 

001 

S 

10 
11 

12 
14 

15 
16 
17 

18 
5 

4 

23 

3 
22 

1 

.J'... 

~ 
1'00 .!--;:: 
~ 

" 

DJPackag. 

RAM 1024K)(4 

20D10/21DO 

> A 1CW:575 

20D1S121D9 
C20[ROW] 

0231[REFRESH ROW] 
24[PWRDWN) 

C21 [COLUMN] 
G24 

It > 23C22 

2321D 24,25 EN 

G25 ..., r 
A,22D L.- V26 A,Z25 -f-

DQ2 

DQ3 

DQ4 

2 
24 
25 

tThls symbol Is In accordance with ANSI/lEEE Std 91-1984 and lEO Publication 617-12. 

functional block diagram 

AO 
A1 

• Column-
• Addreu 
• Butre ... 

AS 

• Row-
• Add ..... 
• Butre ... 

Column D.cod. 

S.n •• Ampllft .... 

128KAnay 128KArray 
R 128KAnay 
0 

128KArray 

• w • • • • • D 

• c 
0 
d 

128KArray 
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operation 

enhanced page mode 

TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY t·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHSS62A- MAY 1995 - REVISED JUNE 1995 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multiplex is eliminated. The 
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CAS 
page cycle time used. With minimum CAS page cycle time, all 1 024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike conventional page-mode DRAMs, the column-address buffers in this device activate on the falling edge 
of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS latches 
the column addresses. This feature allows the TMS4x400 to operate at a higher data bandwidth than 
conventional page-mode parts because data retrieval begins as soon as the column address is valid ratherthan 
when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented immediately after row-address hold time has been satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after teAC maximum (access time from CAS 
low) if tAA maximum (access time from column address) has been satisfied. In the event that column addresses 
for the next cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later 
occurrence of teAC or tePA (access time from rising edge of CAS). 

address (AO-A9) 

Twenty address bits are required to decode anyone of the 1048576 storage-cell locations. Ten rOW-address 
bits are set up on inputs AO through A9 and latched onto the chip by RAS. The ten column-address bits are set 
up on AO through A9 and latched onto the chip by CAS. All addresses must be stable on or before the falling 
edges of RAS and CAS. RAS is similar to a chip enable because it activates the sense amplifiers as well as the 
row decoder. CAS is used as a chip select, activating the output buffer, as well as latching the address bits into 
the column-address buffer. 

write enable (W) 

The read or write mode Is selected through W input. A logic high on W selects the read mode and a logic low 
selects the write mode. W can be driven from standard TTL circuits (TMS44400/P) or low voltage TTL circuits 
(TMS46400/P) without a puUup resistor. The data input is disabled when the read mode Is selected. When W 
goes low prior to CAS (early write), data out remains in the high-impedance state for the entire cycle, permittJ!!2 
a write operation independent of the state of OE. This per'mits early-write operation to complete with OE 
grounded. 

data In/out (DQ1-DQ4) 

Data out is the same polarity as data in. The output is In the high-impedance (floating) state until CAS and OE 
are brought low. In a read cycle, the output becomes valid after all access times are satisfied. The output remains 
valid while CAS and OE are low. CAS or OE going high returns the output to a high-impedance state. This is 
accomplished by bringing OE high prior to applying data, satisfying toED. 

output enable (OE) 

OE controls the impedance of the output buffers. When OE is high, the buffers remain In the high-Impedance 
state. Bringing OE low durinll..!..!!0rm~cle activates the output buffers, putting them in the low-impedance 
state. It Is necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance 
state. They remain in the low-impedance state until either OE or CAS Is brought high. 
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TMS44400,TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1-8IT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS562A- MAY 1896;.. REVISED JUNE 1995 

refresh 

. A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x400P) to .retain data. This 
can be achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits In 
each row that is selected. A RAS-only operation .can be used by holding 'OAS' at the high (inactive) level, 
conserving poWer as the output buffet remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintaining valid data at the 
output. This is accomplished by holding CAS at VILafter a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CAS-before-RAS (CBR) refresh 

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

A low-power battery-backup refresh mode that requires less than 30o-IlA (TMS46400P) or 500-1lA 
(TMS44400P) refresh current is available on the low-power devices. Data integrity is maintained using CBR 
refresh with a period of 125 !!S while holding RAS low for less than 1 !!S. To minimize current consumption, all 
input levels need to be at CMOS levels (VIL $ 0.2 V, VIH ~ Vee - 0.2 V). 

self refresh 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. CAS and RAS are both held low 
for a minimum of 100 !!S. The chip is then refreshed by an on-board oscillator. No external address is required 
since the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS and CAS 
are brought high to satisfy tcHS' Upon exiting the self-refresh mode, a burst refresh (refresh a full set of row 
addresses) must execute before continuing with normal operation. This ensures the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 !!S followed by a minimum of eight initialization cycles 
i~uired after full Vee level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

4-54 

The test mode is initiated with a CBR refresh cycle while simultaneously holding W low (WCBR). The entry cycle 
performs an internal refresh cycle while Internally setting the device to perform parallel read or write on 
subsequent cycles. While in test mode, any desired data sequence can be performed on the device. The device 
exits test mode If a CBR refresh cycle with W held high or a RAS-only refresh (ROR) cycle is performed. 

The TMS4x400/P is configured as a 512K x 8 bit device in test mode, where each DO pin has a separate 2-blt 
parallel read- and write-data bus. During a read cycle, the two internal bits are compared for each DO pin 
separately. If the two bits agree, the DO pin goes high; if not, the DO pin goes low. The two bits are written to 
reflect the state of their respective DO pins during a parallel write operation. Each Dq pin is independent of the 
others, and any data pattern desired can be written on each DO pin. Test time is reduced by a factor of 4 for 
this series. 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

test mode (continued) 

1+----... +--1 Entry Cycle exit Cycle -toI1 .. t-----.t.1 
,..1 .. 1------- Test Mode Cycle _____ -I.~I ~ Normal 
I I I Mode 

I 

I 
Figure 1. Test-Mode Cycle Timingt 

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

absolute maximum ratings over operating free-air temperature range (unless otherwise noted); 
Supply voltage range, Vee: TMS44400, TMS44400P ....................... -1.0 Vto 7.0 V 

TMS46400, TMS46400P ....................... - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1) TMS44400, TMS44400P ......................• -1.0 V to 7.0 V 

TMS46400, TMS46400P ....................... - 0.5 V to 4.6 V 
Short-circuit output current ....................................................•........... 50 mA 
Power diSSipation .......................................................................... 1 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - 55·C to 150·C 

* Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periOds may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

TMS44400/P TMS46400/P 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 3 3.3 3.6 V 

VIH High-level input voltage 2.4 6.5 2 Vcc + 0.3 V 

VIL Low-level input voltage (see Note 2) -1 0.8 -0.3 0.8 V 

TA Operating free-air temperature 0 70 0 70 ·C 
.. . .. . . NOTE 2: The algebraiC convention, where the more negative (less positive) limit IS deSignated as minimUm, IS used for logic-voltage levels only . 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·81T ) 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) '. 

'44400-80 '44400-70 '44400-80 
PARAMETER 

TEST '44400P-80 '44400P-70 '44400P-80 UNIT CONDITIONS 
MIN MAX MIN MAX MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 2.4 2.4 V 

VOL Low-level output voltage IOL=4.2mA 0.4 0.4 0.4 V 

VCC=5.5V, 
II Input current (leakage) VI = 0 Via 6,5 V, .. '10 .. 10 .. 10 I&A 

All others = 0 Vto Vcc 

10 Output current Oeakage) 
VCC-5.5V, VO=OVtoVcc, 

.. 10 .. 10 ( .. 10 t&A CMhlgh 

ICC1 
Read- or write-cycle current 

Vcc = 5.5 V, Minimum cycle' 105 90 80 mA (see Note 3) 

After 1 memory cycle, 
RAS and CAS hig~, 2 2 2 rnA. 
VIH = 2.4 V (TTL) . 

ICC2 Standby current After 1 memory cycle, '44400 1 I' 1 1 rnA 
RAS and CAS high, 
VIH=VCC ... 0.2V '44400P 500 500 500 f'A (CMOS) 

Average refresh current ~=5.5V, Minimum cycle, 

1CC3 (RAS only or CBR) RA cycling, 105 90 80 mA CAS high (AAS only); (see Note 4) 
RAS low after CAS low (CBR) 

Average page VCC=5.5V, tpc = minimum, 
ICC4 current 

RASlow, CAS cycling 
90 80 70 mA 

(see Notes 3 and 5) 

Iccat 
Self-refresh current CAS.:0.2V, RAS< 0.2 V, 

500 501> 500 I&A (see Note 3) tRAS and teAS > 1000 ma 

1CC7 
Standby current, outputs RAS=VIH, CAS-VILo 5 5 5 rnA enabled (see Note 3) Data out .. enabled 

IRc = 125 JAIl, tRAS.:1 ma, 

Battery-backup current 
Vcc - 0.2 V.: VIH': 8.5 V, 

ICC10t o V.: VIL': 0.2 V, 500 500 500 I&A (with CBR) 
Wand OE • VIH, 
Address and data stable 

t For TMS44400P only 
NOTES: 3. ICC max Is specified with no load connected. 

4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CAS .. VIH 

~1ExAs 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'46400·60 
PARAMETER 

TEST '46400P·60 
CONDITIONS 

MIN MAX 

High-level 10H = - 2 mA (LVTTL) 2.4 
VOH output voltage 10H = - 100 !lA (LVCMOS) VCC-0.2 

Low-level 10L = 2 mA (LVTTL) 0.4 
VOL output voltage 10L = l00!lA (LVCMOS) 0.2 

II 
Input current VI = OVt03.9V, VCC = 3.6 V, :tl0 (leakage) All others = 0 V to VCC 

10 
Outpulcurrent Vo = 0 Vto VCC, VCC = 3.6 V, :tl0 (leakage) CAS high 

Read- or 

ICCl 
write-cycle Minimum cycle, VCC=3.6V 70 
current 
(see Note 3) 

After 1 memory cycle, 
AAS and ~ high, 2 

Standby 
VIH ., 2 v (LVTTL) 

ICC2 After 1 memory cycle, current 
AAS and ~ high, 

'46400 300 

VIH .VCC-0.2V '46400P 200 (LVCMOS) 

Averege 
Minimum cycle, Vcc = 3.8 V, refresh currant 

ICC3 (AASonlyor 
AAScycling, 70 
~ high (RAS only); CBR) J!iAS low after CAS low (CBR) (see Note 4) 

Average JIIIge 

ICC4 
current tpc. minimum, VCC- 3.8V, 

60 
(seeNotw3 AAS'Iow, ~cycling 
and 5) 

SeIf·nm.tI ~",0.2V, -
iCcat currant 

RAS<0.2V, 200 
(see Note 3) IRAS and teAs > 1000 rna 

Standby 
currant, 

m.VIH, CAS-VIL, 
ICC7 outpulll Data out • enabled 5 

enabled 
(see Note 3) 

lAc- 1251'S, tRAS'" 1 ms, 
Battery.backup Vee - 0.2 V '" VIH '" 3.9 V, 

ICC10t current OV",VIL'" 0.2 V, 300 
(withCBR) Wand~.VIH' 

Address and data stable 

t For TMS46400P only 
NOTES: 3. ICC max is sjlecified with no load connected. 

4. Measured with a maximum of one address change while RAS = VIL 
5. Measured with a maximum of one address change while CAS = VIH 

-!I1TEXAS 
INSTRUMENTS 

'46400·70 
'46400P·70 

MIN MAX 

2.4 

VCC-0.2 

0.4 

0.2 

:tl0 

:tl0 

60 

2 

300 

200 

60 

50 

200 

5 

300 

POST OFFICE BOX 1443· HOUSTON, TEXAS n2S1-1443 

'46400·80 
'46400P·80 UNIT 
MIN MAX 

2.4 
V 

VCC-0.2 

0.4 
V 

0.2 

:tl0 !lA 

:tl0 !lA 

50 mA 

2 mA 

300 !lA 

200 !lA 

50 mA 

40 mA 

200 !lA 

5 mA 

300 !lA 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1995 - REVISED JUNE 1995 

capacitance over recommended ranges of s",pplyvoltage and operating free-air temperature. 
f = 1 MHz (see Note 6) .. 

PARAMETER. MIN MAX UNIT 

CilA) Input capacitance, AO-A10 5 pF 

CIIRC) Input capacltanca, ~ and ftA§ 7 pF 

CIIOE) Input capacltanca, OE 7 pF 

CIIWl Input capacitance, W 7 pF 

Co Output capacitance 7 pF 

NOTE 6: Vee = 5 V:I: .5V for the TMS44400 devices, Vce = 3.3 V :I; 0,3 V for the TMS46400 devices, and the bias on pins under test Is 0 V. 

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

.. . '4x4OO·80 '4x4OQ·70 '4x4OO·80 
PARAMETER '4x4OOP·80 '4x4OQP·70 '4x4OOP·80 UNIT 

MIN MAX MIN MAX MIN MAX 

tM Access time from column eddress 30 35 40 ns 

teAC Access time from eA! low 16 16 20 ns 

tePA Access time from column precharge 36 40 45 ns 
tRAC Access time from ftA§ low 80 70 80 ns 

toEA Access time from OE low 15 18 20 ns 

teLZ ~ to output in low Impedanca 0 0 0 ns 

toFF Output-dls8b1e time after ~ high (sea Nota 7) 0 15 0 18 0 20 ns 

toEZ Output-disable time after OE high (sea Note 7) 0 16 0 18 0 20 ns 
Z NOTE 7. toFF is specified when the output is no longer driven. 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD 8Y 1·81T 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1995 - REVISED JUNE 1995 

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

'4x400-60 
'4x400P-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 8) 110 

tRWC Cycle time, reed-write 155 

tpc Cycle time, page-mode read or write (see Note 9) 40 

tPRWC Cycle time, page-mode read-write 85 

tRASP Pulse duration, RAS low, page mode (see Note 10) 60 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 10) 60 10000 

tRASS Pulae duration, RAS low, self refresh 100 

teAS Pulse duration, CAS low (see Note 11) 10 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

tRPS Precharge time after self refresh using RAS 110 

twp Pulse duration, write 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 12) 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low (early-write operation only) 0 

twSR Setup time, W high (CBR refresh only) 10 

twTs Setup time, W low (test mode only) 10 

teAH Hold time, column address after CAS low 10 

tOHR Hold time, data after RAS low (see Note 13) 50 

tOH Hold time, data (see Note 12) 10 

tAR Hold time, column address after RAS low (see Note 13) 50 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after m high (see Note 14) 0 

tRRH Hold time, W high after RAS high (see Note 14) 0 

twCH Hold time, W low after CAS low (early-write operation only) 10 

twCR Hold time, W low after AAS low (see Nota 13) 50 

twHR Hold time, W high (~ refresh only) 10 

twTH Hold time, W low (test mode only) 10 

teHS Hold time, CAS low after RAS high (self refresh) -50 

toEH Hold time, ~ command 15 

toED Hold time, OE to data delay 15 

NOTES: 8. All cycle times assume IT = 5 ns. 
9. To enaure tpc min, tASC should be a tep. 

10. In a read-write cycle, tRWD and tRWL must be observed. 
11. In a read-write cycle, teWD and teWL must be observad. 
12. Referencad to the later of CAS or W In write operations 
13. The minimum value is measured when tRCD is set to tRCD min as a reference. 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
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'4x400-70 '4x6400-60 
'4x400P-70 '4x400P-60 UNIT 
MIN MAX MIN MAX 

130 150 ns 

181 205 ns 

45 50 ns 

96 105 ns 

70 100000 80 100000 ns 

70 10000 80 10000 na 

100 100 J1S 
18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

130 150 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 na 

18 20 ns 

0 0 ns 

10 10 ns 

10 10 ns 

15 15 ns 

55 60 ns 

15 15 ns 

55 60 ns 

10 10 ns 

0 0 ns 

0 0 na 

15 15 na 

55 60 ns 

10 10 na 

10 10 na 

-50 -50 ns 

18 20 ns 

18 20 ns 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1;.BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS582A- MAY 1885 - REVISED JUNE 1895 

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

'4x400-80 '4x400-70 '4x400-80 
'4x4OOP-80 '4x4OOP-70 '4x400P-80 

MIN MAX MIN MAX MIN MAX 

tROH Hold time, RAS referenced to OE 10 10 10 

tAWD Delay time, column address to W low (read·wrIte operation only) 55 83 70 

teHR Delay time, RAS low to ~ high (CBR refresh only) 10 10 10 

teRP Delay time, CAS high to RAS low 0 0 0 

teSH Delay time, RAS low to CAS high 80 70 80 

teSR Delay time, ~ low to RAS low (CBR refresh only) 5 5 5 

tcwD Delay time, CAS low to W low (read-write operation only) 40 48 50 

tRAD Delay time, RAS low to column address (see Note 15) 15 30 15 35 1.5 40 

tRAL Delay time, column address to RAS high 30 35 40 

teAL Delay time, column address to CAS high 30 35 40 

tRCD Delay time, RAS low to ~ low (see Note 15) 20 45 20 52 20 60 

tApc Delay time, RAS high to CAS low 0 0 0 

tRSH Delay time, CAS low to RAS high 15 18 20 

tRWO _ Delay time, RAS low to W low (read"Wl'ite operation only) 85 98 110 

trAA Access time from adciress (test mode) 35 40 45 

trCPA Access time from column precharge (test mode) 40 45 50 

trRAC Access time from RAS (test mode) 85 75 85 

I '4x400 18 18 18 
tREF Refresh time Interval I '4x400P 128 128 128 

tr Tran8it1on time 2 30 2 30 2 30 

NOTE 15: The maximum value Is specified only to ensure access time. 

PARAMETER MEASUREMENT INFORMATION 

1.31 V VCC·IV 

~. RL-21aD 

Output UnderT .. t --± 
CL-100pF T 
( ... NotaA) 

Output Under T .. t ---<e--~ 

CL-100pF ;:::;:: 
(s .. NotaA) 

R1-82aD 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE A: CL includee probe and IIxture capacitan08. 

Figure 2. L~ad Circuits for nmlng Parameters 
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UNIT 

ns 
n8 

n8 

n8 

n8 

n8 

n8 

n8 

n8 

ns 
n8 

ns 

ns 
n8 

ns 

n8 

n8 

ms 

m,! 

ns 



TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1.4V VCC .. 3.3V 

~ RL=500Q 

Output Under Teet -i 
CL=100pF I 

Output Under Test -----.~-.. 

CL=100pF 

R1 = 1178 Q 

R2=868Q 

AD-AS 

DQ1-DQ4 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 3. Low-Voltage Load Circuits for Timing Parameters 

I... tRC .1 
1 1 ---"':j1 tRAS Yf ~ .... ______ _ 
, , , ' , 
, ,... tcSH ." ~ \Rp -+j , r-- tRCD ~ , IIIIIf-i- tcRP ---..I -+I ~ty ,... tRSH' I., 
, ! ~tcAS 4 I,..-+-' +-_____ """ 
,i Ni' i1' }-
"... .' tRAD , Y I. , 1\. .... · ----" ',I " ... ' tcp ., 
, ., tASC II I 

~tASR , III , , , ,., 
tRAH ~ 14- , ., , , 

1 " 

1 
1 

toEZ~ 14-
I 
I 

NOTE B: Output can go from the high-impedance state to an invalid·data state prior to the specified accass time. 

Figure 4. Read-Cycle Timing 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1985.,.. REVlSI:D JUNI: 1995 

PARAMETER MEASUREMENT INFORMATION 

Figure 5. Early-Wrlte-Cycle Timing 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Figure I. Wrlt .. Cycle TIming 
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TMS44400, TMS44400p, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS582A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

a DQ1-DQ4 

::D 
a: 
~ 
(5 
z 

\ 

NOTE A: Output can go from the high-Impedance state to an InvalkI-data state prior to the specified acceaa time. 

Figure 7. Read-Wrlte-Cycle Timing 
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4194304·WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP 1l1li .1 
I I I 1 =N: tRASP ----------1JA-L 

I 1- ~ 1l1li tpc .1 1 I II 
l'4--IRCD~ I 1 I I 

I ""'-IIIII-~.I-te 
I 1l1li teSH .1 II P I+- teRP -+j 

-J I+-tr I I I 141111--tRSH I ~ I 
-I I ~ ~I I ~ I I I 
I I N--teAS --: I." II Tio--+-+-I ---
I j+-tRAH-+I I~ ¥! _ /1 II 
I I I I I I I 
I I I I 1l1li .1 teAH I I .1 I 
i4+-tASR -+.I i4+tASC I Il4illll---tRAl I I 

teAL ~~~~~~ 

XXf.XNF I I I w:n I I "\XX 
w ~ ~.IRAD~ I I W I I ~ 

I I I 1l1li tePA I ~I 
I I (.eeNoteA) I I 

-teAC---+I 
I I I~ I I I 

~1III--tAA. ~toFF-----+j 
1141111-----IRAC .1 

teLZ!III! ~~k I. I 
--------~se-e~~-ot-e~B--I~ .~ ~~: {-

I I I I 

DQ1-DQ4 

OE ~=:~toEA-J _toEA_J toEZ. 
NOTES: A Access time. Is tePA or tM dependent. 

B. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. 

Figure 8. Enhanced-Page-Mode Read-Cycle Timing 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-A9 

w 
I I See Note A 

III ~tOH~ 
1414--- tos ---.~I 1414..1-1 -- tOH ., 

1414--- tos , .1 See Note A , 

See Note A , 
j+--toEH~ , , 

o OQ1-0Q4 
:D ~ ,",~o~" ~ V::" 
s:: 
~ -o z 

14- toEH -+i toEO +' j+-

'«¥-~e{~f,:? 
NOTES: A. Referenced to CAS or W. whichever occurs last 

4-66 

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

Figure 9. Enhanced-Page-Mode Write-Cycle Timing 
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TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1895 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

IRP~ I+

'rl4-l4---------tRASP----------t~ I I 
!{ ~ 
II I.. te "I II II 
I I . SH I 

141"---IRSH---.-.I~ I 
I I JOIII tpRWC -+-j -~"I I I . 
I i4-IRCD 1+1 I I" "I tep teRP I" I .. I 

J~R N teAS ~ /1 
I I I I I I 
I -.I lOll-! tASC I I I 
I I.. I tAR "I I I I 
I I.. ..I IRAD I I I I 
I I I I+J.- teAH -+l I I I 
~L"i~::~-~· -.. ~~~~~~ 

I II I4-teWD~ I teWL I" .. I I 
I I+-- tAWD ---+I I I I 
I.. II IRWD .. : I I4--IRWL -+j 

Vi xx.x.x.xxxhxxJf111 N.~twP~~ ~ ~_l'7'l"ft'ft~'"""' 
~I:':-IRCS II I I 

I I I ..., *+- los I 1+1 .. --1"""'1 toEH 
I tAA 1"1 ~ I I 
i+--lRAc -.I I I 14- tePA -+I I 

L.. J I j4- tDH --..j I Valid Out I 
teAC~ I I I ( ... NoteA) I 

DQ1-DQ4 Valid In 

teLZ-J ~I I II 
I I I ..... --Iii- toED 

I+-toEA ---+I I /0lIl-- toEH ~ I : I -..jl+-toEZ 1 I I 
OE ~ / ,-,r---~~~'I"ft'7'!7!'~~ 

NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
B. A read or write cycle can be Intermixed wHh read-write cycles as long as the read and write timing specifications are not violated. 

Figure 10. Enhanced-Page-Mode Read-Wrlte-Cycle Timing 
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Figure 11. RAS·Only Refresh·Cycle Timing 
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Figure 12_ Automatlc-CBR-Refresh-Cycle Timing 
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Figure 13. Self-Refresh-Cycle nmlng 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 4-69 

z o 
~ 
:E 
IX: o 
u. 
Z -w 
o z 
~ c « 



l> c 
~ z 
o 
m -z 
." o 
:rJ s: 
~ 
5 z 

TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

4-70 

PARAMETER MEASUREMENT INFORMATION 
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Figure 14. Hldden-Refresh-Cycle (Read) Timing 
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Figure 15. Hldden·Refresh-Cycle (Write) Timing 

-!I TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 4-71 

z o 
~ 
::E 
£t o 
LL 
Z -w 
o z 
~ c « 



» c 
~ z o 
m -z 
." 

TMS44400, TMS44400P, TMS46400, TMS46400P 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS562A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

DQ1-DQ4 ---------------HI-Z---------------
Figure 16. Test-Mode Entry-Cycle Timing 

o device symbolization (TMS44400 Illustrated) 
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T~ Speed (-60, - 70, -SO) 

TMS44400 ~ 
Low-Power ISelf-Refresh Deslgnstor (Blsnk or P) 

Package Code 

W B 
Y M r+ Assembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Ole Revision Code 

Wafer Fab Code • 
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This data sheet is applicable to al/ TMS44165/Ps 
symbolized with Revision "Dn and subsequent 
revisions as described on page 4-92. 

• Organization ••• 262144 x 16 

• S-V Supply (:t:10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ OR 

TIME TIME TIME WRITE 
tRAC teAC tAA CYCLE 
MAX MAX MAX MIN 

'44165/P-60 60 ns 15 ns 30 ns 110 ns 
'44165/P-70 70 ns 20 ns 35 ns 130 ns 
'441651P-80 80 ns 20 ns 40 ns 150 ns 

• Enhanced-Page-Mode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
1024-Cycle Refresh In 16 ms (Max) 
128 ms Max for Low-Power With 
Self-Refresh Version (TMS44165P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas Instruments EPIC'· CMOS Process 

• All Inputs, Outputs, and Clocks Are TTL 
Compatible 

• High-Reliability, 4O-Lead, 400-MII-Wlde 
Plastic Surface-Mount (SOJ) Package and 
4O/44-Lead Thin Small-Outline Package 
(TSOP) 

• Operating Free-Air Temperature Range 
O'C to 70'C 

• Low-Power With Self-Refresh Version 

• Upper and Lower Byte Control During Write 
Operations 

description 

TMS44165, TMS44165P 
262144·WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS1 992-

DZPACKAGE 

(TOP VIEW) 

1 40 Vce Vss 
2 39 000 0015 
3 38 001 0014 
4 37 002 0013 
5 36 003 0012 
6 35 Vee Vss 
7 34 004 0011 
8 33 005 0010 
9 32 DOS 009 
10 31 007 DOS 
11 30 NC NC 
12 29 LW NC 
13 28 UW CAS 
14 27 RAS OE 
15 26 A9 AS 
16 25 AO A7 
17 24 A1 AS 
18 23 A2 A5 
19 22 A3 A4 
20 21 Vee Vss 

DGEPACKAGE 

(TOP VIEW) 

1 44 Vec Vss 
2 43 000 0015 
3 42 001 0014 
4 41 002 0013 
5 40 003 0012 
8 39 Vcc Vss 
7 38 004 0011 
8 37 005 0010 
9 36 DOS 009 
10 35 007 DOS 

13 32 NC NC 
14 31 LW NC 
15 30 UW CAS 
16 29 RAS OE 
17 28 A9 AS 
18 27 AO A7 
19 26 A1 AS 
20 25 A2 A5 
21 24 A3 A4 
22 23 Vcc Vss 

PIN NOMENCLATURE 

AO-A9 Address Inputs 
Doo-DQ15 Data In/Data Out 
CAS Column-Address Strobe 
LW Lower Write Enable 
NC No Internal Connection 
OE Output Enable 
RAS Row-Address Strobe 
UW Upper Write Enable 
Vee 5-V Supply 
VSS Ground 

The TMS44165 series are high-speed, 4194304-bit dynamic random-access memories organized as 262144 
words of 16 bits each. The TMS44165P series are high-speed,low-power, self-refresh 4194304-bit dynamic 
random-access memories organized as 262144 words of 16 bits each. They employ state-of-the-art EPIC ™ 
(Enhanced Performance Implanted CMOS) technology for high performance, reliability, and low power. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power dissipation 
is as low as 580 mW operating and 11 mW standby on 80-ns devices. All inputs and outputs, including clocks, 
are compatible with Series 74 TTL. All addresses and data-in lines are latched on chip to simplify system design. 
Data out is unlatched to allow greater system flexibility. 

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

EPIC is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS166C - AUGUST 1992 - REVISED JUNE 1995 

operation 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multiplex is eliminated. The maximum 
number of columns that can be accessed is determiped by the maximum RAS low time and the CAS page-mode 
cycle time used. With minimum CAS page cycle time, all 256 columns specified by column addresses 
AO-A7 can be accessed without intervening RAS cycles. 

Unlike conventional page-mode ORAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The first falling edge 
of CAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conventional page-mode parts because data retrieval begins as soon as column address is valid rather 
than when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented immediately after tRAH (row-address hold time) has been satisfied, usually 
well in advance of the falling edge of CAS. In this case, data is obtained after tCAC max (access time from CAS 
low) if tAA max (access time from column address) has been satisfied. In the event that column addresses for 
the next page cycle are valid at the time CAS goes high, mininium access time for the next cycle is determined 
by tCPA (access time from rising edge of the last CAS). 

address (AO-A9) 

Eighteen address bits are required to decode 1 of 262144 storage cell locations. Ten row-address bits are set 
up on AO-A9 and latched onto the chip by RAS. Then, eight column-address bits are set up on AO through A7 
and latched onto the chip by CAS. All addresses must be stable on or before the falling edge of RAS and CAS. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select activating the output buffers and latching the address bits into the column-address buffers. 

write enable (UW, LW) 

The read or write mode is selected through the upper or lower write-enable (UW, LW) input. LW controls 
000-007, and UW controls 008-0015. A logic high on the UWand LW input selects the read mode and a 
logic low selects the write mode. The write-enable terminal can be driven from the standard TIL circuits without 
a pull up resistor. The data input is disabled when the read mode is selected. When UWor LW goes low prior 
to CAS (early write), data out remains in the high-impedance state for the entire cycle permitting a write 
operation with OE grounded. 

Either UW or LW can be brought low, and the user can write into eight 00 locations; UW and LW can be brought 
low at the same time and all 16 00 are written into. 

data In (DQO-DQ15) 
Oata is written during a write or read-modify-write cycle. Oepending on the mode of operation, the falling edge 
of CAS, UW, or LW strobes data into the on-chip data latch. In an early-write cycle, UW or LW is brought low 
prior to CAS, and the data is strobed in by CAS with setup and hold times referenced to this Signal. In a 
delayed-write or read-modify-write cycle, CAS is already low, and data is strobed in ~ UW or LW with setup 
and hold times referenced to this Signal. In a delayed-write or read-modify-write cycle, OE must be high to bring 
the output buffers to the high-impedance state prior to impressing data on the I/O lines. The LWterminal controls 
000-007. The OW pin controls 008-0015. 

data out (DQO-DQ15) 

4-74 

The 3-state output buffer provides direct TIL compatibility (no pullup resistor required) with a fanout of two 
Series 74 TIL loads. Oata out is the same polarity as data in. The output is in the high-impedance (floating) state 
until CAS and OE are brought low. In a read cycle, the output becomes valid after the access time interval tCAC 
(which begins with the negative transition of CAS) as long as tRAC and tAA are satisfied. 

~TEXAS 
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output enable (OE) 

TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl66C - AUGUST 1992 - REVISED JUNE 1995 

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

RAS-only refresh 

A refresh operation must be performed at least once every 16 ms (128 ms for TMS44165P) to retain data. This 
can be achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by holding 
CAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored, and the refresh address is generated internally. 

CAB-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter teSR) and holding it low after RAS 
falls (see parameter tcHR>. For successive CBR refresh cycles, CAS remains low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than SOO !LA refresh current is available on the 
TMS44165P. Data integrity is maintained using CBR refresh with a period of 125 !AS while holding RAS low for 
less than 1 !AS. To minimize current consumption, all input levels must be at CMOS levels 
(VIL s: 0.2 V, VIH ~ Vee - 0.2 V). 

self refresh (TMS44165P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both 
held low for a minimum of 100 !AS. The chip is then refreshed internally by an on-board oscillator. No external 
address is required because the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and CAS are brought high to satisfytcHS' Upon exiting the self-refresh mode, a burst refresh (refresh 
a full set of row addresses) must be executed before continuing with normal operation. This ensures the DRAM 
is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 !AS followed by a minimum of eight RAS cycles is 
required after power up to the full Vee level.These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. . 
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logic symbolt 

RAM 256Kx 16 
16 

2008/2100 
17 

18 

19 

AO 

A1 

A2 
A3 

A4 

AS 
A6 

A7 

A6 
Ai 

22 

23 

0 
A 262143 

OQO 

OQ1 

DQ2 

DQ3 

DQ4 

OQ5 

DQ6 

DQ7 

DQ8 

OQ9 

DQ10 

DQ11 

DQ12 

DQ13 

DQ14 

OQ15 

24 

25 20016/2107 
26 20017 
15 20018 

,--t::. > C20[ROW] 

~ ~ 
G231[REFRESH ROW] 

~ 24[PWROWNj 
c......J..::> 

" + G29 ,--t::. 
f.-.t:=. Z31 

~ > C21 [COL] 
~ G24 

28 .... 
" r: 23C22 

12 23,210 -=t- 29,25EN26 

31 " 23C32 r 13 23,210 + 29,25EN27 
27 ..... G25 

2 
,-

4-
A,220 

V26 
3 

4 

5 

7 

8 

9 

10 

31 
A,320 

4- V27 
32 

33 

34 
36 

37 

38 

39 

trhls symbol Is in acoordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown correspond to the DZ package. 
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functional block diagram 

AD 
A1 Column Decode 

• Column- Sen.e Amplifiers 

• Addrs .. 128KArrsy 128KArrsy 
• Buffers R 

A9 128KArrsy 
0 

128KArrsy 

• w • • • • D .. 
• e 

Row- e 
• Addre .. 0 

• Buffers d 
e DQO-DQ15 

128KArray 128KArray 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee ........................................................... - 1 V to 7 V 
Input voltage range (see Note 1) .............................................•........ - 1 V to 7 V 
Short-circuit output current ....................... ,........................................ 50 mA 
Power dissipation .......................................................................... .1 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range,Tstg .......... ;........................................ - 55'C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL loW-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·e 
.. . .. . . NOTE 2: The algebraIC conventIOn, where the more negative (iess poSItive) limit IS designated es minimUm, IS used for logic-voltage levels only . 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH 
High-level output 

IOH=-5mA voltege 

VOL 
Low-level output 

10L= 4.2 rnA voltage 

II 
Input current VCC = 5.5 V, VI = 0 V to 6.5 V. 
(leakage) All others = 0 V to VCC 

10 
Output current ~=5.5V, Vo = OVtoVCC. 
(leakage) CAS high 

ICCl t§ 
Read- or write-cycle 

VCC=5.5V, Minimum cycle current 

VIH = 2.4 V (TTL). 
After 1 memory cycle, 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). '44165 
After 1 memory cycle. 
RAS and CAS high '44165P 

Average refresh ~=5.5V. Minimum cycle, 

ICC3* current (RAS-only (RASonly), RAScycling. 
CAS high (CBR only). refresh or CBR) 
RAS low after CAS low 

ICC4t § Average page current ~=5.5V, !EQ..:= MIN. 
RASlow, CAS cycling 

Battery back-up tRC = 125 fIS. tRAS" 1 fIS. 
operating current VCC-0.2V"VIH ,,6.5V. 

ICC5" (equivalent refresh OV"VIL,,0.2V, 
time is 64 ms); UW, LW and OE = VIH. 
CBRonly AddreS$ and data stable 

ICC6t ,. Self-refresh current 
CAS < 0.2 V, RAS < 0.2 V, 
tRAS and teAS> 1 s 

t Measured With outputs open 
* Measured with a maximum of one address change while RAS = VIL 
§ Measured with a maximum of one address change while CAS = VIH 
,. For TMS44165P only 

'44166-60 '44166-70 '44166-60 
'44166P-60 '44166P-70 '44166P-80 UNIT 
MIN MAX MIN MAX MIN MAX 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

:tl0 :tl0 :tl0 I!A 

:tl0 :tl0 :tl0 I!A 

140 120 105 rnA 

2 2 2 rnA 

1 1 1 rnA 

350 350 350 I!A 

140 120 105 rnA 

120 100 85 rnA 

500 500 500 I!A 

400 400 400 I!A 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzII (see Note 3) 

PARAMETER 

CilAI Input capacitance, AO-AS 

CilOEI Input capacitance. OE 

CilRCI Input capacitence, CAS and RAS 
CllWl Input capacitence, xW 

Co Output capacitance 

# Capacitance measurements are made on a sample basis only. 
NOTE 3: VCC = 5 V:t: 0.5 V. and the bias on pins under test Is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

'4418&-80 '4418&-70 '44185-80 

PARAMETER '44185P-80 '44185P-70 '44185P-80 UNIT 

MIN MAX MIN MAX MIN MAX 

teAC Access time from CAS low 15 20 20 ns 

tM Access time from column address 30 35 40 ns 

tRAC Access time from RAS low 60 70 80 ns 

toEA Access time from OE low 15 20 20 ns 

tePA Access time from column precharge 35 40 45 ns 

teLZ Delay time, CAS low to outPUt In the low-Impedance state 0 0 0 ns 
toFF Output disable time after CAS high (see Note 4) 0 15 0 20 0 20 ns 

toEZ Output disable time after OE high (see Note 4) 0 15 0 20 0 20 ns 

NOTE 4: toFF and toEZ are specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 

. '44185-60 
'44185P-80 

MIN MAX 

tRC Cycle time, read (see Note 8) 110 

two Cycle time, write 110 

tAWC Cycle time, read-write/read-modlfy-write 155 

tpC Cycle time, page-mode read or Write (see Note 7) 40 

tpAWC Cycle time, page-mode read-modify-write 85 

iRASp Pulse duration, RAS low, page mode (see Note 8) 60 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 8) 60 10000 

teAS Puise duration, CAS low (See Note 9) 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, Write 15 

IASC Setup time, column address before CAS low 0 

IASR Setup time, row address before RAS low 0 

tos Setup time, dsta before xW low (see Note 10) 0 

tRCS Setup time, read before CAS low 0 

tcwL Setup time, xW low bemr. CAS high 15 

tAWL Setup time, >m low before RAS high 15 

twcs Setup time, xW low before CAS low (see Note 11) 0 

NOTES: 5. T1mlng measurements are referenced to VIL max and VIH min. 
8. All cycle limes assume IT = 5 ns. 
7. To assure tpC min, tASC should be lit tep. 
8. In a read-modify-write cycle,lRWo and IAWL must be observed. 
9. In a read-modify-write cycle, tcwo and tcwL must be observed. 

10. Referenced to the laler of CAS or iii In Write operatiOns 
11. Eariy-write operation only 

~1ExAs 
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'44185-70 '44185-80 
'44185P-70 '4418&P-SO UNIT 

MIN MAX MIN MAX 

130 150 ns 

130 150 ns 

185 205 ns 

45 50 ns 

90 105 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

20 10000 20 10000 ns 

10 10 ns 

50 80 ns 

15 15 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

20 20 ns 

20 20 ns 

0 0 ns 
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timing requirements over recommended ranges of supply voltage and. operating fre.-alr 
temperature (continued) (see Note 5) 

'44165.60 '44165·70 . '44165·80 
'",,186P·60 '44186P·70 '44186P·80 UNIT 
MIN MAX MIN MAX MIN MAX 

tcAH Hold time, column address after CAS low (see Note 10) 10 15 15 ns 

lDHR Hold time, data after RAS low (see Note 13) 30 35 35 ns 

tDI-i Hold time, data after CAS low (see Note 10) 10 15 15 ns 

tAR Hold time, column address after RAS low (see Note 13) 30 35 35 . ns 

tRAH Hold time, row address after RAS low 10 10 10 '. ns 

tRCH Hold time, read after CAS high (see Note 14) 0 0 0 ns 

lRRH Hold time, read after RAS high (see Note 14) 0, 0 0 ns 

twCH Hold time, write after CAS low (see Note 14) 10 15 15 ns 

twcR Hold time, write after RAS low (see Note 12) 30 35 35 ns 

teLCH Hold time, CAS low to CAS high 5 5 5 ns 

tAWD Delay time, column address to xw low (see Note 15) 55 85 70 >ns 

teHR Delay time, RAS low to CAS high (see Note 11) 15 15 20 ns 

teRP Delay time, CAS high to RAS low 0 0 0 ns 

teSH Delay time, RAS low to CAS high 60 70 60 ns 

teSR ... Delay time, CAS low to RAS low (see Note 11) 10 10 10 ns 

teWD Delay time, CAS low to XW low (see Note 15) 40 50 50 ns 

toEH Hold time, OE comman4 15 20 20 ns 

toED Delay time, OE high before data at DQ 15 20 20 ns 

lAOH Delay time, O! low to Ai\! high 10 10 10 ns 

tRAO Delay time, RAS low to column address (see Note 16) 15 30 15 35 15 40 ns 

tRAL Delay time; column address·to RAS high 30 35 40 ns 

teAL Delay time, column address to CAS high 30 35 40 ns 

tRCD Delay time, RAS low to CAS. low (see Note 16) 20 45 20 50 20 60 ns 

tRPC Delay time, RAShlgh to CAS low (see Note 11) 0 0 0 ns 

lASH Delay time, CAS low to m high 15 20 20 ns 

lAwo Delay time. m low to XW low (see Note 15) 65 100 110 ns 

tePR Pulse duration, CAS precharge before self refresh 0 0 0 ns 

lAps Pulse duration, RAS precharge after self refresh 110 130 150 ns 

lRAss Pulse duration, self refresh entry from RAS low 100 100 100 i.IS 

teHS Hold time, CAS low after RAS high (for Self refresh) -50 -50 -50 ns 

1'44185 16 16 16 
lREF Refresh time interval 

1'4416$P 
ms 

126 126 126 

IT Transition time 2 50 2 50 2 50 ns 

NOTES: 6. liming measurements are referenced to VIL max end VIH min. 
10. Referenced in the later of CAS or xW in write operations 
11. EarIy.write operation only , 
12. CBR refresh only 
13. The minimum value is measured when lACD is sat to tRCD min as a reference. 
14. Either lARH or tRCH must be satisfied for a read cycle. ' 
15. Read-modify-write operation only 
16. Maximum value specified only to assure access time 
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Output Under Test 

TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHSl88C-AUGUST 1992-REVlSEDJUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1.31 V Vcc- SV 

Output Under Tnt - ..... ---1 

CL-100pF 
( .. e Note A) 

(e) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE A: CL Includes probe and fixture capacHance. 

Figure 1. Load Circuits for nmlng Parameter. 

~TEXAS 
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS166C -AUGUST 1992- REVISED JUNE 1996 

PARAMETER MEASUREMENT INFORMATION 

NOTE B: Output can go from the high-Impedance state to an Invalid data state prior to the speoHied access time, 

Figure 2. Read-Cycle Timing 

~TEXAS .. 
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS166C-AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~~!;;~C~;~ 
t Either OW or LW can be brought low, and the user can write Into eight DQ locations; OW and UN can be brought low at the same time and all 

18 DQ locations are written into. * All DQ pins remain In the high-impedance state for an early write cycle. 

Figure 3. Early-Wrlte-Cycle Timing 

~1ExAs 
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BV1~BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl66C - AUGUST 1992 - REVISED JUNE 1996 

PARAMETER MEASUREMENT .INFORMATION 
l1li twc ~ 

__ -.I' 1111 tRAS ~ , 

RAIN lIT ~ 
IT -.: i!- . 14 tRSH ~lf-IRP --I "-----

I· r- IRCD ~ N l1li I teRP----.I 
I j4tesH ., I I 
I ~ teM ~ ~I~I ______ -, 

II N 0: i'--
I I tMC 14 ~ I I 1 I ~. I 14 I tAR I ~I I 1III-1III~1'----teP ----.t 

IRAH....... l1li- I I I I . I 
Ii I r- ,I IRAL . .1 ~ 

---.r 14- t~R 1111 I teAL· ~ .. -.. ~ ...,~: ~:;r;.,--~ _____ _ 
I I teAH --.I l1li- . . d I . 

IRAD ~ ~ l1li teWL ,. , 

~ 14 tAWL ~ 

UW,LWt m§:~~'r*E:~ ·AQ§QQm(~~~!:*~:~ 
I tos~:'+ See Note A I 
I ( ... Note A) I !.- tDH ~ I 
1"1' 'ItoHR ~ I 
l1li ItwCR. I ~ . . .-

I t:::twP ~ 
DQO-DQ15* ~g~~t*~~ . val~n ~:e:it*xe:~ 

I iIII--- toEH ~ • 
jill- toED ---+I 

ClEW ~;~t*;~ 
t Either UW or [W can be brought low, and the user can write Into eight DQ locations; 'OW and LW can be brought low at the same time and all 

16 DC locations are written into. * All DQ pins remain In the high-impedance state for an early write cycle. 
NOTE A: Later of CAS or xW In write operations. 

Figure 4. Write-Cycle Timing 

-!11 TEXAS ...... -
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHSI86C-AUGUsT 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 

I ,. IAAS ~I I 

RAS--·----:!iN ~ 
-.! ~ tr 14 IRSH ~ ~ ~I lAp 
I~~~ ~ ~~~~ 
114 tcsH ~~I !i N Yfl}.. 
1 ~ I~ H I 14-}- lep ---' 

4..! ~ IAAH' 1 1 I I 
1 1 I 1 ~ leAH 14-leWL ------ I i++ IASR 1 I I I ~I 

I· ~ 144 IASC" IAWL ---

_AB~ _:~~.--=~*~ 
lACS"'" II1II+ . 1 ~ twP ~ 
~ I ~ leWD ~! I 

uw, Lwt ~En~g~;:W ~ ~ tcAc 1'{ J&m:*g'r*~:m 
IiIII I IRWD ., !IIII---+I- IDH 

II1II-- IRAC ~ --+I 14- los I 

DQO-DQ15*~E~~~~:~ ValldOul >« valldln ~~~~~~1~:~ 
I I 

toEA ~ II1II- ~ ~I toED 

\{--_/ 
t Either UW or LW can be brought low, and the user can write Into eight DQ locations; UWand LW can be brought low at the 88me time and all 

18 DQ locations are written Into. * All DQ pins remain In the high-Impedance state for an early write cycle. 

Figure 5. Read·Modlfy.Wrlte·Cycle Timing 

-!I1TEXAS 
INSTRUMENTS 
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TMS4416S,TMS4416SP 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS188C-AUGUST 1892 - REVISED JUNE 1986 

PARAMETER MEASUREMENT INFORMATION 

AO-Aa Column 

SeeNoteB 

NOTES: A. Output can go from the high-impedance state to an invalid data state prior to the spacified access time. 
B. A writs cycle orresd-modlfy-writs cycle can be mixed with the read cycles as long as the write and resd-modlfy-wrlte timing 

specifications ere not violated. . 
C. Accees time Is tePA or tAA dependent. 

Figure 6_ Enhanced-Page-Mode Read-Cycle Timing 

~1ExAs 
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POST OFFICE BOX 1443 • HOUSTON. lEXAS77251-1443 



TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS188C -AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. Later of CAS or 'I/W In write operations. 
B. A read cycle or read-modlfy-wrlte cycle can be mixed with the write cycles as long as the read and read-modlfy-wrlte timing 

speclfiC8tions are not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle nmlng 

~1ExAs 
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TMS4416S, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM~ACCESS MEMORIES 
SMHS188C-AUGUST 1982- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

See Note A valid 
In DQO-DQ15 -----~I<XX 

teu -.I I valid I 
lOut 1 114-4-..--r- toEA ~l.-toEZ 1414----..t+-totoEEHH .1 I 01_ I \...J~--~~~~~~ 

NOTES: A. Output can go from the high-Impedance alate to an Invalid dala alate prior to the specified access time. 
B. Access time Is tePA or tM dependent 
C. A read or write cycle cen be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications are 

not violated. 

Figure 8. Enhanced·Page-Mode Read·Modlfy·Wrlte-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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\ TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS166C- AUGUST 1992 - REVISED JUNE 1995 

~ ~:~~~e~~:m§V :1 V 
IAsR t4----tI ~ tRAH 

I I 
'AD-Aa~~~:~;~ti:~I'l"!7':~~:~~~ Row }«~:~"I7'r1~!~~~te;~~EX Row 

UW.LW~::~~~!~~e:~ 

DQO-DQ15~::~~~!~~e:~ 

OE~::~~~x~e:~ 
Figure 9. RAS·Only Refresh TIming 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS166C-AUGUST 1992- REVISED JUNE 1995 

4-90 

PARAMETER MEASUREMENT INFORMATION 

Figure 10. Hldden-Refresh-Cycle Timing 

"!!1 TEXAS 
INSTRUMENTS 
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TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS186C-AUGUST 1992 - REVISED JUNE 1885 

PARAMETER MEASUREMENT INFORMATION 

~~---------------~C----------------~~I 
14--~P ----.t .. I 

,lr: ~!"-:14-1~-=====~~~~~_IRAs_~~~~~_-_-_-_-_-~:I.I r-I ----AAS Ii !'\. y 
---I I l-

I -tt "-11' 
tAPC -.I r- I~ ... ------- teHA --------... ~ 

CAl Y teSA ~ y,.-------

AD-AS 

DQO-DQ15 ------------HI-l------------
Figure 11. Automatic CBR-Refresh-cycle Timing 
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TMS44165, TMS44165P 
262144·WORD BY 16·BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS166C - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1~~~----------tRAss------------~.1 
I 1,..... __ "" 

RAS ;f N~' ________ ---';1 ~ 
I tcSR --!+-..l I+- tRPS ~ 
I I I 
~ tApc +II ~ I+- tcHS 

CAS --.I~tcPR~'J. ~ 
AO-AB 

OQO-OQ15 ~--------HI-Z--------------

Figure 12. Self·Refresh·Cycle Timing 

device symbolization (TMS44165 Illustrated} 

P 

4-92 

T~ Speed ( -50, - 70, -80) 

TMS44165 ~ 
Low-Power/Self-Refresh Designator (Blsnk or P) 

Package Code 
W B 

Y M T+ Asembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Ole Revlalon Code 

Wafer Fab Code 

~TEXAS 
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This data sheet Is applicable to all TMS45160/Ps 
symbolized with Revision aD" and subsequent 
revisions as described on page 4-113. 

• Organization ••• 262144 )( 16 
• SOY Supply (:1:10% Tolerance) 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 
nME nME nME WRITE 
tRAC tcAC tAA CYCLE 
MAX MAX MAX MIN 

'4516O/P-60 80 ns 15 ns 30 ns 110 ns 
'4516O/P·70 70 ns 20 ns 35 ns 130 I)S 
'4516O/P-60 80 ns 20 ns 40 ns 150 ns 

• Enhanced-page-;ode Operation With 
xCAS-Before-RA (xCBR) Refresh 

• Long Refresh Period 
512-Cycle Refresh In 8 ms (Max) 
64 ms Max for Low Power With 
Self-Refresh Version. (TMS45160P) 

• Mtate Unlatched Output 
• Low Power Dissipation . 
• Texas Instruments EPIC'" CMOS Process 
• All Inputs, Outputs, and Clocks Are TTL 

Compatible 
• High-Reliability, 4O-Lead, 400-MII-Wlde 

Plastic Surface-Mount (SOJ) Package and 
4O/44-Lead Thin Small-outllne Package 
(TSOP) 

• Operating Free-Air Temperature Range 
0°Cto70°C 

• Low Power With Self-Refresh Version 
• Upper and Lower Byte Control During Read 

and Write Operations 

description 

TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 

DZPACKAGE 
(TOP VIEW) 

1 40 Vee Vss 
2 39 OQO OQ15 
3 38 OQ10Q14 
4 37 OQ2 OQ13 
5 38 OQ3 OQ12 
8 35 Vee Vss 
7 ·34 OQ4 OQll 
8 33 OQ5 OQ10 
9 32 OQS 0Q9 
10 31 OQ7 0Q8 
11 30 NC NC 
12 29 NC ~ 
13 28 Vii UCAS 
14 27 RAS OE 
15 28 NC AS 
18 25 AO A7 
17 24 Al AS 
18 23 A2 A5 
19 22 A3 A4 
20 21 Vee Vss 

1995 

DGEPACKAGE 
(TOP VIEW) 

1 44 Vee Vss 
2 43 OQO OQ15 
3 42 OQ1 OQ14 
4 41 0Q2 OQ13 
5 40 OQ3 OQ12 
8 39 Vee Vss 
7 38 0Q4 OQ11 
8 37 OQ5 OQ10 
9 38 0Q6 OQ9 
10 35 OQ7 OQS 

13 32 NC _NC 
14 31 NC LCAS 
15 30 Vii UCAS 
18 29 m OE 
17 28 NC AS 
18 27 AO A7 
19 28 A1 AS 
20 25 A2 A5 
21 24 A3 A4 
22 23 Vee Vss 

PIN NOMENCLATURE 

AO-M 
OQO-OQI5 
~ 

Address Inputs 
Data In/~ata Out 

Ne 
DE 
RAS 
UCAS 
Vee 
Vss 
Vi 

Lower Column-Address Strobe 
No Intemal Connection 
Output Enable 
Row-Address Strobe 
Upper Column-Address Strobe 
s-V Supply 
Ground 
Write Enable 

The TMS45160 series are high-speed, 4194304-bit dynamic random-access memories organized as 262144 
words of 16 bits each. The TMS45160P series are high-speed, low-power, self-refresh 4194304-bit dynamic 
random-access memories organized as 262144 words of 16 bits each. They employ state-of-the-art EPIC TN 

(Enhanced Performance Implanted CMOS) technology for high performance, reliability, and low power at low 
cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power dissipation 
is as low as no mW operating and 11 mW standby on 8O-ns devices. All inputs and outputs, including clocks, 
are compatible with Series 74 TTL. All addresses and data-in lines are latched on chip to simplify system design. 
Data out is unlatched to allow greater system flexibility. 

The TMS45160 and TMS45160P are each offered in a 4O-Iead plastiC surface-mount SOJ package (DZ suffix) 
and a 40/44-lead plastic surface-mount small-outline (TSOP) package (DGE suffix). These packages are 
characterized for operation from O°C to 70°C. 

EPIC is a trademark of Texas Instruments Incorgorated. 

-!I1TEXAS 
INSTRUMENTS 
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TMS45160, TMS4$160P . 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl60D -AUGUST 1892 - REVISED JUNE 1996 

operation 

dual CAS , .... . 

Two CAS pins (LeAS-UCAS) are provided to give Independent control of the 16 data 1/0 pins (000-0015) 
with LeAS corresponding to 000-007 and UCAS correspondi'Cg to 008,-0015 .. For read or write cycles, the 

. column address Is latched on the first XCAS falling edge. Each x AS going low enables Its corresponding OOx 
pins with data associated with the column address latched on the first falling XCAS e~1 address setup and 
hold parameters are referenced to the first falling xCAS edge. The delay time from ~ low to valid data out 
(see parameter teAC) Is measured from each individual XCAS to its corresponding OOX pins. 

In order to latch in a new column address, both xCAS pins must be brought high. The column precharge time 
(see parameter tep) Is measured from the last xCAS rising edge to the first falling xCAS edge of the new cycle. 
Keeping a column address valid while toggling xCAS requires a minimum setup time, teLCH' Ouring teLCH, at 
least one xCAS must be brought low before the other XCAS is taken high. 

For early-write ~s, the data is latched on the first falling edge of xCAS. Only the OOs that have the 
corresponding xCAS low are written into. Each XCAS must meet teAS minimum In order to ensure writing into 
the storage cell. In order to latch a new address and new data, both xCAS pins must go high and meet tep. 

enhanced page mode 

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

Unlike conventional page-mode ORAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while xCAS is high. The first falling edge 
of xCAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conventional page-mode parts because data retrieval begins as soon as column address is valid rather 
than when XCAS transitions low. this performance improvement is referred to as enhanced page mode. A valid 
column address can be presented Immediately after tRAH (row-address hold time) has been satisfied, usually 
well in advance of the falling edge ofxCAS.ln this case, data Is obtained afterteAc max (access time from xCAS 
low) if tAA max (access time from column address) has been satisfied. In the event that column addresses for 
the next page cycle are valid at the time xCAS goes high, minimum access time for the next cycle is determined 
by tePA (access time from rising edge of the last xCAS). 

addre .. (AO-AS) 

Eighteen address bits are required to decode 1 of 262144 storage cell locations. Nine row-address bits are set 
up on AO through AS and latched onto the chip by RAS. Then, nine column-address bits are set up on AO through 
AS and latched onto the chip by the first xCAS. All addresses must be stable on or before the falling edge of 
RAS and XCAS. RAS is similar to a chip enable In that It activates the sense amplifiers as well as the row decoder. 
xCAS Is used as a chip select, activating its corresponding output buffer and latching the address bits into the 
column-address buffers. 

write enable (W) 

4-94 

The read or write mode is selected through W. A logic high on W seleCts the read mode and a logic low selects 
the write mode. W can be driven from the standard TTL circuits without a &U~Up resistor. The data Input lines 
are dlsabl~ when the read mode Is selected. When W goes low prior to x A (e~ write), data out remains 
in the high-impedance state for the entire cycle; permitting a write operation with OE grounded. 

~TEXAS . 
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data In (OQO-OQ15) 

TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSI60D - AUGUST 1992 - REVISED JUNE 1995 

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

data out (OQO-OQ15) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) 
state until xCAS and OE are brought low. In a read cycle, the output becomes valid after the access-time interval 
tcAC (which begins with the negative transition of xCAS) as long as tRAC and tM are satisfied. 

output enable (OE) 

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

RAS-only refresh 

A refresh operation must be performed at least once every S ms (64 ms for TMS45160P) to retain data. This 
can be achieved by strobing each of the 512 rows (AO-AS). A normal read or write cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding all xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by holding 
xCAS at Vil after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refresh is utilized by bringing at least one xCAS low earlier than RAS (see parameter tCSR) and holding 
it low after RAS falls (see parameter tcHR)' For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 500-~ refresh current is available on the 
TMS45160P. Data integrity is maintained using xCBR refresh with a period of 125 !AS holding 
RAS low for less than 1 !AS. To minimize current consumption, all input levels must be at CMOS levels 
(Vll" 0.2 V, VIH ;t VCC - 0.2 V). 

self refresh (TMS45160P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then xCAS and RAS are both 
held low for a minimum of 1 00 !AS. The chip is refreshed internally by an on-board oscillator. No external address 
is required since the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS 
and xCAS are brought high to satisfy tCHS' Upon exiting the self-refresh mode, a burst refresh (refresh a full set 
of row addresses) must be executed before continuing with normal operation. This ensures that the DRAM is 
fully refreshed. 

~TEXAS 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC· RANDOM-ACCESS MEMORIES 
SMHS18OD-AUGUST 1892 - REVISED JUNE 1995 

power up 

4-98 

To achieVe proper device operation, an Initial paUse of 200 J.tS followed by a minimum. of eight RAS cycles Is 
~ after ~ up to the full Vee level.These eight Initialization cycles must include at least one refresh 

nly or xC,BR) cycle. • 
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logic symbolt 

AO 
A1 

A2 

A3 
A4 

AS 

AS 
A7 

AS 

DQO 

OQ1 

DQ2 
DQ3 

DQ4 

DQS 

DQ6 

DQ7 

DQ8 

DQ9 

DQ10 

OQ11 

DQ12 

DQt3 

DQ14 

DQ1S 

16 

17 

18 

19 

22 

23 

24 

25 

26 

14 ~ 
29 ~ 

28 ~ 

13 r 
27 ..... 

2 

3 
4-

4 

S 

7 

8 

9 

10 

31 

32 
4-

33 
34 

36 

37 

36 

39 

TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl80D- AUGUST 1992 - REVISED JUNE 1995 

RAM 256K x 16 

2009/21DO ... 

> A 262°143 

20D17/21D8 

> C20(ROW) .... 

0231(REFRESH ROW) 

24(PWR OWN) 

> C21 
G24 

" 23C22 
31 

>C21 
034 

" 23C32 
31 

Z31 

23,21D 
+ 24,25EN27 

34,25EN37 

025 ., r 
A,22D 

A,Z26 
V 26,27 

A,320 
A,Z36 

V 36,37 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
The pin numbers shown are for the DZ package. 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH·SPEEIl .. 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS160D -AUGUST 1992 - REVISED JuNE 1995 ' 

functional block diagram 

AD 
A1 Column Decod. 

• Column- S.nHAmpllfl ... 

• Add .... 128KArray 128KArray 
• Buffe .. R 

AS 128KArrey 0 128KArray 

• w • • • • D • • c 
0 
d 

• 
128KArray 128KArray 

DQO-DQ15 

absolute maximum ratings over operating free .. lr temperature range (unless otherwise noted}t 
Supply voltage range, Vee ...•••••.•....••.•..........•..•••.•.•...•.........•••.•... - 1 V to 7 V 
Voltage range on any pin (see Note 1) ..............................................•.. -1 V to 7 V 
Short-circuit output current •••••..•.•••••••••••.•••.•••••.•••...•.••••••.•.•..•••. ,........ 50 mA 
Power dissipation .•• " ••••• , • . • • • • • • . • • . . . . . . • • • • • . . • • . . • • . • . • . • . • • • • • • . • • • • • • • • • • • • • • • • . • .• 1 W 
Operating free-air temperature range, TA ..... . .. . . .. . .. . . . . .. ... . . . .. . • .. . .. . .. . • . .. .• ooe to 700e 
Storage temperature range, Tstg .................................................. - 55°e to 1500e 

t Stresses beyond ttw'ae listed undsr "absolute maximum rstIngs" may cause permanent damage to the device. These are stress ratings only, and 
functional operallon of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 .V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating fres-alr temperature 0 70 ·C 
.. . . NOTE 2: The algebraiC convention, where the more negative (less positive) limit Is designated as minimum, Is used for logic-voltage levels only • 

~1ExAs . 
INSTRUMENTS 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH 
High-level output 

IOH=-5mA voltage 

VOL 
Low-level output 

IOL=4.2mA voltage 

II 
Input current VCC=5.5V, VI = OVto 6.5 V, 
(leakage) All others = 0 V to VCC 

10 
Output current VCC=5.5V, Vo = OVtoVCC, 
Oeakage) CAS high 

ICCl t § 
Reed- or wrlte-cycle 

VCC = 5.5 V, Minimum cycle current 

VIH = 2.4 V (TIL), 
After 1 memory cycle, 

ICC2 Standby current 
RAS and xCAS high 

VIH=VCC-0.2V(CMOS), 1'45160 
After 1 memory cycle, 
RAS and xCAS high I '45160P 

Average refresh 
VCC = 5.5 V, Minimum cycle, 

ICC3* 
(RAS only), RAScycling, 

current (RAS-only 
xCAS high (CBR only), refresh or CBR) 
RAS low after xCAS low 

ICC4t§ Average page current 
VCC .. 5.5V, tpc = MIN, 
RASlow, xCAScycling 

Battery-backup 
tRC = 1251J.$, tRAS': llJ.$, operating current 

Ices' (equivalent refresh VCC - 0.2 V.: VI~ 6.5 V, 

time Is 64 ma): OV.: VIL': 0.2 V, WandOE=VIH, 

CBRonly Address and data stable 

ICCSt ' Self-refresh current 
xCAS < 0.2 V, RAS < 0.2 V, 
tRAS and teAS> 1000 ms 

t Measured with outputs open 
* Maesured with a maximum of one address change while RAS = VIL 
§ Measured with a maximum of one address change while xCAS = VIH 
, ForTMS45160P only 

'45160-60 '45160-70 '45160-60 
'45160P-60 '45160P-70 '45160P-60 UNIT 
MIN MAX MIN MAX MIN MAX 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

:1:10 :1:10 :1:10 t.IA 

.. 10 :1:10 .. 10 t.IA 

160 160 140 mA 

2 2 2 mA 

1 1 1 mA 

350 350 350 t.IA 

160 160 140 mA 

160 140 120 mA 

500 500 500 t.IA 

400 400 400 t.IA 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHZ# (see Note 3) 

PARAMETER 

CI(A) Input capacitance, AO-A6 

CilOEl Input capacitance, OE 

CURCI Input capacitance, xCAS and RAS 

CUW) Input capacitance, W 

Co Output capacitance 

/I capacitance measurements are made on a sample basiS only. 
NOTE 3: Vcc = 5 V:t 0.5 V, and the bias on pins under test Is 0 V. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 14013· HOUSTON. TEXAS n251-14013 

MIN MAX UNIT 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 

4-99 



tM845160, TMS45'160P 
262144-WORD BY 16-BIT H,IGH·SPEED 
DVNAMICRANDOM~ACCESS MEMORIES 
SMHSl80D -AUGUST 1892 - REVISED JUNE '895 

switching Characteristics over recommended ranges of supply voltage and operating f ....... lr 
temperature 

'45180-80 '45180-70 '411180-80 
PARAMETER '4818OP-80 '41118OP-70 '41118OP-80 UNIT 

MIN MAX MIN MAX MIN MAX 

teAe Access time from XCAS low 15 20 20 ns 

lAA Access time from column add_ 30 35 40 nl 

lRAe Access time from AM low 80 70 80 nl 

toEA Access time from OEIow 15 20 20 nl 

tePA Access time from column precharge 35 40 45 ns 

teu Delay time, XCAS low to output In low Impedance 0 0 0 nl 

toFF Output disable time after XCAS high (see Note 4) 0 15 0 20 0 20 ns 

toez Output disable time after ~ high (see Note 4) 0 15 0 20 0 20 ns 
NOTE 4: toFF and toez are specified when the output 18 no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 

'411160-80 '45180-70 '411180-80 
'41118OP-80 '411180P-70 '4&180P-80 UNIT 
MIN MAX MIN MAX MIN MAX 

IRe Cycle time, read (see Note 6) 110 130 150 ill 

twe Cycle time, write 110 130 150 ns 

tRWC Cycle time, read-wrlte!read-modlfy-write 155 185 205 nl 

tpc Cycle time, page-mode read or write (see Note 7) 40 45 50 ns 
tpRWC Cycla,tlme, page-mode read-modlfy-wrlte 85 go 105 ns 

tRASP Pulse duration, RAS low" page mode (see Note 8) 80 100000 70 100000 80 100000 nl 

tAAS Pulse duration, RAS low, nonpage mode (see Note 8) 60 10000 70 10000 SO 10000 ns 

teAS Pulse duration, XCAS low (see Note 9) 15 10000 20 10000 20 10000 ns 

tep Pulse duration, XCAS high 10 10 10 ns 

tAP Pulse duration, RAS high (precharge) 40 50 60 ns 

twP Pulse duration, write 15 15 15 ns 

lASe Setup time, column add_before xCAS low 0 , 0 0 ns 
tASA Setup time, row address before AM low 0 0 0 ns 

los Setup time, data before W low (see Note 10) 0 0 0 ns 
tAes Setup time, read before XCAS low 0 0 0 ns 

tcwL Setup time, W low before XCAS high 15 20 20 nl 

tAWL Setuptlnie, VIi low before AM high 15 20 20 ns 

twes Setup time, W low before xCAS low (see Note 11) 0 0 0 nli 

NOTES: 5. ,llmlng messurement8 are referenced to VIL max and VIH min. 
6. All cycle tlmee assume IT .. 5 ns. 
7. To assure tPC min, lASe IhoU,ld be :a teP. 
8. In a read-modlfy-wrlte cycle,1RwD and tRWL must be observed. 
9. In a read-modlfy-wrlte cycle, tcwo and tcwL must be observed. 

10. Referenced to the later of XCAS or VIi In write operations 
11. EarIy-write operation only 

~1ExAs 
INSTRUMENTS 
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TMS45160, TMS45160P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) (see Note 5) 

'45160·60 
'45160P·60 

MIN MAX 

teAH Hold time, column address after xCAS low (see Note 10) 10 

tDHR Hold time, data after RAS low (see Note 12) 30 

tDH Hold time, data after XCAS low (see Note 10) 10 

tAR Hold time, column address after RAS low (see Note 12) 30 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, read after xCAS high (see Note 13) 0 

tRRH Hold time, read after RAS high (see Note 13) 0 

twCH Hold time, write after )(CAS low (see Note 13) 10 

twCR Hold time, write after RAS low (see Note 14) 30 

teLCH Hold time, xCAS low to xCAS high 5 

tAWD Delay time, column address to W low (see Note 15) 55 

teHR Delay time, RAS low to xCAS high (see Note 11) 15 

teRP Delay time, xCAS high to RAS low 0 

tcSH Delay time, RAS low to xCAS high 60 

teSR Delay time, xCAS low to RAS low (see Note 11) 10 

teWD Delay time, xCAS low to W low (see Note 15) 40 

toEH Hold time, OE command 15 

toED Delay time, OE high before data at DO 15 

tROH Delay time, OE low to RAS high 10 

tRAD Delay time, RAS low to column address (see Note 16) 15 30 

tRAL Delay time, column address to RAS high 30 

teAL Delay time, column address to xCAS high 30 

tRCD Delay time, RAS low to xCAS low (see Note 16) 20 45 

tRPC Delay time, RAS high to xCAS low (see Note 11) 0 

tRSH Delay time, xCAS low to RAS high 15 

tRWD Delay time, RAS low to W low (see Note 15) 85 

tePR Pulse duration, xCAS precharge before self refresh 0 

tRPS Pulse duration, RAS precharge after self refresh 110 

tRASS Pulse duration, self refresh entry from RAS low 100 

teHS Hold time, xCAS low after RAS high (for self refresh) -50 

j'45160 6 
tREF Refresh time interval I '45160P 64 

IT Transition time 2 50 

NOTES: 5. Timing measurements are referenced to VIL max and VIH min. 
10. Referenced in the later of xCAS or Vi in write operations. 
11. Early-write operation only 
12. The minimum value Is measured when tRCD is set to tRCD min as a reference. 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
14. xCBR refresh only 
15. Read-modify-write operation only 
16. Maximum value specified only to assure access time 

~TEXAS 
INSTRUMENTS 
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'45160·70 '45160·80 
'45160P·70 '45160p·60 UNIT 
MIN MAX MIN MAX 

15 15 ns 

35 35 ns 

15 15 ns 

35 35 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

35 35 ns 

5 5 ns 

65 70 ns 

15 20 ns 

0 0 ns 

70 80 ns 

10 10 ns 

50 50 ns 

20 20 ns 

20 20 ns 

10 10 ns 

15 35 15 40 ns 

35 40 ns 

35 40 ns 

20 50 20 60 ns 

0 0 ns 

20 20 ns 

100 110 ns 

0 0 ns 

130 150 ns 

100 100 j.IS 

-50 -50 ns 

8 8 
ms 

64 64 

2 50 2 50 ns 
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TMS45160, TMS45160P 
262144·WORDBY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS1600-AUGUST 1992-REVISEO JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1.31 V VCC=5V 

R1 =828Q 

Output Under Teet 
Output Under Test - ....... ----1 

4-102 

CL=100pF T 
( .. eNoteA) 

CL=100pF 
(see Note A) 

R2.295Q 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE k. CL includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 

~TEXAS . 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 



TMS45160, TMS45160P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

,4 tRC ~ 

RAS ~ tRAS rr 1\1..._-
IT i 14-- tRCO -4 I 14- tRP--I 

i ! i'rteASti ! il ! T\-
I1 I telCH~ !4 I I i t I , ........ '1 IfL i i teP-+I-~~ 
i~ !i \lH~RP~ 
I 14 : I teSH I I I I 
II 114 tRSH II ~I 
I I4-tRAO~ I I I I I 
I!.-.t..... I II II II 
I r~: tRAH I I I I I I I 
I I ItASC~ I I I I I 

tASR --.. i..-+: ~ I I teAL tRAL ~ I I I 

AD-A> )( 7 ~ ~+ ~~~~~:_I....---
I I I ~ teAH I I 14 ~ tRRH 
I t_....:-..oJ I I I I 

-nCS r ro I i4 I tRCH~ 

OJ ~~~~:wt ktcAc ~ i i "«E~1~& 
I 14 I tAA~ 14- tOFF ~ 

DQO-OQts 

I teLZ ~ See N,ote B :' I 
I m£>t Valid Data Out!)--------

~ tRAC ~ III . .r toEZ 
J4- toEA ---' I I i tROH ---)"1:!1.eI _____ _ 

NOTES: A In order to hold the address latched by the first xCAS going low, the parameter telCH must be met. 
B. Output can go from the high-Impedance state to an invalid-data state prior to the specified access time. 
C. !QAQ. Is measured from xCAS to its corresponding OOx. 
O. xCAS order Is arbitrary. 

Figure 2. Read-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

LeAS 

-1 
I 
I 
I 
I 
I 

AO-AS )( 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. In order to hold the address latched by the first xCAS going low, the parameter tCLCH must be met. 

4-104 

B. Later of xCAS or Vii in write operations 
C. xCAS order is arbitrary. 

Figure 3. Write-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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AO-AS 

VI 

DQO-DQ1S 

TMS45160, TMS45160P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS180D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. In order to hold the eddress latched by the first xCAS going low, the parameter tcLCH must be met. 
B. ~ order Is arbitrary. 

Figure 4. Early-Wrlte-Cycle Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 4-105 



TMS45160, TMS45160P 
262144·WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-AS 

OQ8-0Q15 

OQO-OQ7 

NOTES: A. In order 10 hold the eddress latched by the first xCAS going low, the parameter tcLCH must be met. 

4-106 

B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
C. xCAS order is arbitrary. 

Figure 5. Read-Modlfy-Wrlte-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl60D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

lAp jill ~ 

~1'-~1-_-_-:.-:.-:..-:..-:..-:.-:.-:.::::::_tRAS_P_ -_ -..:-_ -_-_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ .......... ifl\-
I 14- tRCO -.I 14-- teRP I: ~ 

: : '\~ / II I I 
11)0 14 ItRSH~: 
I I I 14 I r tpc ~ I 
I 14 teSH ~ I4-tep~ I I I I 

-----+'~'---N Vi '!I 7.~----~I~I------
LCAS r---* tA~R I ~ teAS ~ X ./ ! I I 

I !.-tARH II II 
I tRAH -f--' ~ :.+ tA~C j4- teAL ----.I I I : 
I I I teAH 14 tRAL i-------.t 

AD-A8 Column XXXXXXXX)()c Don't Care 'V"V'vv'vv'vv 

teAC ~ 
(eae Note A) I I 

'4+--1--- tAA ~ I 
lAcs ---1111----'----., I I I 

"'---,IAAC ~ I 

teLZ 14~ ~I OQ8-0Q15 ___________ valid' I4-+jtoFF 

Out See Note B -+I ~ toEZ 
tePA ~ I 1-

14-- tAA ~ ~ I 
OQO-OQ7 ___________ ~~ v~~~ )>-_______ _ 

I 

NOTES: A \cAe is measured from XCAS to its corresponding OQx. 
B. Access time is \cPA or tM dependent. 
C. A write cycle or read-modify-write cycle can be mixed with the read cycles as long 88 the write and read-modify-write timing 

specifications are not violated. 
O. xCAS order Is arbitrary. 
E. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 

~TEXAS 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM~ACCESS MEMORIES 
SMHSl60D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP~ N 'RASP ~ 
I I • rl tRSH=-1 I Ii \ ( ~ ___ --,n: 
i I 14-- teLCH ---.I 1+14 ____ tpc ___ +l~ teRP -.I 
I ~'RCD~ (aeeNoteA) I I j- I 

I r 0 teSH ~ r-teP~ I i 
~ IASR IV-teAS ----r \ I I 
I I I 14 ~I teAH I I i 
I j4--tAR I I ~ I J II 
I I I I I I ., 
I I IAsc -+I 1*+ I I tRAL I ~ 

AO-AS 
I I4-tRAH I I ~~~~~'" ..lr--""~~~~~~~~~m 

Column 'VIV'V'VVVV>.AA. Don't Care 'vv'vvvV''''' 

I 
I 
~ 

NOTES: A. In order to hold the address latched by the first xCAS going low, the parameter teLCH must be met. 
B. Referenced to XCAS or W, whichever occurs last 

4-108 

C. XCAS order Is arbitrary. 
D. A reed cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing 

specifications are not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 

~TEXAS 
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AO-AS 

TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS160D- AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

lAp ~ j4-
14 'RASP ---------~~II I 

~ teSH ~I .... 14f----tRSH----+!Y1' .... --
I I+-IACD -.I I I I.. I _I te 
II N tpRWC QI ~II /L:I: ~ RP 
IlL.. teAS ~ I _ 
: : II I W w..-te-P------3I1 I 

II I NI14 teLCH ~h' I I . I (.eeNoteA) I I 
: I ~ ; I Y I 

-+l~tASR:1 I : : 
I tASC -.l~ I I 

~tRAD ~II~~ ~I teAH I ~I 
Row _ ~mn ~ Column 

I II teW:~' 
tRAH -+i 14- U I . ~ 14 ~I Itwp teWL 14 ~I I 

I l~tAWD------I I I I ~114 ~~ 
~. II tRWD----+j I $§wI .-

Vi_1111 'N. ~ 
~~~~ I I ~ 1+ teAC I !l'-I -~~~ I 

tR6s -.: I I4t I ( ... Note B) ~ tePA -+I 1 .... 4---.~11-- toEH 
I tAA ~ I ~I -+I~ tDS I I 

~'RACH II I : 
teLZ -+j 1+1 I See Note C I 

DQO-DQ15 Valid In 

Valid Out I 
I 

j4-toEA~ ~I toEH I 
I 

I I I -Ji.I 
I 14 ~I toED I I 

OE ~ ) \ I ~ 
NOTES: A. In order to hold the address latched by the first ~ going low, the parameter !cLCH must be met. 

B. !cAC is measured from xCAS to its ccrresponding DQx. 
C. Output can go from the high-impedance state to an invalid data state prior to the specified access time. 
D. xCAS order Is arbitrary. 
E. A read or wrHe cycle can be Intermixed wHh read-modify-wrHe cycles as long as the raad and wrHe cycle timing specifications are 

not violated. 

Figure 8. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle nmlng 

~TEXAS 
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TMS45160, TMS45160P 
262144·WORD BY 16·BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~C ~ ________ -.:1 14--~AS ---.I 1 

RAS N Vi 1\"-___ _ 
tc. RP ----to! _ ~ ~ tRP-.I. 
~l \4- tr tRPC -.! 14-

AO-AS 

DQO-DQ1S ---------- HI-Z -----------

NOTE A: All xCAS must be high. 

Figure 9. RAS-Only Refresh Timing 
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TMS45160, TMS45160P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

14- Refreeh Cycle ---.t 
14-- Memory Cycle ~ 14-- Refresh Cycle ---.t 
I f ,~ ~I fill ~.- f 

tRAS, til ~ tRAS'i '" I ,"'P , 

RASN yT N 11 \ I'~ , I , I 
,I tRP~ ~ teHRi4 ~ 
II .... ~! teAS ~ 

xCAS ii!x: "Y! 
tASR -+1141- 'I I II I 

tRAH ~1+1_ f I I 

~
~~otASC , 

I I ~te~ ~ 
AO-AS Row co':~i~~t:€~~~:=~ 

tRCS ~ I ~ 14- tRRH • , 

W W! i i' ~:~~~:~§~f,~:xxY~ 
I I~ j4-teAC ~~ 
L ~ tM toFF -.! ~ 

tRAC l1li .. S~ f 

OQO-OQ15 ( Valid Data S~ } 
f f 

-+I 14- toEA 14-- toEZ ~ 

OE --~\l II) 
Figure 10. Hldden-Refresh-Cycle Timing 
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TMS45160, TMS45160P 
262144-WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D- AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~C ~ 

~tRP~ t4 tRAS 1101 I 
I II I r-I ___ _ 

RAS I: Ii Y 
.1 !+-tcSR~ I 

tRPC ~ ~ I ,4 tCHR 1101 

xCAS \L ~ j+- tr Y 
VI ~:e?i::€a::~ 

AO-AS ~:?'~i::¥-aX~:~ 

OE ~:?'~i::*::~ 

DOO-D016 ------------HI-l------------
NOTE k. Any xCAS can be used. 

4-112 

Figure 11. Automatlc-CBR- Refresh-Cycle Timing 
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TMS45160, TMS45160P 
262144·WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

111114f------- tRASS -------•• , 

I 1 
_----I A N~' ________ ~/r !\ 

, tcSR ----!+.i *-- tRPS -+I 
, , 'I 
14- 'Rpc +l ' -.' J4- tCHS 

t N' ~ ~~tcPR~1 ~----------------------------------~-----------~~~~~ 

OQO-OQ15 ~---------HI-Z---------------
NOTE A:. Any )(CAS can be used. 

Figure 12. Self-Refresh-Cycle Timing 

device symbolization (TMS45160 Illustrated) 

D 

TI 

T~ 
TMS45160 ~ 

W 
BYMr+ 

Speed (-50, - 70, -ao) 

Low-Power/Self-Refresh Deslgnstor (Blank or p) 

Package .Code 

Asembly Site Code 

Lot Traceability Code 

MonthCocIe 

Year Code 

Ole Revision Code 

Wafer Fab Code 
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This data sheet is applicable to al/ 
TMS45165/Ps symbolized with Revision "sn 
and subsequent revisions as described on 
page 4-134. 

• Organization ••• 262144 x 16 

• Single 5-V Supply (:t10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ OR 

TIME TIME TIME WRITE 
tRAC teAC tAA CYCLE 
MAX MAX MAX MIN 

'45165/P-70 70 ns 20 ns 35 ns 130 ns 
'45165/P-80 80 ns 20 ns 40 ns 150 ns 
'45165/P-10 100 ns 25 ns 45 ns 180 ns 

• Enhanced Page Mode Operation With 
CAS·Before-RAS (CBR) Refresh 

• Long Refresh Period 
512·Cycle Refresh In 8 ms (Max) 
64 ms for Low Power With Self-Refresh 
Version (TMS45165P) 

• 3-State Unlatched Output 

• Lower Power Dissipation 

• Texas Instruments EPIC'" CMOS Process 

• All Inputs, Outputs and Clocks are TTL 
Compatible 

• High-Reliability Plastic 4O·Lead 
400·MII·W1de Surface Mount (SOJ) 
Package, and 4O/44-Lead Thin Small 
Outline Package (TSOP) 

• Operating Free·Alr Temperature Range 
O°C to 70°C 

• Low-Power With Self-Refresh 

• Upper and Lower Byte Control During Write 
Operations 

description 

TMS45165, TMS45165P 
262144·WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 

Vee 
000 
001 
002 
003 
Vee 
004 
005 
006 
007 

NC 
LW 

UW 
RAS 

NC 
AO 
A1 
A2 
A3 

Vee 

DZPACKAGE 
{TOP VIEW) 

DGEPACKAGE 
{TOP VIEW) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40b 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vss 
0015 
0014 
0013 
0012 
Vss 
0011 
0010 
009 
DOS 
NC 
NC 
CAS 
OE 
AS 
A7 
A6 
A5 
A4 
Vss 

Vee 
ooa 
001 
002 
003 
Vee 
004 
005 
006 
007 

NC 
LW 
UW 

RAS 
NC 
AO 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

PIN NOMENCLATURE 

AO-AS 

OQO-OQ15 
LW 
Ne 
OE 
RAS 
OW 
Vee 
vss 

Address Inputs 
Column Address Strobe 
Data In/Data Out 
Lower Write Enable 
No Internal Connection 
Output Enable 
Row Address Strobe 
Upper Write Enable 
5-VSupply 
Ground 

44 
43 
42 
41 
40 
39 
38 
37 
36 
35 

32 
31 
30b 
29 
28 
27 
26 
25 
24 
23 

1995 

Vss 
0015 
0014 
0013 
0012 
Vss 
0011 
0010 
009 
DOS 

NC 
NC 
CAS 
OE 
AS 
A7 
A6 
A5 
A4 
Vss 

The TMS45165 series are high-speed, 4194304-bit dynamic random access memories organized as 262144 
words of sixteen bits each, 

The TMS45165P series are high-speed, low-power with self-refresh, 4194304-bit dynamic random-access 
memories organized as 262144 words by sixteen bits each. 

They employ state-of-the-art enhanced performance implanted CMOS (EPIC™) technology for high 
performance, reliability, and low power at low cost. These devices feature maximum RAS access times of 70 
ns, 80 ns, and 100 ns. Maximum power dissipation is as low as 660 mW operating and 11 mW standby on 
100 ns devices. 

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

EPIC Is a trademark of Texas Instruments Incorporated. 
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TMS45165, TMS45165P 
262144·WORD BY 16-81T HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

description (continued) 

The TMS45165 and TMS45165P are each offered in a 40-lead plastic surface mount SOJ (OZ suffix) package, 
and a 40/44-lead plastic surface mount TSOP (OGE suffix). These packages are characterized for operation 
from O°C to 70°C. 

operation 

enhanced page mode 

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

Unlike conventional page-mode ORAMs, the column-address buffers in these devices are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge 
of CAS latches the column addresses. This feature allows the TMS45165 and TMS45165P to operate at a 
higher data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column 
address is valid rather than when CAS transitions low. This performance improvement is referred to as 
enhanced page mode. Valid column address can be presented immediately after tRAH (row address hold time) 
has been satisfied, usually we" in advance of the falling edge of CAS. In this case, data is obtained after tCAC 
max (access time from CAS low) if tAA max (access time from column address) has been satisfied. In the event 
that column addresses for the next page cycle are valid at the time CAS goes high, access time for the next cycle 
is determined by the later occurrence of tcAC or tCPA (access time from rising edge of the last CAS). 

address (AO-AS) 

Eighteen address bits are required to decode 1 of 262144 storage cell locations. Nine row-address bits are set 
up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine 
column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address strobe 
(CAS). A" addresses must be stable on or before the falling edge of RAS and CAS. RAS is similar to a chip 
enable in that it activates the sense amplifiers as we" as the row decoder. In the TMS45165 and TMS45165P 
CAS is used as a chip select activating the output buffer, as we" as latching the address bits into the 
column-address buffers. 

write enable (UW, LW) 

The read or write mode is selected through the upper or lower write-enable (UW, LW) input. LW controls 
000-007, and UW controls 008-0015. A logic high on the UW and LW input selects the read mode and a 
logic low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without 
a pu"up resistor. The data input is disabled when the read mode is selected. When UW or LW goes low prior 
to CAS (early write), data out remains in the high-impedance state for the entire cycle permitting a write 
operation with OE grounded. 

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

data In (OQO-OQ15) 

4-116 

Oata is written during a write or read-modify-write cycle. Oepending on the mode of operation, the falling edge 
of CAS, UW, or LW strobes data into the on-Chip data latch. In an early write cycle, UW or LW is brought low 
prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed 
write or re/ild-modify-write cycle, CAS is already low, the data is strobed in ~ UW or LW with setup and hold 
times referenced to this Signal. In a delayed write or read-modify-write cycle, OE must be high to bring the output 
buffers to high-impedance prior to impressing data on the I/O lines. The LW pin controls 000-007. The UW 
pin controls 008:"'0015. 
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data out (OQO-DQ15) 

TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS185C - OCTOBER 1992 - REVISED JUNE 1995 

The three-state output buffer provides direct TTL compatibility (no pull up resistor required) with a fanout of two 
Series 74 TTL loads. Data out is the same polarity as data in. The output Is in the high-impedance (floating) state 
until CAS and OE are brought low. In a rea~le the output becomes valid after the access time interval tcAC 
that begins with the negative transition of CAS as long as tRAC and tAA are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low durin~orm~cle activates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance 
state, they remain in the low-impedance state until either OE or CAS is brought high. 

RAS-only refresh 

A refresh operation must be performed at least once every eight milliseconds (64 ms for TMS45165P) to retain 
data. This can be aChieved by strobing each ofthe 512 rows (AO-AS). A normal read or write cycle refreshes 
all bits in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) 
level, thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. 

hidden refresh 

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

CAS-before-RAS refresh (CBR) 

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

A low-power battery-backup refresh mode that requires less than 300 !lA refresh current Is available on the 
TMS45165P. Data integrity is maintained using CBR refresh with a period of 125 148 holding RAS low for less 
than 1 148. To minimize current consumption, all input levels must be at CMOS levels (Vil" 0.2 V, VIH 2: 

Vcc-O.2V). 

self-refresh (TMS45165P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then eAS and RAS are both 
held low for a minimum of 100 148. The chip is then refreshed internally by an on-board oscillator. No external 
address is required since the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and CAS are brought high to satisfy tcHS' 

power up 

To achieve proper device operation, an initial pause of 200 IJS followed by a minimum of eight RAS cycles is 
required after power-up to the full VCC level. 
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TMS45165, TftftS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS11!5C- OCTQBER .. l892 _ REVISED JUN.E 11195 

logic symbolt 

RAM 256K x 16 

AO 
16 ~0D9121DO .... 
17' 

A1 

A2 
18 

19 
A3 
A4 

22 > A 262°'43 
23 

AS 
AS 
A7 

AS 

24 

25 

26 2OD17/21DIt 

,...t::. >C20[ROW) 

RAS 
.1L.. ~ G23/[REFRESH ROW) 

~ 24[PWRDWN] 

'--"" 
&: + 029 ,...t::. 

~ Z31 

CAS 

~ ~C21 [COL] 
~ 024 

28 ... &: 

LW 
r 23C22 

12 23.21D --=t- 29,25EN26 

UW 

31&: 
23C32 r 13 2321D + 29,25EN27 

OE 
27 ..... 

025 

DOO 

., 
2 A,22D 

A,Z26 r.... V26 
DQ1 a ~. 
DQ2 

DQ3 

4 
5 ' p 

DQ4 7 

DQ6 

DQ8 

II 
9 ' 

D~7 

DQa 

10 

31 
A,32D 

4- A,Z27 
V27 '. 

DQ9 32 

DQ10 33 

D911 

DQ12 

34 
36 ' -

DQ13 37 

DQ14 38 ~ .. 

DQ1S 
39 

, -
..J:.fI!IS symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

Pin numbers shown correspond to the OZ paCkage. 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C- OCTOBER 1992 - REVISED JUNE 1995 

functional block diagram 

AD 
A1 

AS 

L 

• 
• 
• 

f-+-
• 
• 
• 

'--
L....-

, 
Column 
Address 
Buffe ... 

Row 
Add,... 
Buffara 

9. 
I 

16< 

If 
I 

.. .. .. .. .. 
I Timing and Control 

1 

Column D.cod. 

Sense Ampllfl .... 

128KArray 128KArray 
R 128KArray 
0 

128KArray 

• w • • • • D • 
a 
c 
0 
d 
a 

128KArray 128KArray 

9. f 
I 

'!!. 
W 

.. 
""'Oat;"' 16 

-± ~ In ~ 
161/0 

R.g. 

~ 
;>16 Buff .... 

Out 
R.g. 

DQO-DQ15 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range on any pin (see Note 1) ......................................... , - 1 V to 7 V 
Supply voltage range on Vee ......................................................... - 1 V to 7 V 
Short-circuit output current .............................................................•.• 50 mA 
Power dissipation .............•....................•..................................•.... 1 W 
Operating free-air temperature range .•..............................................•. ooe to 70·e 
Storage temperature range, Tstg ...........................•...................•.. - 55°e to 150·e 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the devlca. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are wHh respect to V ss. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 O.B V 

TA Operating free-air temperature 0 70 ·e 
.. . . NOTE 2: The algebraiC convention, where the more negative (less positive) limit IS deSignated as minimUm, is used for logic-voltage leveis only . 
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TMS45165, TMS45165P 
262144·WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

II Input current (leakage) 

10 Output current (leakage) 

ICClt 
Read or wrije cycle 
current (see Note 3) 

ICC2 Standby current 

Average refresh current 
ICC3 (RAS only or CBR) 

(see Note 3) 

ICC4t 
Average page current 
(see Note 4) 

Battery backup 

ICC5* 
operating current 
(equivalent refresh time 
is 64 ms) (CBR only) 

ICC6f* Self refresh current 

t Measured with outputs open 
* For TMS45165P only 

TEST CONDITIONS 

IOH=-5mA 

10L= 4.2 rnA 

VCC=5.5V, VI = OVto 6.5 V, 
All other pins = 0 V to VCC 

VCC=5.5V, Vo = OVtoVCC, 
• CAS high 

VCC = 5.5 V, Minimum cycle 

VIH = 2.4 V (TTL) 
After 1 memory cycle, 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS) '45165 
After 1 memory cycle, 
RAS and CAS high '45165P 

VCC=5.5V, Minimum cycle, 
(RAS only), RAS cycling, 
CAS high (CBR only) 
RAS low after CAS low 

VCC =5.5V, tpc = minimum, 
RASlow, CAS cycling 

tRC = 125 14S, tRAS" 114S, 
VCC-0.2V "VIH ,,6.5V, 
o V " VIL " 0.2 V, UW, LWand OE=VIH, 
Address and data stable 

CAS < 0.2 V, RAS < 0.2 V, 
Measured after tRASS minimum 

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

'45165-70 '45166-80 '45165-10 
'45165P·70 '45165P-80 '45165p·10 UNIT 
MIN MAX MIN MAX MIN MAX 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

:1:10 :1:10 :1:10 i£A 

:1:10 :1:10 :1:10 i£A 

160 140 120 rnA 

2 2 2 rnA 

1 1 1 rnA 

200 200 200 i£A 

160 140 120 rnA 

160 140 120 rnA 

300 300 300 i£A 

200 200 200 i£A 

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

PARAMETER 

Ci(A) Input capacijance, AO-AS 

Ci(OE) Input capacijance, OE 

Ci(RC) Input capacitance, CAS and RAS 

CiCWl Input capacitance, W 

Co Output capacitance 

NOTE 5: VCC = 5 V :I: 0.5 V and the bias on pins under test IS 0 V. 

4-120 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

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

'45165-70 '45165-80 '45165-10 

PARAMETER '46165p-70 '46165P-80 '46165p-10 UNIT 
MIN MAX MIN MAX MIN MAX 

teAC Access time from CAS low 20 20 25 ns 

tAA Access time from column address 35 40 45 ns 

tRAC Access time from RAS low 70 80 100 ns 

toEA Access time from OE low 20 20 25 ns 

tePA Access time from column precharge 40 45 50 ns 

tCLZ CAS low to output in the low·impedance state 0 0 0 ns 

tOFF Output disable time after CAS high (see Note 6) 0 20 0 20 0 25 ns 

toEZ Output disable time after OE high (see Note 6) 0 20 0 20 0 25 ns 

NOTE 6: toFF and toEZare specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

'45165-70 '45165-80 '45165-10 

PARAMETER '45165p-70 '45165P-80 '45165P-10 UNIT 
MIN MAX MIN MAX MIN MAX 

tRC Cycle time, read (see Note 8) 130 150 180 ns 

twc Cycle time, write 130 150 180 ns 

tRWC Cycle time, read-modify-write .. 185 205 245 ns 

tpc Cycle time, page-mode read or write (see Note 9) 45 50 55 ns 

tPRWC Cycle time, page-mode read-modify-write 90 105 120 ns 

tRASP Pulse duration, page mode, RAS low (see Note 11) 70 100 000 80 100 000 100 100 000 ns 

tRAS Pulse duration, nonpage mode, RAS low (see Note 11) 70 10000 80 10000 100 10 000 ns 

tCAS Pulse duration, CAS low (see Note 10) 20 10000 20 10000 25 10000 ns 

tep Pulse duration, CAS high 10 10 10 ns 

tRP Pulse duration, RAS high (precharge) 50 60 70 ns 

twp Pulse duration, write 15 15 20 ns 

tASC Setup time, column address before CAS low 0 0 0 ns 

tASR Setup time, row address before RAS low 0 0 0 ns 

tDS Setup time, data before xW low (see Note12) 0 0 0 ns 

tRCS Setup time, read before CAS low 0 0 0 ns 

teWL Setup time, xW low before CAS high 20 20 25 ns 

tRWL Setup time, xW low before RAS high 20 20 25 ns 

twcs 
Setup time, xW low before CAS low 

0 0 0 IlS (early-write operation only) 

. NOTES: 7. Timing measurements are referenced to VIL max and VIH min. 
8. All cycle times assume IT = 5 ns. 
9. tpc > tep min + tCAS min + 2IT. 

10. In a read-modify-write cycle, tCWD and tCWL must be observed. Depending on the user's transition times, this can require additional 
CAS low time (teAS). 

11. In a read-modify-write cycle, tRWD and tRWL must be observed. Depending on the user's transition times, this can require additional 
RAS low time (tRAS). 

12. Later of CAS or xW In write operations 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) (concluded) 

'45165-70 
PARAMETER '45165P-70 

MIN MAX 

teAH Hold time, column address after CAS low (see Note 12) 15 

tDHR Hold time, data after RAS low (see Note 13) 35 

tDH Hold time, data after CAS low (see Note 12) 15 

tAR Hold time, column address after RAS low (see Note 13) 35 

tRAH Hold time, row address after AAS low 10 

tRCH Hold time, read after CAS high (see Note 14) 0 

tRRH Hold time, read after RAS high (see Note 14) 0 

twCH Hold time, write after CAS low (early-write operation only) 15 

twCR Hold time, write after RAS low (see Note 13) 35 

tOEH Hold time, OE command 20 

tAWD Delay time, column address to xW low (see Note 15) 65 

tCHR Delay time, RAS low to CAS high (CBR refresh only) 15 

tCRP Delay time, CAS high to RAS low 0 

teSH Delay time, RAS low to CAS high 70 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 10 

teWD Delay time, CAS low to xW low (see Note 16) 50 

toED Delay time, OE high before data at DC 20 

tROH Delay time, OE low to RAS high 10 

tRAD Delay time, RAS low to column address (see Note 16) 15 35 

tRAL Delay time, column address to RAS high 35 

teAL Delay time, column address to CAS high 35 

tRCD Delay time, RAS low to CAS low (see Note 16) 20 50 

tRPC Delay time, RAS high to CAS low (CBR refresh only) 0 

tRSH Delay time, CAS low to RAS high 20 

tRWD Delay time, RAS low to xW low (see Note 15) 100 

tePR CAS precharge before self refresh 0 

tRPS m precharge after self refresh 130 

tRASS Self-refresh entry from AAS low 100 

tREF Refresh time Interval (TMS45165 only) 8 

tREF ,Refresh time Interval,low power (TMS45165P only) 64 

tCHS CAS low hold time after RAS high -50 

IT Transition time 2 50 

NOTES: 7. TIming meesurements are referenced to VIL max and VIH min. 

4-122 

12. Later of CAS or xW in write operations 
13. The minimum value is measured when tRCD is set to tRCD min as a reference. 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. Read-modify-write operation only 
16. Maximum value specified only to assure access time. 
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'45165-80 '45165-10 
'45165P-80 '45165P-10 UNIT 
MIN MAX MIN MAX 

15 20 ns 

35 45 ns 

15 20 ns 

35 45 ns 

10 15 ns 

0 0 ns 

0 0 ns 

15 20 ns 

35 45 ns 

20 25 ns 

70 80 ns 

20 20 ns 

0 0 ns 

80 100 ns 

10 10 ns 

50 60 ns 

20 25 ns 

10 10 ns 

15 40 20 55 ns 

40 45 ns 

40 45 ns 

20 60 25 75 ns 

0' 0 ns 

20 25 ns 

110 135 ns 

0 0 ns 

150 180 ns 

100 100 j,IS 

8 8 ms 

64 64 ms 

-50 -50 ns 

2 50 2 50 ns 



Output Under Test 

TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C-OCTOBER 1992-REVISEOJUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1.31 V VCC=5V 

Output Under Te.t -...._---1 

CL=100pF I 
(_NoteA) 

CL=100pF 
(.ee Note A) 

(a) LOAD CIRCUrr (b) ALTERNATE LOAD CIRCUIT 

NOTE A: CL includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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TMS45165, TMS45165P 
262144 .. WORD BY 16-BIT HIGH .. SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-AS 

UW,LW ~ It I I I 
[~X~3:Wr ~~Ac1 I I ~~~*X~€~ 

14 lAA ~ II 
I ~LZ 14 ~ I 14-14-+1; -- toFF ~ 
! ~.~ Valid Data Out "']\>-----
1 SeeNoteA ~. 1 
14 tRAC ~ I : 

14-- toEA ~ I ~ toEZ r tROH ~ Iir-_____ _ 
\l_~ _____ ---JI 

DQO-DQ15 

NOTE k. Output can go from lhe high-impedance stale 10 an Invalid-data stale prior to the specified access lime. 
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Figure 2. Read-Cycle Timing 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

t Either UWor LW can be brought low and the user can write into eight OQ locations, or UW and LW can be brought low at the same time and 
all 16 OQ locations are written into. * All OQ pins remain In the high-Impedance state for an early-write cycle. 

Figure 3. Early-Write-Cycle Timing 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-AS 

UW,LWt 

OQO-OQ1S* 

t Either UWor LW can be brought low and the user can wrHe into eight DO locations, or UWand LW can be brought low at the same time and 
all 16 DO locations are written into. * All DO pins remain in the high-impedance state while OE is high. 

NOTE A: Later of CAS or xW in write operations. 
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Figure 4. Write-Cycle Timing 
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AO-AS 

UW,LWt 

DQO-DQ1S:l: 

TMS45165, TMS45165P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C- OCTOBER 1992- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

VV'vV'"" Don't Care JV'JV"V,"'VV Don't Care 'V"'V"'vv 

I 
tOEA ~ 14- .~---..+- toED 

~~: ~/~-------------------

-w 
o 
z 
~ 

t Either UW or LW can be brought low and the user can write into eight DQ locations, or UW and LW can be brought low at the same time and C 
81116 DQ locations are written into. '" 

:I: All DQ pins remain In the high-Impedance state for an early-write cycle" '"'" 

Figure 5. Read·Modify.Write·Cycle Timing 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHSl85C- OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

. -~ ~ ,III lRAsp ~ I I 

RAIN ~ 
'I.....- II' 
1 ~ IRCD ~ ~ ,.. tpc ~ te;P[--' 

, " !.-- teAS ---.I t-- tep --+: !IIII-- tRSH I I I , N' !T. ,! T.' I 
II I \ ¥I ~ ;(1 I I 
,I,. tARW ~ I II II 
1_ 1 !.J -I I II1II-- teAL ---.I I , I 

--tj ~ tASR --tI I k tASC I I II1II IRAL I ~ I , IRAH-t: I I'll . ~ teAH . I 

Aa-AO ~ : - M: +- ~Jr-I -CO-Ium-n ~~:E1:?';&J§ 
,If-tRAD----! _I I ,I .., IRCH ~ 
~ tRcs~1 ,I. ,IRRH~ 

~ uw,Lww:1 ~teAC~ I"WI htoFF ~ 
~ ,Y tAA -.I, I,.-- tAA ----!I ' 
l> I'll lRAc ~ II1II tCPA ~, 
Z DQO-DQI5 (_Not~A) ~ (_NoteB) ~ o -----.....;----!ol~~ SHNoteC ~~--

m teLZ ~ : I II1II- toEA -.I I 
- _II1II--- toEA ~ ~ toEZ I ----1 II1II- toEZ 

~ OE 7I'I'l'te°7'l'l'r'l::~;!'""'~~~!"""-::N .&:e~~;{e,*::0i '&:~~~~~¥'~:Q 
o NOTES: A. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. ::a B. Access time is tePA or 1M dependent 
:s::::: C. A write cycle or read-modlfy-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 

~ specHlcatlons are not v;;::~ 6. Enhanced Page-Mode Read-Cycle TIming . 

(5 
Z 
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AO-AS 

008-0015 

OQO-OQ7 

TMS45165, TMS45165P 
262144·WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C-OCTOBER 1992-REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

IfIp ~ 14-
1l1li tRASP tl I 

~ ~ 
I !.----teSH ~ 14 tpc ~I I I I 
I \41 tRCO ~ I If-- tep ~ II1II tRSH +-.I I I 
I I II II IIIII--teRP-.i 

I .te ~ I I I I 1 I I I 1- AS -I I ...-"'t"""T---
II N (I \l / II 
I I I I I I I 

~ i.J~tASR ~:.- tAse ! I+--- teAL ~ I I 
I I IfIAH -.I I J+- teAH ~ 14 tRAl I ~ I 
.• l1li 1 tAR I ~ 1 I I 

L I I 1 I I~~~~~~ 
Column '-_____ JI~~~~~~ 

I 
I 
I 

II1II jtewli 

I I 
I I See Note A 
I I" tOH ~ 
II1II toHR ~I 

14 los ~ I 
I (IHNot.A) I : I 

~ _ol'O ~~~~~:~~~~~f~~~~:~~~ 
I i jIIII-- toEH ~ S •• Not. B 

~:,*"~;:~v.J~," ~~3E:888l 
--l lit- toEO • toEH --: -+: iIIII- toEO 

NOTES: A Later of ~ or xW in write operations. 
B. A read-cycle or read-modify-wrlte cycle can be mixed with the write cycles as long as the read and read-modify-wrlte timing 

specifications are not violated. 

Figure 7. Enhanced Page-Mode Write-Cycle Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 4-129 

z o 
fi 
:E 
a: o u. 
z -w 
o z 
~ c 
<C 



TMS45-165, TMS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C - OCTOBER 1982 - REVISED JUNE 1985 

PARAMETER MEASUREME"T INFORMATION 

IRP~ j+-
~ IRMP------------~--~··~·~ 

I ~I ----------------------------------------, I I !4j .. ---teSH --------.! .. , ... .. .., II 
I , 141 .. ---tpRWC' "I 14, ---IRSH I I 
I I" ~IRCD 1 ~( tep teRP~i ... 

I I N--teAS ----t~11 \.L "-~ ______ ..:I!/ , 
I+t-IASR Ll ' , 

, ~'~ltASC I , , 
i4---irt--;---......... 1AR I , , 

AD-AS Column 
~, 

I 11 !.. teWD ~ I r- tew," -+I I 
l> '" IAWD ---+j, ~ tRWL --+I C ,.. 'I ,IRwD .. I . , I· 

~ uW,rw ~III N~r-~_~:twP~r---'-"\\l ~~~~~ 
z XXXXXXFi II I , , 1_ _I I o I ...." *'- IRcs ' ... 1' ----.-t- tePA ---... 114"---..t- toEH m I ,..' "11M' ," .. , toH I 
Z ~tRAC~ -+i W-tDS I I 
." ~ teAC I , See Note B I 

YaiidOut 

See Note A O DQO-DQ15 -----------!o<XX11 valid , In 

::a teu ---+I LL1 I Valid I s::: ~ I Out 1 114 .. --...... toED 
~ r-- toEA ~ l.- toEZ 141 .. -:-. - ...... '1-1 toEH 1 I 5 OE &1 \J1r----""""Il~~~~~ 

z NOTES: A. Output can go from the high-Impedance state to an InvaJld-date state prior to the specified access time, 

4-130 

B, Aread- or writs cycle can be Intermixed with read-modify-wrlte eyeles as long as tha read and write eyeJetlmlng specifications 
are not violated. 

C. Access time Is tePA orlAA dependent 

Figure 8. Enhanced Page-Mode Read·Modlfy·Wrlte-Cycle TIming 
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TMS45165, TMS45165P 
262144-WORD BY 16-BIT HIGH-SPEED 

DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C- OCTOBER 1992 - REVISED JUNE 1995 

Figure 9. RAS-Only Refresh-Cycle Timing 
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TMS45165, TMS45165P 
2&2144-WORD BY 16-91T HIGH·SPEEO 
DYNAMIC RANDOM-ACCESS MEMORIES 
SMHS165C- OCTOBER 1992 - FlEVISED JUNE .1995 . 

PARAMETER MEASUREMENT INFORMATION 

Figure 10. Hidden-Refresh-Cycle TIming 
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AG-AS 

TMS45165, TMS45165P 
262144-WORD BY 16·BIT HIGH·SPEED 

DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~~-----------------tRc------------------~.1 
r4-- tRP ~ ~~___________ I 

~ ~~~ ____________ tR_A_s __________ ~Jtfrl ______ __ 
_ -J I I~ 

--J~ ~I tr 
I I ~~---------tCHR --------~~ 

--~y_tcsR ~ y 

OQO-OQ15 HI-Z-------------
NOTE A: 512 CBR cycles must be used forCBR countertesl. 

Figure 11. Automatic-CBR-Refresh-Cycle Timing 
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TMS45165, TMS45165P 
262144·WORD BY 16-BIT HIGH·SPEED 
DYNAMIC RANDOM·ACCESS MEMORIES 
SMHS165C - OCTOBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~1 .. -----tRASS ----~.I 
1 1 

fi N Yr ~ ---' 1 1 ____________ ..iiI 1 1 

tRPC I" .1 1 j+ tRPS -+t 
teSR -M ~ -.l I+- teHS 

--A N :~,m~~ 
1 1 
j4-tePR~ 

~Xi~ 
~Hif~ 
OE~X~~ 

mt-to-FF-------HI-Z-----------

AO-AB 

UW,LW 

DQO-DQ1S 

Figure 12. Self-Refresh-Cycle Timing 

~ device symbolization 
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TI 
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b TMS45165~ 
Speed Code 
Power/Self-Refreah Code 

Package Code 

Yf- _B 
P T b¥= Lot Traceability Coda 

Month Code 

Aaaembly Site Code 

Ole Revlalon Code 

Wafer Fab Code 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304·WORD BY 4·BIT HIGH·SPEED DRAMS 

Electrical characteristics for TMS416400/P and 
TMS417400/P is Production Data. Electrical 
characteristics for TMS426400/P and 
TMS427400/P is Product Preview only. 

• Organization ••• 4194304 x 4 

• Single 5 V Power Supply for TMS41x400/P 
(:1:10% Tolerance) 

• Single 3.3 V Power Supply for 
TMS42x400/P (:1:0.3 V Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ OR 

TIME TIME TIME WRITE 
tRAC tcAC tAA CYCLE 
MAX MAX . MAX MIN 

'4xx400/P-60 60 ns 15 ns 30 ns 110 ns 
'4xx400/P-70 70 ns 18 ns 35 ns 130 ns 
, 4xx400/P-80 80 ns 20 ns 40 ns 150 ns 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period and Self-Refresh 
Option (TMS4xx400P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• High-Reliability Plastic 24/26-Lead 
3OO-MII-Wlde Surface-Mount Smail-Outline 
J-Lead (SOJ) Package and 24/26-Lead 
Surface-Mount Thin Smail-Outline Package 
(TSOP) 

• Operating Free-Air Temperature Range: 
O·Cto 70·C 

• EPIC ™ (Enhanced Performance Implanted 
CMOS) Technology 

description 

The TMS4xx400 is a set of high-speed, 
16777 216-bit dynamic random-access memories 
organized as 4194304 words of 4 bits each. The 
TMS4xx400P series are high-speed, low-power, 
self-refresh, 16777216-bitdynamic random
access memories organized as 4194304 words of 
4 bits each. The TMS4xx400 and TMS4xx400P 
employ state-of-the-art EPICT• (Enhanced 
Performance Implanted CMOS) technology for 
high performance, reliability, and low power. 

SMKS881A- MAY 1995- REVISEDJUNE1995 

VCC 
DQ1 
DQ2 

W 
RAS 
A11t 

A10 
AO 
A1 
A2 
A3 

VCC 

OJ PACKAGE DGAPACKAGE 
(TOP VIEW) (TOP VIEW) 

Vss VCC 
DQ4 DQ1 
DQ3 DQ2 
CAS W 
OE RAS 
A9 A11t 

AS A10 
A7 AO 
AS A1 
AS A2 
A4 A3 
VSS VCC 

PIN NOMENCLATURE 

AO-Allt 
CAS 
DQ1-DQ4 
OE 
NC 
RAS 
VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data In/Data Out 
Output Enable 
No Internal Connection 
Row-Address Strobe 
5-V or 3.3-V Supply* 
Ground 
Write Enable 

t All is NC for TMS4x7400/P. 
* See Table 1. 

AVAILABLE OPTIONS 

SELF 

DEVICE 
POWER REFRESH REFRESH 
SUPPLY BATTERY CYCLES 

BACKUP 

TMS416400 5V - 4096 in 64 ms 

VSS 
DQ4 
DQ3 
CAS 
OE 
A9 

AS 
A7 
AS 
AS 
A4 
VSS 

TMS416400P 5V Yes 4096 in 128 ms 
TMS417400 5V - 2048 in 32 ms 
TMS417400P 5V Yes 2048 in 128 ms 
TMS426400 3.3V - 4096 in 64 ms 
TMS426400P 3.3V Yes 4096 In 128 ms 
TMS427400 3.3V - 2048 in 32 ms 
TMS427400P 3.3V Yes 2048 in 128 ms 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

EPIC is a trademark of Texas Instruments Incorporated. 

UNLESS OTHERWISE NOTED till. cIoculllllll conti"'" PRODUCTION 
DATA Intormltlon current .. of ~bllCltlon d .... Product. conform 10 

==0110,,::.:e"ll "::.01,,:~:::d':~~ 
pII'ImtItI'I. 

~TEXAS 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD ·BV 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995':'REVlSEDJUNEl995 

description (qontlnued) 

TheTMS4xx400and TMS4xx400P are each offered in a 24/26-lead plastic surface-mount TSOP (DGA suffix) 
package and a 24/26-lead plastic surface-mount SOJ (OJ suffix) package. These packages are characterized 
for operation from O°C to 70°C. 

operation 

enhanced page mode 

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

Unlike conventional page-mode DRAMs, the column-address buffers in these devices are activated on the 
fal~g;dge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge 
of A latches the column addresses and enables the output. This feature allows the devices to operate at a 
higher data bandwidth than conventional page-mode parts because data retrieval begins as soon as the column 
address is valid rather than when CAS transitions low. This performance improvement is referred to as 
enhanced page mode. A valid column address can be presented immediately after row-address hold time has 
been satisfied, US(fI~ well in advance of the falling edge of CAS. In this case, data is obtained after tCAC max 
(access time from A low) iftAA max (access time from column address) and tRAC have been satisfied. In the 
event that column address for the next cycle is valid at the time CAS goes high, access time for the next cycle 
is determined by the later occurrence of tePA or teAC. 

address: AO-A11 (TMS4x6400/P) and AO-A10 (TMS4x7400/P) 

Twenty-two address bits are required to decode 1 of 4194304 storage cell locations. For the TMS4x6400 and 
TMS4x6400P, 12 row-address bits are set up on AO through A 11 and latched onto the chip by the row-address 
strobe (RAS). Ten column"address bits are set up on AO through A9. For TMS4x7400 and TMS4x7400P, 11 
row-address bits are set up on inputs AO through A 10 and latched onto the chip by RAS. Eleven column-address 
bits are set up on AO through A 10. All addresses must be stable on or before the falling edge of RAS and CAS. 
RAS is similar to a chip enable because it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select, activating the output buffers and latching the address bits into the column-addrelils buffers. 

write enable (W) 

The read or write mode is selected through W. A logic high on W selects the read mode, and a logic low selects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to CAS 
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
OE grounded. 

data In (DQO-DQ3) 

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

data out (DQO-DQ3) 

4-136 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval teAC (which begins with 
the negative transition of CAS) as long as tRAC and tAA are satisfied. 
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RAS-only refresh 

TMS4x6400, TMS4x6400P 

TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEOJUNEl995 

A refresh operation must be performed at least once every 64 ms (128 ms for TMS4x6400P) to retain data. This 
can be achieved by strobing each of the 4096 rows (AO-A11). A normal read or write cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4x7400, TMS4x7400P 

A refresh operation must be performed at least once every 32 ms (128 ms for TMS4x7 400P) to retain data. This 
can be achieved by strobing each of the 2048 rows (AO-A10). A normal read or write cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by holding 
'CAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored, and the refresh address is generated internally. 

~-before-RAS (CBR) refresh 

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

battery·backup refresh 

TMS4x6400P 

A low-power battery-backup refresh mode that requires less than 500 J.IA (5 V) or 350 J.IA (3.3 V) refresh current 
is available on the TMS4x6400P. Data integrity is maintained using CBR refresh with a period of 31.25 J.I.S while 
holding RAS low for less than 1J.1.S. To minimize current consumption, all input levels must be at CMOS levels 
(VIL<0.2V,VIH>Vee- 0.2V). . '.' 

TMS4x7400P 

A low-power battery-backup refresh mode that requires less than 500 J.IA (5 V) or 350 J.IA (3.3 V) refresh current 
is available on the TMS4x7400P. Data integrity is maintained using CBR refresh with a period of 62.5 J.I.S while 
holding RAS low for less than 1 J.I.S. To minimize current consumption, all input levels must be at CMOS levels 
(VIL < 0.2 V, VIH > Vee - 0.2 V). 

self refresh (TMS4xx400P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both 
held low for a minimum of 100 J.I.S. The chip is then refreshed internally by an on-board oscillator. No external 
address is required because the CBR counter is used to keep track of the address. To exitthe self-refresh mode, 
both RAS and 'CAS are brought high to satisfy teHS' Upon exiting self-refresh mode, a burst refresh (refresh a 
full set of row addresses) must be executed before continuing with normal operation. The burst refresh ensures 
the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 J.I.S followed by a minimum of eight initialization cycles 
is required after power up to the full Vee level. These eight initialization cyclEis must include at least one refresh 
(RAS-only or CBR) cycle .. 

~TEXAS 
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TMS416400, TMS4'L6400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
41943Q4.WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1996-REVISEDJUNEI996 

test mode 

The test mode is initiated with a CBR-refresh cycle while simultaneously holding the W input low. The entry cycle 
performs an internal refresh cycle while internally setting the device to perform parallel read or write on 
subsequent cycles. While in the test mode, any data sequence can be performed. The device exits test mode 
if a'CBR refresh cycle withW held high or a RAS-only refresh cycle is performed. 

In the test mode, the device is configured as 1 024K bits x 4 bits for each DO. Each DO pin has a separate 4-bit 
parallel read and write data bus that ignores CO/umn addresses AO and A 1. During a read cycle, the four internal 
bits are compared for each DO pin separately. If the four bits agree, DO goes high; if not, DO goes low. During 
a write cycle, the data states of all four DOs must be the same to ensure proper function of the test mode. Test 
time is reduced by a factor of four for this series. 

14---.... +-1 Entry Cycle ExIt Cycle -+4111111------.!.1 
~IIIII----- Teat Mode Cycle ______ -,--_~.I '+-- Normal 
I I I Mode 

I 

I 

w ~! / 
NOTE A: The states of W, data In, and addreSs are defined by the type of cycle used during test mode. 

Figure 1. Test-Mode Cycle 
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logic symbolt 

AO 9 

Al 10 

A2 11 

A3 12 

A4 15 

AS 16 

AS 17 

A7 18 

AS 19 

A9 21 

Al0 8 

A11't 6 
,..... 

RAS 
5 ~ 

,..... 

CAS 
25 ~ 

Vi 
OE 

~ 4 

22 r-.... 

OQl 
2 

4-
OQ2 3 

OQ3 24 ~ 

OQ4 
25 , 

TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

RAM4096Kx4 

20010/2100 

0 
A 4194303 

20019/2109 
20020 

20021 
C20[ROW) 

G231[REFRESH ROW) 

24 [PWR OWN] 

C21 [COLUMN] 

G24 

" I> 23C22 

23210 24,25 EN 

G25 ..., r 
A,220 
\7 26 A,Z26 -f-

tThls symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 647-12. * All Is NC for TMS4x7400 and TMS4x7400P. 
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TMS416400, TMS4164:00P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304·WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A-MAYl995-REVISEDJUNE1995 . 

functional block diagram 

TMS4x6400/P 

• Column-
• Addrees 
• Bufferst 

All -+-I-t-I 

t Column addresses Al0 and All are not used. 

TMS4x7400/P 

• Column-
• Address 
• Buffers 

Al0--t-........ LJ-----I 
• 32< 

Row-
• Address h~,.,..".,",""",,,,,, 
• Buffers H11ihh\:ili4l 

'-

'--'---~ 

Column Decode 

Sense Amplifiers 

256KArray 
R 256KArray 
0 
w • • • D 
e 

256KArrsy 

I Timing and Control I 

Column Decode 

Senae Amplifiers 

256KArray 256KArray 

256KArray R 256KArray 
0 

• w • • • • • D 
e 
c 
0 
d 

256KArray e 256KArray 

rr:l 

~TEXAS . 
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1/0 
Buffers 

r-
Dsta-

DQ1-DQ4 

In 4 
~ Reg • .....,.. 

'--
r-- 4 

1+ Data- ~ 
'----.. Out 

Reg. 
'---

DQ1-DQ4 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORDBY 4-EJIT HIGH-SPEED DRAMS 
SMKS881A-MAY 1895- REVISEDJUNE1895 

absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t 
Supply voltage range, Vee: TMS41x400, TMS41x400P ••••.•.••••.•.•.•. -1 Vt07V 

TMS42x400, TMS42x400P ••••..•••••.•.. - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1): TMS41x400, TMS41x400P •.....•.•..•..•.•• -1 V to 7 V 

TMS42x400, TMS42x400P ......••••.•.•. - 0.5 V to 4.6 V 
Short-oircuit output current .••......•....•........•........•••..••••.••.••••••.•.•.••••••.. 50 rnA 
Power dissipation .......................................................................... 1 W 
Operating free-air temperature range, TA .............................................. ooe to 70°C 
Storage temperature range, Tstg .................................................. - 55°C to 125°C 

t Stress. beyond thosellsled under "absolute maximum ratings' may cause permanent damage to the devIca. These are stress ratings only, and 
functional operation of the devIca at these or any other oondJtlons beyond those Indicated under 'reoommended operating conditions' Is not 
Implied. Exposure to abeolute-maxlmumof'Bled oondltlons for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

TMS41x400 TMS42x400 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 3 3.3 3.6 V 

VSS Supply voltage 0 0 V 

VIH Hlgh.Jevellnput voltage 2.4 6.5 2 Vcc + 0.3 V 

VIL Low-level Input voltage (see N~ 2) -1 0.8 -0.3 0.8 V 

TA Operating free-alr temperature 0 70 0 70 ·C 

NOTE 2: The algebraIC oonventlon, where the more negative Oess positive) limit Is designated as minimum, Is used for logic-voltage levels only. 

-!111ExAs 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304·WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1895- REVISEDJUNE1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TMS416400/P 
'416400-60 '416400-70 

PARAMETER TEST cONDmoNst '4184OOP.-60 '418400P-70 

, MIN MAX MIN MAX 

VOH 
High-level output 

IOH=-5rnA 2.4 2.4 
voltage 

VOL 
Low-level output 

10L= 4.2 rnA 0.4 0.4 
voltage 

II 
Input current VCC-5.5V, VI" 0 V to 6.5 V, 

:1:10 :1:10 
Oeakage) All others = 0 V to VCC 

10 
Output current ~ .. 5.5V, VO. 0 V to VCO, :1:10 :1:10 
Oeekege) CAS high 

IC01*' 
Read- or write-cycle 

VCC- 5.5V, Minimum cycle 80 70 current 

VIH .. 2.4 V (TTL), 
After 1 memory cycle, 2 2 

IC02 Standby current 
~andmhlgh 

VIH - VOO - 0.2 V (CMOS), '418400 1 1 
After 1 memory cycle, 
RAS and eAS high '418400P 500 500 

Average refresh ~=5.5V, Minimum cycle, 

1CC3*' current (RAS-only RASCYClin~ 80 70 
CAS high ( only), refresh or CBR) RAS low after eAS low (CBR) 

1CC4*' Average pege current 
~.5.5V, !&.,=MIN, 70 60 RASIow, CAS cycling 

Icca' Self-refresh current 
CAS < 0.2 V, RAS<0.2V, 

500 500 Meesured after tRASS min 

Battery back-up 
tRC" 31.251'1, lRAS" 11'1, operating current 

ICC10' (equivalent refresh VCC-0.2 V" VIH" 6.5 V, 500 500 
time is 128 ms): CBR OV"VIL,,0.2V, Wand OE =VIH, 

only Address and data stable 

t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
, Meesured with a maximum of one address change while ~ • VIH 
, For TMS418400P only 

~1ExAs 
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'418400-80 
'416400P-80 UNIT 
MIN MAX 

2.4 V 

0.4 V 

:1:10 "" 
:1:10 "" 

60 mA 

2 rnA 

1 mA 

500 "" 
60 mA 

50 mA 

500 "" 
500 "" 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A- MAY 1995- REVISEDJUNE1995 

electrical characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) (continued) 

TMS417400/P 

'417400-60 

PARAMETER TEST cONDmoNst '4174OOP-60 

MIN MAX 

VOH 
High-level output 

IOH"'-SmA 2.4 voltage 

VOL 
L.ow-tevel output 

10L =4.2 mA 0.4 voltage 

II 
Input current VCC-S.SV, VI-OVto6.SV, :1:10 (leakage) All others .. 0 V to Vee 

10 
Output current ~=s.sv, VO=OVtoVcc, :1:10 (leakage) high 

ICC1*' 
Reed-or 

VCC = S.SV, Minimum cycle 110 
write-cycIe current 

VIH = 2.4 V (TIL), 
After 1 memory cycle, 2 

1CC2 Standby current 
RAS and CAS high 

VIH = Vee:- 0.2 V (CMOS). '417400 1 
After 1 memory cycle. 
RAS and CAS high '4174OOP 500 

1CC3*§ 
Average refreah YQQ=s.sv, Minimum cycle. 
current ~nly RAS cycling. CAS high (RAS only). 110 
refreah or CBR) RAS low after CAS low (CBR) 

1CC4*' 
Average page ~=S.5V. ~=MIN. 70 current low. cycling 

Ieee' SeIf-refreah current 
CAS<0.2V. RAS<0.2V. 

500 Measured after tRASS min 

Battery back-up 
tRC .. 62.5 1'8. lRAS .'1'8. 

lee10' 
operating current 

Vee-0.2V.VIH .6.SV, (equivalent refreah 
o V • VIL • 0.2 V. Vii and l)E .. VIH. 

500 
time Ie 128 ms): 
CBRonly Addreas and data stable 

.. t For conditions shown as MIN/MAX. use the appropriate value specified in the timing requirements • 
* Measured with outputs open 
§ Measured with a maximum of one addreas change while RAS = VIL 
, Measured with a maximum of one addreas change while CAS = VIH 
'ForTMS4174OOP only 
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'417400-70 '4174OO~60 
'4174OOP-70 '4174OOP-60 UNIT 
MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 lolA 

:1:10 :1:10 lolA 

100 90 mA 

2 2 mA 

1 1 mA 

500 500 lolA 

100 90 mA 

60 SO mA 

500 500 lolA 

500 .500 lolA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 

TMS426400/P 
'426400·80 '426400·70 

PARAMETER TEST CONDITIONSt '4264OOP·80 '426400P·70 

MIN MAX MIN 

VOH 
High-level IOH--2mA LVTTI. 2.4 2.4 
output voltage IOH=-10011A LVCMOS VCC-0.2 VCC-0•2 

Low-level IOL-2mA LVTTL 0.4 
VOL output voltage LVCMOS 10L .100 IIA 0.2 

II 
Input current VCC-3.8V, VI-OVto3.9V, :t10 
Oeakage) All others = 0 V to Vcc 

10 
Output current ~=3.8V, VO" 0 Vto VCC, :t10 
Oeakage) high 

ICC1*§ 
Read-orwrite-

VCC-3.8V, Minimum cycle 70 cycle current 

VIH =2 V o.VTTL), , 
After 1 memQrY cycle, 1 

Standby 
RAS and CAS high 

ICC2 current VIH =VCC- 0•2V '426400 500 
(LVCMOS), 
After 1 memory cycle, 

'428400P 200 RAS and CAS high 

Average 
~ .. 3.8V, Minimum cycle, refresh current 

IOO3*§ (RAS-only cycling, 
70 

refresh ~ high (RAS-only refresh), 

OrCBR) RAS low after ~ low (CBR) 

ICC4*' 
Average page YQQ-3.8V, E.-MIN, 80 current RASlow, CAS cycling 

ICC8* 
Self-refresh CAS < 0.2 V, RAS<0.2V, 

250 current Measured after tRASS min 

Battery 
back-up 
operating tAC" 31.25118, 1RAs 0: 1118, 

ICC10* 
current Vcc - 0.2 V 0: VIHW 3.9 V, 350 (equivalent o V 0: VIL 0: 0.2 V, and C5E = VIH, 
refresh time Is Address and data stable 
128 ms), 
CBRonly 

" t For conditions shown as MIN/MAX. use the appropriate value specified In the timing requirements. 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
, Measured with a maximum of one address change while eAS .. VIH 
* For TMS428400P only 
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MAX 

0.4 

0.2 

:t10 

:t10 

80 

1 

500 

200 

80 

50 

250 

350 

'426400·80 
'426400P·80 UNIT 
MIN MAX 

2.4 
V 

VCC-0.2 
I 0.4 

V 
0.2 

:t10 IIA 

:t10 IIA 

50 mA 

1 mA 

500 IIA 

200 IIA 

50 mA 

40 mA 

250 IIA 

350 IIA 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304·WORD BY 4·BIT HIGH·SPEED DRAMS 
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electrical characteristics over recommended ranges of supply voltage and operating free .. lr 
conditions (unless otherwise noted) (continued) 

TMS427400/P 

'427400·80 '427400·70 
PARAMETER TEST CONDITIONSt '4274OOP·80 '4274OOP·70 

MIN MAX MIN MAX 

Hlgh·1eveI IOH",-2mA LVTTL 2.4 2.4 
VOH output voltage IOH--100i'A LVCMOS VCC-O.2 VCC-0.2 

Low-level IOL=2mA LVTTL 0.4 0.4 
VOL output voltage 10L= 100 i'A LVCMOS 0.2 0.2 

II 
Input current Vcc = 3.8 V, VI = OVto3.9V, 

:tl0 :tl0 
~eakage) All others .. 0 V to Vcc 

10 
Output current ~=3.8V. VO=OVtoVCC. :tl0 :tl0 
~eakage) high 

ICC1*§ 
Read- or write-

VCC=3.8V. Minimum cycle 100 90 cycle current 

VIH - 2 V (LVTTL). 
After 1 memory cycle. 1 1 

Standby 
RAS and CAS high 

ICC2 current VIIi ",VCC-0.2V '427400 500 500 
(LVCMOS). 
After 1 memory cycle. 
FiAS' and ~ high '427400P 200 200 

Average 
~ .. 3.8 V. Minimum cycle. refresh current 

ICcaU (RAS-only cycIln~ 100 90 
~ high -only refresh). refresh 
RAS low after CAS low (CBR) orCBR) 

IC04*' 
Average page YQQ .. 3.8 V. ~=MIN. 80 50 current RASIow. AS cycling 

Ieee' 
Self-refresh GAS<0.2V. RAS< 0.2V. 

250 250 
current Measured after IRAss min 

Battery 
back-up 
operating tRC = 82.5 1'1. tRAS" 11'1. 

ICC10' 
current Vcc - 0.2 V " VIH...! 3.9 V. 350 350 (equivaJent OV"VIL,,0.2V. WandOE .VIH. 
refresh time 18 Address and data stable 
128ms). 
CBRonly 
.. . . t For conditions shown as MIN/MAX. use the appropnate value specified In the timing requirements • 

* Measured wHh outputs open .. 
§ Measured wHh a maximum of one address change while RAS .. VIL 
'II Measured wHh a maximum of one address change while CAS = VIH 
, For TMS427400P only 
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'427400·80 
'4274OOP·80 UNIT 
MIN MAX 

2.4 
V 

VCC-0.2 

0.4 
V 

0.2 

*10 i'A 

*10 i'A 

80 mA 

1 mA 

500 i'A 

200 i'A 

80 mA 

40 mA 

250 i'A 

350 i'A 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, ·TMS427400P 
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SMKS881A- MAY 1895-REVlSEDJUNE18911 

capacitance over recommended ranges of supply voltage and operating fre.alr temperature, 
f = 1 MHz (see Note 3) . .. 

PARAMETER MIN MAX UNrr 

CI(A) Input capacitance. AO-A11 5 pF 

CI(OE) Input capacltance, OE 7 pF 

CIlRC} Input capacitance, CAS and ·FiM 7 pF 

CIIWl Input capacitance, Vi 7 pF 

Co Output capacitance 7 pF 

NOTE 3: Vee" NOM IUpply voltage :I: 1 0%, and the bias on pins under test 18 0 V. 
, ) 

switching characteristics over recommended ranges of supply voltage and operating fre .. lr 
temperature 

'4xx4OC)-80 '4xx4OC)·70 

PARAME1ER '4Xx400p·80 '4xx400P·70 

MIN MAX MIN MAX 

lAA Access time from column eddl'888 (888 Note 4) 30 35 

tcAc Access time from CAS low (88e Note 4) 15 18 

tePA Access time from column precharge (888 Note 4) 35 40 

tRAC Access time from RAS low (88e Nole 4) 80 70 

toEA Access time from OE low (88e Note 4) 15 18 

teLZ Delay time, CAS low tQ output In low-Impedance state 0 0 

toH Output data hold time (from ~) 3 3 

toHO Output data hold time (from OE) 3 3 

toFF Output disable time after ~ high (see Note 5) 0 15 0 18 

toEZ Output disable time after OE high (888 Note 5) 0' 15 0 18 

NOTES: 4. Access tlmes10r TMS42x400 measured with output reference levels of VOH • 2 V and VOL" 0.8 V. 
6. toFF and toEZ are lpeclfled whan the output 18 no longer driven. 
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'4xX400·80 
'4xX4OOP·80 UNrr 
MIN MAX 

40 ns 

20 nl 

45 nl 

80 nl 

20 ns 

0 nl 

3 ns 

3 ns 

0 20 n8 

0 20 ns 
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4194304·WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNEl995 

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

'4xx400-60 
'4xx400P-60 

MIN MAX 

tRC Cycle time, read (see Note 6) 110 

twc Cycle time, write (see Note 6) 110 

tRWC Cycle time, read-write (see Note 6) 155 

tpc Cycle time, page-mode read or write (see Notes 6 and 7) 40 

tpRWC Cycle time, page-mode read-write (see Note 6) 85 

tRASP Pulse duration, RAS low, page mode (see Note 8) 60 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 8) 60 10000 

teAS Pulse duration, CAS low (see Note 9) 15 10000 

lOp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 10) 0 

tRCS Setup time, W high before CAS low 0 

lOWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low (early-write operation only) 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

twTs Setup time, W low before RAS low (test mode only) 10 

lOAH Hold time, column address after CAS low 10 

tOH Hold time, data (see Note 10) 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 11) 0 

tRRH Hold time, W high after RAS high (see Note 11) 0 

twCH Hold time, W low after CAS low (early-wrHe operation only) 10 

tRHCP Hold time, RAS high from CAS precharge 35 

toEH Hold time, OE command 15 

tROH Hold time, RAS referenced to OE 10 

lOHS Hold time, CAS low after RAS high (self refresh) -50 

twRH Hold time, W high after RAS low (CBR refresh only) 10 

twTH Hold time, W low after RAS low (test mode only) 10 

NOTES: 6. All cycle times assume IT = 5 ns. 
7. To assure tpc min, tASC should be .. to lop. 
8. In a read-write cycle, tRWO and tRWL must be observed. 
9. In a read-write cycle, lowo and lOWL must be observed. 

10. Referenced to the later of CAS or Vii in write operetions 
11. Either tRRH or tRCH must be satisfied for a read cycle. 

-!!1TEXAS 
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'4xx400-70 '4xx400-80 
'4xx400P-70 '4xx400P-60 UNIT 
MIN MAX MIN MAX 

130 150 ns 

130 150 ns 

181 205 ns 

45 50 ns 

96 105 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 

10 10 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

40 45 ns 

18 20 ns 

10 10 ns 

-50 -50 ns 

10 10 ns 

10 10 ns 
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timing requirements over recommended. ranges of supply voltage and operating free-alr 
temperature (continued) 

'4lCX400-80 
'4XX400P-80 

MIN MAX 
tAwo Delay time, column addres. to W low (read-write operation only) 55 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 

teRP Delay time, CAS high to RAS low 5 

tcsH Delay time, RAS low to CAS high 60 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 

tcwD Delay time, CAS low to W low (read-write operation only) 40 

toED Delay. time, OE to data 15 

tRAD Delay time, RAS low to column addres. (see Note 12) 15 30 

tRAL Delay time, column addres. to RAS high 30 

teAL Delay time, column addres. to CAS high 30 
.-

tRCD Delay time, RAS low to CAS low (see Note 12) 20 45 

tRPC Delay time, RAS high to CAS low 0 

tRSH Delay time, CAS low to RAS high 15 

tRWO Delay time, RAS low to Vi low (read-write operation only) 85 

tepw Delay time, W low after CAS precharge (read-wrlte operation only) 80 

tRASS Pulse duration, self-refresh entry from RAS low 100 

tRPS Pulse duration, RAS precharge after self refresh 110 

trAA Acoeaa time from addres. (teet mode) 35 

trCPA .Acoeaa tlme,from column precharge (teet mode) 40 

trRAC Acoeaa time from RAS (teet mode) 85 

'4xS400 64 

Refreeh time Interval 
'4x8400P 128 

!REF '4x7400 32 

'4x7400P 128 

.tr Transition time 3 30 
NOTE 12: The maximum value Is apecified only to assure access time. 
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'4xx400-70 '4XX400-80 
'4lCX4OOP-70 '4XX400P-80 UNIT 

MIN MAX MIN MAX 
63 70 na 

10 10 na 

5 5 ns 
70 80 na 

5 5 na 

46 50 na 

18 20 ns 

15 35 15 40 ns 

35 40 na 

35 40 na 

20 52 20 60 ns 

0 0 na 

18 20 ns 

98 110 na 

68 75 ns 
100 100 l1li 
130 150 ns 

40 45 ns 
45 50 na 

75 85 ns 

64 84 

128 128 
ma 

32 32 

128 128 

3 30 3 30 ns 
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PARAMETER MEASUREMENT INFORMATION 

VCC 

Output Under Teat 
Output Under Teat-_._-_. 

CL= 100pF 
(aeeNoteA) I CL-100pF 

(aee Note A) 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE A: CL includes probe and fixture capactiance. 

DEVICE VCC(V) R1 (0) R2(O) VTH (V) RL(O) 

'41x400/P 5 828 295 1.31 218 

'42x400/P 3.3 1178 868 1.4 500 

Figure 2. Load Circuits for Timing Parameters 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A-MAY1995-REV!SEDJUNE1995 

~I~---------------~C----------------~~~I 

I --.. ---t ~.f I i'f . RAS----------~y~~p~\'"-_____ _ 
~~- II I I .... I~i--------_ teSH ~I I I I 

I I+---~CD ~I II I I 
I I I~ ~SH· I ~I I I 
I I I I I+t-+--- teRP ----+I 

~tASR jt-teAS ~~! ! tep -----tlJ\ ___ _ 
I II~ ~I ~AD I I I I I II 
I _I I~ ~ I tASC I I I I 
I --.. j4-~H I I I I 
I I I I~ I I teAL ~I I I I 
I I I I~ I I ~AL I I ~I I 

--~ ~)@( -~.: ~*"~~-----------
I ~cs 1+ ~LI I I I t+' 14- tRRH . . 

~ u ~ ~teAH I 1'-1 ~ . 

NOTE A: Output can go from 3-8tate to an invalid-data state prior to the specified access time. 

Figure 3. Read-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

PARAMErtR MEASUREMENT INFORMATION 

Figure- 4. Early-Write-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400,TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A-MAY 1995-REVISEDJUNE1995 

PARAMETER MEASUREMENT INFORMATION 

4-152 

Figure 5. Write-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304·WORD BY 4·81T HIGH·SPEED DRAMS 
SMKS881A- MAY 1995- REVISEDJUNE1995 

PARAMETER MEASUREMENT INFORMATION 

NOTE A: Output can go from 3-state to an Invalld-data state prior to the specified accass time. 

Figure 6. Read-Write-Cycle nmlng 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS 77251-1443 4-153 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1985-REVlSEDJUNE1996 

PARAMETER MEASUREMENT INFORMATION 

t Access time Is tePA, teAe, or tAA dependent. 
NOTE A: Output can go from 3-61ate to an Invalid-data state prior to the specified access time. 

Figure 7. Enhanced·Page-Mode ReadoCycle nmlng 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1895 - REVISEDJUNEl895 

PARAMETER MEASUREMENT INFORMATION 

OE 'i:~~~·~~~~:V ,«g~~:::?~*:&§ 
NOTES: A. Referenced to CAS or W. whichever occurs last 

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

Figure 8. Enhanced-Page-Mode Write-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS4274QO, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A- MAY 1995-REVISEDJUNEl995 

. PARAMETER MEASUREMENT INFORMATION 

t Output can go from 3-etate to an Invalld-data state prior to the specified access time. 
NOTE A: A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

4-168 

Figure 9. Enhanced-Page-Mode Read-Wrlte-Cycle Timing 
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TMS416400, TMS416400P, TMS41~400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

PARAMETER MEASUREMENT INFORMATION 

Figure 10. RAS-Only Refresh Timing 

14lo1111---------tRC ---------+1.1 
j+--lRp --+j toIIII-'01111-----tRAS _____ -+1., 1 
1 I I , It--__ _ 

R~ fi N Y 
1 I I 

t --.I ~ tcSR ~ ~I .. ---'AHR ___ -+1.1 RPC 1"1 I I.... ,...... ______ _ 

CAS '{ ~rlT y 
twRP l1li .1 I I .... ----..t-I twRH 

DQ1-DQ4 -------------HI-Z-------------
Figure 11. Automatic-CBR-Refresh-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HiGH-SPEED DRAMS 
SMKS8J1A- MAY 1895-REVlS!DJUNE1895 

PARAMETER MEASUREMENT INFORMATION 

I+-- Refresh Cycle ~ 
~ Memory Cycle ~ 14-- Refl'8llh Cycle--+t 
I '41 .1 lAp 141 ., lAp I 

I :41 .: I IAAS ::41 .: : IAAS I s I 
JiDN lA N Y i\ / i\ ;-

I I I I I I I I !... 
I , I I II I tcHR +-, ~i ---l·~1 

CAS --+-1 +-1 ~~t I 1 I· teAS 1 1 ,,1 1 ~r 
" ~. !~I I, I, ". I, I 
I I 'I ...--tcAH I I I II I I 
II+I~tASC I I I I , I I 
I I 'I I I I I I I I I I I lRAH.,..,l+t, I I I I I I I I I I 
I I II I I I I I I I I I I 
~t~~" ·.11.1 

-~$~E~ __ 
( IIARH ~ j4- I I ~ j+-twRH ~I I '\ 

I II I I ,J ~twR I II I 
I II I I I' I H I I ~ j+-twRH 
I 'I I I I I ~ I+- twRP I I I 

J i 11 i"co I -+i 14-- I _~ i+-~ 
w)ff/III V~ ~(;1 ~ 

I~ ~~ I 
I 141 I ~ tM toFF -+1 i+-
~~~ I 

~~ I~ ~~~: } 
tcLZ ~4I ~: toEA toEZ -+j I...-

lm~ 'I'; ~ 
Figure 12. Hldden-Refresh-Cycle (Read) Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4·BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

PARAMETER MEASUREMENT INFORMATION 

Figure 13. Hldden-Refresh-Cycle (Write) Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNEl995 

Address 

PARAMETER MEASUREMENT INFORMATION 

1~4---------t~s--~----~.1 
I I 

___ fi N~-------,JJi L 
I ~I I I I I 

tRPC II1II 'i I I 14- tRPS ~ 
teSR --t+I i+t I 

I I I I ---tJ>j I+- teHS Jf----N II ~~~-~ 
L I II 
I tep~ I I 

VI ~:I~~f:~ 
I 

OE~~r*~~ 
DQ1-DQ4 

4-160 

~ ~ toFF 

m----------H1.z------------
Figure 14. Self-Refresh-Cycle Timing 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 

4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

PARAMETER MEASUREMENT INFORMATION 

Addre ... ~::~~~x~~e:~ 

OE~:e~~x~~e:~ 
DQ1-DQ4-----------H�-z----------

Figure 15. Test-Mode-Entry-Cycle TIming 

1+1 .. -----tRC -------.t.1 

/+-tRP ---+I 1+1 .. --- tRAS --I~I : I I I y _______ _ 
RAS ____ 11" N ; 

I I+- teSR -+I I 
lRpc ..J4--+I I I 

I I 1 j+" tCHR +I 

CAS ~ \l -: r- tr y~---------
~~I II 

I 1...1 I twRP 
I 1 I 

-~:*ms::~ 
-+I :+- toFF 

DQ1-DQ4 ~i~~~~~~X*~~"mIi:~------H,-z------
Figure 16. Test-Mode-Exit-Cycle CBR-Refresh-Cycle TIming 
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TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304·WORD BY 4-BIT HIGH·SPEED DRAMS 
SMKS881A- MAY 1995 - REVISEDJUNE1995 

device symbolization (TMS416400 illustrated) 

TI 

T~ 
J TMS416400 ~ 

W B:!... M T+ 

Speed (-60,·70, -SO) 

Low-Power ISelf-Refresh Designator (Blank or P) 

Package Code 

Asembly Site Code 

Lot Traceability Code 

Month Code 

Year Code 

Ole Revision Code 

Wafer Fab Code 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 

• Organization ••• 1048576 x 16 
• Single Power Supply (5 V or 3.3 V) 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 
TIME TIME TIME WRITE 
IRAC tcAC tAA CYCLE 
MAX MAX MAX MIN 

'4xxl60/P-60 60 ns 15 ns 30 ns 110 ns 
'4xxl60/P-70 70 ns 18 ns 35 ns 130 ns 
'4xxl60/P-60 80 ns 20 ns 40 ns 150 ns 

• Enhanced Page·Mode Operation With 
CAS·Before·RAS (CBR) Refresh 

• Long Refresh Period and Self·Refresh 
Option (TMS4xx160P) 

• 3-State Unlatched Output 
• Low Power Dissipation 
• Hlgh·Rellablllty Plastic 42·Lead (DZ Suffix) 

400-MiI·Wide Surface·Mount (SOJ) Package 
and 44/50·Lead (DGE Suffix) Surface·Mount 
Thin Small·Outline Package (TSOP) 

• Operating Free·Air Temperature Range 
O·Cto 70·C 

• Texas Instruments EPIC ™ CMOS Process 

AVAILABLE OPTIONS 

SELF 

DEVICE 
POWER REFRESH, REFRESH 
SUPPLY BATIERY CYCLES 

BACKUP 

TMS416160 5V - 4096 in 64 ms 
TMS416160P 5V Yes 4096 in 256 ms 
TMS418160 5V - 1024 in 16 ms 
TMS418160P 5V Yes 1024 in 128 ms 
TMS426160 3.3V - 4096 in 64 ms 
TMS426160P 3.3V Yes 4096 In 256 ms 
TMS428160 3.3V - 1024 in 16 ms 
TMS428160P 3.3V Yes 1024 in 128 ms 

description 

The TMS4xx160 series is a set of high-speed, 
16777216-bit dynamic random-access memo
ries (DRAMs) organized as 1 048576 words of 16 
bits each. The TMS4xx160P series is a similar 
set of high-speed, low-power. self-refresh. 
16777216-bit DRAMs organized as 1048576 
words of 16 bits each. 

DGEPACKAGE DZPACKAGE 
(TOP VIEW) (TOP VIEW) 

Vcc Vss Vcc 
DOO 0015 DOO 

DOl D014 DOl 

D02 4 D013 D02 

D012 D03 

Vcc 6 Vss Vcc 6 

D04 DOll D04 7 

D05 DOlO D05 

DOS D09 DOS 9 

D07 D08 D07 33 

NC NC NC 32 

NC 31 

IN 30 

RAS 29 

NC 15 36 NC Allt 28 

NC 16 35 LCAS Al0t 27 

IN 17 34 UCAS AO 26 

RAS 18 33 OE Al 25 

Allt 19 32 A9 A2 24 

Al0t AS A3 
AO A7 Vcc 
Al AS 

A2 A5 

A3 A4 

Vcc Vss 

tAl0 and All are NC tor TMS4x8160 and TMS4x8160P. 

AO-All 
000-0015 
LCAS 
NC 
OE 
RAS 
UCAS 
VCC 
VSS 
W 

PIN NOMENCLATURE 

Address Inputs 
Data In / Data Out 
Lower Column-Address Strobe 
No Internal Connection 
Output Enable 
Row-Address Strobe 
Upper Column-Address Strobe 
5·y or 3.3-V Supply* 
Ground 
Write Enable 

* See Available Options Table. 

Vss 
0015 

D014 

D013 

D012 

Vss 
DOll 

DOlO 

D09 
008 

NC 

LCAS 

UCAS 

OE 
A9 

A8 

A7 

AS 

A5 

A4 

Vss 

Both sets employ state-of-the-art enhanced performance implanted CMOS (EPIC'M) technology for high 
performance, reliability, and low power at low cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4xx160 and TMS4xx160P are offered in a 44/50-lead plastic surface-mount TSOP (DGE suffix) and 
a 42-lead plastic surface-mount SOJ (DZ suffix) package. These packages are characterized for operation from 
O·C to 70·C. 

EPIC is a trademark of Texas Instruments Incorporated. 

PRODIICT PREVIEW lnformoIf.n .... .,.. producllin tilt formallY. or 
dttIgo oh_ aI dtvtloprntITL Ch ... ctori... dolo oncI ot"" 
.pteillcallont ... dttIgo gotI .. T.lCIIlnttru ....... ....", .. tilt right 10 
-.gtorclltconllnutthtlt produGtIwIthouI noa ... ~TEXAS. 

INSTRUMENTS 
POST OFFICE BOX 1443' HOUSTON. TEXAS n251-1443 

Copyright Ie) 1995. Texas Instruments Incorporated 

4-163 

~ 
W 
:; 
w a: 
a.. 
b 
::l 
C o a: 
a.. 



"'CJ 
:xJ 
0 
C 
c: 
(') 
~ 
"'CJ 
:xJ 
m 
< -m 
=E 

TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P,TMS428160, TMS428160P 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKS16OA- MAY 1995 - REVISED JUNE 1995 

logic symbolt 

RAM 1M x 16 

AO 

A1 

17 2008/21DO ... 
18 

A2 19 

A:J 
20 

A4 
23 
24 

AS 
A6 

25 0 
A 1 048575 

A7 

AS 
A9 

A10* 

A11* 

26 
20015/21D7 

27 
28 

20D16 

16 
20017 

15 
20018 
20019 

RAS ~ 
> C20[ROW] 

14 
G23/[REFRESH ROW] 

24[PWR OWN) 

LCAS ~ 
> C21 
G24 

31 
& 

31 
23C22 

UCAS 
.~ 

I> C21 
G34 

30 & 

31 
23C32 

Vi r Z31 

13 23,210 
+ ~25EN27 

34,25EN37 

OE 29 ,.... 25 

DOO 

DQ1 

2 
., 

4-
A,22D 

A,Z26 

3 
V26,27 

OQ2 4 .. 
DQ3 5 

DQ4 7 

DQ5 8 .. 
. OQ6 

DQ7 

9 
10 

DQ8 

DQ9 

33 
A,320 

L V36,37 
A,Z36 

34 

DQ10 35 

OQ11 36 .. 
OQ12 38 

DQ13 39 

DQ14 40 

OQ15 41 

tThls symbol Is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
The pin numbers shown correspond to the DZ package. 

:tA10 and A11 are NC rorTMS4x8160 and TMS4x8160P. 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576-WORD BY 16-BIT HIGH-SPEED DRAMS 
SMKSl60A-MAY 1995- REVISED JUNE 1995 

functional block diagrams (TMS4x6160/P) 

RAS UCAS LCAS W OE 

AO 
A1 Column Decode 

• Column- Sen.e Ampllfle ... 

• Add ... ss 
256KArray 256KArray Buffe ... 

• R 
A7 256KArray 0 256KArray 

• w • • • • D • • e 
• Row- e 

Address 0 • Buffera d 
e 

4 
AS- 256KArray 256KArray 
All 

(a) TMS4x6160. TMS4x6160P 

functional block diagram (TMS4x8160/P) 

• 
A9--t-H-I 

• 
Row-

• Address ••• 1 
• Buffe ... Ji! 

RAS iJCAS LeAS Vi' OE 

256KArray 256KArray 

256KArray R 256KArrey 0 

• w • • • • D • 
e 
e 
0 
d 
e 

256KArray 256KArray 

(b) TMS4x8160. TMS4x8160P 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 
1 048576-WORD BY 16-BIT HIGH·SPEED DRAMS 
SMKS18OA- MAv 1995 - REVisED JUNE 1995 

operation 

/~, dual eAS 

"'0 
::D o 
C c: 
£l 
"'0 
::D 

~ -
~ 

Two CAS pins . (LCAS and UCAS) are provided to give independent control of the 16 data-I/O pins 
(000-0015), with LCAS corresponding to 000-007 and UCAS corresponding to 008-0015. For read or 
write cycles, the column address is latched on the first XCAS falling edge. Each xCAS going low enables its 
corresponding OOx pin with data associated with the column address latched on the first falling XCAS edge. 
All address setup and hold parameters are referenced to the first falling xCAS 1ge. The delay time from xCAS 
low to valid data out (see parametertcAc) is measured from each individual xCA to its corresponding OQx pin. 

In order to latch in a new column address, both xCAS pins must be brought high. The column-precharge time 
(see parameter tcp) is measured from the last xCAS rising edge to the first xCAS falling edge of the new cycle. 
Keeping a column address valid while toggling xCAS requires a minimum setup time, tClCH' During tclCH,at 
least one XCAS must be brought low before the other xCAS is taken high. 

For early-write cycles, the data is latched on the first xCAS falling edge. Only the ~Os that have the 
corresponding xCAS low are written into. Each xCAS must meet...!cAs. minimum in order to ensure writing 
into the storage cell. To latch a new address and new data, all xCAS pins must be high and meet tcp. 

enhanced page mode 

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

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while xCAS is high. The falling edge of the 
first xCAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conventional page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when xCAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address may be presented immediately after tRAH (row-address hold time) has been satisfied, usually 
well in advance of the falling edge of xCAS. In this case, data is obtained after tCAC maximum (access time from 
XCAS low) if tAA maximum (access time from column address) has been satisfied. In the event that column 
addresses for the next page cycle are valid at the time xCAS goes high, minimum access time for the next cycle 
is determined by tCPA (access time from rising edge of the last xCAS). 

address: AO-A11 (TMS4x6160, TMS4x6160P) and AO-A9 (TMS4x8160, TMS4x8160P) 

Twenty address bits are required to decode 1 of 1048576 storage cell locations. For the TMS4x6160 and 
TMS4x6160P, 12 row-address bits are set up on AO through A11 and latched onto the chip by RAS. Eight 
column-address bits are set up on AO through A7 and latched onto the chip by the first xCAS. For the 
TMS4x8160 and TMS4x8160P, 10 row-address bits are set up on AO-A9 and latched onto the chip by RAS. 
Ten column-address bits are set up on AO-A9and latched onto the chip by the first xCAS. All addresses must 
be stable on or before the falling edge of RAS and xCAS. RAS is similar to a chip enable in that it activates the 
sense amplifiers as well as the row decoder. xCAS is used as a chip select, activating its corresponding output 
buffer and latching the address bits into the column-address buffers. . 

I 

write enable (W) 

4-168 

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low selects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to xCAS 
~rly write), data out remains in the high-impedance state for the entire CYcle, permitting a write operation with 
OE grounded. 
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data 1"(OQO-OQ15) 

TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576-WORD BY 16-BIT HIGH·SPEED DRAMS 
SMKS160A- MAY 1995 - REVISED JUNE 1995 

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

data out (OQO-OQ15) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until XOAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tcAC (which begins with 
the negative transition of xCAS) as long as tRAC and tM are satisfied. 

output enable (OE) 

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

RAS-only refresh 

TMS4x6160, TMS4x6160P 
A refresh operation must be performed at least once every 64 ms (256 ms for TMS4x6160P) to retain data. This 
can be achieved by strobing each of the 4096 rows (AO-A11). A normal read or write cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4x8160, TMS4x8160P 

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x8160P) to retain data. This 
can be achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
consetving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by holding 
xCAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refresh is utilized by bringing at least one xCAS low earlier than RAS (see parameter tcsR> and holding 
it low after RAS falls (see parameter tcHR)' For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

battery-backup refresh 

TMS4x6160P 

A low-power battery-backup refresh mode that requires less than 600 !tA (5 V) or 350 !tA (3.3 V) refresh current 
is available on the TMS4x6160P. Data integrity is maintained using xCBR refresh with a period of 62.5 !.tS while 
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels 
(VIL < 0.2 V, VIH > VCC - 0.2 V). 
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TMS4xB160P 

A low-power battery-backup refresh mode that requires less than 600 t.tA (5 V) or 350 t.tA (3.3 V) refresh current 
is available on the TMS4x8160P. Data integrity Is maintained using xCBR refresh with a period of· 125 !.IS while 
holding RAS low for le~ than 300 ns. To minimize current consumption, all input levels must be atCMOS levels 
(VIL < 0.2 V, VIH > Vee - 0.2 V). 

self refresh (TMS4xx160P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then XCAS and RAS' are both 
held low for a minimum of 100 !.IS. The chip is then refreshed internally by an on-board oscillator. No external 
address is required because the CBR counter is used to keep track of the address. To exitthe self-refresh mode, 
both RAS and xCAS are brought high to satisfy teHS' Upon exiting self-refresh mode, a burst refresh (refresh 
a full set of row addresses) must be executed before continuing with normal operation. The burst refresh 
ensures the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 !.IS followed by a minimum of eight initialization cycles 
is required after power up to the full Vee level. These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee: TMS41x160, TMS41x160P ....................... - 1 V to 7 V 

TMS42x160, TMS42x160P •••.•••.••.•.•...•.• - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1): TMS41 x160, TMS41 x160P ...•........••.••.••.•• - 1 V to 7 V 

TMS42x160, TMS42x160P .................... - 0.5 V to 4.6 V 
Short-circuit output current .................................................................. 50 rnA 
Power dissipation ........•.•.•...........•.....•.....••...•...•••.•....•.•...............•.• 1 W 
Operating free-air temperature range, TA ........................................ ~ ..... O·C to 10·C 
Storage temperature range, Tstg .................................................. - 55·C to 125·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These ara stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
Implied. Exposura to absolute-maxlmum-rated conditions for extended periods may affect device raliabillty. 

NOTE 1: All voltegevalues ara with respect to VSS. 

recommended operating conditions 

TMS41x160 TMS42x160 
UNIT 

MIN NOM MAX MIN . NOM MAX 

Vee Supply voltage 4.5 5 5.5 3 3.3 3.6 V 

VSS Supply voltage 0 0 V 

VIH High-Ievallnput voltage 2.4 6.5 2 Vee + 0.3 V 

VIL Low-leval input voltage (see Note 2) -1 0.6 -0.3 0.6 V 

TA Operating free-air temperatura 0 70 0 70 ·e 
" . . NOTE 2: The algebraiC convention, where ,the more negative Qess posHlVe) hmH IS designated as minimum, Is used for logic-voltage levels only . 
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TMS416160/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'416160-60 '416160-70 
PARAMETER TEST CONDITIONSt '416160P-60 '41616OP-70 

MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 voltage 

II 
Input current VCC = 5.5 V, VI =OVto6.5V, 

:010 (leakage) All others = 0 V to Vee 

10 
Output current VCC = 5.5 V, Vo "OVtoVee, 

:010 
~eakage) XCAShigh 

ICC1*' 
Read- or write-cycle 

Vee = 5.5 V, Minimum cycle 90 current 

VIH = 2.4 V (TIL), 
After 1 memory cycle, 2 

ICC2 Standby current 
RAS and xCAS high 

VIH = VCC-0.2V (CMOS), '416160 1 
After 1 memory cycle, 
RAS and xCAS high '416160P 500 

Average refresh 
VCC .. 5.5V, Minimum cycle, 

ICC3§ current (RAS-only 
RAS cycling, 

90 
refresh or CBR) xCAS high (RAS only), 

RAS low after xCAS low (CBR) 

1CC4*'11 Average page ctirrent Vee = 5.5 V, tpC=MIN, 
90 

RASlow, XCAS cycling 

1CC6* Self-refresh current 
xCAS<0.2V, RAS<0.2V, 

500 Measured after tRASS min 

Battery back-up 
tRC = 62.5 JIS, tRAS " 300 ns, operating currant 

1cc10* (equivalent refresh VCC-0.2V "VIH" 6.5 V, 600 
time Is 256 ms); CBR OV"VIL,,0.2V, Wand OE=VIH, 

only Addrllss and data stable 

.. 
t For conditiOnS shown as MINIMAX, usa the appropriate value specified in the timing requirements . * Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
• Measured with a maximum of one address change while xCAS = VIH 
'For TMS418160P only 
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MIN MAX 

2.4 

0.4 

:010 

:010 

80 

2 

1 

500 

80 

80 

500 

600 

'416160-80 
'416160P-80 UNIT 
MIN MAX 

2.4 V 

0.4 V 

:010 IIA 

:010 IIA 

70 mA 

2 mA 

1 mA 

500 IIA 

70 mA 

70 mA 

500 IIA 

600 IIA 
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TMS418160/P 

electrical characteristics over recommended ranges of sllPply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 

'418160-60 

PARAMETER TEST CONDITIONSt '418160P-60 

MIN MAX 

VOH 
High-level output 

10H =-5mA 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 voltage 

II 
Input current VCC=5.5V, VI = OVto 6.5 V, :1:10 (leakage) All others = 0 V to VCC 

10 
Output current VCC=5.5V, Vo = 0 VIO VCC, :1:10 Oeakage) xCAShlgh 

ICC1*§ 
Read- or 

VCC = 5.5 V, Minimum cycle 190 write-cycle current 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 2 

ICC2 Standby current 
J:iAS and xCAS high 

VIH = VCC - 0.2 V (CMOS), '418160 1 
After 1 memory cycle, 
RAS and xCAS high '418160P 500 

Average refresh VCC = 5.5 V, Minimum cycle, 
ICC31 current (J:iAS-only J:iAS cycling, ~ high (J:iAS only), 190 

refresh o~ CBR) RAS low after XCAS low (CBR) 

ICC4*1i Average page VCC=5.5V, tpC=MIN, 
100 current RASlow, xCAScycling 

ICC6* Self-refresh current 
xCAS < 0.2 V, RAS < 0.2 V, 

500 
Measured after tRASS min 

Battery back-up tRC = 125 lAS, tRAS " 300 ns, oparating current 
ICC10* (equivalent refresh VCC-0.2V"VIH ,,6.5 V, 

600 
time is 128 ms); OV"VIL,,0.2V, Wand OE = VIH, 

CBRonly Address and data stable 

t For conditions shown as MINIMAX, use the appropriate value specified in the timing requirementa. 
* Measured with outputs open 
§ Meesured with a maximum of one address change while RAS = VIL 
, Measured with a maximum of one address change while XCAS = VIH 
* For TMS418160P only 
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'418160-70 '418160-60 
'418160P-70 '418160P-60 UNIT 
MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 JAA 

:1:10 :1:10 JAA 

180 170 mA 

2 2 mA 

1 1 mA 

500 500 JAA 

180 170 mA 

90 80 mA 

500 500 JAA 

600 600 JAA 



TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576-WORD BY 16-BIT HIGH-SPEED DRAMS 
SMKS16OA- MAY 1995 - REVISED JUNE 1995 

TMS426160/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 

'426160-60 '426160-70 
PARAMETER TEST CONDITIONSt '426160P-60 '426180P-70 

MIN MAX MIN 

High-level IOH=-2mA LVrTl 2.4 2.4 
VOH output 

voltage 10H" -100 iJA LVCMOS VCC-0.2 VCC-0.2 

Low-level IOL=2mA LVrTl 0.4 
VOL oulputvoltage IoL = 100 iJA LVCMOS 0.2 

II 
Input current VCC=3.6V, VI-OVt03.9V, :t10 
~eakage) All others = 0 Vto Vcc 

10 
Output current Vcc = 3.6 V, VO·OVtoVcc, :tto 
Oeakage) xCAShlgh 

ICC1*i Read- or write-
VCC- 3•6V, Minimum cycle 90 cycle current 

VIH = 2 V O-VrTl), 
After 1 memory cycle, 1 

Standby 
AAS end XCAS high 

ICC2 current VIH =VCC- 0•2V '426160 500 
O-VCMOS), 
After 1 memory cycle, 

'426160P 200 AAS end XCAS high 

Average VCC = 3.6 V, Minimum cycle, 
refresh current AAS cycling, 

ICC3§ (RAS-only 90 
refresh xCAS high (AAS-only refresh) 

orCBR) . RAS low after XCAS low (CBR) 

1CC4*' 
Average page VCC = 3.6 V, tpc = MIN, 

90 current ' RASlow, XCAScycling 

IcasN self-refresh xCAS < 0.2 V, AAS < 0.2 V, 
250 current Measured after tAASS min 

Battery 
back-up 
operating tRc = 62.5 118, tRAS " 300 ns, 

ICCtON 
current Vcc - 0.2 V" VIH" 3.9 V, 350 (equivalent OV"VIL,,0.2V, WendOE'=VIH, 
refresh time is Address end data stable 
256ms), 
CBRonly 

. . t For conditions shown as MIN/MAX, use the appropnate value specified In the timing requirements • 
* Measured with outputs open 
• Measured with a maximum of orie address change while RAS = VIL 
, Measured with a maximum of one address change while XCAS = VIH 
N For TMS426160P only 
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MAX 

0.4 

0.2 

:t10 

:t10 

80 

t 

500 

200 

80 

80 

250 

350 

'426160-80 
'42616OP-80 UNIT 
MIN MAX 

2.4 
V 

VCC-0.2 

0.4 
V 

0.2 

:ttO iJA 

:ttO iJA 

70 mA 

1 mA 

500 iJA 

200 iJA 

70 mA 

70 mA 

250 iJA 

350 iJA 
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TMS428160/P 

electrical characteristics over recommended ranges of supply voltage and operating free·alr 
conditions (unless otherwise noted) (continued) 

'428160·60 '428160·70 

PARAMETER TEST CONDITIONSt '428160P·60 '428160P·70 

MIN MAX MIN 

High-level 10H =-2mA LVTTL 2.4 2.4 
VOH output 

voltage 10H = -100 I4A LVCMOS VCC-O.2 VCC-0.2 

Low-level IOL=2mA LVTTL 0.4 
VOL output voltage 10L = 100 I4A LVCMOS 0.2 

II 
Input current VCC=3.6V, VI = 0 Vto 3.9 V, 

:tl0 
(leakage) All others =0 V to VCC 

10 
Output current VCC=3.6V, Vo = 0 Vto VCC, 

:tl0 
(leakage) xCAShigh 

ICC1*' 
Read- or write-

VCC = 3.6 V, Minimum cycle 190 
cycle current 

VIH = 2 V (LVTTL), 
After 1 memory cycle, 1 

Standby 
RAS and xCAS high 

ICC2 current VIH =VCC-0.2V '428160 500 
(LVCMOS), 
After 1 memory cycle, 

'428160P 200 RAS and xCAS high 

Average VCC = 3.6 V, Minimum cycle, 
refresh current 

RAScycling, 
ICC3§ (RAS-only 190 

refresh xCAS high (RAS-only refresh) 

orCBR) 'I'iAS low after XCAS low (CBR) 

ICC4*" 
Average page VCC = 3.6 V, tpC = MIN, 

100 
current RASlow, xCAScycling 

ICC6* 
Self-refresh xCAS<0.2V, 'I'iAS < 0.2 V, 

250 
current Measured after tRASS min 

Battery 
back-up 
operating tRC = 125 "", tRAS '" 300 ns, 

ICC10* 
current VCC-0.2V ",VIH ",3.9V, 

350 
(equivalent OV",VIL'" 0.2 V, Wand OE =VIH, 
refresh time is Address and data stable 
128 ms), 
CBRonly 

t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. * Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
11 Measured with a maximum of one address change while XCAS = VIH 
* For TMS428160P only 
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MAX 

0.4 

0.2 

:tl0 

:tl0 

160 

1 

500 

200 

180 

90 

250 

350 

'428160·80 
'428160p·80 UNIT 

MIN MAX 

2.4 
V 

VCC-0•2 

0.4 
V 

0.2 

:tl0 I4A 

:tl0 I4A 

170 mA 

1 mA 

500 I4A 

200 I4A 

170 mA 

80 mA 

250 I4A 

350 I4A 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

PARAMETER MIN MAX UNIT 

CiIA) Input capacitance, AO-A 11 5 pF 

CiIOE) Input capacitance, OE 7 pF 

Ci(RC) Input capacitance, xCAS and RAS 7 pF 

Cj(W) Input capacitance, W 7 pF 

Co Output capacitance 7 pF 

NOTE 3: VCC = 5 V:I: 0.5 Vor3.3 V + 0.3 V (see Table 1), and the bias on pins under test 18 OV. 

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

'4xxl60·60 '4xxl60·70 

PARAMETER '4xxl60P·60 '4xxl60P·70 

MIN MAX MIN MAX 

tM Access time from column address (see Note 4) 30 35 

tCAC Access time from xCAS low (see Note 4) 15 18 

tePA Access time from column precharge (see Note 4) 35 40 

tRAC Access time from RAS low (see Note 4) 60 70 

toEA Access time from OE low (see Note 4) 15 18 

teLZ Delay time, xCAS low to output in low-impedance state 0 0 

tOH Output data hold time (from xCAS) . 3 3 

tOHO Output data hold time (from OE) 3 3 

toFF Output disable time after xCAS high (see Note 5) 0 15 0 18 

toEZ Output disable time after OE high (see Note 5) 0 15 0 18 

NOTES: 4. Access times forTMS42x160 are measured with output reference levels ofVOH = 2 V and VOl = 0.8 V. 
5. toFF and tOEZ are specified when the output is no longer driven. 
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'4xxl60·80 
'4xxl80P·80 UNIT 

MIN MAX 

40 ns 

20 ns 

45 ns 

80 ns 

20 ns 

0 ns 
3 ns 

3 ns 

0 20 ns 

0 20 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

'4xx160-60 
'4xx160P-60 

MIN MAX 

tRC Cycle time, read (see Note 6) 110 

twc Cycle time, write (see Note 6) 110 

tRWC Cycle time, read-write (see Note 6) 155 

tpc Cycle time, page-mode read or write (see Notes 6 and 7) 40 

tpRWC Cycle time, page-mode read-write (see Note 6) 85 

tRASP Pulse duration, RAS low, page mode (see Note 8) 60 100000 

tRAS Pulse duretion, RAS low, non page mode (see Note 8) 60 10000 

leAS Pulse duration, xCAS low (see Note 9) 15 10000 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, W low 10 

tASC Setup time, column address before xCAS low 0 

tASR Setup, time, row address before RAS low 0 

tos Setup time, data (see Note 9) 0 

tRCS Setup time, W high before xCAS low 0 

tcwL Setup time, W low before xCAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before xCAS low (early-write operation only) 0 

leAH Hold time, column address after xCAS low 10 

tOH Hold time, data (see Note 10) 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after xCAS high (see Note 11) 0 

tRRH Hold time, W high after RAS high (see Note 11) 0 

twCH Hold time, W low after xCAS low (early-write operation only) 10 

leLCH Hold time, xCAS low to xCAS high 5 

tRHCP Hold time, RAS high from xCAS precharge 35 

toEH Hold time, OE command 15 

tROH Hold time, RAS referenced to OE 10 

tCHS Hold time, xCAS low after RAS high (self refresh) -50 

NOTES: 6. All cycle times assume IT = 5 ns. 

4-174 

7. To assure tpc min, tASC should be .. to tcp. 
8. In a read-write cycle, tRWO and tRWL must be observed. 
9. In a read-write cycle, leW~ and leWL must be observed. 

10. Referenced to the later of xCAS or iN in write operations 
11. Either tRRH or tRCH must be satisfied for a read cycle. 
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'4xx160-70 '4xx160-80 
'4xx160P-70 '4xx180P-80 UNIT 
MIN MAX MIN MAX 
130 150 n8 

130 150 n8 

181 205 ns 

45 50 ns 

96 105 ns 

70 100000 80 100 000 ns 

70 10000 80 10000 n8 

18 10000 20 10000 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

5 5 ns 

40 45 ns 

18 20 ns 

10 10 ns 

-50 -50 ns 
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timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature (continued) 

'4xx160-60 '4xx160-70 
'4xx180P-60 '4xx160P-70 

MIN MAX MIN MAX 

tep Delay time, xCAS high (precharge) 10 10 

tAWD Delay time, column address to W low (read-write operation only) 55 63 

teHR Delay time, RAS low to xCAS high (xCBR refresh only) 10 10 

tCRP Delay time, xCAS high to RAS low 5 5 

tCSH Delay time, RAS low to xCAS high 60 70 

teSR Delay time, xCAS low to RAS low (xCBR refresh only) 5 5 

teWD Delay time, xCAS low to W low (read-write operation only) 40 46 

tOED Delay time, OE to data 15 18 

tRAD Delay time, RAS low to column address (see Note 12) 15 30 15 35 

tRAl Delay time, column address to RAS high 30 35 

teAL Delay time, column address to xCAS high 30 35 

tRCD Delay time, RAS low to xCAS low (see Note 12) 20 45 20 52 

tRPC Delay time, RAS high to xCAS low 0 0 

tRSH Delay time, xCAS low to RAS high 15 18 

tRWD Delay time, RAS low to W low (read-write operation only) 85 98 

tcpw Delay time, W low after xCAS precharge (read-write operation only) 60 68 

tRASS Pulse duration, self-refresh entry from RAS low 100 100 

tRPS Pulse duration, RAS precharge after self refresh 110 130 

'4x6160 64 64 

'4x6160P 256 256 
tREF Refresh time interval 

'4x8160 16 16 

'4x8160P 128 128 

IT TransHion time 3 30 3 30 

NOTE 12: The maximum value is specified only to assure access time. 

PARAMETER MEASUREMENT INFORMATION 

VTH VCC 

Output Und.r T.st 
Output Und.r T.st-.... --..... 

CL=1oopF 
(s •• Not.A) T CL=1OOpF 

(se. Not. A) 

(s) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE A: Cl Includes probe and fixture capacitance. 

DEVICE VCC(V) R1 (0) R2(0) VTH (V) RL(O) 

41x160/P 5 828 295 1.31 218 

42x160/P 3.3 1178 868 1.4 500 

Figure 1. Load Circuits for Timing Parameters 
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'4xx160-80 
'4xx160P-80 UNIT 

MIN MAX 

10 ns 

70 ns 

10 ns 

5 ns 

80 ns 

5 ns 

50 ns 

20 ns 

15 40 ns 

40 ns 

40 ns 

20 60 ns 

0 ns 

20 ns 

110 ns 

75 ns 

100 fIS 
150 ns 

64 
ms 

256 

16 
ms 

128 

3 30 ns 

R1 

R2 
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PARAMETER MEASUREMENT INFORMATION 

w 

:S OQO-OQ1S 
See Note 0 

m :e 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter !CLCH must be met. 

4·176 

B. !CAC is measured from xCAS to its corresponding OOx. 
C. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
D. xCAS order is arbitrary. 

Figure 2. Read-Cycle Timing 
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Addresa 

Vi 

DQO-DQ15 

m~~.m~~~m~~.m~~~ 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKS180A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Don't Care fV'V'VV" 

I 
I4--toED~ 
I 

"--*-'-1 tDS (sa. Not. B) 

~ toEH--.... ~ 

NOTES; A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. xCAS order is arbitrary. 

Figure 3. Write-Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160,TMS426160P, TMS428160, TMS428160P 
1 048576-WORD BY 16-BIT HIGH-SPEED DRAMS 
SMKS160A- MAY 1995- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Address 

< - DQO-DQ15 m :e 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tCLCH must be met. 
B. xCAS order Is arbitrary. 
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Figure 4. Early-Write-Cycle Timing 
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Address 

w 

DQ8-DQ1S 

DQO-DQ7 

TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16-BIT HIGH·SPEED DRAMS 
SMKSl80A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Output can go from a the high-impedance state to an invalid-data state prior to the specified access time. 
C. !QAQ.is measured from xCAS to its corresponding OOx. 
O. xCAS order is arbitrary. 

Figure 5. Read-Modify-Wrlte-Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 
1 048576-WORD BY 16-BIT HIGH-SPEED DRAMS 
SMKS160A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tRP~ N iRASP ----------I~ ~ 

14- tRCD ~ 14-- teRP U 
I I ~ : N I r tRHCP I ~ : 
: tel~H ~ I 14 tRSH ~ : 

I ;'~I~ tpc ~ II 
(aeeNoteA) I I I· I I 

~ iteSH~ I I I I I 
I -, I I I I I 

I IteAS I..! ~ I I I I I 
-l I I I I I ~tep --.j : I I : 

~ ; tASR 'LJ1 ~ /:-----;: ...... :-----
I tRAH --!.--.II I I I I 
I -41 I J+-- teAL ---.j I I I 
I I I I I j4 tRAl ~ I 
~_ ...... I~I ~I ______ ~~~~~~~~~~~ 

Addreee VV'VV'VV'VV'VV Don't Care VV'VV'.A/\/\A 

W ~~~;t0 
I 
I 
I 
I 

tRCS --ioII~f---l---'; 

See NoteD 

14---- tRAC ---~ 

teLZ -jj44--~ 

Lot i4-tt-tRRH 
-RCH~ 

DQ8-DQ15 ------------; 

See Note D 

DQO-DQ7 -----------_ 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter telCH must be met. 
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B. !cAC Is measured from xCAS to its corresponding DQx. 
C. Access time is tCPA or tAA dependent. 
D. Output can go from the high-impedance state to an invalid-data state prior to the specified accass time. 
E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write- and read-modify-wrlte-timing 

speCifications are not violated. 
F. xCAS order is arbitrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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Addrell 

DQ8-
DQ15 

DQO
DQ7 

TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKSl60A - MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~~------------------~ASP------------------~~~ __ _ 

I I i4 tRSH~ I 

:: \ ( i : I I 14 t ~ I 
I 14-- tCLCH ---.! RHCP Fj I I I+- tRCD -+I (8ee Note A) 1 ~ tpc ~I I I 

~ ~ i\fi tcSH ~~ r tcp -11 ~ tcRP ~ 
loll ~ I I I4--tcAS '\~ ( 
r'" ItASR I\.-

II I I 14 .1 tcAH I 
I I tASC -+I 14+11 I I 

I 1 I I 
I -.I'+-~AH 1 I I I 

.jo1---!!i..1 1 I ft:7<:.~~~~~ .jo--", ft.~~~~~~'ff:7'i7'V"V"!:""""'''(7 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. A read cycle or read-modIfy-write cycle can be mixed with the wrRe cycles as long as the raad- and read-modify-write-timing 

specifications are not violated. 
D. xCAS order is arbitrary. 

Figure 7. Enhanced-Page-Mode Write-Cycle TIming 
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~~~~~~~~~~~~~~~~ 
TMS426160, TMS426160P, TMS428160, TMS428160P 
1 048576·WORD BY 16-BIT HIGH·SPEED DRAMS 
SMKSl60A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

DQO-DQ15 Valid In 

ValidOu 
!+-- toEA -+i 1 14 .1 toEH 1 

1 1 
1 --t>I I+- toEZ 

\ 
14 ·1 toED 

OE - ) J 
NOTES: A. To hold the address latched by the first xCAS going low, the parameter !cLCH must be met. 

B. Access time is tCPA or 1M dependent. 

1 
1 
1 
1 

~ 

C. Output can go from the high-Impedance state to an invalld-data state prior to the specified access time. 

4-182 

D. xCAS order is arbitrary. 
E. A read or write cycle can be Intermixed with read-modify-write cycles as long as the read- and wrlte-cycle timing specifications are 

not violated. 
F. !cAC is measured from xCAS to its corresponding OQx. 

Figure 8. Enhanced-Page-Mode Read-Modlfy-Wrlte~Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKS160A - MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~c ~ 

ti~ tRAS~ 1 
RAS ._0..1 I ~ YJ.--IRP~I\._. __ _ 

tcRP ---., I 
~ 14- tr tRPC ~ 14-

I I 
xCAS ~::~:~x¥-~e:~ : I Se.NoteA ~ 

tASR ~ ~ ~ ~ tRAH 

Addrees §@§::~:~x¥-~~~:~ Row ~:?'E::~~~:W<,--_RO_W_ 

DQO-DQ15 ---------- HI-Z -----------

NOTE A: All xCAS must be high. 

Figure 9. RAS-Only Refresh-Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKSl60A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

4-184 

Figure 10. Hldden-Refresh-Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 

1 048576·WORD BY 16·BIT HIGH·SPEED DRAMS 
SMKS160A- MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

I~~---------------~C--------------~·I 

I+- tRP --+! 1~4 ---------tRAS __________ +1.1 I 
I 1 I 1 Ir--. __ _ 

_ -.JJf N Y 
_ ! 14- tcSR --! I 

tRPC....... ~ -I 1'4-~ ---tcHR ----+1.1 \J.. ~ ~ 'T y,..-------

w ~:e~fr::¥:X~:~ 

Address ~:eE::¥:X~:~ 

OE ~:e~fr::~*,:~ 

DQO-DQ15 -----------HI-Z-----------
NOTE A: Any xCAS can be used. 

Figure 11. Automatlc-CBR-Refresh-Cycle Timing 
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TMS416160, TMS416160P, TMS418160, TMS418160P 
TMS426160, TMS426160P, TMS428160, TMS428160P 
1 048576-WORD BY 16-BIT HIGH-SPEED DRAMS 
SMKS160A - MAY 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~14---------t~ss--------I~ 
I I 

Ii N JIi L 
--- 1 I ----------- I I 

tRPC 14 ., , tRPS _14f---~.1 

teSR -H I+- ~ ~ teHS 

Jf N :~~~~~ 

~teP--..l 
Address 

DQO-DQ15 ~~--_____ -HI-Z-----------

Figure 12. Self-Refresh-Cycle Timing 

~ device symbolization (TMS416160P Illustrated) -m 
~ 

) 
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TI P -SS TL. 
TMS416160 ~ 

Speed (-60, - 70, -60) 

Low-Power/Self-Refresh Designator (Blank or P) 

Package Code 
W B YMI + 

Assembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Ole Revision Code 

Wafer Fab Code 
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TMS464400/P 16m216-WORD BY 4·BIT 
TMS464800/P 8388608-WORD BY 8-BIT 

TMS464160/P 4194304-WORD BY 16-BIT DYNAMIC RANDOM·ACCESS MEMORIES 

This data sheet is applicable to al/ 
TMS464400/P, TMS464800/P, and 
TMS464160/P devices symbolized with 
Revision "A" and subsequent revisions as 
described on page 4-189. 

• Organization 
16777218)( 4 TMS464400, TMS464400P 
8388608 )( 8 TMS464800, TMS464800P 
4194304)( 18 TMS464160, TMS464160P 

• TMS464400/P and TMS464800/P In 
High-Reliability Plastic 32-Laad 
4OO-MII-Wlde Surface-Mount (DZ) Package 
and 32-Laad Surface-Mount Thin 
Small-outllne Package (DGC) 

• Low Power Dissipation 
- CMOS Standby 
- Extended Refresh 
- Battery Backup 

• 3-State Unlatched Outputs 

• Performance Ranges: 
ACCESS 

TIME 
tRAC 
(MAX) 

TMS4844OOIP-60 80ns 
TMS4644OO/P·70 70n8 
TMS464400/P-60 SOns 

TMS46480OIP-60 80ns 
TMS4648OO/P·70 70 ns 
TMS4648OO/P·80 SOns 

TMS46416O/P-60 80 ria 
TMS484180/P-70 70ns 
TMS4641SO/P-80 80ns 

description 

ACCESS 
TIME 
tcAC 
(MAX) 

15 ns 
18ns 
20ns 

15 ns 
18ns 
20ns 

15 na 
18ns 
20ns 

SMWSOO3A- MARCH 1996 - REVISED JUNE 1995 

• All Inputs, Outputs, and Clocka Are LVTTL 
Compatible 

• Enhanced Pag.Mode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
- 4096-Cycle CBR Refresh In 64 ma (max) 
- 8192-Cycle RAS-Only Refresh In 64 ms 

(max) 

• Low-Power, Self-Refresh Version 
(TMS464400P, TMS464800P, TMS464160P) 

• Single 3.3-V Power Supply 
(:to.3 V Tolerance) 

• Operating Free-Air Temperature Range 
O·Cto 70·C 

• Fully Compatible With 840Megabit DRAM 
Specification From Hitachi 

• Texas Instruments EPIC'" CMOS Process 

ACCESS READ IcC1 ICC3 
TIME OR WRITE OPERATING REFRESH 
tAA CYCLE CURRENT CURRENT 

(MAX) (MIN) (MIN) (MIN) 

30ns 110'ns TBDmA TBDmA 
35ns 130ns TBDmA TBDmA 
40ns 150ns TBDmA TBDmA 

30ns 110 ns 120mA 120mA 
35ns 130ns 110mA 110mA 
40ns 150ns 100mA 100mA 

30ns 110 ns TBDmA TBDmA 
35ns 130na TBDmA TBDmA 
40ns 150ns TBDmA TBDmA 

The TMS464400. TMS464800. TMS464160 series are high-speed. 67108864-bit dynamic random-access 
memories (DRAMS). organized as either 16 m 216 words of four bits each (TMS464400). 8388608 words 
of eight bits each (TMS464800). or 4194304 words of 16 bits each (TMS464160). 

The TMS464400P. TMS464800P. and TMS464160P series are high-speed., low-voltage, low-power, 
self-refresh and extended-refresh. 67108864-bit DRAMS. organized as either 16 777 216 words of four bits 
each (TMS464400P). 8388608 words of eight bits each (TMS464800P). or 4194304 words of 16 bits each 
(TMS464160P). 

The TMS464400/P and TMS464800/P are offered in a 400-mil32-lead plastic surface-mount SOJ package 
(DZ suffix) and a 32-lead plastic surface-mount thin small-outline TSOP package (DGC suffix). The 
TMS464160/P packages are still being discussed by JEDEC. All packages are characterized for operation from 
O·Ct070·C. 

EPIC is a trademark of Texas Instruments Incorporated. 

~,TEXAS 
INSTRUMENTS 
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TMS4644001P 16m216-WORD BY 4-BI1 
TMS464800/P 8388608-WORD BY 8-BIT 
TMS464160/P 4194304-WORD BY 16-BIT DYNAMIC RANDOM~ACCESS MEMORIES 
SMWSOO3A- MARCH 1995":' REVISED JUNE 1985 

TMS484400 
DZ, DGC PACKAGES 

(TOP VIEW) 

TMS484800 
DZ, DGC PACKAG~ 

(TOP VIEW) 

32 VSS 
DQ7 
DQ6 
DQ5 
DQ4 

VSS 
~ 
OE 
A12 
A11 
A10 
AS 
AS 
A7 
A6 

'-;.. __ ...r-' Vss 

PIN NOMENCLATURE 

AO-A12 
CAS 
001-004 
NC 
OE 
FiAS 

Vee 
VSS 

Add .... Inputs 
CoIumn-Address Strobe 
Data In/Daja Out 
No Intemal Connection 
OutputEnab" 
Row-Add .... Strobe 
WrIte Enable 
3.3-V Supply 
Ground 

PIN NOMENCLATURE 

AO-A12 
CAS 
000-007 
NC 
<5E 
FiAS 
iii 
Vee 
VSS 

~TEXAS 
INSTRUMENTS 

Address InpulS 
Column-Add .... Strobe 
Data In/Data Out 
No Intemal Connection 
Output Enable 
Row-Add .... Strobe 
Write Enable 
3.3-V Supply 
Ground 
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TMS464400/P 16777216-WORD BY 4·BIT 
TMS464800/P 8388608·WORD BY 8·BIT 

TMS464160/P 4194304·WORD BY 16·BIT DYNAMIC RANDOM·ACCESS MEMORIES 
SMWSOO3A - MARCH 1995 - REVISED JUNE 1995 

TMS46418ODZ. DOC PACKAGE 
(TOP VIEW) 

VCC 1 VSS 
000 0015 
001 0014 
002 4 0013 
003 0012 
VOO VSS 
004 0011 
DOS 0010 

009 
007 DOS 

NC 
VCC VSS 

W LCE 
RE UCE 
NC OE 
NC NC 
NC NC 
NC A12/NCt 
AO All 
Al Al0 
A2 A9 
A3 AS 
A4 A7 
AS A6 

VCC VSS 

PIN NOMENCLATURE 

AO-A12t 
CAS or LCE. UCE 
000-0015 
NC 
OE 
RAS 

RE 
W 
VCC 
VSS 

Address Inputs 
Column-Address Strobe 
Data In / Data Out 

No Internal Connection 
Output Enable 
Row-Address Strobe 
Read Enable 
Write Enable 
3.3-V Supply 
Ground 

Table 1. TMS464160 Refresh Configuration 

4KREFRESHt 8KREFRESHt 

Row / refresh addresses AO-A11 AO-A12 

Column addresses AO-A9 AO-AS 

t Pin 33 is A 12 for 8K refresh and NC for 4K refresh. CBR refresh is strongly recommended for this device. 

device symbolization (TMS464400P Illustrated) 

P 
TI 

t~ 
TMS464400 ~ 

W 
B:r.. M T~ 

~TEXAS 
INSTRUMENTS 

Speed ( -80. - 70. -80) 

Power/Self-Refresh Code 

Psckage Code 

Assembly Site Code 

Lot Traceability Code 

Month Code 

VearCode 

Die Revision Code ' 

Wafer Fab Code 
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TMS464400/P 16m216-WORD BY 4·BIT 
TMS464800/P 8388608·WORD BY 8·BIT 
TMS464160/P 4194304-WORD BY 16·BIT DYNAMIC RANDOM~ACCESS MEMORIES 
SMWSOO3A - MARCH 1995 - REVISED JUNE 1995 
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TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 

1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH.;SPEED DRAMS 

• Organization ••• 1048576 x 16 
• Single Power Supply (5 V or 3.3 V) 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 
TIME TIME TIME EDO 
'RAc tcAC tAA CYCLE 
MAX MAX MAX MIN 

'4xx189/Po4IO eon. 15M 3On. 25n. 
'4xx189/P-70 7On.' 18n. 35n. 30M 
'4xx189/Po4IO eon. 20M 4On. 35M 

• Extended Data Out (EDO) Operation 
• iCA!-Before-RAS (xCBR) Refresh 
• Long Refresh Period and Self-Refresh 

Option (TMS4xx169P) 
• 3-State Unlatched Output 
• Low Power Dissipation 
• High-Reliability Plastic 42-Lead (DZ Suffix) 

4OG-MII-Wlde Surface-Mount (SOJ) Package 
and 44/50-Lead (DGE Suffix) Surface-Mount 
Thin Smail-Outline Package (TSOP) 

• Operating Free-Air Temperature Range 
O·Cto 70·C 

• Texas Instrument Enhanced Performance 
Implanted CMOS (EPIC™) Proc.ss 

AVAILABLE OPTIONS 

SELF 

DEVICE 
POWER REFRESH, REFRESH 
SUPPLY BATTERY CYCLES 

BACKUP 

DZPACKAGE 
(TOP VIEW) 

vee Vss 
DQO DQ15 
DQ1 3 DQ14 
DQ2 DQ13 
DQ3 DQ12 
Vee 8 VSS 
DQ4 DQ11 
DQ5 0010 
DQ6 9 DQ9 
DQ7 10 DQS 

NC 11 NC 
NC 12 LCAS 
W 13 UCAS 

RAS 14 OE 
A11t A9 
A10t AS 

AO A7 
A1 A6 
A2 AS 
A3 A4 

Vcc Vss 

DGEPACKAGE 
(TOP VIEW) 

VCC 
DQO 2 
DQ1 3 

DQ2 
DQ3 
Vee 8 
DQ4 
DQ5 
DQ6 
DQ7 

NC 

NC 
NC 
W 

RAS 
A11t 
A10t 

AO 21 

A1 22 

A2 23 

A3 24 

VCC 25 

VSS 
DQ15 
DQ14 
DQ13 
DQ12 
VSS 
DQ11 
DQ10 
DQ9 

41 DQS 
40 NC 

38 NC 
35 LCAS 
34 UCAS 
33 OE 
32 A9 
31 AS 
30 A7 

A6 
AS 
A4 
VSS 

TMS418189 5V - 4098in84ms t A10 and A11 are NCforTMS4x8189 andTMS4x8189P. 
TMS418189P 5V Yes 4098 In 128 ms 
TMS418189 5V - 1024 In 18 ms 
TMS418189P 5V Yes 1024 In 128 ms 
TMS428189 3,3 V - 4098 in 84 ms 
TMS428189P 3,3 V Yes 4098 In 128 ms 
TMS428189 3,3 V - 1024 in 18ms 
TMS428189P 3.3 V Yes 1024 in 128 ms 

description 

AO-A11 
000-OQ15 
[CAS 
UCAS 
NC 
OE 
RAS 
Vee 
~S 
w 

PIN NOMENCLATURE 

Address Inputs 
Data In/Data Out 
Lower Column-Address Strobe 
Upper Column-Address Strobe 
No Internal Connection 
Output Enable 
Row-Address Strobe 
5-V or 3.3-V Supply* 
Ground 
Write Enable 

The TMS4xx169 series is a set of high-speed, 
16777216-bit dynamic random-access memo
ries (DRAMs) organized as.1 048576 words of 
·16 bits each. The TMS4xx169P series is a similar 
set of high-speed, low-power, self-refresh, 
167n216-bit DRAMs organized as 1048576 

* See Available Options Table. 

words of 16 bits each. Both sets employ state-of-the-art EPIC™ technology for high performance, reliability, and 
low power at low cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on-chip to simplify system deSign. Data out is unlatched to allow greater system flexibility. 

The TMS4xx169 and TMS4xx169P are offered in a 44/50-lead plastic surface-mount TSOP (DGE suffix) and 
a 42-lead plastic surface-mount SOJ (DZ suffix) package. These packages are characterized for operation from 
0°Ct070°C. 

EPIC Is a trademark of Texas Instruments Incorporatad. 
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TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 04857a.;WORD BY 1a.;BIT EXTENDED DATA OUT HIGH-SPEED DRAMS 
SMKS888A-APRIL 1995-REVISEDJUNE 1995 

logic symbolt 

RAM1Ux18 

AO 17 
2OD8121DO ' 

A1 
18 

A2 18 

A:J 
20 

A4 
M 
M 
A7 

AS 
AS 

A10* 

A11* 

23 

24 
25 > A'~575 
26 

2OD15/21D7 
27 

28 
20018 

18 
2OD17 

15 
20018 

20018 

RAS ~ 
>020[ROW! 

14 
G23/[REFRESH ROW! 

24[PWRDWN] 

LCAS ~ 
> 021 
024 

31 • 
31 

23C22 

UCAS ~ 
>C21 
034 

30 • 
31 

2~32 

w r %31 

13 23,21D 
=1= 24,25EN27 

34,25EN37 

OE 28 ... 26 

DQO 

DQ1 

2 
~ r 

4-
A,22D 

A,Z26 

3 
V28,27 

DQ2 4 

DQ3 5 .. 
DQ4 

DQ5 

DQ5 

7 

8 .: 
8 

_r 

DQ7 10 

DQa 

Dae 

33 
A,32D 

L.... V38,37 
A,Z38 

34 

DQ10 38 

DQ11 38 

DQ12 38 

DQ13 38 

DQ14 
40) 

DQ15 41 

tThis symbol is in accordance with ANSVlEEE Std 91·1984 and IEC Publication 617·12. 
The pin numbent shown correspond to the DZ package. . * A 10 and A11 are NC for TMS4x8169 and 1MS4x8169P. 
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functional block diagram (TMS4x&169/P) 

AIJ 
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• Add .... 
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Add .... • Butte .. 

4 AB--_ .... -L. __ .J 
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Column Decod. 

S.nee Ampllfl ... 

258KArrey 
R 258KArrey 0 
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• 

(a) TMS4x6169, TMS4x6169P 

functional block diagram (TMS4x8169/P) 

RAS UCAS LCAS iN OE 

SMKS888A- APRIL 1885 - REVISED JUNE 1885 
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(b) TMS4x6169, TMS4x6189P 
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1048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH~SPEEDDRAMS 
SMKS886A-APFlIL 1995-FlEVI$EDJUNE 1995 

operation 

dual CAS 

Two CAS pins (LCAS and UCAS) are provided to give independent. control of the 16 data-I/O pins 
(000-OQ15), with LCAS corresponding to OQO-OQ7 and UCAS corresponding to OQ8-0Q15. For read or 
write cycles, the column address is latched on the first XCAS falling edge. Each xCAS going low enables Its 
corresponding OQx pin with data associated with the column address latched on the first falling iCAS xggS 
All address setup and hold parameters are referenced to the first falling XCAS edge. The delay time from A 
low to valid data out (see parameter tcAC) is measured from each individual XCAS to its corresponding OQx pin; 

In order to latch In a new column address, both xCAS pins must be brought gi9h. The colurrin-precharge time 
(see parameter tcp) is measured from the last xCAS rising edge to the first x AS falling edge of the new cycle. 
Keeping a column address valid while toggling XCAS requires a minimum setup time, tcLCH' During tCLCH, at 
least one xCAS must be brought low before the other xCAS is taken high. 

For early-write ~s, the data is latched on the first xCAS falling edge. Only the OQs that have the 
corresponding xCAS low are written into. Each xCAS must meet JcAs. minimum in order to ensure writing 

. into the storage cell. To latch a new address and new data, all xCAS pins must be high and meet tcP' 

extended data out 

Extended data out (EOO) allows for data output rates of up to 40 MHz for 6O-ns devices. When keeping the same 
row address while selecting random column addresses, the time for row-address setup and hold and address 
multiplex Is eliminated. The maximum number of columns that can be accessed is determined by tRASP, the 
maximum RAS low time. 

EOO does not enter the OQs into the high-impedance state with the rising edge of xCAS. The output remains 
valid for the system to latch the data. After xCAS goes high, the DRAM is decoding the next address. OE and 
'iii can be used to control the output impedance. Descriptions of DE and W further explain EOO operation 
benefit. 

address: AO-A11 (TMS4x6169, TMS4x616SP) and AO-AS (TMS4x816S, TMS4x816S~) 

Twenty address bits are required to decode a single one of the 1048576 storage cell locations. For the 
TMS4x6169 and TMS4x6169P, 12 row-address bits are set up on AO through A 11 and latched onto the chip 
by RAS. Eight column-address bits are set up on AO through A7 and latched on the chip by the first xCAS. For 
the TMS4x8169 and TMS4x8169P, 10 row-address bits are set up on AO.,.A9 and latched on the chip by RAS. 
Ten column-address bits are set up on AO-A9 and latched on the chip by the first xCAS. All addresses must 
be stable on or before the falling edge of RAS and xCAS. RAS Is similar to a chip-enable in that it activates the 
sense amplifiers as well as the row decoder. xCAS is used as a chip-select, activating Its corresponding output 
buffer and latching the address bits into the column-address buffers. 

write enable (W) ( 

The read or write mode Is selected through W. A logic high on W selects the read mode and a logic low selects 
the write mode. The data input is disabled when the read mode is selected. When W goes low prior to xCAS 
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation 
independent of the state of OE. This permits early-write operation to be completed with OE grounded. If W goes 
low in an extended-data-out read cycle, the OQs go into the high~impedance state as long as XCAS is high. 

data In (DQO-DQ15) 

4-194 

Data Is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge 
of xCAS or W strobes data into the on-chip data latch. In an early-write cYcle, W is brought low prior to xCAS 
and the data is strobed in by the first occurring xCAS with setup and hold times referenced to this signal. In a 
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data In (OQO-OQ15) (continued) 

delayed-write or read-modify-write cycle, xCAS is already low and the data is strobed in by W with setup and 
hold times referenced to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring tha 
output buffers to the high-impedance state prior to impressing data on the I/O lines. 

data out (OQO-OQ15) 

Data out is the same polarity as data-in. The output is in the high-impedance (floating) state until xCAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tCAC (which begins with 
the negative transition of xCAS) as long as tRAC and tAA are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. While xCAS and RAS are low and W is high, OE can be brought 
low or high and the DOs transition between valid data and high impedance. There are two methods for placing 
the DOs into the high-impedance state and keeping them that way during xCAS high time using OE. The first 
method is to transition OE high before xCAS transitions high and keep OE high for tcHO past the CAS transition. 
This disables the DOs and they remain in the high-impedance state, regardless of OE, until xCAS falls again. 
The second method is to have OE low as xCAS transitions high. Then OE can pulse high for a minimum of toEP 
anytime during CAS high time disabling the DOs regardless of further transitions on OE until CAS falls again. 

RAS-only refresh 

TMS4x6169, TMS4x6169P 

A refresh operation must be performed at least once every 64 ms (256 ms for TMS4x6169P) to retain data. This 
is achieved by strobing each ofthe 4096 rows (AO-A 11). A normal read or write cycle refreshes all bits in each 
row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4x8169, TMS4x8169P 

A refresh operation must be performed at least once every 16 ms (128 ms for TMS4x8169P) to retain data. This 
is achieved by strobing each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in each 
row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pins. This is accomplished by holding 
xCAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refresh is achieved by bringing at least one xCAS low earlier than RAS (see parameter tcSR) and holding 
it low after RAS falls (see parameter tCHR)' For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

battery-backup refresh 

TMS4x6169P 

A low-power battery-backup refresh mode that requires less than 600 t.tA (5 V) or 350 t.tA (3.3 V) refresh current 
is available on the TMS4x6169P. Data integrity is maintained using xCBR refresh with a period of 31.25 ItS while 
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels 
(VIL < 0.2 V, VIH > VCC - 0.2 V). 
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TMS4xB169P . 

A low-power battery-backup refresh.mode that requires less than 600!AA (5 V) or 350 !AA (3.3 V) refresh current 
Is available on the TMS4~169P. UslngXCBR refresh with a period of 125 lAS while holding RAS low for less 
than 300 ns maintains data Integrity. To minimize current consumption, all input levels must be at CMOS levels 
(Vll < 0.2 V, VIH > Vee - 0.2 V). 

sen·refresh (TMS4xx169P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then ~ and RAS are both 
held low for a minimum of 100 lAS. The chip Is then refreshed Internally by an on-board oscillator.' No external 
address is required because the CBR coUnter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and ~ are brought high to satisfy tcHS' Upon exiting self-refresh mode, a burst refresh' (refresh 
a full set of row addresses) must be executed before continuing with normal operation. The burst refresh 
ensures the DRAM is fully refreshed. 

power-up 

To achieve proper device operation, an initial pause of 200 lAS followed by a minimum of eight initialization cycles 
Is required after power-up to the full Vee level. These eight Initialization cycles must Include at least one refresh 
(RAS-only or xCBR) cycle. 

~ absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
o Supply voltage range, Vee: TMS41x169, TMS41x169P ....................... - 1 V to 7 V 
C TMS42x169, TMS42x169P ••.••••••.••....•••• - 0.5 V to 4.6 V 
C Voltage range on any pin (see Note 1): TMS41x169, TMS41x169P .•••.••..••.•••••.••••• - '1 V to 7 V n TMS42x169, TMS42x169P ......•.•...••.•••.• - 0.5 V to 4.6 V 
~ Short-cIrcuit output current ...••••.••.•••.....•••••••••.•••• '. . • • . . • • • • • • . • . . . . . . . . . . . . . • . .• 50 mA 

Power dissipation •..........•.•.•.......•..•••••..........•.•••.••••.•.•....•.•.•••..• :.... 1 W 
"U Operating free-air temperature range, TA .....•.•••••.••..•..••..•••••..••••.•..•.•.•• . DoC to 70°C 
:D Storage temperature range, Tstg ................ , .......................... :....... - 55°C to 125°C 

~ 
~ 

t Stresses beyond thoeellsted under "absolute maximum ratings" may caU88 permanent damage to the device. Thess are stress ratings only, and 
functional operation of the device at thess or any other oondltlons beyond thoss Indicated under "raoommended operating oondltions" Is not 
implied. Exposura to abeolute-maximum-rated oonditlons for extended periods may affect device raliability. 

NOTE 1: All voltage values are with respect to VSS. . 

recommended operating conditions 

'41xl89 '42x189 
UNrr 

MIN NOM MAX MIN NOM MAX 

vee ,Supply voltage 4.5 5 5.5 3 3.3 3.6 V 

VSS Supply voltage 0 0 V 

VIH High-level Input voltage 2.4 6.5 2 VCC+ 0.3 V 

VIL Low-level input voltage (see Note 2) -1 0.8 -0.3 0.8 V 

TA Operating free-alr temperature 0 70 0 70 "C 
NOTE 2: The algebralc~, where the mora negative (less positive) limit Is designated as minimum, Is used for logic-voltage levels only. 
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TMS416169/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'416169-80 

PARAMETER TEST CONDITIONSt '416169P-80 

MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 
voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 
voltage 

II 
Input current VCC = 5.5 V, VI =OVto6.5V, 

:tl0 
(leakage) All others = OVto VCC 

10 
Output current VCC=5.5V, Vo = OVtoVCC, 

:tl0 
Oeakage) xCAShigh 

ICC1:1:§ 
Read- or write-cycle 

VCC=5.5V, Minimum cycle 90 current 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 2 

ICC2 Standby current 
RAS and xCAS high 

VIH = VCC- 0.2 V (CMOS), '416169 1 
After 1 memory cycle, 
RAS and xCAS high '416169P 500 

Average refresh 
VCC =5.5V, Minimum cycle, 

ICC3§ 
RAScycling, 

current (RAS-only 
xCAS high (RAS only), 

90 
refresh or CBR) 

RAS low after xCAS low (CBR) 

ICC4:j:'11 Average EDO current 
VCC=5.5V, tHPC=MIN, 

100 
RASlow, xCAScycling 

Icee' Self-refresh current 
xCAS < 0.2 V, RAS < 0.2 V, 

500 
Measured after tRASS min 

Battery back-up 
tRC = 31.25 !'S, tRAS .: 300 ns, operating current 

ICC1O' (equivalent refresh VCC - 0.2 V.: VIH ~.5 V,_ 800 
time is 128 ms); CBR 

OV,:VIL.:0.2V, Wand OE .. VIH, 

only 
Address and data stable 

t For conditions shown as MIN {MAX, use the appropriate value specified in the timing requirements. 
:I: Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
11 Measured with a maximum of one address change while xCAS = VIH 
, For TMS416169P only 
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'416169-70 '416169-80 
'416169P-70 '416169P-80 UNIT 
MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:tl0 :tl0 I4A 

:tl0 :t 10 I4A 

60 70 mA 

2 2 mA 

1 1 mA 

500 500 I4A 

60 70 mA 

90 60 mA 

500 500 I4A 

800 600 I4A 
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TMS418169/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 

VOH 

VOL 

PARAMETER 

High-level output 
voltage 

Low-level output 
voltage 

Input current 
(leakage) 

Output current 
(leakage) 

TEST CONDITIONSt 

IOH=-5mA 

IOL=4.2mA 

VCC = 5.5 V, VI = OVt06.5V, 
All others = 0 V to VCC 

VCC = 5.5 V, Vo = OVtoVcc, 
xCAShlgh 

ICC1:j:§ Read- or V V 
write-cycle current CC = 5.5 , Minimum cycle 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 
RAS and xCAS high 

'418169-60 
'418169P-60 

MIN MAX 

2.4 

0.4 

",10 

190 

2 

'418169-70 
'418169P-70 

MIN MAX 

2.4 

0.4 

",10 

",10 

180 

2 

'418169-60 
'418169P-60 

MIN MAX 

2.4 

0.4 

UNIT 

v 

V 

'" 10 I1A 

170 mA 

2 mA 

Standby current 
VIH =VCC-0.2V(CMOS), '418169 1 1 1 mA 
After 1 memory cycle, I----+----+----+-----I--~ 
RAS and xCAS high '418169P 500 500 500 

Average refresh 
current (RAS-only 
refresh or CBR) 

ICC4*'11 Average EDO 
current 

ICC6' Self-refresh current 

Battery back-up 
operating current 
(equivalent refresh 
time is 128 ms); 
CBRonly 

VCC = 5.5 V, Minimum cycle, 
RAS cycling, xCAS high (RAS only), 

RAS low after xCAS low (CBR) 

VCC = 5.5 V, tHPC = MIN, 
RAS low, xCAS cycling 

xCAS < 0.2 V, RAS < 0.2 V, 
Measured after tRASS min 

tRC = 125 J.IS, tRAS" 300 ns, 
VCC-0.2V "VIH ,,6.5 V, 
OV"VIL,,0.2V, Wand OE = VIH, 
Address and data stable 

190 

100 

500 

600 

t For conditions shown as MINIMAX, use the appropriate value specified in the timing reqUirements. 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
'II Measured with a maximum of one address change while xCAS = VIH 
'For TMS418169P only 
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TMS426169/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 

'426169·80 '428169·70 

PARAMETER TEST CONDlTlONst '426169P·80 '428169P·70 

MIN MAX MIN 

Hlgh·level IOH=-2mA LVTTL 2.4 2.4 
VOH output 

voltage 10H - -100 J.IA LVCMOS VCC-0.2 VCC-0•2 

Low-level IOL-2mA LVTTL 0.4 
VOL output voltage 10L = 100 J.IA LVCMOS 0.2 

II 
Input current VCC=3.8V, VI = OVto3.9V, 

:t10 
Oeakage) All OIhers = 0 V to Vcc 

10 
Output current VCC- 3.8V, VO .. OVtoVCC, 

:t10 
Oeakage) iCAShlgh 

ICC1*' 
Read- or write-

VCC'!'3.8V, Minimum cycle 90 
cycle current 

VIH = 2 V (LVTTL), 
After 1 memory cycle, 1 

Standby 
RAS and xCAS high 

ICC2 current VIH .. VCC- 0.2V '428169 500 
(LVCMOS), 
After 1 memory cycle, 

'428169P 200 RAS and xCAS high 

Average VCC .. 3.6V, 
" 

Minimum cycle, 
refresh current RAS cycling, 

Ices' (RAS-only 90 
refresh xCAS high (RAS-only refresh) 

orCBR) RAS low after iCAS low (CBR) 

ICC4*' 
AverageEDO VCC-3.8V, tHPC .. MIN, 

100 
current RASlow, iCAS cycling 

Icee' 
Self-refresh iCAS<0.2V, RAS < 0.2 V, 

250 
current Measured after tRASS min 

Battery 
back-up 
operating tRC = 31.25 J'8, tRAS :s 300 ns, 

ICC10' 
current Vcc - 0.2 V" VII'l! 3.9 V, 350 
(equivalent OV"VIL,,0.2V, WandOE =VIH, 
refresh time Is Address and data stable 
128ms), 
CBRonly 

t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS .. VIL 
, Measured with a maximum of ons address change while XCAS .. VIH 
'ForTMS428169P only 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 14013 • HOUSTON, TEXAS 77201-14013 

MAX 

0.4 

0.2 

:t10 

:t10 

80 

1 

500 

200 

80 

90 

250 

350 

'428169·80 
'428169P·80 UNIT 

MIN MAX 

2.4 
V 

VCC-0.2 

0.4 
V 

0.2 

:t10 J.IA 

:t10 J.IA 

70 mA 

1 mA 

500 J.IA 

200 J.IA 

70 rnA 

80 mA 

250 J.IA 

350 J.IA 
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TMS428169/P 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 

'428169·60 '428169·70 

PARAMETER TEST CONDITIONSt '428169P·80 '428169P·70 

MIN MAX MIN 

High·level 10H =-2mA LvrTL 2.4 2.4 
VOH output 

voltage 10H ,,-100 JAA LVCMOS VCC-0.2 VCC-0.2 

Low-level IOL=2mA LvrTL 0.4 
VOL output voltage 10L = 100 JAA LVCMOS 0.2 

II 
Input current VCC = 3.6 V, VI = OVto 3.9 V, 

:tl0 
(leakage) All others = 0 V to VCC 

10 
Output current VCC = 3.6 V, Vo =OVtoVCC, 

:tl0 
(leakage) xCAShigh 

ICC1:1:§ 
Read- or write-

VCC = 3.6 V, Minimum cycle 190 
cycle current 

VIH = 2 V (LvrTL), 
After 1 memory cycle, 1 

Standby 
RAS and xCAS high 

ICC2 current VIH =VCC-0.2V '428169 500 
(LVCMOS), 
After 1 memory cycle, 

'428169P 200 RAS and xCAS high 

Average VCC=3.BV, Minimum cycle, 
refresh current 

RAScycling, 
ICC3§ (RAS'-only 190 

refresh xCAS high (RAS-only refresh) 

orCBR) RAS' low after xCAS low (CBR) 

ICC4*' 
AverageEDO VCC=3.6V, IHpC=MIN, 

100 
current RASlow, xCAS cycling 

Ices* 
Self-refresh xCAS<0.2V, RAS < 0.2 V, 

250 
current Measured after tRASS min 

Battery 
back-up 
operating tRC .. 125 JUI, tRAS " 300 ns, 

ICC10* 
current VCC - 0.2 V" VIH~ 3.9 ~ 350 
(equivalent OV "VIL,,0.2V, Wand OE =VIH, 
refresh time Is Address and data stable 
128 ms), 
CBRonly 

t For conditions shown es MIN/MAX, use the appropriate value specified in the timing requirements. 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS .. VIL 
11 Measured with a maximum of one address change while xCAS = VIH 
* For TMS428169P only 
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MAX 

0.4 

0.2 

:tl0 

:tl0 

160 

1 

500 

200 

180 

90 

250 

350 

'428169·80 
'428169p·80 UNIT 

MIN MAX 

2.4 
V 

Vee-0.2 

0.4 
V 

0.2 

:tl0 JAA 

:tl0 JAA 

170 mA 

1 mA 

500 JAA 

200 JAA 

170 mA 

60 mA 

250 JAA 

350 JAA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

PARAMETER MIN MAX UNIT 

CIIA) Input capacitance, AO-All 5 pF 

CIIOE) InputcapacHance,~ 7 pF 

CURCI Input capacHance, xCAS and ~ 7 pF 

CI/Wl Input capacitance, W 7 pF 

Co Output capacitance 7 pF 

NOTE 3: VCC = 5 V:I:: 0.5 V or 3.3 V z 0.3 V, and the bias on pins under test Is 0 V. 

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

'4xx169-60 '4xx169·70 
PARAMETER '4xx169P·60 '4xx169P· 70 

MIN MAX MIN MAX 

tM Access time from column address (see Note 4) 30 35 

teAC Access lime from iCAS low (see Note 4) 15 18 

tePA Access time from column precharge (see Note 4) 35 40 

tRAC Access time from RAS low (see Note 4) 60 70 

tOEA Access time from ~ low (see Note 4) 15 18 

teu Delay time, iCAS low to output In low-Impedance state 0 0 

toEZ Output disable time after ~ high (see Note 5) 3 15 3 18 

tREZ Output disable time after ~ high (see Note 5) 3 15 3 18 

teEZ Output disable time after ~ high (see Note 5) 3 15 3 18 

twEZ Output disable time after W low (see Note 5) 3 15 3 18 

NOTES: 4. Access times for TMS42x169 ere measured with output reference levels of VOH .. 2 V and VOL = 0.8 V. 
5. Maximum tREZ, teEZ, twEZ and toEZ ere specified when the output is no longer driven .. 

'4xx169·80 
'4xx169P·80 UNIT 
MIN MAX 

40 ns 

20 ns 

45 ns 

80 ns 

20 ns 

0 ns 

3 20 ns 

3 20 ns 

3 20 ns 

3 20 ns 

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

IHpC 

tpRWC 

teSH 

teHO 

tOOH 

teAS 

twPE 

toCH 

tep 

toEP 

Cycle time, EOO page·mode read or write 

Cycle time, EOO read-write 

Hold time, iCAS from ~ 

Hold time, OE from xCAS 

Hold time, output fro/lll'xCAS 

Pulse duretlon, xCAS 

Pulse duretion, W (output disable only) 

Setup time, OE before xCAS 

Precharge time, xCAS 

Precharge lime, OE 

'4xx169-60 

MIN 

25 

60 

50 

10 

3 

10 

5 

10 

5 

5 

~TEXAS 
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MAX 

10000 
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'4xx169·70 '4xx169·80 
UNIT 

MIN MAX MIN MAX 

30 35 ns 

90 100 ns 

55 60 ns 

10 10 ns 

3 3 ns 

12 10000 15 10000 ns 

5 5 ns 

10 10 ns 

5 5 ns 

5 5 ns 

4·201 

3: 
w 

~ a: 
a. 
ti 
::l 
Q 
o a: 
a. 



" :a o 
c 
c: 
~ 
" :a 
~ -m :e 

TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS 
SMKS886A- APRIL 1995.- REVISED JUNE 1995 

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

'4xx169·60 
'4xx169P·60 

MIN MAX 

tRC Cycle time, read (see Note 6) 110 

twc Cycle time, write (see Note 6) 110 

tRWC Cycle time, read-write (see Note 6) 150 

tRASP Pulse duration, RAS low, page mode (see Note 7) 60 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 7) 60 10000 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before xCAS low 0 

tASR Setup time, row address before RAS low 0 

tDS Setup time, data (see Note 8) 0 

tRCS Setup time, W high before xCAS low 0 

ICWL Setup time, W low before xCAS high 10 

tRWL Setup time, W low before RAS high 10 

twcs Setup time, W low before xCAS low (early-write operation only) 0 

tCAH Hold time, column address after xCAS low 10 

tDH Hold time, data (see Note 8) 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after xCAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

twCH Hold time, W low after xCAS low (early-write operation only) 10 

tcLCH Hold time, xCAS low to xCAS high, 5 

tRHCP Hold time, RAS high from xCAS precharge 35 

toEH Hold time, OE command 15 

tROH Hold time., RAS referenced to OE 10 

tCHS Hold time, xCAS low after RAS high (self refresh) -50 

tAWD 
Delay time, column address to W low 

55 (read-write operation only) 

tCHR Delay time, RAS low to xCAS high (xCBR refresh only) 10 

tCRP Delay time, xCAS high to RAS low 5 

tcSH Delay time, RAS low to xCAS high 50 

tcSR Delay time, xCAS low to RAS low (xCBR refresh only) 5 

tcWD Delay time, xCAS low to W low (read-write operation only) 40 

toED Delay time, OE to data 15 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 

tRAL Delay time, column address 10 AAS high 30 

tCAL Delay time, column address to xCAS high 20 

tRCD Delay time, RAS low to xCAS low (see Note 10) 20 45 

NOTES: 6. All cycle times essume IT = 5 ns. 

4-202 

7. In a read-write cycle, tRWD and tRWL must be observed. 
8. Referenced to the later of xCAS or IN in write operations 
9. Either tRRH or tRCH must be satisfied for a read cycle. 

10. The maximum value Is specified only to assure access time. 
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'4xx169·70 '4xx169·60 
'4xx169P·70 '4xx169P·60 UNIT 
MIN MAX MIN MAX 

130 150 ns 

130 150 ns 

175 200 ns 

70 100000 80 100000 ns 

70 10000 80 10000 n8 

50 60 os 
10 10 n8 

0 0 ns 

0 0 ns 

0 0 n8 

0 0 os 
12 15 os 
12 15 os 
0 0 ns 

1.5 15 os 
15 15 n8 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

5 5 ns 

40 45 os 
18 20 ns 

10 10 os 
-50 -50 ns 

63 70 ns 

10 10 n8 

5 5 n8 

55 60 n8 

5 5 ns 

46 I, 
50 n8 

18 20 n8 

15 35 15 40 os 
35 40 n8 

25 30 ns 

20 52 20 80 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

tRPC 

tRSH 

tRWD 

tcPW 
tRASS 

tRPS 

tREF 

IT 

'4xx169 -50 '4xx169-70 '4xx169 -80 
'4xx169P -50 '4xxl69P-70 '4xxI69P-80 

MIN MAX MIN MAX MIN MAX 

Delay time, RAS high to xCAS low 0 0 0 

Delay time, xCAS low to RAS high 10 12 15 

Delay time, RAS low to W low (read-write operation only) 85 98 110 

Delay time, W low after XCAS precharge (read-write operation only) 80 68 75 

Pulse duration, self-refresh entry from RAS low 100 100 100 

Pulse duration, RAS precharge after self refresh 110 130 150 

'4x6169 64 64 64 

Refresh time Interval 
'4x6169P 128 128 128 

'4x8169 16 16 16 

'4x8169P 128 128 128 

Transition time 2 30 2 30 2 30 

PARAMETER MEASUREMENT INFORMATION 

VTH VCC 

Output Under rest 

CL = 100 pF 
(, .. NoteA) I 

(a) LOAD CIRCUIT 

DEVICE VCC (V) R1 (Q) 

41x169/P 5 828 

42x169/P 3.3 1178 

Output Under Test-..... --.... 

R2(Q) 

295 

868 

CL=IOOpF 
(s .. NoteA) 

(b) ALTERNATE LOAD CIRCUIT 

VTH (V) RL(Q) 

1.31 2t8 

1.4 500 

NOTE A: CL Includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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Rl 

R2 

UNIT 

ns 

ns 

ns 

ns 

lUI 
ns 

ms 

ms 

ns 
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TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS 
SMKS886A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Add ..... 

Vi 

I 
I 
I 
I 

I 14- tcAC -'-tI 
1 I (8" Note 8)1 
I4---l- tAA ---.I 

I 1 
I 1 
I 1 

tcLZ-i9I 

1 
1 
1 
~tREZ 

I 
I 

::e OQO-OQ15 
I See Note 0 

Valid Data Out 

NOTES: B. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
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C. tcAC is measured from xCAS to its corresponding OOx. 
O. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. 
E. xCAS order is arbHrary. 

FlgLire 2. Read·Cycle Timing 
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Addr ... 

Vi 

OQO-OQ15 

TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 

1 048576-WORD BY 16·BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Don't Care A","":t'U' 

I 
I 

I4--toEO~ 
I 

Valid Data In 

!4-~./-1 tos (8" Note B) 

14 toEH--~~ 

NOTES: A To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. xCAS order is arbitrary. 

Figure 3. Write-Cycle Timing 
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TMS416169, TMS416169P, TMS418169,TMS418169P 
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SMKS888A- APRIL lQ95 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Addr ... 

- OQO-OQ1S m 
=e 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. xCAS order Is arbitrary. 
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Figure 4, Early-Write-Cycle Timing 
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w 

DQa-D01S 

DQO-D07 

TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 

1 048576-WORD BY 16·BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

"'A.A.A,"-. Don't Care 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Output can go from the high-impedance state tQ an Invalid-data state prior to the specified access time. 
C. !QAQ. is measured from xCAS to its corresponding DQx. 
D. xCAS order is arbitrary. 

Figure 5, Read-Modlfy-Wrlte-Cycle Timing 
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TMS416169, TMS416169P, TMS418169, TMS418169P 
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PARAMETER MEASUREMENT INFORMATION 

tRP? 
~ 'RASP ----------t~ "---
I If-tRCD~ I I , 
I , , 14--- teRP t==t" 

- ----+-1 +1 --1\'. I ! _I I 
UCAS II i~ ~ tRHCP I ~I 

II '~I I \4 tRSH ~I 
I I teLCH L _I I 
I I (aeeNoleA) I I r tHPC ~ I 

I ~ iteSHf--.i I I I I 
I I' I I I I 
II teASi4 ~I I I I 
I, II I I t+-tep--.j I I I 

~ J tASR i I LJ1 ~ (~I---I-I 01-___ _ 

I tRAH -!.-.II I I I t.-L teAL ----+t I I 
, -41 f+.!. tASC I ,-, I I 
I I I I I ~ I jOiI I tRALI ~ 
, j""""""""fteAH 

~~~'e'\ 
Addreaa VVVV'VV'\fV\J"V Don't Care XX)()()OOOO 

w 
I Ill--tCAC~ i I I I (seeNoteB) I 
I 1 .. 1 1 tAA ~ 
I I I II 

tRCS I J I ~14!1-~ tePA ~ 
I -I I I (see Note C) I 

I 
I I 
I4-teEZ~ 

I I 
I I 
I I 
~'REZ 

14-14 ---'RAc ~ toOH ~ ~ II 

DQ8-DQ15 __ See_N_ote_D __ te_LZ __ ~_--I~ : ~_~ 
I4--tAA~xl 

I 
I 

SaeN~eD ~ - -
OOO-DQ7 -----------~ ___ D_a_ta_I1 __ 

I 
I 
I OE ~:*~r*:e:~~toEA ~ 

NOTES: A. To hold the address latched by the first xCAS going low,the parameter teLCH must be met. 
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B. tcAC is measured from xCAS to its corresponding OQx. 
C. Access time Is tePA or tAA dependent. 
O. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. 
E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write- and read-modify-write-timing 

speclficetions are not violated. 
F. xCAS order is arbitrary. 

Figure 6. Extended-Data-Out Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 7. Extended-Data-Out Read-Cycle Timing With OE Control 
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TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576·WORDBY 16·BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A-APRIL 1995-REVISEDJUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

RAS--""1\t!4-· ---------tRASP ------------toijA'i --1\'--__ 
II tRPI14 ~II 
I 14 tcSH ~I I 1 'nl 
I I I !4-1.---lHpC---.!~1 ~t ~tcRP 
II II .-tcP~ l~rSHII 
I I I I I 
I I I I /+-tcAS-i 1 II: I ~I ___ _ 

~tASR i\ Vi ~ Vi \!. I I A 
I ~tRAH II I 1 ' I I I I I I 

I L.I 1 I I I I I 

xCAS 

I I tASC~ rr tcAH 14 ~AL ~I I I I I 

Ad"~ -+ ~C.~~I1~ 00+' ~Co~~"-; ~ 
I I I I I : I I: I I I 
/4- tRAD --+j I I I I II II I II II II 

OE~ II II II I 
~ ·111 11I111 

I 14-- toEA -r-r-I I II I I I I I 
+--I I I I I tCAC -,--I I I 

~tRCS I I I '-tcAC-I I II I II I I 
I: I: I twPE ~ I I I I I 
: I I I I I I I I I I I I I I i-*- tRCH 
I I I I I I I I I I I I I I I. I ~I tRRH 
I I I I I I I I I I I I I I I 

WOOW"I I I I I I "I 1/ I I I I I 1 ~ 
- I: .. 1 I "'--J' I I I tDOH--I.--.j I I 

I I ~ltcAC 1 I II I 
I I I I. ~I twEZ I '-Ttc ~ 
I '- tAA -.I I. I ~I PA I I I.-.r tcEZ 

1 I 14+1--tcPAI--.... 1 '-- tAA -t-I I 
I -.I J4i tcLZ 14-. -- tAA --+i~1 1\ I 
I.--lRAC 1 ~I I I I I I 

DQ--------~ DATA #1 ) ( DATA #2 X DATA#3 ) 
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Figure 8. Extended-Data-Out Read-Cycle Timing With W Control 
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Address 

OQ8-
OQ15 

OQO
OQ7 

TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 

1 048576·WORD BY 16·BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A- APRIL 1995 - REVISED JUNE 1895 

PARAMETER MEASUREMENT INFORMATION 

--------------------tRASP------------------~,"~ ~I .. t J 1\'----
~I------ RSH -, I 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. A reed cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write-tlming 

specifications are not violated. 
D. xCAS order Is arbitrary. 

Figure 9. Extended-Data-Out Write-Cycle Timing 
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TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576·WORD BY 16-BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A-APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

i"II, .. f----------- tRASP _________ tR_P-.t~ ~ 

, . teSH ~I ~I .. ---OWH [1'---
1 j+tRCD -.I Ol ! J~ I+-teRP II "\ L teAS ~ 1 tpRWC --~~--ll .... 1 -=-=:::-
II I~ , II 
I I I I I !+-+i- tep II 
I II I I ~teLCH--+i I, II I ; i i ~ (aee Note A) n. ,ie-----

~I I I I I 
-; i4HASR I I I II 

tASC -.I ~ I I 

Add ..... ~~I$m.~c .... ~ 
~I ~teWD--..J " ~ 

lRAH ~ i+- I I ---.:: I.. ~ I twp teWL I-. ~II 
I ~lAWD"'1 I I 1oII1 .. f-----I~~I-tRWL 

~11'tRWD~1 !~ I 

~ Ii h-tcAcN ~I ,+~I - .... ~~~~~~~ 
tRCS ~ I I II tAA I I- ~I 1oII1 .. --...... ~I- toEH 

1 tAA I.. I ~I -+I ~ tDS I" ~I tePA I 
I 1 I (8ee Note B) I 

~tRACH 1 I" .1 tDH I I 
~~~ I_~~ I 

w 

DQO-DQ15 Valid I" 
I 

) 
I 
I 

~ 
NOTES: A. To hold the address latched by the first xCAS going low, the parameter tCLCH must be met. 
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B. Access time is tePA- or tAA-dependent. 
C. Output can go from the high-Impedance state to an Invalid-data state prior to the specified access time. 
O. xCAS order is arbitrary.' ) 
E. A read or write cycle cen be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are 

not violated. 
F. tcAC is measured from xCAS to its corresponding OQx. 

Figure 10. Extended·Data·Out Read·Modify.Wrlte.Cycle Timing 
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DQO-DQ1S 

TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 

1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS886A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

@@§:~~f,'~¥-~e:~ : I See Note A ~ 
tASR II1II ~ ~ ~ lRAH 

§§§§§::*f,X~e:~ Row ~::&:n~:~¥,r~:W<,--_RO_W_ 

--------- HI-Z ----------

NOTE A: All XCAS must be high. 

Figure 11. RAS-OnIV Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

14-- Refresh Cycle ~ 
14-- Memory Cycle --.I 14-- Refresh Cycle --.I 

... ~ 11 'RAS~ V \'" I'~ 
II iRPj4 ~ teHR i4 ~ I 

I I ~ Ii teAS ~111 
xCAS I I I 

I I I - . (( - I I 
tASR ~14T I I iJ I 

tRAH ~~I..J I II 

~
~i""J.tASC II 

~ teAH 

Addre88 ow COI:e~~;~§;:!:~~ 
tRCS~ I ~ :--tRRH ... II 

iN Will ~:e~~;~§;~::~~ 
II~teAC ~ 
114 ~tAA II 

iRAC 14 ~ ~s teEZ~ 
DQO-DQ15 @{ Valid Date ~S( 

14 J tOEA ~l4--toEZ~ 
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OE~ 
~~~~~----------------------------~~S 

Figure 12. Hldden·Refresh·Cycle Timing 
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TMS426169, TMS426169P, TMS428169, TMS428169P 

1048576·WORD BY 16-BIT EXTENDED DATA OUT HIGH·SPEED DRAMS 
SMKS888A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~14---------------~C--------------~·1 

I+- tRP ---+! ~14--------- tRAS ---------~.I I 
I I I I ~I ______ _ 

Jf N 1 
--~ I I ~I --------------------~ 

~pc -.I ~ tcSR -, !+:~--- tcHR ----+1101 \J.. ~ ~ tr y-------

w ~:e?i::~~:~ 

Addr ... ~:ef~~:~~~~:~ 

OE ~:efi::*'~~:~ 

DQO-DQ15 --------------------- HI"z -------------------
NOTE A: Any xCAS can be used. 

Figure 13. Automatic-xCBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Addresa ~f:!E~ 
w~*~~;:~ 
OE~*~tE~ 

I -+j 14- lREZ 
I~ .: tcEZ 

OQO-OQ15 ~_--------HI-Z-----------
Figure 14. Self-Refresh-Cycle Timing 

~ device symbolization (TMS416169P illustrated) 
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TI P -SS 

T' 
TM84181811P ~ 
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TMS626402 
2097152·WORD BY 4·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 

• Organization ••• 2M x 4 x 2 Banks 

• 3.3-V Power Supply (:1:10% Tolerance) 

• Two Banks for On-Chip Interleaving 
(Gapless Accesses) 

• High Bandwidth - Up to 100-MHz Data 
Rates 

• Burst Length Programmable to 1, 2, 4, or 8 

• Programmable Output Sequence - Serial or 
Interleave 

• Chip Select and Clock Enable for 
Enhanced-System Interfacing 

• Cycle-by-Cycle DQ-Bus Mask Capability 

• Programmable Read Latency From Column 
Address 

• Self-Refresh Capability 

• High-Speed, Low-Noise LVTTL 

• Power-Down Mode 

• Compatible With JEDEC Standards 

• 4K Refresh (Total for Both Banks) 

• 2-Blt Prefetch Architecture for High Speed 
Performance 

• Performance Ranges: 
AaV 

SYNCHRONOUS COMMAND TO REFRESH 
CLOCK CYCLE READ OR WRITE TIME 

TMS626402-10 
TMS626402-12 
TMS626402-15 

description 

TIME COMMAND INTERVAL 
tcK tRCD tREF 

(MIN) (MIN) (MAX) 
10 ns 30 ns 64 ms 

12.5 ns 35 ns 64 ms 
15 ns 40 ns 64 ms 

The TMS626402 series are high-speed 
167n216-bit synchronous dynamic random
access memories organized as two banks of 
2097152 words with four bits per word. 

All inputs and outputs of the TMS626402 series 
are compatible with the low-voltage TIL (LVTTL) 
interface. 

The synchronous DRAM employs state-of-the-art 
EPICTM (Enhanced Performance Implanted 
CMOS) technology for high performance, 
reliability, and low power. All inputs and outputs 
are synchronized with the CLK input to simplify 
system design and enhance use with high-speed 
microprocessors and caches. 

AO-Al0 

All 
~ 
CKE 
ClK 
CS 
DQO-DQ3 
DQM 
NC 
RAS 
VCC 
VCCQ 
VSS 
VSSQ 
Vi 
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VCC 

NC 
VSSQ 
000 

VCCQ 
NC 

VSSQ 

001 
VCCQ 

NC 
NC 
IN 

CAS 
RAS 

CS 
A11 
A10 

AO 
A1 
A2 
A3 

VCC 

DGEPACKAGE 
(TOP VIEW) 

4 

7 

VSS 

NC 
VSSQ 
003 
VCCQ 
NC 
VSSQ 

002 
VCCQ 
NC 
NC 
OOM 
ClK 
CKE 
NC 
A9 
AS 
A7 
A6 
AS 
A4 
VSS 

PIN NOMENCLATURE 

Address Inputs 
AO-Al0 Row Addresses 
AO-AS Column Addresses 
A 10 Automatic-Precharge Select 
Bank Select 
Column-Address Strobe 
Clock Enable 
System Clock 
Chip Select 
SDRAM Data Input/Data Output 
Data/Output Mask Enable 
No External Connect 
Row-Address Strobe 
Power Supply (3.3 V Typ) 
Power Supply for Output Drivers (3.3 V Typ) 
Ground 
Ground for Output Drivers 
Write Enable 

The TMS626402 synchronous DRAM is available in a 400-mil, 44-pin surface-mount TSOP (II) package (DGE 
suffix). 

EPIC Is a trademark of Texas Instruments Incorporated. 
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TMS626402 
2097152·WORD BY 4-BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A- FEBRUARY 1994 - REVISED JUNE 1996 

operation 

All inputs of the '626402 synchronous DRAM are latched on the rising edge of the system (synchronous) clock. 
The outputs, 000-003, are also referenced to the rising edge of ClK. The '626402 has two banks that are 
accessed independently. A bank must be activated before it can be accessed (read from or written to). Refresh 
cycles refresh both banks alternately. 

Six basic commands or functions control most operations of the '626402: 

• Bank activate/row-address entry 
• Column-address entrylwrite operation 
• Column-address entry/read operation 
• Bank deactivate 
• CAS-before-RAS (CBR) 
• Self-refresh entry 

Additionally, operation can be controlled by three methods: using chip select (CS) to select/deselect the 
devices, using OOM to enable/mask the DO signals on a cycle-by-cycle basis, or using CKE to suspend (or gate) 
the ClK input. The device contains a mode register that must be programmed for proper operation. 

Tables 1 through 3 show the various operations that are available on the '626402. These truth tables identify 
the commands and/or operations and their respective mnemonics. Each truth table is followed by a legend that 
explains the abbreviated symbols. An access operation refers to any READ (READ-P) or WRT (WRT-P) 
command in progress at cycle n. Access operations include the cycle upon which the READ (READ-P) or WRT 
(WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 

functional block diagram 

CLK 
CKE 

cs 
DQM 
RAS 
~ 

Vi 

AO-A11 
12 

Control 

Array BankT 

Array BankB 
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TMS626402 
2097152·WORD BY 4·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A - FEBRUARY 1994 - REVISED JUNE 1995 

operation (continued) 

Table 1. Basic-Command Truth Tablet 

COMMAND 
STATE OF 

CS RAS CAS Vi A11 A10 A9-AO MNEMONIC 
BANK(S) 

A9=X 

Mode register set 
T = deae 

L L L L X X 
A9z0 

MRS 
B = deae A7-0 

AS-AO=V 

Bank deactivate (preeharge) X L L H L BS L X DEAC 

Deactivate all banks X L L H L X H X DCAB 

Bank activate/row-address entry SB = deae L L H H BS V V ACTV 

Column-address entry/wrlte 
SB = actv L H L L BS L V WRT 

operation 

Column-address entry/wr~e 
SB =actv L H L L BS H V WRT-P 

operation with autodeactlvate 

Column-address entry/read 
SB = actv L H L H BS L V READ 

operation 

Column-address entry/read 
SB =actv L H L H BS H V READ-P 

operation with autodeactlvate 

Burst stop SB .. actv L H H L X X X STOP 

No operation X L H H H X X X NOOP 

Control input inhibit /no operation X H X X X X X X DESL 

CBR refresh* 
T=B= 

L L L H X X X REFR 
deac 

t For execution of these commands on cycle n, CKE (n) must be high and satisfy teESP from power-down ex~ (POE), teES and nCLE from 
clock-suspend (HOLD) exit, and teESP and IRc from self-refresh (SLFR) exit. DaM (n) Is a don't care. 

* CBR or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry. 
Legend: . 

L Logic low 
H Logic high 
X = Don'tcare 
V .. Valid 
T BankT 
B Bank B 
actv .. Actlvated 
deac Deactivated 
BS Logic high to select bank T; logic low to select bank B 
SB Bank selected by All at cycle n 

~TEXAS 
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TMS626402 
2097152·WORD BY 4·BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A- FEBRUARY 1994 - REVISED JUNE 1995 

operation (continued) 

Table 2. CKE·Use Command Truth Tablet 

COMMAND STATE OF BANK(S) 
CKE CKE CS RAS CAS W 

MNEMONIC (n-1) (n) (n) (n) (n) (n) 

Self-refresh entry T.B.deac H L L L L H SLFR 

T=B=no H L L H H H poe 
Power-down entry at n + 1 

access operation:t H L H X X X poe 
L H L H H H -

Self-refresh exit T = B = self refresh 
L H H X X X -

Power-down exit T = B = power down L H X X X X -

eLK suspend at n + 1 
Tor B = access 

H L X X X X HOLD operation:t 

eLK suspend exit at n + 1 
Tor B = access 

L H X X X X operatlon:t -
t For execution of these commands. AO-A 11 (n) and DaM (n) are don't cares. 
:t An access operation refers to any READ (READ-P) orWRT (WRT-P) command In progress at cycle n. Access operations Include the cycle upon 

which the READ (READ-P) or WRT (WRT-P) command Is entered and all subsequent cycles through the completion of the access burst. 
Legend: 

n = eLK cycle number 
L = Loglclow 
H - Logic high 
X = Don'tcare 
T BankT 
B = BankB 
deac Deactivated 

~1ExAs 
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operation (continued) 

COMMAND 

-

-

Data-in enable 

Data-in mask 

Data-out enable 

Data-out mask 

TMS626402 
2097152·WORD BY 4-BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS842A- FEBRUARY 1994 - REVISED JUNE 1995 

Table 3. DQM·Use Command Truth Tablet 

STATE OF DQM DATA IN DATA OUT 
MNEMONIC BANK(S) (n) (n) (n+2) 

T=deac 
and X N/A HI-Z -

B.deac 

T= actv 
and X N/A HI-Z -B=actv 

(no access operatlon)* 

T .. write -
or L V N/A ENBL 

B-wrlte 

T • write 
or H M N/A MASK 

B -write 

T= read 
or L N/A V ENBL 

B=read 

T. read 
or H N/A HI-Z MASK 

. B-read 

t For execution of these commands. CKE (n) must be high and satisfy icE.sf.. from power-down exit (POE). icES and nCLE from cIock-suspend 
(HOLD) exit, and icESP and tRC from self-refresh (SLFR) exit. OS (n), RAS (n). CAS (n), W (n), and AO-A11 (n) are don't cares. 

* An access operation refers to any READ (READ-P) orWRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command Is enterad and all subsequent cycles through the completion of the access burst. 

Legend: 
n - CLK cycle number 
L logic low 
H • logic high 
X Don't care 
V = Valid 
M .. Masked Input data 
N/A - Not applicable 
T .. BankT 
B • BankB 
actv .. Activated 
deac .. Deactivated 
write .. Activated and accepting data In on cycle n 
read ActIvated and dellvarlng data out on cycle n + 2 

~1EXAS 
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TMS626402 
2097152·WORD BY4~8IT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS842A- FEBRUARY. 1994.;. REVISED JUNE 1896 

burst sequence 

CLK 

All data. for the '626402 is written or read In a burst fashion; that is, a.slngle starting address is entered Into the 
device and the '62640.2 internally accesses a sequence of locations based on that starting address. Some of 
the subsequent accesses after the first can beat preceding as well as succe~ding column addresses, 
depending on the starting address entered. This sequence can be programmed to follow either a serial burst 
or an interleave burst (see Tables 4 through 6). The length of the burst sequence can be user programmed to 
be either 1-, 2-, 4-, or a-bit accesses. After a read burst is completed (as determined by the programmed burst 
length), the outputs are in the high-impedance state until the next read access is initiated. 

Table 4. 2-Blt Burst Sequences 

.,. INTERNAL COLUMN ADDRESs AO 

DECIMAL BINARY 

START 2ND START 2ND 

Serial 
0 1 0 1 

1 0 1 0 

Intarleave 
.0 1 O. f 

1 0 1 0 

Table 5. 4-Bit Burst Sequences 

INTERNAL COLUMN ADDRESs A1-AO 

DECIMAL BINARY 

START 2ND 3RD 4TH START 2ND 3RD 4TH 

0 1 2 3 00 01 10 11 

Serial 
1 2 3 0 01 10 11 00 

2 3 0 1 10 11 00 01 

3 0 1 2 11 00 01 10 

0 1 2 3 00 01 10 11 
1 . 0 3 2 01 00 11 10 

Interleave 
2 3 0 1 10 11 00 01 

3 2 1 0 11 10 01 00 

I \ I \ I \ / \ I '-I 1 

CAS~ 1 I \ 1 I I I 
I. Minimum of 'lWo Cycles ~I 

NOTE: For burst sequence of one, subsequE!nt read or write commands must be done at least two clock cycles from Initial read or write command 
(see timing diagram above), 

Figure 1. Subsequent Read or Write CMD for BL = 1 

-!I1~s 
INSTRUMENTS . 
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burst sequence (continued) 

START 2ND 3RD 

0 1 2 

1 2 3 

2 3 4 

Serial 
3 4 5 

4 5 6 

5 6 7 

6 7 0 

7 0 1 

0 1 2 

1 0 3 

2 3 0 

Interleave 
3 2 1 

4 5 6 

5 4 7 

6 7 4 

7 6 5 

latency 

TMS626402 
2097152-WORD BY 4-BIT BY 2-BANK 

SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
SMOS642A- FEBRUARY 1994- REVISED JUNE 1995 

Table 6. 8-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A2-AO 

DECIMAL BINARY 

4TH 5TH 6TH 7TH 8TH START 2ND 3RD 4TH 5TH 8TH 7TH 8TH 

3 4 5 6 7 000 001 010 011 100 101 110 111 

4 5 6 7 0 001 010 011 100 101 110 111 000 

5 6 7 0 1 010 011 100 101 110 111 000 001 

6 7 0 1 2 011 100 101 110 111 000 001 010 

7 0 1 2 3 100 101 110 111 000 001 010 011 

0 1 2 3 4 101 110 111 000 001 010 011 100 

1 2 3 4 5 110 111 000 001 010 011 100 101 

2 3 4 5 6 111 000 001 010 011 100 101 110 

3 4 5 6 7 000 001 010 011 100 101 110 111 

2 5 4 7 6 001 000 011 010 101 100 111 110 

1 6 7 4 5 010 011 000 001 110 111 100 101 

0 7 6 5 4 011 010 001 000 111 110 101 100 

7 0 1 2 3 100 101 110 111 000 001 010 011 

6 1 0 3 2 101 100 111 110 001 000 011 010 

5 2 3 0 1 110 111 100 101 010 011 000 001 

4 3 2 1 0 111 110 101 100 011 010 001 000 

The beginning data-output cycle of a read burst can be programmed to occur 1,2, or 3 ClK cycles after the read 
command (see setting the mode register). This feature allows the user to adjust the '626402 to operate in 
accordance with the system's capability to latch the data output from the '626402. The delay between the READ 
command and the beginning of the output burst is known as read latency (also known as CAS latency). After 
the initial output cycle begins, the data burst occurs at the ClK frequency without any Intervening gaps. Use 
of minimum read latencies is restricted based on the particular maximum frequency rating of the '626402. 

There is no latency for data-in cycles (write latency). The first data-in cycle of a write burst Is entered atthe same 
rising edge of ClK on which the WRT command is entered. The write latency is fixed and not determined by 
the mode-register contents. 

two-bank operation 

The '626402 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated 
before it can be activated again with a new row address. The bank-activate/row-address-entry command 
(AClV) is entered by holding RAS low, CAS high, W high, and A 11 valid on the rising edge of CLK. A bank can 
be deactivated either automatically during a READ (READ-P) or a WRT (WRT-P) command or by use of the 
deactivate-bank (DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see 
Table 1 and the bank deactivation description). 

two-bank row-access operation 

The two-bank feature allows the user to access information on random rows at a higher rate of operation than 
is possible with a standard DRAM. This is accomplished by activating one bank with a row address, and while 
the data stream is being accessed to/from that bank, activating the second bank with another row address. 

-!I1TEXAS 
INSTRUMENTS 
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TMS626402 
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two-bank row-access operation (continued) 

When the data stream to/from the first bank is complete, the data stream to/from the second bank can begin 
without interruption. After the second bank is activated, the first bank can be deactivated to allow the entry of 
a new row address for the next round of accesses. In this manner, operation can continue in an interleaved 
fashion. Figure 27 is an example of two-bank row interleaving with automatic deactivate for the case of a read 
latency of 3 and a burst length of 8. 

two-bank column-access operation 

The availability of two banks allows the access of data from random starting columns between banks at a higher 
rate of operation. After activating each bank with a row address (ACTV command), A 11 can be used to alternate 
READ or WRT commands between the banks to provide gapless accesses at the CLK frequency, provided all 
specified timing requirements are met. Figure 28 is an example of two-bank column interleaving with a read 
latency of 3 and a burst length of 2. 

bank deactivation {precharge} 

Both banks can be simultaneously deactivated (placed in precharge) by using the DCAB command. A single 
bank can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB 
command except that A 10 must be low and A 11 selects the bank to be precharged as shown in Table 1. A bank 
can also be deactivated automatically by using A 10 during a READ or WRT command. If A 10 is held high during 
the entry of a READ or WRT command, the accessed bank (selected by A 11) automatically deactivates upon 
completion ofthe access burst. If A 10 is held low during READ or WRT command entry, that bank remains active 
following the burst. The READ and WRT commands with automatic deactivation are denoted as READ-P and 
WRT-P. 

chip select (CS) 

CS can be used to select or deselect the '626402 for command entry, which might be required for multiple 
memory-device decoding. If CS is held high on the rising edge of ClK (DESl command), the device does not 
respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding CS low 
on the rising edge of ClK. Any other valid command can be entered simultaneously on the same rising ClK 
edge of the. select operation. The device can be selected/deselected on a cycle-by-cycle basis (see 
Tables 1 and 2). The use of CS does not affect an access burst that is in progress; the DESl command can only 
restrict RAS, CAS, and W input to the '626402. 

datal output mask 

Masking of individual data cycles within a burst sequence can be accomplished by use ofthe MASK command 
(see Table 3). If DOM is held high on the rising edge of ClK during a write burst, the incident data word 
(referenced to the same rising edge of ClK) on DOO-D03 is ignored. If DOM is held high on the rising edge 
of ClK for a read burst, DOO-D03 referenced to the second rising edge of ClK are in the high-impedance state. 
The application of DOM to data output cycles (READ burst) involves a latency of two ClK cycles, but the 
application of DOM to data-in cycles (WRITE burst) has no latency. The MASK command (or its opposite, the 
ENBl command) is performed on a cycle-by-cycle basis, allowing the user to gate any individual data cycle or 
cycles within either a read- or a write-burst sequence. Figure 31 shows an example of data/output masking. 

NOTE: Data masking using DaM input is not supported when the mode register is selfor read latency of one and burst length of one. If the mode 
register is in this mode, the DaM pin should be held low. 

elK suspend/power·down mode 

5-10 

For normal device operation, CKE should be held high to enable ClK. If CKE goes low during the execution 
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DO bus at the immediate next rising edge 
of ClK is frozen at its current state, and no further inputs are accepted until CKE is returned high. 

~TEXAS 
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elK suspend/power.cfown mode (continued) 

This ClK suspendlpower-clown mode Is known as a ClK suspend operation, and Its execution Is denoted as 
a HOLD command. The device resumes operation from the point at which It was placed In suspension, 
beginning with the second rising edge of ClK after CKE is returned high. 

If CKE Is brought low when no READ (READ-P) or WRT (WRT-P) command is in progress, the device enters 
power-down mode. If both banks are deactivated when power-down mode is entered, power consumption Is 
reduced to the minimum. Power-down mode can be used during row-active or CBR-refresh periods to reduce 
input-buffer power. After power-clown mode has been entered, no further Inputs are accepted until CKE returns 
high. To ensure data In the device remains valid during the power-clown mode, the self-refresh command 
(SLRF) must be executed concurrently with the power-down entry command (POE). When exiting power-clown 
mode, new commands can be entered on the first ClK edge after CKE returns high, provided that the setup 
time (tcESP) is satisfied. Table 2 shows the command configuration for a ClK suspend/power-down operation, 
and Figures 18 and 19 show an example of the procedure. 

setting the mode register 

The '626402 contains a mode register that the user shoud program with the read latency, the burst type, and 
the burst length. This is accomplished by executing an MRS command with the information entered on address 
lines AO-AS. A logic 0 should always be entered on A7 and AS, butA9-Al1 are don't-care entries for the 
'626402. Figure 2 shows the valid combinations for a successful MRS command. Only valid addresses allow 
the mode register to be changed. If the addresses are not valid, the pr'eviou!.EOntents of the mode register 
remain unaffected. The MRS command Is executed by holding MS, CAS, and Wlow, and the Input-mode word 
valid on AO-AS on the rising edge of CLK (see Table 1). The MRS command can be executed only when both 
banks are deactivated. 

I .A11 I A10 I Ai AS I A7 AS AS A4 A3 A2 A1 AD 

I-- Re .. rved --If- 0 + 0 -f-...,...--"T""---i-"T""-+---"T""-----i 

REGISTER 
BITSt READ 

LATENCv* 
AS A5 A4 

0 0 1 1 
0 1 0 2 
0 1 1 3 

O. Serial 
1 • Interleave 

(buret type) 

REGISTER 
BITSI 

A2 A1 AD 

0 0 0 
0 0 1 
0 1 0 
0 1 1 

BURST LENGTH 

1 
2 
4 
8 

t All other combinations ere 
reserved. 

§ All other combinations ere reaerved. 

* Refer to timing requirements for 
minimum valid-read latencies 
based on maximum frequency 
retlng. 

Figure 2. Mode-Register Programming 
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refresh 

The '626402 must be refreshed at intervals not exceeding tREF (see timing requirements) or data cannot be 
retained. Refresh can be accomplished by performing a read or write access to every row in both banks, by 
performing 4096 CAS-before-RAS (REFR) commands, oroby placing the device In self refresh. Regardless of 

.. the method used, refresh must be accomplished before tREF has expired. 

CAS-before-RAS (CBR) refresh 

Before performing a CAS-batore-RAS refresh, both banks must be deactivated (placed in precharge). To enter 
-' a REFR command, RAS and CAS must be low and W must be high upon the rising edge of CLK (see Table 1). 

The refresh address is generated internally such that after 4096 REFR commands, both banks of the '626402 
are refreshed. The external address and bank select (A 11) are ignored. The execution of a REFR command 
automatically deactivates both banks UpOh completion of the internal CBR cycle. This· allows consecutive 
REFR-only commandS to be executed, if desired, without any intervening DEAC commands. The REFR 
commands do not necessarily have to be consecutive, but all 4096 must be completed before tREF expires. 

self refresh 

To enter self refresh, both banks of the '626402 must first be deactivated and a SLFR command must be 
executed (see Table 2). The SLFR command is identical to the REFR command except that CKE is low. For 
Rroper entry of the SlFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS 
are iow and W is high. C~must be held low to stay in seif-refresh mode. In the self-refresh mode, all refreshing 
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data can 
be retained by the device automatically for an indefinite period when power is maintained (consumption is 
reduced to a minimum). To exit self-refresh mode, CKE must be brought high. New commands are issued after 
tRC has expired. If ClK is made inactive during self refresh, it must be returned to an active and stable condition 
before CKE is brought high to exit self refresh (see Figure 21). 

Upon exiting self-refresh, the normal refresh scheme must begin immediately. If theburst~refresh scheme is 
used, 4096 REFR commands must be executed before continuing with normal device operations. If a 
distributed-refresh scheme utilizing CBR is used (e.g., two rows every 32 j.IS), the first set of refreshes must be 
performed before continuing with normal device operation. This ensures that the SDRAM is fully refreshed. 

Interrupted bursts 

5-12 

A read or write can be interrupted before the burst sequence has been compieted with no adverse effects to 
the operation. This is accomplished by entering certain superseding commands as listed in Tables 7 and 8, 
provided that all timing requirements are met. The command interrupting either a read or write burst must be 
entered only on an even number of cycies (2n rule) from the initial burst command (nCCD). nCCD is defined 
as the number of clock cycles from the initial command· to the interrupting command. In the case when the 
number of clock cycles between a read/write command and the following command is greater than the burst 
length, the "2n rule" and nCCD does not apply. A DEAC command is considered an interrupt only if it is issued 
to the same bank as the preceding READ or WRITE command. The interruption of READ-P and WRT-P 
operations is not supported. ' 

~1ExAs 
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SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
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Interrupted bursts (continued) 

Table 7. Read-Burst Interruption 

INTERRUPTING COMMAND EFFECT OR NOTE ON USE DURING READ BURST 

OEAC,OCAB 
The DO bus is placed in the high-impedance state when nHZP cycles are satisfied or upon completion of the 
read burst, whichever occurs first (see Figures 5 and 21). 

WRT, WRT-P 
The WRT command immediately supersedes the read burst in progress, but OOM must be high nOOO+ 1 and 
nOOO cycles previous to the WRT (WRT-P) command (see Figure 4). 

READ, REAO-P 
Current output cycles continue until the programmed latency from the superseding READ (READ-P) 
command Is met, and new output cycles begin (see Figure 3). 

The DO bus is placed in the high-impedance state two clock cycies after the stop command is entered or upon 
STOP completion ofthe read burst, whichever occurs first. The bank remains active. A new read or write command 

cannot be entered for at least two cycles after the STOP command (see Figure 5). 

14-- nCCD = 2 (avan) ----.! 
I I 
I I 

C~ I 
READ Command Intarruptlng 

for Column Addrass CO READ Command 

I (saa Nota A) 
(saa Nota A) ~r Column Address C1 

I ,.----I._~ ,-_1..-""""" 
DQO-DQ3 CO 

NOTE A: For the purposes of this example, read latency = 2 and burst length> 2. 

Figure 3. Read Burst Interrupted by Read Command 

nCCD = 4 (avan) 

C~ 

4---- nDOD ---~ 

1 +nDOD 

DQO-DQ3 

, 
Intarruptlng 

WRTCommand 
for Column Addrass C1 

(saa Not~ A) 

DQM _____ J/ (Saa Nota B \~-------------------
NOTES: A For the purposes of this example, read latency = 2 and burst length> 2. 

B. OOM is held high for 2 CLKcycles (2 rising edges). DaM is held high for nOOO+ 1 to mask out bit prior to interrupting WRTcommand. 
DaM is held high for nD?O as specified spec. 

Figure 4. Read Burst Interrupted by Write Command 

~TEXAS 
INSTRUMENTS 
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Interrupted bursts (continued) 

CLK 
14--- nCCD .2 (even) ----+I 
I 
I 

~---nBSD=2------~ 

READ Command Interrupting New Command 
for Column Addreaa CO --..... STOP Command 

DQ (aee Note A) ~ CO X CO + 1 )>----------------
NOTE A:. For this example, read latency = 2 and burst length> 2. 

ClK 

DQ 

Figure 5. Read Burst Interrupted by STOP Command 

14--- nCCD = 2 (even) ----+I 

I 
I 

I 
I 
1~~------nHZp=3-------~ 

Interrupting 
READ Command DEAC/DCAB 

for Column Addreaa CO Command 
(aee Note A) ___________ 

-------------------.... -. ~~(~--C-0--X~C-O-+-1~)~-------------
NOTE A: For this example. read latency = 3 and burst length> 2. 

5-14 

Figure 6, Read Burst Interrupted by DEAC Command 

~TEXAS 
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Interrupted bursts (continued) 

Table 8. Write-Burst Interruption 

INTERRUPTING 
EFFECT OR NOTE ON USE DURING WRITE BURST 

COMMAND 

DEAC,DCAB 
The DEAC/DCAB command immediately supersedes the write burst In progress. DaM must be used to mask the Da 
bus such that the write-recovery speCification (tRwLl is not violated by the Interrupt (see Figure 10). 

WRT, WRT-P The new WRT (WRT-P) command and data In Immediately supersede the write burst In progress (see Figure 8). 

READ, READ-P Data In on previous cycle is written. No further data input Is accepted (see Figure 7). 

The data on the Input pins at the time of the burst STOP command Is not written, and no further data Is accepted. The 
STOP bank remains active. A new read or write command cannot be entered for at least two cycles after the STOP command 

ClK 

(see Figure 9). 

. 14'- nCCD = 2 (even) 

I 

I 
WRTCommand 

(see Note A) 
I 
I 
I 

READ Command 
(see Note A) 

DQO-DQ3 -----«"'_D_0-_D_3--JX"'_D_0-_D_3--J)>------------« QO-Q3 

NOTE A: For this example, read latency = 2 and burst length> 2. 

ClK 

Figure 7. Write Burst Interrupted by Read Command 

I+-- nCCD • 2 (even) ---I~ 
I 
I 

WRTCommand 
tor Column Address CO 

(see Note A) 

Interrupting 
WRT-P Command 

X .... _QO_-_Q_3 

DQ __ C_O __ ,.,X CO + 1 X .... __ C_1_--'X C1 + 1 X C1 + 2 X C1 + 3 )>------

NOTE A: For this example, burst length> 2. 

Figure 8. Write Burst Interrupted by Write Command 

~TEXAS 
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Interrupted bursts (continued) 

CLK 

14--- nCCO = 2 (even) --~ 
I 
I 

WRTCommand 
for Column Acldreaa CO 

(.ee Note A) 
~----nBSO=2-----~ 

Interrupting New Write Command 
STOP Command 

OQ __ C_O_--,X CO + 1 X Ignored X Ignored X .... ___ --JX .... ___ -JX"--__ _ 

NOTE A: For !this example, burst length> 2. 

CLK 

Figure 9. Write Burst Interrupted by STOP Command 

I 
WRTCommand 

(see NottA) 
I 
I 

nCCO = 2 (even) 

I I 
I OEAC or OCAB Command 
I (.ee Note A) 
I I 

OQO-OQ3 -----« 00-03 X .+ X 1'7- )>------
j4- tRWL ~ 

OQM --------------~/~~~~~~~~~~ 
NOTE A: For this example, read latency = 2, burst length> 2, and tcK = tRWL. 

Figure 10. Write Burst Interrupted by DEAC/DCAB Command 

power up 

5-16 

Device initialization should be performed after a power up to the full Vee level. After power is established, a 
200-J.lS interval is required (with no inputs other than elK). After this interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 

~1ExAs 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, VCC ........................................................ - 0.5 V to 4.6 V 
Supply voltage range for output drivers, V CCQ ....................................... - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1) .............................................. - 0.5 V to 4.6 V 
Short-circuit output current ................•............................................... 50 mA 
Power dissipation ............................•...............•...•....•...........•..•..... 1 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - 55·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voHage values are with respect to VSS. 

recommended operating conditions 

VCC Supply voitage 

VCCQ Supply voHage for output drivers 

VSS Supply voltage 

VSSQ Supply voHage for output drivers 

VIH High-level input voltage 

VIL Low-level input voltage 

TA Operating free-air temperature 

~TEXAS 
INSTRUMENTS 
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MIN 

3 

3 

2 

-0.3 

0 

NOM MAX UNIT 

3.3 3.6 V 

3.3 3.6 V 

0 V 

0 V 

VCC+0.3 V 

0.6 V 

70 ·C 

5-17 
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electrical characteristics over recommended ranges of supply voltage and free-air temperature (unless otherwise noted) 
(see Note 2) 

'626402-10 '626402·12 '626402·15 
PARAMETER TEST cONomONS UNrr 

MIN MAX MIN MAX MIN MAX 

VOH High-level output voltage 10H =-2mA 2.4 2.4 2.4 V 

VOL Low-level output voltage IOL=2mA 0.4 0.4 0.4 V 

II Input current (leakage) OVsVI sVCC +0.3 V, All other pins = 0 V to VCC .,10 .,10 .,10 tJA 
10 Output current (leakage) OVsVosVCC+ 0.3 V, Output disabled .,10 .,10 .,10 tJA 

Burst length = 1 or 2 90 80 70 
1 bank active 

lRC=MIN, tcK=MIN, Burst length = 4 or 8 110 100 90 
ICC1 Average read or write current rnA 

Read latency = 3 2 banks active Burst length = 1 or 2 150 120 100 

interleaving Burst length = 4 or 8 170 140 130 

CKE=VIH, See Note 3 16 16 16 
Both banks 

CKE=VIL 2 2 2 
deactivated 

ICC2 Standby current CKE = 0 V (CMOS) 1 1 1 rnA 
One or both 
banks CKE=VIL 6 6 6 
active 

ICC3 Consecutive CBR commands tRC=MIN 90 80 70 rnA 

Read latency = 1 70 60 50 

ICC4 Burst current, gapless burst 
ACTV not allowed, tcK=MIN, Read latency = 2 100 90 80 rnA 
2-bank interleaved 

Read latency = 3 140 120 100 

CKE=VIL 2 2 2 
1CC6 Self-refresh current rnA 

CKE = 0 V (CMOS) 1 1 1 

NOTES: 2. All specifications apply to the device after power-up initialization. 
3. All control and address inputs must be stable and valid. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 4) 

MIN MAX UNT 

CICS) Input capacitance, CLK 7 pF 

CiIACI Input capacitanca, AO-All , CS, DaM, RAS, CAS, W 6 pF 

CIIEI Input capacitance, CKE 6 pF 

Co Output capacitance 8 pF 

NOTE 4: Vee. 3.3 :I: 0.3 V and bias on pins under test IS 0 V. 

ac timing reQ~lrements over recommended ranges of supply voltage and operating free-air 
temperature tl 

'626402-10 '626402-12 '626402-15 
UNrr 

MIN MAX MIN MAX MIN MAX 

Read latency .. 1 30 38 40 

teK Cycle time, CLK (system clock) Read latency = 2 16 I 18 20 ns 

Read latency .. 3 10 I 12 16 

teKH Pulse duration, ClK (system clock) high 3 3.5 4 lIS 

teKL Pulse duration, ClK (system clock) low 3 3.5 4 ns 
Read latency. 1 - 29 33 38 

tAC 
Access time, ClK t to data out 

Raad latency = 2 14 ~5 18 ns (see Note 6) 
Read latency .. 3 9 10 12 

tOH Hold time, CLK t to data out 3 3 3 ns 

tL2 
Delay time, CLK to DQ In the /ow-lmpedance state 

0 0 0 lIS (see NoteS) 

Read latency. 1 20 20 20 

tHZ 
Delay time, CLK to DQ in the Read latency .. 2 12 13 14 lIS high-Impedance atate (see Note 7) 

Read latency = 3 9 10 11 

los Satup time, data In 2 2 2 ns 

tAS Satup time, address 2 2 2 ns 

tes Setup time, control Input (OS, RAS, CAS, W, DQM) 2 2 2 ns 

teES Setup time, CKE (suspend entry/exit, power-down entry) 2 2 2 ns 

teESP Setup time, CKE (power-down/self-refresh exit) (see Note 8) 8 10 12 ns 

tOH Hold time, data In 2 3 4 lIS 

tAH Hold time, address 2 3 4 ns 

teH Hold time, control input (CS, RAS, CAS, W, DaM) 2 3 4- ns 

teEH Hold time, CKE 2 3 4 lIS 

REFR command to ACTV, MRS, REFR or SLFR command; 
IRc ACTV command to ACTV, MRS, REFR or SLFR command; 100 110 126 lIS 

Self-refresh exit to ACTV, MRS, REFR or SLFR command 

t See Paramatar Measurement Information for load circuits * All references are made to the rising transition of ClK, unless otherwise noted. 
NOTES: 6. lAC is referencad from the rising transition of CLK that is previous to the data-out cycle. For example, the first data-out tAC Is 

referenced from the rising transition of CLK tllat Is read latency -1 cycles after the READ command. An accesa time Is measured 
at output reference level 1.4 V. 

S. U Is measured from the rising transition of ClK that is raad latency -1 cycles after the READ command. 
7. tHZ (max) defines the time at which the outputs are no longer drivan and Is not referenced to output voltage levels. 
8. IfteESP > teK, NOOP or DESl commands must be entered until teESP Is met. CLK must be active and stable (If CLKwas tumed 

off for power down) before CKE Is retumed high. 

-!111ExAs 
INSTRUMENTS 
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ae timing requirements over recommended ranges of supply voltage and operating. free-alr 
temperature (contlnued)t* . 

'626402-10 '626402-12 

MIN MAX MIN MAX 

tRAS A~ command to DEAC or DCAB command 60 100000 70 100000 

tRCD A~ command to READ or WRT command 30 ' 35 

tRP 
DEAC or DCAB command toA~, MRS, SLFR, 

40 40 or REFR command 

tAPR 
Final data out of READ-P operation to ~, lAp + (nEP Ie ter<> MRS, SLFR, or REFR command 

Final data in of WRT-P Burst length - 1 1 clock+60 1 clock+60 
tAPW 

operation to A~, MRS, 
SLFR, or REFR command 
(see Note 10) Burst length >1 60 60 

Final data In to DEAC or Burst length .. 1 ·1 clock+20 1 clock+2O 
tRWL DCAB command 

(aee Note 11) Burst length > 1 20 20 

tRRD 
A~commandforone banktoA~command 

20 25 for the other bank 

IT Transition time, all Inputs (see Note 9) 1 5 1 

tREF Refresh Interval 64 

t See Parameter Measurement Information for load circuits * All references are made to the rising transition of CLK, unless otherwise noted. 
NOTES: 9. Transition time, tr. Is measured between VIH and VIL. 

5-20 

10. for BL=10nly 
SPEED 
-10, -12 -!APW Is 60 ns from first unsuspended clock edge after last date in 
-15 - t/lJ>W Is 60 nsfrom first unsuspended clock edge after last data In 

11. for BL .. 1 only 
SPEED 
-10, -1.2 .. tRWL Is 20 na from first unauspended clock edge after last date In 
-15 • tRWL Is 30 na from first unsuapended clock edge after last data In 

~1ExAs 
INSTRUMENTS 
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64 

'626402-15 

MIN MAX 
UNIT 

60 100000 na 

40 na 

45 ns 

ns 

1 clock+75 
na 

75 

1 clock+30 
na 

30 

30 ns 

1 5 na 

64 ma 
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clock timing requirements over recommended ranges of supply voltage and operating fr .... lr 
temperaturet 

'826402-10 '826402-12 '826402-15 
UNni MIN MAX MIN MAX MIN MAX 

Burst length. 1, Read latency. 1 1 1 1 

Burst length. 1, Read latency ~ 2 0 0 0 cycles 

Final data out to DEAC or Burst length. 1, Read latency. 3 -1 -1 -1 
nEP 

DCAB command Burst length> 1, Read latency. 1 0 0 0 

Burst length> 1, Read latency = 2 -1 -1 -1 cycIee 

Burst length> 1, Read latency. 3 -2 -2 -2 

DEAC or DCAB Interrupt of Read latency. 1 1 1 1 

nHZP 
data out burst to DC In the 

Read latancy = 2 2 2 2 cycles high-Impedance atate 
(eae Note 12) Read latancy • 3 3 3 3 

nceD 
READ or WRT command to Inten'upting STOP, READ, WRT, DEAC, or 

21 21 21 cycles 
DCAB command 0 = 1, 2, 3, ••• ) (eee Note 13) 

Final data In to READ or WRT Burst length. 1 2 2 2 cycles 
nCWL 

command In either bank 1 cycIee Burst length> 1 1 1 

nWCD WRT command to first data In 0 0 0 0 0 0 cycles 

nOlO ENBL or MASK command to data In 0 0 0 0 0 0 cycles 

nDOD ENBL or MASK command to data out 2 2 2 2 2 2 eyeles 

nCLE 
HOLD command to suspended CLK edge; 

1 1 1 1 1 1 cycles HOLD operation exit to entry of any command 

nRSA MRS command to ACITV, REFR, SLFR, or MRS command 2 2 2 cycIee 

nCDD DESL command to control input Inhibit 0 0 0 0 0 0 cycIee 

nBSD STOP command to READ or WRT command 2 2 2 cvcIee 
t All references are made to the rising transition of CLK, unless otherwise noted. ' * A CLK cycle can be considered as contributing to a timing requirement for those parameters defined In cycle units only whan not gated by CKE 

(those CLK eyeles occurring during the time when CKE Is asserted low). 
NOTES: 12. A data-out burst can be Interrupted only on an even number of clock eyeles after the Initial READ command Is entered (refer to 

nceD). , 
13. A read or write burst can be interrupted only at an even number of clock eyelee after entry of the initial READ or WRT command. 

The nCCD parameter Is only required In the ceee of a burst interruption. 

~1ExAs 
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tcK 

tRCO 

tRAs 
tRP 

tAc 

1RWL 

tARO 

tAPR 

tAPW 

Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters 

TMS626402-10 TMS626402-12 TMS626402-15 

Operating frequency 100 1 80 66 50 1 33 80 661 50 33 66 50 33 

Cycle time, CLK (system clock) 10 1 12 15 20 I 30 12 15 20 30 15 20 30 

KEY PARAMETER NUMBER OF CYCLES REQUIRED 

Read latency, minimum programmed vatue 3 3 2 2 1 3 3 2 2 3 2 2 

ACTV command to READ or WRT command 3 3 2 2 1 3 3 2 2 3 2 2 

ACTV command to OEAC or DCAB command 6 5 4 3 2 6 5 4 3 6 4 3 

OEAC or OCAB command to ACTV, MRS, SLFR, or REFR command 4 4 3 2 2 4 3 2 2 4 3 2 

REFR command to ACTV, MRS, SLFR, or REFR command; self-refresh exit 
10 9 7 5 4 10 8 6 4 9 7 5 

to ACTV, MRS, SLFR, or REFR command 

Final data in to OEAC or DCAB Burst length = 1 3 3 3 2 2 3 3 2 2 3 3 2 

command Burst length > 1 2 2 2 1 1 2 2 1 1 2 2 1 

ACTV command for one bank to ACTV command for the other bank 2 2 2 1 1 3 2 2 1 2 2 1 

Burst length = 1, Read latency = 1 - - - - 3 - - - - - - -
Burst length = 1, Read latency = 2 - - 3 2 2 - - 2 2 - 3 2 

Final data out of REAO-P operation to Burst length = 1, Read latency = 3 3 3 2 1 1 3 2 1 1 3 2 1 
ACTV, MRS, SLFR, or REFR 

Burst length > 1, Read latency = 1 command - - - - 2 - - - - - - -
Burst length > 1, Read latency = 2 - - 2 1 1 - - 1 1 - 2 1 

Burst length > 1, Read latency = 3 2 2 1 0 0 2 1 0 0 2 1 0 

Final data in of WRT-P operation to Burst length = 1 7 6 5 4 3 6 5 4 3 6 5 4 
ACTV, MRS, SLFR, or REFR 
command Burst length> 1 6 5 4 3 2 5 4 3 2 5 4 3 

-- ---------,- -- '----- "----

UNIT 

MHz 

ns 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

-cycles 

cycles 

cycles 

cycles 

cycles 
--

tIlenN ..... 
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PARAMETER MEASUREMENT INFORMATION 

general InformatIon for ae tImIng measurements 

The ac timing measurements are based on signal rise and fall times equal to 1 ns (tT = 1 ns) and a midpoint 
reference level of 1.4 V for LVTTL. For signal rise and fall times greater than 1 ns, the reference level should 
be changed to VIH min and VIL max instead of the midpoint level. All specifications referring to READ commands 
are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT commands 
are also valid for WRT-P commands unless otherwise noted. All specifications referring to consecutive 
commands are specified as consecutive commands for the same bank unless otherwise noted. 

CLK 

DQO-DQ3 

output 
Under Teet 

1.4V --i RL-SOOO 

I CL=50pF 
(lee Note A) 

Output 
Under Telt 

R2=8680 

3.3 V 

R1.11800 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE k CL includes probe and fIXture capacitance. 

Figure 11. Load Circuits 

I 

DEAC/DCAB 
Command 

__ ~x~ __ ~x~ __ ~x~ __ ~ 
NOTE k For this example. assume read latency = 3 and burst length> 1. 

Figure 12. ,nEP, Final Data Output to DEAC or DCAB Command 
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5·24 

PARAMETER MEASUREMENT INFORMATION 

i4 Read Latency ~ 

I I 
I I 

CLK.J'y~~~ 
ACTV READ tAC i.I!I ~ I I 

Command Command I I I tHZ ~ 
i i tLZ ~ I I I 

I I ~toH 

DQO-DQ3_~~~ }-

Figure 13. Output Parameters 

ACTV 14 tRAS ----~~ D~C, DCAB 

ACTV ~ tRCD ----+i~i READ, WRT 

DEAC, DCAB i.I!I tRP ----~~I ACTV, MRS, REFR, SLFR 
I I 

REFR 14 IRc ----~~ ACTV, MRS, REFR, SLFR 

ACTV 14 tRC ----+i~ ACTV, MRS, REFR, SLFR 

SeH·Refresh Exit "- tRC ----.. ~I ACTV, MRS, REFR, SLFR 
I I 

ACTV ~14---- tRRD See Note A ~ ACTV (of a different bank) 

MRS .. ~---- nRSA ----.... ~ ACTV, REFR, SLFR, MRS 

READ, WRT 14 nCCD ----.. ~ STOP, READ, WRT, DEAC, DCAB 
I I 

DESL~ nCDD I 
Command I I 

Disable I I 

CLK ~r----T\-
NOTE A: tRRD is specified fcrcommand execution in one bank to command execution in !he other bank. 

Figure 14. Command-to-Command Parameters 
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DQM 
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PARAMETER MEASUREMENT INFORMATION 

J4-teK~ 

ClK 

toS. tAS. teS. teES 14 
I 

teKH ~ I 
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Figure 15. Input-Attribute Parameters 
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NOTE A: For this example, assume read latency = 2 and burst length = 2. 

Figure 16. OQ Masking 
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TMS626402 
2097152·WORD BY 4·BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A- FEBRUARY 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

i4-- Read Latency. 2 ----+I 
I (Bee Note A) I 
I I tAPR ~ 

CLK I I 

~ I 
I READ·P Command ACTV Command 

I I 
I I 
I I 
I I 

) DQO-DQ3 I < QO-Q3 X QO-Q3 
I 

NOTE A: For this example. assume read latency = 2 and burst length = 2. 

Figure 17. Read·Automatlc Deactivate (Autoprecharge) 
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NOTE A: For this example. the burst length = 2. 
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Figure 18. Wrlte·Automatlc Deactivate (Autoprecharge) 
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TMS626402 
2097152·WORD BY 4·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A- FEBRUARY 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 
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Figure 19. elK·Suspend Operation 
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Figure 20. Power·Down Operation 
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TMS626402 
2097152·WORD BY 4 .. BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS642A- FEBRUARY 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 
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NOTE A: Assume both banks are previously deactivated. 

Figure 21. Self-Refresh Entry/Exit 
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~I 

NOTE A: Assume read latency = 2 end burst length = 8. 
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Figure 22. Write Burst Followed by DEAC/DCAB-Interrupted Read 
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t Column-address sequence depends on programmed burst type and CO (seeTabie 5). 
NOTE A: This example illustrates minimum 'Reo and nEP for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 23_ Read Burst (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
NOTE A: This example illustrates minimum lRwL for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 24. Write Burst (burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 4). * Column-address sequence depends on programmed burst type and C1 (see Table 4). 
NOTE A:. This example illustrates minimum tRCD for the '626402-10 at 100 MHz, the '626402-12 at 60 MHz, and the '626402-15 at 66 MHz. 

Figure 25. Write-Read Burst (read latency = 3, burst length = 2) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
* Column-address sequence depends on programmed burst type and C1 (see Table 6). 
NOTE A: This example illustrates minimum tRCD for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 26. Read-Write Burst With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). "II * Column-address sequence depends on programmed burst type and C1 (see Table 6). 0 
§ Column-address sequence depends on programmed burst type and C2 (see Table 6). II 
NOTE A:. This example Hlustrates minimum tAco for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. ~ 
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Rgure 27. Two-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) (5 
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Figure 28. Two-Bank Column-Interleaving Read Bursts (read latency = 3, burst length = 2) 
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t CoIumn-address sequence depends on programmed burst type and CO (see Table 5). * CoIumn-address sequence depends on programmed burst type and C1 (see Table 5). 

9 h 

C1+2 C1+3 

NOTE A: This example illustrates a minimum tAco and nEP read burst, and a minimum tAWL write burst for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and 
the '626402-15 at 66 MHz. 

Figure 29. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). * Column-address sequence depends on programmed burst type and C1(see Table 5). 

9 h 

C1+2 C1+3 

NOTE A: This example illustrates minimum nCW\.. for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 30. Write-Burst Bank T, Read-Burst Bank B With Automatic Deactivate (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). * Column-address sequence depends on programmed burst type and Cl (see Table 5). 
NOTE A:. This example illustrates a minimum tRCD read burst and minimum tRWL write burst for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, 

and the '626402-15 at 66 MHz. 

Figure 31. Use Of DaM for Output and Data-In Cycle Masking (read-burst bank T, 
write-burst bank B, deactivate all banks) (read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
NOTE k This example illustrates minimum tRC, tACo. nEP, and tRP for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 32. Refresh Cycles (refreshes followed by read burst followed by refresh) (read latency = 2, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
NOTES: B. This example illustrates minimum tAco for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz. and the '626402-15 at 66 MHz. 

C. Refer to FlQure 1 

Figure 33. Mode-Register Programming (deactivate all, mode program, write burst with automatic deactivate) 
(read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
:I: Column-address sequence depends on programmed burst type and C1 (see Table 5). 
NOTE A: This example illustrates minimum tRCO for the '626402-1 0 at 100 MHz, the '626402-12 at SO MHz, and the '626402-15 at 66 MHz. 
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Figure 34. Use of CKE for Clock Gating (Hold) and Standby Mode (read-burst bank T with hold, write-burst bank B, standby mode) 
(read latency = 2, burst length = 4) 
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TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 

• Organization ••• 1 M x 8 x 2 Banks 

• 3.3-V Power Supply (:1:10% Tolerance) 

• Two Banks for On·Chlp Interleaving 
(Gapless Accesses) 

• High Bandwidth - Up to 10o-MHz Data 
Rates 

• Burst Length Programmable to 1, 2, 4, or 8 
• Programmable Output Sequence - Serial or 

Interleave 

• Chip Select and Clock Enable for 
Enhanced·System Interfacing 

• Cycle-by·Cycle DQ·Bus Mask Capability 

• Programmable Read Latency From Column 
Address 

• Self·Refresh Capability 
• Hlgh·Speed, Low·Nolse LVTTL Interface 

• Power·Down Mode 
• Compatible With JEDEC Standards 
• 4K Refresh (Total for Both Banks) 
• 2·Blt Prefetch Architecture for High Speed 

Performance 

• Performance Ranges: 

SYNCHRONOUS COMMAND 10 REFRESH 
CLOCK CYCLE READ OR WRITE TIME 

TIME COMMAND INTERVAL 

tcK tRCD 'REF 
(MIN) (MIN) (MAX) 

'626802-10 10 ns 3008 84ms 
'626802-12 12.5 ns 35 ns 84ms 
'626802-15 15 ns 4008 84 ms 

description 

The TMS~26802 series are high-speed 
16n7216-bit synchronous dynamic random
access memories (DRAMs) organized as two 
banks of 1 048 576 words with eight bits per word. 

All Inputs and outputs of the TMS626802 series 
are compatible with the low-voltage TTL (LVTTL) 
interface. 

The synchronous DRAM employs state-of-the-art 
enhanced performance implanted CMOS 
(EPIC"') technology for high performance, 
reliability, and low power. All inputs and outputs 
are synchronized with the CLK input to simplify 
system design and enhanCe use with high-speed 
microprocessors and caches. 

AO-A10 

A11 
CAS 
CKE 
CLK 
cs 
000-OQ7 
ooM 
NC 
RAS 
Vee 
vCCQ 
vss 
Yl3SQ 
W 

DGEPACKAGE 
(TOP VIEW) 

Vcc VSS 
DOO D07 

Vssa 3 VSSQ 
D01 D06 

VCCQ VCCQ 
D02 DOS 

VSSQ 
D04 
VCCQ 
NC 
NC 

W DOM 
CAS' CLK 
RAS CKE 
~ NC 

A11 A9 
A10 AS 

AD A7 
A1 AS 
A2 AS 
K3 A4 

Vee VSS 

PIN NOMENCLATURE 

Address Inpu18 
AO-A10 Row Addresses 
AO-A6 Column Addresses 
A 10 Automatic-Precharge Select 
Bank Select 
Column-Address Strobe 
Clock Enable 
System Clock 
Chip Select 
SORAM Data Input/Data Output 
Data/Output Mask Enable 
No External Connect 
Row-Address Strobe 
Power Supply (3.3 V Typ) 
Power Supply for Output Drivers (3.3 V Typ) 
Ground 
Ground for Output Drivers 
Write Enable 

The TMS626802 synchronous DRAM is available in a 400-mil, 44-pin surface-mount TSOP (II) package (DGE 
suffix). 

EPIC Is a trademark of Texas Instruments InCOrporated. 
PIIODUCIION DATA _ ... 10 ..... nt • 01 ............ _ 
__ 1o.1*Ift0lll ................ .,r-_ ...... 
=:r::n-.-prociuI"'-not-...,- ~TEXAS 

INSTRUMENTS 
POst OFfICE BOX 1443· HOUSTON. TEXAS 77251-1443 

Copyright C 11195. Texas Instrumanlllincorporatad 
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TMS626802 
1048576-WORD BY 8-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
SMOS182A- FEBRUARY 1994"'" REVISED JUNE 1995 

operation 

All Inputs of the '626802 sYnchronous DRAM are latched on the rising edge of the system (synchronous) clock. 
The outputs, DQ()-DQ7, are also referenced to the rising edge of CLK The '626802 has two banks that are 
accessed Independently. A bank must be activated before it can be accessed (read from or written to). Refresh 
cycles refresh both banks alternately. 

Five basic commands or functions control most operations of the '626802: 

• Bank activate/row-address entry 
• Column-address entry/write operation 
• Column-address entry/read operation 
• Bank deactivate 
• CAS-before-RAS (CBR) 
• Self-refresh entry 

Additionally, operation can be controlled by three methods: using chip select (CS) to select/deselect the 
devices, using.DQM to enable/mask the DQ signals on a cycle-by-cycle basis, or using CKE to suspend (or 
gate) the CLK input. The device contains a mode register that must be progra~med for proper operation. 

Tables 1 through 3 show the various operations that are available on the '626802. These truth tables identify 
the command and/or operations and their respective mnemonics. Each truth table is followed by a legend that 
explains the abbreviated symbols. An access operation refers to any READ (READ-P) or WRT (WRT-P) 
command in progress at cycle n. Access operations Include the cycle upon which the READ (READ-P) or WRT 
(WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 

functional block diagram 

5-42 

ClK 
eKE 
C!-----~ 

DQM-----------+~ 
RAS ------~-I 
CAS ------+~ 
W-------~_f 

AO-A11--""--"" 12 

Array BankT 

Array Bank 8 
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operation (continued) 

COMMAND 

Mode register set 

Bank deactivate (precharge) 

Deactivate all banks 

Bank actlvate/rcw-address entry 

Column-address entry/write operation 

Column-address entry/write operation 
with automatic deactivate 

Column-address entry / read operation 

Column-address entry/read operation 
with automatic deactivate 

Burst stop 

No operation 

Control-input inhibit / no operation 

CBR refresh* 

TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994- REVISED JUNE 1995 

Table 1. Basic-Command Truth Tablet 

STATE OF 
CS RAS CAS Vi All Al0 A9-AO MNEMONIC BANK(S) 

A9=X 
T=deac 

L L L L X X 
AS .. O 

MRS B .. deac A7=O 
A6-AO .. V 

X L L H L BS L X DEAC 

X L L H L X H X DCAB 

SB=deac L L H H BS V V ACTV 

SB = actv L H L L BS L V WRT 

SB=actv L. H L L BS H V WRT-P 

SB .. actv L H L H BS L V READ 

SB .. actv L H L H BS H V READ-P 

SB = actv L H H L X X X STOP 

X L H H H X X X NOOP 

X H X X X X X X DESL 

T=B= 
L L L H X X X REFR deac 

t For execution of these commands on cycle n, CKE (n) must be high and satisfy teesp from power-down exit (POE). teES and nCLE from 
clock-suspend (HOLD) exit, and teESP and IRc from self-refresh (SLFR) exit. DaM (n) Is a don't care. 

* CBR or self-refresh entry requires that all banks be deactivated or In an Idle state prior to the command entry. 
Legend: 

L 
H 
X 
V 
T 
B 
actv 
deac 
BS 
SB 

.. Loglclow 
• Logichigh 
.. Don'tcare 

Valid 
.. BankT 
• BankB 

Activated 
Deactivated 

.. logic high to select bank T; logic low to select bank B 

.. Bank selected by All at cycle n 

-!II TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 5-43 



TMS626802 
1048576-WORD BY 8-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
SMOS182A - FEBRUARY 1 994 - REVISED JUNE 1995 

operation (continued) 

Table 2. CKE·Use Command Truth Tablet 

COMMAND STATE OF BANK(S) CKE CKE CS RAS CAS W 
MNEMONIC (n-1) (n) (n) (n) (n) (n) 

Self·refresh entry T=B=deac H L L L L H SLFR 

T=B=no H L L H H H POE 
Power-down entry at n + 1 

access operation* H L H X X X POE 

L H L H H H -Self·refresh exit T = B ,. self refresh 
L H H X X X -

Power-down exit T = B = power down L H X X X X -
CLK suspend at n + 1 Tor B = access 

H L X X X X HOLD operation* 

CLK suspend exit at n + 1 T or B = access 
L H X X X X operation* -

t For execution of these commands, AO-A 11 (n) and DaM (n) are don't cares. 
* An access operation refers to any READ (REAo·P) or WRT (WRT·P) command In progress at cycle n. Access operations Include the cycle upon 

which the READ (READ·P) or WRT (WRT·P) command Is entered and ail subsequent cycles through the completion of the access burst. 
Legend: 

n • CLK cycle number 
L logic low 
H Logic high 
X ,. oon'tcare 
T ,. BankT 
B BankB 
deac ,. Deactivated 

~TEXAS 
INSTRUMENTS 
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operation (continued) 

COMMAND 

-

-

Data-In enable 

Data-in mask 

Data-out enable 

Data-out mask 

TMS626802 
1 048576-WORD BY 8-B11 BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1985 

Table 3. DQM·Use Command Truth Tablet 

STATE OF DaM DATA IN DATA OUT 
MNEMONIC 

BANK(S) (n) (n) (n+2) 

T-deac 
and X N/A HI-Z -

B .. deac 

T-actv 
and X N/A HI-Z -B-actv 

(no' IICC888 operatkln)* 

T .. write 
or L V N/A ENBL 

B -write 

T .. write 
or H M N/A MASK 

B-write 

T= read 
or L N/A V ENBL 

B-raad 

T-read 
or H N/A HI-Z MASK 

B-read' 

t For execution of these commands. CKE (n) must be high and satisfy te~from power-down exit (pOE). teES and nOLE from clock-euepend 
(HOLD) exit. andteESP and1Rcfrom self-refresh (SLFR) exit c:s (n). RAS (n). CAS (n). W (n). andNJ-A11 (n) aredon'tcaree. 

* An IICC888 operation refers to any READ (READ-P) or WRT (WRT-P) command In progress at cycle n. Access operations Include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command Is entered and all subsequent cycles through the completion of the accesa burst. 

Legend: 
n .. CLK cycle number 
L - LogIc.1ow 
H .. logic high 
X .. Don'tcare 
V .. Valid 
M Masked Input data 
N/A - Not applicable 
T .. BankT 
B .. BankB 
actv - ActIvated 
deac - DeactIvated 
write .. ActIvated and accepting data In on cycle n 
read - ActIvated and delivering data out on cycle n + 2 

~TEXAS, 
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POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A - FEBRUARY 1994 - REVISED JUNE 1995 

burst sequence 

ClK 

All data for the '626802 is written or read in a burst fashion; that is, a single starting address is entered into the 
device and the '626802 internally accesses a sequence of locations based on that starting address. Some of 
the subsequent accesses after the first can be at preceding as well as succeeding column addresses, 
depending on the starting address entered. This sequence can be programmed to follow either a serial burst 
or an interleave burst (see Tables 4 through 6). The length of the burst sequence can be user programmed to 
be either 1 , 2, 4, or 8 accesses. After a read burst is completed (as determined by the programmed-burst length), 
the outputs are in the high-impedance state until the next read access is initiated. 

Table 4. 2·Bit Burst Sequences 

INTERNAL COLUMN ADDRESS AO 

DECIMAL BINARY 

START 2ND START 2ND 

Serial 
0 1 0 1 

1 0 1 0 

Interleave 
0 1 0 1 

1 0 1 0 

Table 5. 4-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A 1-AO 

DECIMAL BINARY 

START 2ND 3RD 4TH START 2ND 3RD 4TH 

0 1 2 3 00 01 10 11 

1 2 3 0 01 10 11 00 
Serial 

2 3 0 1 10 11 00 01 

3 0 1 2 11 00 01 10 

0 1 2 3 00 01 10 11 

1 0 3 2 01 00 11 10 
Interleave 

2 3 0 1 10 11 00 01 

3 2 1 0 11 10 01 00 

Subsequent Read or Write CMD for Bl .. 1 

I \ I \ I \ I ',-_-,I 
1 I 

CAS\, 
I I I \ 1 I I 
I~ Minimum of Two Cycles .1 

NOTE: For burst sequence of one. subsequent read or write commands must be done at least two clock cycles from initial read or write command 
(see timing diagram above), 
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burst sequence (continued) 

START 2ND 3RD 

0 1 2 

1 2 3 

2 3 4 

Serial 
3 4 5 

4 5 6 

5 6 7 

6 7 0 

7 0 1 

0 1 2 

1 0 3 

2 3 0 

3 2 1 
Interleave 

4 5 6 

5 4 7 

6 7 4 

7 6 5 

latency 

TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 

Table 6. 8-Blt Burst Sequences 

INTERNAL COLUMN ADDRESS A2-AO 

DECIMAL BINARY 

4TH 5TH 6TH 7TH 8TH START 2ND 3RD 4TH 5TH 5TH 7TH 8TH 

3 4 5 6 7 000 001 010 011 100 101 110 111 

4 5 6 7 0 001 010 011 100 101 110 111 000 

5 6 7 0 1 010 011 100 101 110 111 000 001 

6 7 0 1 2 011 100 101 110 111 000 001 010 

7 0 1 2 3 100 101 110 111 000 001 010 011 

0 1 2 3 4 101 110 111 000 001 010 011 100 

1 2 3 4 5 110 111 000 001 010 011 100 101 

2 3 4 5 6 111 000 001 010 011 100 101 110 

3 4 5 6 7 000 001 010 011 100 101 110 111 

2 5 4 7 6 001 000 011 010 101 100 111 110 

1 6 7 4 5 010 011 000 001 110 111 100 101 

0 7 6 5 4 011 010 001. 000 111 110 101 100 

7 0 1 2 3 100 101 110 111 000 001 010 011 

6 1 0 3 2 101 100 111 110 001 000 011 010 

5 2 3 0 1 110 111 100 101 010 011 000 001 

4 3 2 1 0 111 110 101 100 011 010 001 000 

The beginning data-output cycle of a read burst can be programmed to occur 1, 2, or 3 ClK cycles after the read 
command (see setting the mode register). This feature allows the user to adjust the '626802 to operate in 
accordance with the system's capability to latch the data output from the '626802. The delay between the READ 
command and the beginning of the output burst is known as read latency (also known as CAS latency). After 
the initial output cycle begins, the data burst occurs at the ClK frequency without any intervening gaps. Use 
of minimum read latencies is restricted based on the particular maximum frequency rating of the '626802. 

There is no latency for data-in cycles (write latency). The first data-in cycle of a write burst is entered atthe same 
rising edge of ClK on which the WRT command is entered. The write latency is fixed and not determined by 
the mode-register contents. 

two-bank operation 

The '626802 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated 
before it can be activated again with a new row address. The bank-activate/row-address-entry command 
(ACTV) is entered by holding RAS low, CAS high, W high, and A 11 valid on the rising edge of ClK A bank can 
be deactivated either automatically during a READ (READ-P) or a WRT (WRT-P) command or by use of the 
deactivate-bank (DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see 
Table 1 and the bank deactivation description). 
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TMS626802 
1 048576-WORD BY 8-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 

two-bank row-acce88 operation 

The two-bank feature allows the user to access information 6n random rows at a higher rate of operation than 
is .possible wHh a standard DRAM. This is accomplished by activating one bank wHh a row address and, while 
the data stream is being accessed to/from that bank, activating the second bank with another row address. 
When the data stream to/from the first bank is complete; the data stream to/from the second bank can begin 
wHhout interruption. After the second bank is activated, the first bank can be deactivated to allow the entry of 
a new row address fOr the next round of accesses. In this manner, operation can continue In an interleaved 
fashion. Figure 26 shows an example of two-bank row interleaving with automatic deactivate for the case ofread 
latency of 3 and a burst length of 8. 

two-bank column-acce88 operation 

The availability of two banks allows the access of data from random starting columns between banks at a higher 
rate of operation. After activating each bank with a row address (ACTV command), A 11 can be used to alternate 
READ or WRT commands between the banks to provide gapless accesses at the ClK frequency, provided all 
specified timing requirements are met. Figure 27 is an example of two-bank column interleaving with a read 
latency of 3 and a burst length of 2. 

bank deactivation (precharge) 

Both banks can be simultaneously deactivated (placed in precharge) by using the DCAB command. A single 
bank can be deactivated by using the DEAC command. The DEAC command is entered Identically to the DCAB 
command except that A 10 must be low and A 11 selects the bank to be precharged as shown in Table 1. A bank 
can also be deactivated automatically by using A 10 during a READ orWRT command. If A 10 is held high during 
the entry of a READ or WRT command, the accessed bank (selected by A 11) automatically deactivates upon 
completion of the access burst. If A 10 is held low during READ or WRT command entry, that bank remains active 
following the burst. The READ and WRT commands with automatic deactivation are denoted as READ-P and 
WRT-P. 

chip select (CS) 

CS can be used to select or deselect the '626802 for command entry, which might be required for muHiple 
memory-device decoding. Jf CS Is held high on the rising edge of ClK (DESl command), the device does not 
respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding OS low 
on the rising edge of ClK. Any other valid command can be entered simultaneously on the same rising CLK 
edge of the select operation. The device can be selected/deselected on a cycle-by-cycJe basis 
(see Tables 1 and 2). The use of OS does not affect an access burst that Is In progress; the DESl command 
can only restrict RAS, ~, and y" input to the '626802. 

data/output mask 

Masking of individual data cycles within a burst sequence can be accomplished by use of the MASK comr'nand 
(see Table 3). If DQM is held high on the rising edge of ClK during a write burst, the Incident data word 
(referenced to the sarne riSing edge of ClK) on DQO-DQ7 is ignored. If DQM is held high on the rising edge 
of ClK for a read burst, DQO-DQ7 referenced to the second rising edge of ClK are in the high-impedance state. 
The application of DQM to data-out cycles (READ burst) involves a latency of two ClK cycles, but the application 
of DQM to data-in cycles (WRITE burst) has no latency. The MASK command (or its opposHe, the ENBl 
command) is performed on a cycle-by-cycle basis, allowing the user to gate any individual data cycle or cycles 
within either a read- or a write-burst sequence. Figure 15 shows an example of data/output masking~ 

NOTE: Data masking using DaM Input Is not supported when the mode register is set for read latency of one and burst length of one. If the mode 
register Is In this mode, the DaM pin should be held low. 
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TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994- REVISED JUNE 1995 

elK suspend/power·down mode 

For normal device operation, CKE should be held high to enable ClK. If CKE goes low during the execution 
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DQ bus at the immediate next rising edge 
of ClK is frozen at its current state, and no further inputs are accepted until CKE is returned high. This is known 
as a ClKsuspend operation, and its execution is denoted as a HOLD command. The device resumes operation 
from the point at which it was placed in suspension, beginning with the second riSing edge of ClK after CKE 
is returned high • 

. If CKE is brought low when no READ (READ-P) or WRT (WRT-P) command is in progress, the device enters 
power-down mode. If both banks are deactivated when power-down mode is entered, power consumption is 
reduced to the minimum. Power-down mode can be used during row-active or CBR-refresh periods to reduce 
input buffer power. After power-down mode is entered, no further inputs are accepted until CKE returns high. 
To ensure that data in the device remains valid during the power-down mode, the self-refresh command (SlRF) 
must be executed concurrently with the power-down entry (PDE) command. When exiting power-down mode, 
new commands can be entered on the first ClK edge after CKE returns high, provided that the setup time 
(tCESP) is satisfied. Table 2 shows the command configuration for a ClK suspend/power-down operation, and 
Figures 1S and 19 show an example of the procedure. 

setting the mode register 

The '626S02 contains a mode register that the user should program with the read latency, the burst type, and 
the burst length. This is accomplished by executing an MRS command with the information entered on address 
lines AD-AS. A logic D should always be entered on A7 and AS, but A9-A11 are don't care entries for the 
'626S02. Figure 2 shows the valid combinations for a successful MRS command. Only valid addresses allow 
the mode register to be changed. If the addresses are not valid, the previous contents of the mode register 
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word 
valid on AD-AS on the rising edge ofClK (see Table 1). The MRS command can be executed only when both 
banks are deactivated. 

I All I Al0 I A9 

I--- Reserved ---I~ 

AS A7 A6 AS A4 

o -f- 0 

REGISTER 
BITSt READ 

LATENCv* 
A6 AS A4 

0 0 1 1 
0 1 0 2 
0 1 1 3 

A3 

O. Serial 
1 • Interleave 

(buret typ~) 

A2 Al 

REGISTER 
BITS§ 

A2 Al AO 

0 0 0 
0 0 1 
0 1 0 
0 1 1 

AO 

BURST LENGTH 

1 
2 
4 
8 

t All other combinations are 
reserved. 

§ Ali other combinations are reserved. 

* Refer to timing requirements for 
minimum valid-read latencies 
based on maximum frequency 
rating. 

Figure 1. Mode-Register Programming 
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TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOSI82A-FEBRUARY 1994- REVISED JUNE 1995 

refresh 

The '626802 must be refreshed at intervals not exceeding tREF (see timing requirements), or data cannot be 
retained. Refresh can be accomplished by performing a read or write access to every row in both banks, by 
performing 4096 CAS-before-RAS (REFR) commands, or by placing the device in self refresh. Regardless of 
the method used, refresh must be accomplished before tREF has expired. 

CAS-before-RAS (CBR) refresh 

Before performing a CAS-before-RAS refresh, both banks must be deactivated (placed in precharge). To enter 
a REFR command, RAS and CAS must be low and W must be high upon the rising edge of ClK (see Table 1). 
The refresh address is generated internally such that after 4096 REFR commands, both banks of the. '626802 
will have been refreshed. The external address and bank select (A11) are ignored. The execution of a REFR 
command automatically deactivates both banks upon completion of the internal CBR cycle. This allows 
consecutive REFR-only commands to be executed, if desired, without any intervening DEAC commands. The 
REFR commands do not necessarily have to be consecutive, but all 4096 must be completed before tREF 
expires. 

self refresh 

To enter self refresh, both banks of the '626802 must first be deactivated and a SlFR command must be 
executed (see Table 2). The SlFR command is identical to the REFR command except that CKE is low. For 
proper entry of the SlFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS 
are low and W is high. CKE must be held low to stay in self-refresh mode. In the self-refresh mode, all refreshing 
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data can 
be retained by the device automatically for an indefinite period when power is maintained (consumption Is 
reduced to a minimum). To exit self-refresh mode, CKE must be brought high. New commands are issued after 
tRC has expired. If ClK is made inactive during self refresh, it must be returned to an active and stable condition 
before CKE is brought high to exit self refresh (see Figure 21). 

Upon exiting self refresh, the normal refresh scheme must begin immediately. If the burst-refresh scheme is 
used, 4096 REFR commands must be executed before continuing with normal device operations. If a 
distributed-refresh scheme utilizing CBR is used (e.g., two rows every 32 J.IS), the first set of refreshes must be 
performed before continuing with normal device operation. This ensures that the SDRAM is fully refreshed. 

Interrupted bursts 

5-50 

A read or write can be interrupted before the burst sequence has been completed with no adverse effects to 
the operation. This is accomplished by entering certain superseding commands as listed in Tables 7 and 8, 
provided that all timing requirements are met. The command interrupting either a read or write burst must be 
entered only on an even number of cycles (2n rule) from the initial burst command (nCCD). nCCD is defined 
as the number of clock cycles from the initial command to the interrupting command. In the case when the 
number of clock cycles between a read/write command and the following command is greater than the burst 
length the "2n rule" and nCCD does not apply. A DEAC command is considered an interrupt only if it is issued 
to the same bank as the preceding READ or WRITE command. The Interruption of READ-P and WRT-P 
operations is not supported. 
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Interrupted bursts (continued) 

Table 7. Read-Burst Interruption 

INTERRUPTING COMMAND EFFECT OR NOTE ON USE DURING READ BURST 

DEAC,DCAB The DO bus Is In the high-impedance state when nHZP cycles are satisfied or upon completion of the read 
burst, whichever occurs first (see Figures 5 and 21). 

WRT, WRT-P The WRT command immediately supersedes the read burst In progress, but DaM must be high nDOD+1 and 
nDOD cycles previous to the WRT (WRT-P) command (see Figure 4). 

READ, READ-P 
Current output cycles continue until the programmed latency from the superseding READ (READ-P) 
command is met and new output cycles begin (see Figure 4). 

The DO bus Is In the high-Impedance state two clock cycles after the stop command Is entered or upon 
STOP completion of the read burst, whichever occurs first. The bank remains active. A new read or write command 

cannot be entered for at least two cycles after the STOP command (see Figure 5). 

14-- nCCD = 2 (even) ~ 
I I 
I I 

ClK 
READ Command Interrupting 

for Column Addreaa CO READ Command 
(aee Note A) ~or Column Address C1 

I (see Note A) 

I 
DQO-DQ7 CO 

NOTE A: For this example, read latency = 2 and burst length> 2. 

Figure 2. Read Burst Interrupted by Read Command 

ClK 

DQO-DQ3 

DQM __ --JI 

nCCD = 4 (even) 

4------- nDOD ------~ 

1 + nDOD 

, 
Interrupting 

WRTCommand 
for Column Address C1 

(see Note A) 

See Note B \~------------
NOTES: A For this example, read latency = 2 and burst length> 2. 

B. DOM is held high for 2 CLKcycles (2 rising edges). DOM is held high for nDOD+ 1 to mask out bit priorto interrupting WRT command. 
DOM is held high for nDOD as specified. 

Figure 3. Read Burst Interrupted by Write Command 
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Interrupted bursts (continued) 

CLK 

I+-- nCCD • 2 (avan) ----+I 
I 
I 

~---nBSD.2---~ 

READ Command Interrupting Naw Command 
for Column Addreaa CO --...... STOP Command 

DQ (aaa Note A) ~ CO X CO..,1 )>---------------
NOTE A: For this example, read latency = 2 and burst length> 2. 

CLK 

OQ 

Figure 4. Read Burst Interrupted by STOP Command 

I+-- nCCD .. 2 (avan) ---+I 
I 
I 

I 
I 
~14------NH~=3---------~ 

Intarruptlng 
READ Command DEAC/DCAB 

for Column Addraaa CO Command 
(aeaNotaA) ~ 

-----------------~--«~---C-O--~)(~ __ C_O_..,_1_J)>-----------------
NOTE A:. For this example, read latency = 3 and burst length> 2. 

5-52 

Figure 5. Read Burst Interrupted by DEAC Command 
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INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



TMS626802 
1 048576·WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 

Interrupted bursts (continued) 

Table 8. Write-Burst Interruption 

INTERRUPTING COMMAND EFFECT OR NOTE ON USE DURING WRITE BURST 

The DEAC/DCAB command immediately supersedes the write burst in progress. DOM must be used to mask 
DEAC,DCAB the DO bus such that the write recovery specification (tRWL) Is not violated by the 

Interrupt (see Figure 10). 

WRT,WRT-P The new WRT (WRT-P) command and data In Immediately supersede the write burst In progress 
(see Figure 8). 

READ, READ-P Data In on previous cycle Is written. No further data In Is accepted (see Figure 7). 

The data on the input pins at the time of the burst STOP command Is not written, and no further dsta Is 
STOP accapted. The bank remains active. A new read or write command cannot be entered for at least two cycles 

CLK 

aiter the STOP command (see Figure 9). 

14-- nCCD = 2 (even) 
I 

I 
WRT Command READ Command 

(see Note A) (see Note A) 
I 
I 
I 

DQO-DQ7 ------« 00-07 X 00-07 )>------------« QO-Q7 X QO-Q7 

NOTE A: For this example, read latency = 2 and burst length> 2. 

eLK 

Figure 6. Write Burst Interrupted by Read Command 

14-- nCCD = 2 (even) ---+I 
I 
I 

WRTCommand 
for Column Addresa CO 

(see Note A) 

Interrupting 
WRT·P Command 

DQ ~_C_O __ ..IX CM X .... __ Cl_-IX C1+1 X C1+2 X C1+3 )>------
NOTE A: For this example, burst length> 2. 

Figure 7. Write Burst Interrupted by Write Command 
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Interrupted bursts (continued) 

CLK 

I+-- nCCO .. 2 (even) ---.t 
I 
I 

WRTCommand 
for Column Addre .. CO 

(s .. NoteA) 1+---- nBSD .. 2 ---~ 

Interrupting New Write Command 
STOP Command 

OQ __ C_O_-JX CO+1 X Ignored X Ignored X .... ___ ..JX .... ___ ....IX .... ___ _ 
NOTE A; For this example, burst length> 2. 

CLK 

Figure 8. Write Burst Interrupted by STOP Command 

WRTCommand 
(see Note A) 

I 
I 

nCCO .. 2 (even) 

I I 
I OEAC or OCAB Command 
I (see Note A) 
I I 

OQO-OQ7 -----« 00-07 X .+ X , •• ~ )>------
j4- tRWL ~ 

--------------~/~--~~~~~~~~~~ OQM 

NOTE A; For this example, read latency = 2, burst length> 2, and tcK .. tRWL' 

Figure 9. Write Burst Interrupted by DEAC/DCAB Command 

power up 

5-54 

Device initialization should be performed after a power up to the full Vee level. After power is established, a 
200-JAS interval is required (with no inputs other than ClK). After this. interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, V CC ........................................................ - 0.5 V to 4.6 V 
Supply voltage range for output drivers, V CCQ ....................................... - 0.5 V to 4.6 V 
Voltage range on any pin (see Note 1) .............................................. - 0.5 V to 4.6 V 
Short-circuit output current ................................................•............... 50 mA 
Power dissipation ............................................•........................•..•. 1 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg ..•............................................... - 55·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

VCC Supply voltage 

VCCQ Supply voltage for output drivers 

VSS Supply voltage 

VSSQ Supply voltage for output drivers 

VIH High-level Input voltage 

VIL Low-level Input voltage 

TA Operating free-air temperature 

~TEXAS 
INSTRUMENTS 
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MIN 

3 

3 

2 

-0.3 

0 

NOM MAX UNIT 

3.3 3.6 V 

3.3 3.6 V 

0 V 

0 V 

VCC+0.3 V 

0.8 V 

70 ·C 
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electrical characteristics over recommended ranges of supply voltage and free-alr temperature (unless otherwise noted) 
(see Note 2) 

'626802-10 '626802-12 '626802-15 
PARAMETER TEST cONomoNS UNIT 

MIN MAX MIN MAX MIN MAX 

VOH High-level output voltage 10H =-2mA 2.4 2.4 2.4 V 

VOL Low-level output voltage 'OL=2mA 0.4 0.4 0.4 V 

" 
Input current (leakage) o V SV, sVCC + 0.3 V. All other pins = 0 V to Vcc ",10 ",10 ",10 IIA 

10 Output current ~eakage) o V sVO sVCC + 0.3 V, Output disabled ",10 ",10 ",10 IIA 
Burst length = 1 or 2 90 

1 bank active 
~ 70 

1Rc = MIN, tcK=MIN, Burst length = 4 or 8 110 100 90 
ICC1 Average read or write current mA 

Read latency = 3 2 banks active Burst length = 1 or 2 150 120 100 

interleaving Burst length = 4 or 8 170 140 130 

CKE=V,H. SeeNote3 16 16 16 
Both banks 

CKE=V,L 2 2 2 
deactivated 

1CC2 Standby current CKE = 0 V (CMOS) 1 1 1 mA 
One or both 
banks CKE=V,L 6 6 6 
active 

ICC3 Consecutive CBR commands tRC=MIN 90 80 70 mA 

Read latency = 1 70 60 50 

ICC4 Burst current, gapless burst 
ACTV not allowed. tcK= MIN. Read latency = 2 100 90 80 mA 
2 bank interleaved 

Read latency = 3 140 120 100 

CKE=V,L 2 2 2 
ICC6 Self-refresh current mA 

CKE = 0 V (CMOS) 1 1 1 

NOTES: 2. All specifications apply to the device after power-up initialization. 
3. All control and address inputs must be stable and valid. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 4) 

MIN MAX UNT 
Ci(S) Input capacitance, CLK 7 pF 

CI(AC) Input capacitance, AO-A 11, CS, DaM, RAS, CAS, W 5 pF 

CIIE) Input capacitance, CKE 5 pF 

Co Output capacitance 8 pF 

NOTE 4: Vee. 3.3 ., 0.3 V and bias on pins under test is 0 V. 

ac timing requirements over recommended ranges of supply voltage and operating free·alr 
temperaturet* 

'626802-10 '626802-12 '626802-15 
UNIT 

MIN MAX MIN MAX MIN MAX 
Read latency = 1 30 36 40 

teK Cycle time, CLK (system clock) Read latency = 2 15 16 20 ns 

Read latency = 3 10 12 15 

tCKH Pulse duration, CLK (system clock) high 3 3.5 4 ns 

teKL Pulse duration, CLK (system clock) low 3 3.5 4 ns 

Read latency = 1 29 33 36 

tAC 
Access time, CLK t to data out Read latency = 2 14 15 18 ns 
(see Note 5) 

Read latency = 3 9 10 12 

tLZ 
Delay time, CLK to oa in the low-impedance state 

0 0 0 ns (see Note 6) 

Read latency. 1 20 20 20 

tHZ 
Delay time, CLK to DO In the Read latency = 2 12 13 14 ns 
high-impedance state (see Note 7) 

Read latency = 3 9 10 11 

tos Setup time, data input 2 2 2 ns 

tAS Setup time, address 2 2 2 ns 

tes Setup time, control Input (CS, RAS, CAS, W, DaM) 2 2 2 ns 

teES Setup time, CKE (suspend entry/exit, power-downentry) 2 2 2 ns 

teESP Setup time, CKE (power down/self-refresh exit) (see Note 8) 8 10 12 ns 

toH Hold time, CLK t to data out 3 3 3 ns 

tOH Hold time, data input 2 3 4 ns 

tAH Hold time, AO-Al0 2 3 4 nl 

teH Hold time, control input (CS, RAS, CAS, W, DaM) 2 3 4 ns 

teEH Hold time, CKE 2 3 4 ns 

REFR command to ACTV, MRS, REFR or SLFR command; 
tRC ACTV command to ACTV, MRS, REFR or SLFR command; 100 110 125 nl 

Self-refresh exit to ACTV, MRS, REFR or SLFR command 

t See Parameter Measurement Information for load circUits. * All references are made to the rising transition of CLK, unless otherwise noted. 
NOTES: 5. lAc is referenced from the rising transition of CLK that is previous to the data-out cycle. For example, the first data out tAC is 

referenced from the rising transition of CLK that is read latency -1 cycles after the READ command. An access time is measured 
at output reference level 1.4 V. 

6. tu is measured from the rising transition of CLK that is read latency - 1 cycles after the READ command. 
7. tHZ (max) defines the time at which the outputs are no longer driven and is not referenced to output voltage levell. 
8. If teESP > teK, NOOP or OESL commands must be entered until teESP is met CLK must be active and stable (If CLK was tumed 

off for power down) before CKE is retumed high. 
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ac timing requirements over recommended ranges of supply voltage and operating free·alr 
temperaturef* 

'626802·10 '626802·12 

MIN MAX MIN MAX 
tRAS ACTV command to DEAC or DCAB command 60 100 000 70 100000 

tRCD ACTV command to READ or WRT command 30 35 

tRP 
DEAC or DCAB command to ACTV, MRS, SLFR, 

40 40 or REFR command 

tAPR 
Final data out of READ·P operation to ACTV, 

tRP + (nEP x tel() MRS, SLFR, or REFR command 

Final data in of WRT·P Burst length = 1 1 clock+60 1 clock+60 
tAPW 

operation to ACTV, MRS, 
SLFR, or REFR command 
(see Note 10) Burst length > 1 60 60 

Final data in to DEAC or Burst length = 1 1 clock+20 1 clock+20 
tRWL DCAB command 

(see Note 11) Burst length> 1 20 20 

tRRD 
ACTV command for one bank to ACTV command 

20 25 for the other bank 

IT Transition time, all inputs (see Note 9) 1 5 1 

tREF Refresh interval 64 

t See Parameter Measurement Information for load cIrcuits. 
:I: All references are made to the rising transition of CLK, unless otherwise noted. 
NOTES: 9. Transition time,lT. is measured between VIH and VIL. 

5-58 

10. for Bl=10nly 
SPEED 
-10, -12 = tAPW Is 60 ns from first unsuspended clock edge after last data In 
-15 .. tAPW is 80 ns from first unsuspended clock edge after last data in 

11. for BL = 1 only 
SPEED 
-10. -12 .. tRWL Is 20 ns from first unsuspended clock edge after last data In 
-15 = tRWL is 30 ns from first unsuspended clock edge after last data In 

~ThxAs 
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POST OFFICE BOX 1443· HOUSTON. TEXAS.77251-1443 

5 

64 

'626802·15 

MIN MAX 
UNIT 

80 100000 ns 

40 ns 

45 ns 

ns 

1 clock+75 
ns 

75 

1 clock+30 
ns 

30 

30 ns 

1 5 ns 

64 rna 
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clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

'626802-10 '626802-12 '626802-15 
UNIT* MIN MAX MIN MAX MIN MAX 

Burst length = 1 , Read latency = 1 1 1 1 

Burs1length = 1, Read latency = 2 0 0 0 cycles 

Final data out to DEAC or Burs1length = 1, Read latency = 3 -1 -1 -1 
nEP 

DCAB command Burs1length > 1, Read latency. 1 0 0 0 

Burs1length > 1, Read latency = 2 -1 -1 -1 cycles 

Burs1length > 1, Read latency = 3 -2 -2 -2 

DEAC or DCAB Interrupt of Read latency = 1 1 1 1 

nHZP 
data-out burs1 to DO in the 

Read latency = 2 2 2 2 cycles high-Impedance state 
(see Note 10) Read latency - 3 3 3 3 

nCCD 
READ or WRT command to Interrupting STOP, READ, WRT, DEAC, or 

21 2i 2i cycles DCAB command (i = 1, 2, 3, •.. ) (see Note 11) 

nCWL Final data In to READ or WRT Burst length = 1 2 2 2 cycles 
command in either bank Burs1length > 1 1 1 1 cycles 

nWCD WRT command to firs1 data in 0 0 0 0 0 0 cycles 

nOlO ENBL or MASK command to data in 0 0 0 0 0 0 cycles 

nDOD ENBL or MASK command to data out 2 2 2 2 2 2 cycles 

nCLE 
HOLD command to suspended CLK edge; 

1 1 1 1 1 1 cycles HOLD operation exit to entry of any command 

nRSA MRS command to ACTV, REFR, SLFR, or MRS command 2 2 2 cycles 

nCDD DESL command to control Input Inhibit 0 0 0 0 0 0 cycles 

nBSD STOP command to READ or WRT command 2 2 2 cycles 
t Ail references are made to the rising transition of CLK. unless otherwise noted. * A CLK cycle can be considered as contributing to a timing requirement for those parameters defined In cycle units only when not gated by CKE 

(those CLK cycles occurring during the time when CKE Is asserted low). 
NOTES: 12. A data-out burs1 can be Interrupted only on an even number of clock cycles after the Innlal READ command Is entered (refer to 

nCCD). 
13. A read or write burst can be Interruptad only at an even number of clock cycles after entry of the Initial READ or WRT command. 

The nCCD parameter is only required in the case of a burst interruption. 
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tcK 

tRCD 

tRAs 
tRP 

tAc 

1RWL 

tARO 

tAPR 

tAPW 

Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters 

TMS626802-10 TMS626802-12 TMS626802-15 

Operating frequency 100 80 166 50 133 80 66 50 133 66150 33 
Cycle time, CLK (system clock) 10 12 1 15 20130 12 15 20 l30 15 1 20 30 

KEY PARAMETER NUMBER OF CYCLES REQUIRED 

Read latency, minimum programmed value 3 3 2 2 1 3 3 2 2 3 2 2 

ACTV command to READ or WRT command 3 3 2 2 1 3 3 2 2 3 2 2 

ACTV command to DEAC or DCAB command 6 5 4 3 2 6 5 4 3 6 4 3 

DEAC or DCAB command to ACTV, MRS, SLFR, or REFR command 4 4 3 2 2 4 3 2 2 3 3 2 

REFR command to ACTV, MRS, or REFRcommand; self-refresh exittoACTV, 
10 9 7 5 4 10 8 6 4 9 7 5 MRS, SLFR, or REFR command 

Final data in to DEAC Burst length = 1 3 3 3 2 2 3 3 2 2 3 3 2 

or DCAB command Burst length > 1 2 2 2 1 1 2 2 1 1 2 2 1 

ACTV command for one bank to ACTV command for the other bank 2 2 2 1 1 3 2 2 1 2 2 1 

Burst length = 1, Read latency = 1 - - - - 3 - - - - - - -
Burst length = 1, Read latency = 2 - - 3 2 2 - - 2 2 - 3 2 

Final data out of READ-P operation to Burst length = 1, Read latency = 3 3 3 2 1 1 3 2 1 1 3 2 1 
ACTV, MRS, SLFR, or REFR 
command Burst length> 1, Read latency = 1 - - - - 2 - - - - - - -

Burst length> 1, Read latency = 2 - - 2 1 1 - - 1 1 - 2 1 

Burst length> 1, Read latency = 3 2 2 1 0 0 2 1 0 0 2 1 0 

Final data in of WRT-P operation to Burst length = 1 7 6 5 4 3 6 5 4 3 6 5 4 
ACTV, MRS, SLFR, or REFR 
command Burst length> 1 6 5 4 3 2 5 4 3 2 5 4 3 

---- ~- -- L .. _ -- -
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MHz 

ns 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 

cycles 
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PARAMETER MEASUREMENT INFORMATION 

general Information for ae timing measurements 

The ac timing measurements are based on signal rise and fall times equal to 1 ns (tT = 1 ns) and a midpoint 
reference level of 1.4 V for LVTTL. For signal rise and fall times greater than 1 ns, the reference level should 
be changed to VIH min and VIL max instead ofthe midpoint level. All specifications referring to READ.commands 
are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT commands 
are also valid for WRT-P commands unless otherwise noted. All specifications referring to consecutive 
commands are specified as consecutive commands for the same bank unless otherwise noted. 

ClK 

DQO-DQ7 

1.4V 3.3 V 

u""~;?.:: ---1 RL· ... a U""~~: 
I Cl=50pF R2=868C 

(8ee Note A) 

R1 .. 1180C 

I Cl .. 50pF 
(8ee Note A) 

(a) lOAD CIRCUIT (b) ALTERNATE lOAD CIRCUIT 

NOTE A: CL includes probe and fixture capacitance. 

Figure 10. Load Circuits 

I 

DEAC/DCAB 
Command 

--..Jx __ ---Jx __ ---Jx X ~_)>---
Final Output of Burst 7 

NOTE A: For this example. assume read latency = 3 and burst length> 1. 

Figure 11. nEP, Final Data Output to DEAC or DCAB Command 
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PARAMETER MEASUREMENT INFORMATION 

Figure 12. Output Parameters 

ACTV 14 tRAS ----~~ DEAC, DCAB 

ACTV 14 tRCD ----~~ READ, WRT 

DEAC, DCAB 14 tRP ----~~ ACTV, MRS, REFR, SLFR 
1 1 

REFR 14 tRC -~--.-t~ ACTV, MRS, REFR, SLFR 

ACTV ~ IRc ----~~ ACTV, MRS, REFR, SLFR 

Selt·Refresh Exit I.! tRC ----.. ~ ACTV, MRS, REFR, SLFR I 1 
ACTV ~14---- tRRD See Note A ~I ACTV (ot a different bank) 

MRS ~ ..... ---- nRSA ----~~ ACTV, REFR, SLFR, MRS 

READ, WRT ~14----- nCCD ----.. ~ STOP, READ, WRT, DEAC, DCAB 

DESL --¥- nCDD 1 
Command 1 1 

Disable 1 1 

CLK~~ 

NOTE A: tRRD is specified for command execution in one bank to command execution in the other bank. 

Figure 13. Command-to-Command Parameters 
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PARAMETER MEASUREMENT INFORMATION 

!4- teK-.j 

CLK 

tDS, tAS, tes, teES 14 
1 

teKH~ I 
II I I 

1 

I 
I 
I I--.! 

: teKL-HI I I 
J tr~ 14-
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Figure 14. Input-Attribute Parameters 
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NOTE A: For this example. assume read latency = 2 and burst length = 2. 

Figure 15. DQ Masking 
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TMS626802 
1 048576-WORD BY 8·BIT BY 2·BANK 
SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 
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PARAMETER MEASUREMENT INFORMATION 

Read Latency. 2 --tJ 
(aee Note A) I 

I 
I 

+------ ~PR ~ 

~~ 
ACTV Command 

-....1-------« 00-Q7 X QO-Q7 )>---------!----
NOTE A: For this example, assume read latency. 2 and burst length. 2. 

Figure 16. Read-Automatic Deactivate (Autoprecharge) 
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NOTE A: For this example. the burst length = 2. 
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Figure 17. Write-Automatic Deactivate (Autoprecharge) 
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1 048576-WORD BY 8·BIT BY 2·BANK 

SYNCHRONOUS DYNAMIC RANDOM·ACCESS MEMORY 
SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 
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Figure 18. elK-Suspend Operation 
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~\. _________ ~~\~~----J 

Figure 19. Power-Down Operation 
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TMS626802 
1 048576-WORD BY 8-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 
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Figure 20. Self-Refresh Entry/Exit 
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~ I ,..-:..1 __ "" 
DQO_DQ7~.,.rj .... : ...... ------« QO-Q7 X QO-Q7 X QO-Q7 X QO-Q7 )>-~-
NOTE A:. Assume read latency = 2 and burst length = 8. 
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Figure 21. Write Burst Followed by DEAC/DCAB-Interrupted Read 
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t CoIumn-address sequence depends on programmed burst type and CO (seeTabIe 5). 
NOTE A: This example illustrates minimum fReD and nEP fOr lie '626802-10 at 100 MHz, lie '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 22. Read Burst (read latency = 3, burst length = 4) 
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t CoIumn-address sequence depends on programmed burst type and CO (seeTabie 5). 
NOTE A: ThIs example Hlustrates minimum 1RwL. for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 23. Write Burst (burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 4). * CoIumn-address sequence depends on programmed burst type and C1 (see Table 4). 
NOTE A: This example Dlustrates minimum iReD for the '626802-10 at 100 MHz. the '626802-12 at 60 MHz, and the '626802-15 at 66 MHz. 

Figure 24. Write-Read Burst (read latency = 3, burst length = 2) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). * Column-address sequence depends on programmed burst type and Cl (see Table 6). 
NOTE A: This example illustrates minimum lRCD for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz . 

Figure 25. Read-Write Burst With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). * Column-address sequence depends on programmed burst type and C1 (see Table 6). 
I Column-address sequence depends on programmed burst type and 02 (see Table 6). 
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k m n o p 

01* C1+1 01+201+301+401+501+6 C1+7 

NOTE A: This example illustrates minimum tRCD for the '626802-10 at 100 MHz, the '626802-12 at 60 MHz, and the '626602-15 at 66 MHz. 
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Figure 26. lWo-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 4). 
:I: CoIumn-address sequence depends on programmed burst type and C1 (see Table 4). 
§ CoIumn-address sequence depends on programmed burst type and C2 (see Table 4). 
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Figure 27. "TWo-Bank Column-Interleaving Read Bursts (read latency = 3, burst length = 2) 
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t Column-address sequence depends on programmed burst type and CO. (see Table 5). * Column-address sequence depends on programmed burst type and Cl. (see Table 5). 

9 h 

Cl+2 C1+3 

NOTE A: This example illustrates a minimum fRCD and nEP read burst, and a minimum fRwL write burstforthe '626802·10 at 100 MHz, the '626802·12 at 80 MHz, and the 
'626802·15 at 66 MHz. 

Figure 28. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
:I: CoIumn-address sequence depends on programmed burst type and C1 (see Table 5). 
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C1 +2 C1+3 

NOTE A: This example illustrates minimum nCWL for the '626802·10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 29. Write-Burst Bank T, Read-Burst Bank B With Automatic Deactivate (read latency = 3, burst length = 4) 

~ 
~ 
i: 

~ 
:u 
i: 

~ 
c 
:u 
m 
i: 
m z 
-I 
Z 
(; 
:u 
i: 
~ 
6 z 

en(/) ..... -I 
~-<o:s:::: 
~z~cn 
""0 co en 
~:I:c.n N 
~:D~m 
HlO=e o 
~ZON 
~0:D 
-<co 
;D(/) 
~om ,-<-< 
iIIzco <» . 
fi:i:s:::: !!! 0_-1 
EOm 
ifi::iJ -< 
;D»N 
:!:ziD 0» 
Oz 
:s::::" :i:-o o 
m 
(/) 
(/) 

:s:::: 
m 
:s:::: 
o 
~ 



~ 
~ 

~~4r 
~ :gr;;l 
:I:C~ ~~ 
~lTJ 

~~ 
~ 
.!. 
t 

~ 

ACTVB 

ACTVT READT WRTB DCAB 

CLK 

OQO-DQ7 

DQM 

RAS 

CAS 

Vi 

A10 

A11 @§W~\ __ 

AO-A9 

CS~~ _~m 

CKE W 
BURST 

BANK ROW BURST CYCLE 
TYPE 

(0/0) (BIT) ADOR a b c d e 

Q T RO cot CO+1 CO+2 CO+3 
0 B R1 C1* C1+1 

t CoIumn-address sequence depends on programmed burst type and CO (see Table 5). * CoIumn-address sequence depends on programmed burst type and C1 (see Table 5). 

9 h 

C1+2 C1+3 

NOTE A: This example illustrates a minimum fRco read burst and minimum 1RWL write burst for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, 
and the '626802-15 at 66 MHz. 

Figure 30. Use of DQM for Output and Data-In Cycle Masking (read-burst bank T, write-burst bank B, deactivate all banks) 
(read latency = 2, burst length = 4) 
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t CoIumn-address sequence depends on programmed burst type and CO (see Table 6). 
NOTE A: This example illustrates minimum fRc, fRCD, nEP, and tRP for 1I1e '626802-10 at 100 MHz, 1he '626802-12 at 60 MHz, and 1I1e '626602-15 at 66 MHz. 

Figure 31. Refresh Cycles (refreshes followed by read burst followed by refresh) (read latency = 2, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
NOTES: A. This example illustrates minimum tACO for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

B. Refer to Figure 1 

Figure 32. Mode Register Programming (deactivate all, mode program, write burst with automatic deactivate) 
(read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). * Column-address sequence depends on programmed burst type and C1 (see Table 5). 
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Figure 33. Use of CKE for Clock Gating (hold) and Standby Mode (read-burst bank T with hold, wrHe-burst bank e, standby mode) 
(read latency = 2, burst length = 4) 
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This data sheet is applicable to allTMS55160s 
symbolized with Revision "e· and subsequent 
revisions as described on page 5-134. 

• Organization: 
- DRAM: 262144 Words x 16 Bits 
- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations; As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Blt On-Chip Color Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 
• Split-Register-Transfer Read for Simplified 

Real-Time Register Load 
• Programmable Split-Register Stop Point 
• 3-State Serial Outputs Allow Easy 

Multiplexing of Video Data Streams 
• All Inputs/Outputs and Clocks TTL 

Compatible 
• Compatible With JEDEC Standards 
• Texas Instruments EPICTM CMOS Process 
• Designed to Work With the 

Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 
ACCESS TIME ACCESS TIME DRAM DRAM 
ROW ENABLE SERIAL DATA 

laIR) la(SQ) 
(MAX) (MAX) 

CYCLE TIME 
tc(W) 
(MIN) 

110 ns 
130 ns 
150 ns 

PAGE MODE 
tc(P) 
(MIN) 

TMS55160-60 
TMS55180-70 
TMS55160-80 

60ns 15ns 
70 ns 20 ns 
80 ns 25ns 

EPIC is a trademark of Texas Instruments Incorporated. 

35 ns 
40 ns 
45ns 

AO-A8 
CASL, CASU 
000-0015 
DSF 
NC/GND 

QSF 
RAS 
SC 
SE 
SOO-S015 
TRG 
VCC 
VSS 
WE 

SERIAL 
CYCLE TIME 

tc(SC) 
(MIN) 
18ns 
22ns 
30ns 

~TEXAS 
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TMS55160 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 

DGHPACKAGE 
(TOP VIEW) 

~ !O v 
:~ Vee se 

TAG BE 
3 82~ Vss Vss 
4 81 sao SOlS 
5 eo OQO 0015 
8 59 SQl S014 
7 59 001 0014 
8 57 Voo Voo 

~ 
8 58 SQ2 S013 
10 55 CO2 0013 
II 54 SQ3 SQ12 
12 53 003 0012 

~ 
13 82 Vss Vss 
14 51 SQ4 SO" 
IS 50 0Q4 0011 
18 48 SOS SQl0 
17 :3 005 0010 
18 Voo Voo 
IS 48 s~ s~ 
20 45 DOS 0Q9 

21 44 S07 ~ 

22 43 007 OQB 

23 42 

~ 41 ~ 
Vss Vss 

24 CASL DSF 
25 40 WE NOIGND 
28 38 RAS CASU 
27 38 AS QSF 

28 37 A7 AO 
28 38 AS AI 
30 35 AS A2 
31 34 A4 A3 
32 33 Voo Vss 

PIN NOMENCLATURE 

Address Inpu1s 
Column-Address Strobe I Byte Selects 
DRAM Data I/O, Write Mask Date 
Special Function Select 
No Connect/Ground (Important Not 
connected Internally to VSS) 
Special Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial Date Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Write-Enable Select 

OPERATING CURRENT 
SERIAL PORT STANDBY 

!eCl 
(MAX) 

180mA 
165mA 
150mA 

OPERATING CURRENT 
SERIAL PORT ACTIVE 

ICC1A 
(MAX) 

225mA 
205mA 
185mA 

Copyright C 1995, Texas Instruments Incorporated 
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description 

5-80 

The TMS55160 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262144 words of 16 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS55160 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS55160 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55160 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-Chip color data register) to be written to any combination of four adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55160 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. 

The TMS55160 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, aSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55160 are compatible with Series 74 TTL. All address lines 
and data-in lines are latched on chip to simplify system design. All data-outs are unlatched to allow greater 
system flexibility. 

The TMS55160 employs state-of-the-art Texas Instruments EPIC'M scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55160 is offered in a 64-pin small-outline gull-wing-Ieaded package (DGH suffix) for direct surface 
mounting. 

The TMS55160 and other TI multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 
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functional block diagram (continued) 

SQI--......------. 
SQI+1 
SQI+2 
SQI + 3---+L_-1 

5-82 

512 x 512 
Memory 
Array 

~----------------
1 of 4 Sub-Blocks 
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Table 1. Function Table 

RASFALL CASx ADDRESS DQO-DQ1St FALL 
FUNCTION 

CASx* TRG WE DSF DSF RAS CASx§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop-point 
set' 

L X L H X Stop 
Point 1# X X 

CBR refresh (option reset) II L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

Full-register-transfer read H L H L X Row Tap X Addr POint 

Split-register-transfer read H L H H X Row Tap X Addr Point 

DRAM write (nonmasked) H H H L L Row Col X Addr Addr 

DRAM wr~e (nonpersistent wr~e-per-bit) H H L L L Row Col Write 
Addr Addr Mask 

DRAM write (persistent wr~e-per-bit) H H L L L Row Col X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2-AS 

DRAM block write Row Block Write H H L L H Addr (nonpersistent wr~e-per-b~) Addr A2-AS Mask 

DRAM block write Row Block 
H H L L H Addr X (persistant write-per-bit) Addr A2-AS 

Load write-mask registerD H H H H L Refresh X X Addr 

Load color register H H H H H Refresh X X Addr 
Legend: 

X = Don'tcare 
Col Mask .. H: Wr~e to address/column enabled 
Write Mask .. H: Write to VO enabled 

t DQO-OQ15 are latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. 
* Logic L Is selected when either or both CASL and CASU are low. 
S The column address and block address are latched on the first falling edge of CASx. 
11 CBRS cycle should be performed immediately after the power-up initialization cycle. 
1# AO-A3, AS: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-b~ mode or stop-point mode. 

CASL 
CASU 

WE 

X 

X 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

AT 

SAT 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

o Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 

PIN DRAM TRANSFER SAM 

AO-AS Row, column address Row address, tap point 

CASL Column-address strobe, DO output enable Tap-address strobe CASU 

DO DRAM data I/O, Write mask 

DSF Block-write enable Spllt-reglster-Iransferenable 
Wrlle-mask-reglster load enable 
Color-register load enable 
CBR (option reset) 

RAS Row-address strobe Row-address strobe 

SE SO output enable, 
OSF output enable 

SC Serial clock 

SO Serial-data output 

TRG DO output enable Transfer enable 

WE Write enable 

OSF Serial-register status 

NC/GND Make no external connection or tie to system GND 

VCCt 5-Vsupply 

vsst Ground 

t For proper device operation, all VCC pins must be connected 10 a 5-V supply, and all VSS pins must be tied to ground. 

pin definitions 

address (AO-AS) 

Eighteen address bits are required to decode one of 262144 storage cell locations. Nine row-address bits are 
set up on pins AO-A8 and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-A8 and latched onto the chip on the first falling edge of CASx. All addresses must be stable on. 
or before the falling edge of RAS and the first falling edge of CASx. 

During the full-register-transfer read operation, the states of AO-A8 are latched on the falling edge of RAS to 
select one of the 512 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
AO-A8 are latched. The most significant column-address bit (A8) selects which half of the row is transferred 
to the SAM. The appropriate 8-bit column address (AO-A7) selects one of 256 tap points (starting positions) 
for the serial data output. 

During the split-register-transfer read operation, address bitA7 is ignored atthe falling edge ofCASx. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (A8) selects the 
DRAM half row. The remaining seven address bits (AO-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 127 and 255 are not valid tap pOints. 

row-address strobe (RAS) 

5-84 

RAS is similar to a chip enable, so that all DRAM cycles and transfer ~s are initiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WE, TRG, CASL, CASU, and DSF onto 
the chip to invoke DRAM anp transfer read functions of the TMS55160. 

~TEXAS 
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column-address strobe (CASL, CASU) 
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CASL and CASU are control inputs that latch the states of the column address and DSF to control DRAM and 
transfer functions of the TMS55160. CASx also act as output enables for the DRAM output pins DOO-D015. 

In DRAM operation, CASL enables data to be written to or read from the lower byte (DOO-D07) and CASU 
enables data to be written to or from the upper byte (D08-D015). 

In transfer operations, address bits AO-A8 are latched at the first falling edge of CASx as the start position (tap) 
for the serial data output (SOO-S015). 

output enable/transfer select (TRG) 

The TRG pin selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM output pins 
DOo-D015. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WE) 

In DRAM operation, WE enables data to be written to the DRAM. WE is also used to select the DRAM 
write-per-bit mode of operation. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. 
The TMS55160 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (OSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx, similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 
• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop pOint set (CBRS) 
• Block write 
• Loading write-mask register for the perSistent write-per-bit mode (LMR) 
• Loading color r~gister for the block-write mode 
• Split-register-transfer read 

DRAM data I/O, write mask data (OQO-OQ15) 

DRAM data is written or read through the common I/O DO pins. The 3-state DO output buffers provide direct 
TIL compatibility (no pullup resistors) with a fanout of one Series 74 TIL load. Data out is the same polarity 
as data in. The outputs are in the high-impedance (floating) state as long as either TRG or CASx is held high. 
Data does not appear at the outputs until after both CASx and TRG have been brought low. The write mask Is 
latched into the device via the random DO pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DO outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO -SQ15) 

Serial data is read from the SO pins. The SO output buffers provide direct TIL compatibility (no pullup resistors) 
with a fanout of one Series 74 TIL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS55160 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 
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serial enable (SE) 

During serial access operations, SE is used as an enable/disable for the sa outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin aSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes access time 
of serial output from SE low because the serial clock input buffer and the serial address counter are not disabled 
bySE. 

special function output (QSF) 

aSF is an output pin that indicates which half ofthe SAM is being accessed. When aSF is low, the serial address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When aSF is high, the 
pOinter is accessing the higher (most significant) 128 bits of the SAM. 

During full-register-transfer operations, aSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The aSF output is enabled by SE. If SE is high, 
the aSF output is in the high-impedance state. 

no connect/ground (Ne/GND) 

5-86 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 

random access operation 

Table 3. DRAM Function Table 

RASFALL CASx ADDRESS DQO-DQ1St FALL 
FUNCTION 

CASx* TRG WE DSF DSF RAS CASx§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop-point 
set'll L X L H X Stop 

Point #I X X 

CBR refresh (option reset)1I L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

DRAM write (nonmasked) H H H L L Row Col X Addr Addr 

DRAM write H H L L L Row Col Write 
(nonpersistent write-per-bit) Addr Addr Mask 

DRAM write H H L L L Row Col X (persistent write-per-bit) Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2.-AS 

DRAM block write Row Block Write H H L L H Addr (nonpersistent write-per-bit) Addr A2.-AS Mask 

DRAM block write Row Block 

(persistent write-per-blt) H H L L H Addr Ad~r X 
A2.-AS 

Load write-mask register C H H H H L Refresh X X Addr 

Load color register H H H H H Refresh X X Addr 
Legend: 

X = Don~care 
Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

t DQO-DQ15 are latched on either the first failing edge of CASx or the falling edge of WE, whichever occurs later. 
* logiC L Is selected when either or both CASL and CASU are low. 
§ The column address and block address are latched on the first falling edge of CASx. 
'II CBRS cycle should be performed immediately after the power-up initialization cycle. 
1# AO-A3, AS: don~ care; M-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-pOint mode. 

CASL 
CASU 

WE 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

C Load-write-mask-reglster cycle sets the persistent write-per-bit mode. The persistent write-per-blt mode Is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhahced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eliminates the time required for row-address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55160 to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immediately after the row address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after ta(C) max 
(access time from CASx low) if ta(CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CSR refreshes are accomplished by bringing either or both CASL. and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CSR refresh cycles 
are available. The CSR refresh (option reset) ends the perSistent write-per-bit mode and the stop-point mode. 
The CSRN and CSRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 512 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is completed within the required time period, trf(MA)' The output buffers remain in the high-impedance state 
during the CSR refresh cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding both CASL and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is being carried out. Like the CSR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

5-88 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRG are low, the 
output buffers remain in the high-impedance state to conserve power. Externall~erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row 
to be refreshed. 
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Byte operation can be applied in ORAM read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles, and load-color-register cycles. In byte operation, the column address (AO-AS) Is latched at the first 
falling edge of CASx. In read cycles, CASL enables the lower byte (000-007) and CASU enables the upper 
byte (00S-0015) (see Figure 1). 

!\ / 
I I 
I I 

fsu(CA) -, ~ \ / 

I 14 .1 th(CLCA) I - ~+.~~~~~~~~~~~~~~~ AO-A8~ 
talC) ,4 .1 

OQO-OQ7 ---------------« ;ower Byte Output )>__--
talC) ,4 ., 

OQ8-0Q15 ______________ ~1 ___ ~t~~up-p-e~rB~~~e~)>----
I \. Output . 

I+- ta(G) ~ 

~ / 
Figure 1. Example of a Byte.Read Cycle 
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byte operation (continued) 

5·90 

In byte-write operation, CASr enables data to be written to the lower byte (000-007) and CASU enables data 
to be written to the upper byte (008-0015). In an early-write cycle, WE is brought low prior to both CASx 
signals. Oata setup and hold times for 000-OQ15 are referenced to the first falling edge of CASx 
(see Figure 2). 

~~--------------~/ 

\'-----------'/ 

j\~i ------------~/ 
I I 

taU(CA) i H \~ ____ -J/ 
I I :. -I 1h(CLCA) 

"-Al~ - ~h'~~ 
tau(OCL) 104 .1 1 

I !41 .. --.... +-1 - lti(CLD) 

xxxxxxxxxxxxJ I ~ 
OQO-OQ15 ~ Valid Input ~ 

Figure 2. Example of an Early-Write Cycle 
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For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data 
is strobed in with data setup and hold times for 000-0015 referenced to WE (see Figure 3). 

~~------------------~/ 
\~ __________ ----J/ 

\\\\\\\ \\ \\\ \\ / 

l\,....-----JI 
leu(DWL} --i1+4 -~.I I 

I I 1414--•• 11-- th(WLD) 

DOO-DQ15 Valid Input ~~~~~~~~ 

Figure 3. Example of a late-Write Cycle 
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wrlte-per-blt 

The write-per-bit feature allows masking any combination of the 16 OQs on any write cycle. The write-par-bit 
operation is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The TMS55160 offers two write~per-bit modes: the 
nonpersistent write-per-bit and the persistent write-per-bit. 

nonpersistent wrlte-per-blt 

5-92 

When WE is low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary code (the write-per-bit 
mask) is input to the device via the OQ pins and latched on the falling edge of RAS. The write-per-bit mask 
selects which of the 16 I/Os are to be written and which are not. After RAS has latched the on-Chip write-per-bit 
mask, input data is driven onto the OQ pins and is latched on either the first falling edge of CASx or the falling 
edge of WE, whichever occurs later. CASL enables the lower byte (OQO-OQ7) to be written through the mask, 
and CASU enables the upper byte (OQ8-0Q15) to be written through the mask. If a data low (write mask = 0) 
is strobed into a particular I/O pin on the falling edge of RAS, data is not written to that I/O. If a data high 
(write mask = 1) is strobed into a particular I/O pin on the falling edge of RAS, data is written to that I/O 
(see Figure 4). 

~~------------~/ I I 
I I 
I I 
I I 
I I 
I I 

\'--____ ---J/ 

\"-------'/ 
I I 
I I 
I I 
I I 

\'--r--I-I 1---J1 ~~ 
I I II I 

tau(DQR) --114-4 -~~I 1 
I 1 14 .1 th(WLD) 
I 1144--1.~1- th(RDQ) 1 I 
1 I ~14-... I~taU(DWL) II 
1 I 1 

DQO-DQ15~ WrlleMaak ~ Valid Input ~ 

Figure 4. Example of a Nonpersistent Wrlte-Per-Blt (Late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register (LMR) cycle first. 
In the persistent write-per-bit mode, the write~per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-write-mask-register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the first falling edge of CASx. A binary code is inputto the write-mask register 
via the random I/O pins and latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in exactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 5). 

1 Load-Wrlte-Mask Register Persistent Write-Per-Bit CBR Refresh (option rsse!) I 
RAS h /r-~,"",\,,-____ ..J/"'---!---'""'\ rl 

1 - - 1 

I I I ---I 
CASx \ /1 \ / 1\ / I 

1 1 1 I 

AO-AS 

I Addrses I . I I 

DSFP; ~~ £ ~ ~ 
WEP'~ ~~ ~ ~ 
~~~5~ ~ ~ 

I Writs-Mask Data I Valid I 
Input 

Mask Data • 1: Write to I/O enabled 
• 0: Write to I/O dl,.bled 

Figure 5. Example of a Persistent Wrlte-Per-Blt Operation 
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block write 

5·94 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 Cas) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four cas per 
column (see Figure 6). 

DQ15[[]]] 

DQ14[[]]] 

DQ13[[]]] 

DQ12[[]]] 

DQ11[[]]] 

DQ10[[]]] 

One Row of 0-511 

DQ9[[]]] 

DQS[[]]] 

DQ7[[]]] 

DQS[[]]] 

DQS[[]]] 

DQ4[[]]] 
DQ3[[]]] 

DQ2[[]]] 

DQ1[[]]] 

D~~ 
4 Conaecutlve Columna of 0-511 

2nd Quadrant 

Figure 6. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all ofthe four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write masking options. The CO data is provided by four bits from the on-chip color register. 
Bits 0-3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register, and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4-7,8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 7). 
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block write (continued) 

OQ15 [OJ 

/; OQ14[OJ 

., OQ13[OJ 

~ 

OQ1 2 Jr--, 

OQ4 
r--' 

[OJ 
..1_, I 

; OQ3 _, I I 
~/ OQ2[OJ 4 r++i+1 I I J 

'Ii [OJ 5 I, 
OQ1 6 .. 

7-t++-hQ .J 

o 
1 
2 
3+++-h~ 

7 

OQ 

8 
9 

10 
11 

80 

~ 
1"11 

] r--
..1_, 

-, I 
I I 
I ~ 
~ .J ~ 

.J 

~ 
l~~ 

l~ 
~ 

~ 
~ 

~ 

, 
I 
I 
I 
I 

.J 

12 
13 
14 
15 

..1_, 

-, I 
I I 
I ~ ~ 

~ ...c~ .J 

.J 

~l!1 
.~ 

~ 

~ ~ 

I 
I 
I 
I 

.J 

\ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 / 
~--------------------~vr----------------------~ 

Color Register 

Figure 7. Block Write With Masks 
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block write (continued) 

5-96 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4 -7, block 2 comprises columns 8 -11, etc., as shown in Figure 8. 

Block 0 Block 1 •••••••••••••••••••••• Block 127 
,,-_--JA'-__ ..... V,-_--JA \ I A \ 

One Row of 0-&11 I I I I I 
7 •.•••••••••••••••••••••••••• 511 

~----------""'vr-----------J' 
o 2 3 4 5 6 

Columna 

FIgure 8. Block Columns Organization 

During block-w~e stieS, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of Ax to decode one of the 128 blocks. Address bits AO-A1 are Ignored. Each one-megabit 
quadrant has the same block selected. 

A block-write cyc~ is entered in a manner similar to a DRAM write cycle except OSF is held high on the first 
falling edge of CA x. As In Ii DRAM write operation, CASL and CASU enable the corresponding lower and upper 
DRAM DO bytes to be written, respectively. The column-mask data is input via the DOs and Is latched on either 
the first falling edge of CASx or the falling edge of WE, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (AO-AS from left to right) 

color-data register 
write-mask register 

column.mask register 

bit 0 
1011 

= 1110 
= 1111 

1011 
1111 
0000 

1100 
1111 
0111 

bit 15 
0111 
1011 
1010 

1 st 2nd 3rd 4th 
Ouad Ouad Ouad Ouad 

Column-address bits AO and A 1 are ignored. Block 0 (columns 0 -3) Is selected for ea:ch one-megabit quadrant. 
The first quadrant has 000-002 written with bits 0-2 from the color-data register (101) to all four columns of 
block O. 003 Is not written and re~ns its previous data due to the write-mask register bit 3 being a O. 

The second quadrant (004-007) has all four columns masked off due to the column mask bits 4-7 being 0, 
so that no data Is written. 

The third quadrant (008-0011 ) has its four ~Os written with bits 8 -11 from the color-data register (1100) to 
columns 1-3 of Its block O. Column 0 is not written and retains its previous data on all four DOs due to the column 
mask-register bit 8 being O. 

The fourth quadrant (0012-0015) has 0012, 0014, and 0015 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block O. 0013 retains Its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DOs due to the column mask. If the previous 
data for the quadrant was aliOs, the fourth quadrant would contain the data pattern shown in Figure 9 after the 
block-write operation shown in the previous example. 
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block write (continued) 

DQ1S11 1 0 11 1 0 I 
DQ1411 1 01 1 1 0 I 

DQ131 0 1 0 1 0 1 0 I 
-.~ 

Columna 0 1 2 3 

TMS55160 
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Figure 9. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

Theload-color-register~e ~ormed using normal ORAM write-cycle timing except that OSF is held high 
on the falling edges of RAS, CASL, and CASU. The color register is loaded from pins 000 -0015, which are 
latched on either the firstfalling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASi 
is low, only the corresponding byte of the color register is loaded. When the color. register is loaded, It retains 
data until power is lost or until another load-color-register cycle is performed (see Figure 10 and Figure 11). 

I Load-Color-Reglster Cycle I Block-Write Cycle I Block-WrIte Cycle I 
I I (no write malk) I (load and use write ~ .. k) I 
I I I I 

RU l' /T' /"""j"\ ~ CASx I \ \ I I \ 
AD-AB 2 3 2 3 

WE 

'i'RG 

DSF 

DQO-DQ15 4 8 5 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-AB) Is latched on the first falUng edge of CI\Sx. 
4. Color-register data 
6. Wrlte-mssk data: 000-0016 ere latched on the falUng edge of RAS. 
8. Column-mask data: OQI-OQI+3 0 • 0, 4, 8, 12) ere latched on either the first failing adge of CI\Sx or the falling edge of WE, whichever 

occurs later. 
'.:.;.:.:.:.;.:.:.:.:.:.:.:.:.:.:.:.:.:.:. -don't cere 

Figure 10. Example of Block Write. 
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load color register (continued) 

I Load-Wrlte-Maak-Reglater Cycle I Load-Color-Raglster Cycle I Peralate"t Block-Write Cycle I 
I 
I 

I I I (uae loaded write maak) 

AO-AS 

WE 

TRG 

OSF 

OQO-OQ15 

Legend: 

I I I 

i' ~_·~I~==~----~I 
I \ I I , I 

1 . Refresh address 
2. Row address 
3. Blockaddress (A2-AS) is latched on the first falling edge of CASx. 
4. COlor-register data 
5. Write-mask data: 000-0015 are latched on the falling edge of CASx. 

rI 

''--_...J/-1 
2 

6 

6. Column-mask data: 001-001+3 Q = 0, 4, 8, 12) are latched on either the first failing edge of CAS x or the failing edge of WE, whichever 
occurs later. 
_=don'tcare 

Figure 11. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half ofa row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low and 
holding WE high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 

Table 4. SAM FunctIon Table 

RASFALL 
CASx 
FALL 

FUNCTION 

CASxt TRG WE OSF OSF 

Full-register-transfer read H L H L X 

Split-reglster-trensfer read H L H H X 

t Logic L Is selected when either or both CASL and CASU are low. 
X = don~care 

~TEXAS 
INSTRUMENTS 

AOORESS 

RAS CASx 

Row Tap 
Addr Point 

Row Tap 
Addr Point 
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full-reglster-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO- AS) are latched at the first falling edge of CASx, where address bit AS selects which half of the row is 
transferred. Address bits AO-A7 select one of the SAM's 256 available tap points from which the serial data 
is read out (see Figure 12). 

AS.O AS.1 o 255 256 511 

o 255 

512 x 512 
Memory Array 

256-81t 
Date Reglater 

Figure 12. Full-Reglster-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 13). 

Early Load Real-Time Load 
I I I 

Late Load 

RAS 1"'\ /""I"'\. /""1"'\. ______ ...,/ 
I . I I - . 
I I I I 

CAsxl \ / I \ / I '--I I 
I I I I 

AD-AS I Row Tap Row Tap Row Ta~ I 
Point I Point I Point 

TRG!\.J 1 \ / 1\ /I 
I I I I 

WE~~~~ 
I I 

~~I J ~ __ ~I __ -J 

Figure 13. Example of Full-Register-Transfer Read Operations 
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spIlt-register-transfer read 

In the split-register-transfer read operation. the serial data register is split into halves. The low half contains bits 
0-127. and the high half contains bits 128-255. While one half Is being read out of the SAM port. the other 
half can be loaded from the memory array. 

o 511 

512)( 512 
Memory Arrey 

256-Blt 
Dete Regleter 

FIgure 14. Spllt-Reglster-Transfer Read 

To invoke a split-register-transfer read cycle. DSF is brought high. TRG is brought low. and both are latched at 
the falling edge of RAS. Nine row-address bits (AO-A8) are also latched at the falling edge of RAS to select 
one of the 512 rows available for the transfer. Eight of the nine column-address bits (AO-A6 and A8) are latched 
at the first falling edge of CASx. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits AO-A6 select one of the 127 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored. and the split-register-transfer is internally controlled to select the inactive register half. 

AS.O AS.1 AS.1 AS.O r--.. r--.. r--.. r--.. 
0 511 0 A7_0t 511 0 A7_1t 511 o A7.0t 511 

DRAM m m m m 
SAM A B '[if '&ri C B '~ C D .~ E D 

sa sa sa sa 
t A7 shown Is Internally controlled. 

5-100 

FIgure 15. Example of a Spllt-Reglster-Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle. the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-reglster-transfer read (continued) 

aSF indicates which half of the register is being accessed during serial access operation. When aSF is low, 
the serial-address pointer is accessing the lower (least significant) 128 bits of the SAM. When aSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. aSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
aSF. aSF also changes state when a boundary between two register halves is reached. 

Full-Regleter-Transfer Read Split-Register 
With Tsp Point N Trsnsfer Read 

RAS \ I \ I 
CASx \ I \ I 

I 

\ 1 Ii \ I TRG I 
1 1 

DSF 
1 1 1\ I I 
1 I 
1 I t:;:;\.. SC 

14 tcs(CLQSF) ~ PolntN 

14 ~ tcs(GHQSF) 

QSF 

Figure 16. Example of a Split-Register-Transfer Read After a Full-Reglster-Transfer Read 

Split-Register 
Transfer Read Split-Reg later 

With Tap Point N Transfer Read 

RAS \ I( ~ I 
I I 

\ ~ 
I \ I CASx 1 

I I 

TRG~ I I \1 I I 
1 I 

DSF~ I ;h 
I ~I 

tcs(RHMS) (4 tcs(MSRL) 

SC 

14----I~*"1 - tcs(SCQSF) 

QSF ------------------------------~>t~I ____________________ _ 
Figure 17. Example of Successive Split-Reglster-Transfer Read Operations 
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serlal·read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 18. 

o 1 1 1 2 1 ..... 1 Tap 1--+ ... 1 254 1 255 I 
I 

Figure 18. Serial Pointer Direction for Serial Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer proceeds 
sequentially to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 19). 

Figure 19. Serial POinter for Split-Register Read - Case I 

If there Is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half, bit 128 or bit 0 (see Figure 20). 

Figure 20. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

The TMS55160 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

, In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 21). 

0 

I I 
Partition I .. f Length 

5-102 

127 128 

I· . ·1 I I 

1. .. 1 1 
Figure 21. Example of the SAM With Partitions 
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spllt·reglster programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row-address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 6). 

Table 6. Programming Code for Stop·Polnt Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF PARTITION PARTITIONS STOP.pOINT LOCATIONS 
LENGTH AS A7 A6 AS A4 AO-A3 

16 X L L L L X 16 15,31.47,63,79.95,111,127,143.159.175. 
191.207.223.239.255 

32 X L L L H X 8 31.63.95.127.159.191.223.255 
64 X L L H H X 4 63.127.191.255 
128 

X L H H H X 2 127.255 (default) 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 22). 

H1 191 L1 63 H2 255 L2 
sc ________ .... Af"-... ~ ... ~ ...... ~ 

0 
SAM Low Half SAM High Half 

L1 63 L2 127 126 H1 191 H2 255 

t 1 t 1 f 1 : : • .. 
.. .. .. 

Figure 22. Example of Spllt·Register Operation With Programmable Stop Points 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 5-103 



TMS55160 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS160D - AUGUST 1992 - REVISED JUNE 1995 

256-/512-blt compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and Aya are internally swapped to assure the compatibility (see Figure 23). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop pOint, column-address bit Aya is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset cycle is 
not recommended because it ends the stop-point mode and restores address bits AY7 and Aya to their normal 
function. Consistent use of CBR cycles ensures that the TMS55160 remains in normal mode. 

NON STOP-POINT MODE 
Ava .. 0 Ava. 1 

AY7 .. 0 AY7 .. 1 AY7 .. 0 AY7 .. 1 

o 255 

512 x 512 
Memory Array 

256-81t 
Data Register 

STOP-POINT MODE 
Ava.o Ava .. 1 

AY7 .. 0 AY7 .. 1 AY7 .. 0 AY7 .. 1 

o 255 

512 x 512 
Memory Array 

256-Blt 
Data Register 

Figure 23. DRAM-to-SAM Mapping, Non Stop-Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 

power up 

5-104 

To achieve proper device operation, an initial pause of 200 !IS is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS55160 is as follows: 

OSF 
Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 

STATE AFTER INITIALIZATION 

Defined by the transfer cycle during initialization 
Nonpersistent mode 
Undefined 
Undefined 
Defined by the transfer cycle during initialization 
Output mode 
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MULTIPaRT VIDEO RAM 
SMVS160D - AUGUST 1992 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ............................................... -1 V to 7 V 
Voltage range on any pin ...... . • . . . . . . . . . . • . . . . . . . . . . . . . . . . • . • • . • . . . • . • . . . . . . • • . . . •. -1 V to 7 V 
Short-circuit output current ..•..•....•.•..•.•..••.•....•..••..•..•.•.•.••.......•.•...•..•. 50 rnA 
Power dissipation .••......•..••.•...••.•.....•..•.............•..•...••.............•...• 1.1 W 
Operating free-air temperature range, T A .............................................. o·e to 70·e 
Storage temperature range, Tstg .................................................. -65·e to 150·e 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the devlca. These are strass ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maxlmum-rsted conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . . NOTE 2: The algebraiC convention, where the mora negative Oess positive) hmills designated es minimum, Is used for logic-voltage levels only • 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TEST CONDITIONS; 
SAM '55160-60 

PARAMETER PORT MIN MAX 

VOH 
High-level output 

10H,,-1 mA 2.4 voltage 

VOL 
Low-level output 

IOL=2mA 0.4 voltage 

VCC = 5.5 V, 
II Input current (leakage) VI = OVto 5.8 V, :1:10 

All other pins at 0 V to V CC 

10 
Output current VCC = 5.5 V, VO=OVtoVCC :1:10 (leakage) See Note 3 

ICCl Operating current § See Note 4 Standby 180 

ICC1A Operating current § Ic(SC) "MIN Active 225 

ICC2 Standby current All clocks = VCC Standby 5 

ICC2A Standby current Ic(SC) =MIN Active 70 

ICC3 
RAS-only refresh 

See Note 4 Standby 180 current 

ICC3A 
RAS-only refresh 

Ic(SC) = MIN, See Note 5 ACtive 225 current 

ICC4 Page-mode current § Ic(p) = MIN, See Note 5 Standby 135 

ICC4A Page-mode current § Ic(SC) = MIN, See Note 5 Active 175 

ICC5 CBR current See Note 4 Standby 180 

ICC5A CBRcurrent Ic(SC) .. MIN, See Note 5 Active 225 

ICC6 Data-transfer current See Note 4 Standby 200 

ICC6A Data-transfer current Ic(SC) = MIN Active 250 
" :1= For conditions shown as MINIMAX, use the appropnate value specified In the timing reqUirements. 

§ Measured with outputs open 
NOTES: 3. SE is disabled for SO output leakage tests. 

4. Measured with one address change while RAS = VIL.Ic(rd). Ic(W), Ic(TRO), = MIN. 
5. Measured with one address change while CASx .. VIH • 

'55160-70 '55160-80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 JAA 

:1:10 :1:10 JAA 

165 150 mA 

205 185 mA 

5 5 mA 

65 60 mA 

165 150 mA 

205 185 mA 

115 105 mA 

155 140 mA 

165 150 mA 

205 185 mA 

180 160 mA 

225 200 mA 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER 

Ci(A) Input capacitance, address Inputs 

Ci(RC) Input capacHance, address strobe inputs 

Ci(W) Input capacHance, wrHe enable input 

Ci(SC) Input capacitance, serial clock 

Ci(SE) Input capacitance, serial enable 

CifO~ Input capacHance, special function 

CjITRG) Input capacHance, transfer register input 

CoCO) Output capacitance, SO and DO 

Co(OSF) Output capacitance, OSF 

NOTE 6: VCC" 5 V :I: 0.5 V, and the bias on pins under test IS 0 V. 
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MIN MAX UNIT 

6 pF 

7 pF 

7 pF 

7 pF 

7 pF 

7 pF 

7 pF 

7 pF 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

TEST ALT. '55160-60 '55160-70 '55160-80 
PARAMETER 

CONDITIONSt SYMBOL 
UNIT 

MIN MAX MIN MAX MIN MAX 

tate) Access time from CASx Id(RLCL) .. MAX teAC 17 20 20 na 

ta(CA) Access time from column address Id(RLCL) = MAX tM 30 35 40 na 

ta(CP) Access time from CASx high Id(RLCL) = MAX tePA 35 40 45 na 

ta(R) Access time from RAS Id(RLCL) = MAX tRAC 60 70 80 na 

ta(G) Access time of DQ from TRG low toEA 15 20 20 na 

ta(SQ) Access time of SQ from SC high CL=30pF tSCA 15 20 25 na 

ta(SE) Access time of SQ from SE low CL=30pF !sEA 12 15 20 na 

ldis(CH) 
Disable time, random output from 

CL=50pF toFF 0 15 0 20 0 20 na CASx high (see Note 8) 

ldis(G) 
Disable time, random output from 

CL=50pF tOEZ 0 15 0 20 0 20 ns 
TRG high (see Note 8) 

ldis(SE) 
Disable time, aerial output from 

CL=30pF tSEZ 0 10 0 15 0 20 na 
SE high (see Note 8) 

t Measured with outputs open. For conditions shown as MINIMAX, use the appropriate value specified under timing requirements. 
NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TIL load and 50 pF. Data out reference level: 

VOH /VOL = 2 V/O.S V. Switching times for SAM port output are measured with a load equivalentto 1 TIL load and 30 pF. Serial data 
out reference level: VOH I VOL = 2 V/O.S V. 

8. ldis(CH).ldis(G), and ldis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

tc(rd) Cycle time, read 

tctwl Cycle time, write 

!c(rdWl Cycle time, read-modify-wrlte 

!c(P} Cycle time, page-mode read, write 

!cCROWPI Cycle time, page-mode read-modify-wrlte 

!c(TRO) Cycle time, transfer read 

!c(SC) Cycle time, serial clock (see Note 9) 

tw(CH) Pulse duration, CASx high 

Iw(CLl Pulse duration, CASx low (see Note 10) 

tw(RH) Pulse duration, RAS high 

tw(Rl..l Pulse duration, RAS low (see Note 11) 

tw(WLI Pulse duration, WE low 

tw(TRG) Pulse duration, TRG low 

tw(SCHI Pulse duration, SC high (see Note 9) 

Iw(SCLI Pulse duration, SC low (see Note 9) 

tw(GH) Pulse duration, TRG high 

i.,y(Rl..lP Pulse duration, RAS low (page mode) 

lsu(CAI Setup time, column address before CASx low 

tsu(SFCI Setup time, OSF before CASx low 

lsu(RA) Setup time, row address before RAS low 

lsuIWMRI Setup time, WE before RAS low 

lsu(OORI Setup time, DO before RAS low 

tsu(TRG) Setup time, TRG high before AAS low 

lsu(SFRI Setup time, OSF low before AAS low 

tsu(OCL) Setup time, date valid before CASx low 

tsu/OWLl Setup time, date valid before WE low 

tsu(rd) 
Setup time, read command, WE high before 
~Iow 

lsu(WCL) 
Setup time, early write command, 
WE low before CASx low 

lsu(WCH) Setup time, WE low before CASx high, write 

lsu(WRH) Setup time, WE low before RAS high, write 

th(CLCAt Hold time, column address after CASx low 

th(SFCI Hold time, OSF after CASx low 

th(RA) Hold time, row address after AAS low 

t llmlng measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

ALT. '55160-60 '55160-70 '55160-80 
SYMBOL UNIT 

MIN MAX MIN MAX MIN MAX 

tRC 110 130 150 ns 

twc 110 130 150 ns 

tRMW 150 175 200 ns 

tpc 35 40 45 ns 

tpRMW 80 90 100 ns 

tRC 110 130 150 ns 

tscc 18 22 30 ns 

tePN 10 10 10 ns 

teAS 17 10000 20 10000 20 10000 ns 

tRP 40 50 60 ns 

tRAS 60 10000 70 10000 80 10000 ns 

twp 10 10 15 ns 

15 20 20 ns 

tsc 5 8 10 ns 

tscp 5 8 10 ns 

trp 20 20 20 ns 

tRASP 60 100000 70 100000 80 100000 ns 

tASC 0 0 0 no 

tFSC 0 0 0 ns 

tASR 0 0 0 ns 

twSR 0 0 0 ns 

tMS 0 0 0 ns 

trHS 0 0 0 ns 

tFSR 0 0 0 ns 

tosc 0 0 0 ns 

tosw 0 0 0 ns 

tRCS 0 0 0 ns 

twcs 0 0 0 ns 

tCWL 15 15 20 ns 

tRWL 15 15 20 ns 

tCAH 10 10 15 ns 

teFH 10 10 15 ns 

tRAH 10 10 10 ns 

10. In a read-modify-write cycle,Id(CLWL) and lsu(WCH) must be observed. Depending on the user's transition times, this can require 
additional CASx low time [tw(CL»)' 

11. In a read-modify-wrlte cycle,Id(RLWL) and lsu(WRH) must be Observed. Depending on the user's transition times, this can require 
additional RAS low time [twIRL»), 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 

ALT. '55160-60 '5516()"70 
SYMBOL MIN MAX MIN MAX 

th(TRG) Hold time, TRG after RAS low trHH 10 10 

th{RWM) Hold time, wr~e mask after RAS low tRWH 10 10 

th(RDOI Hold time, DO after RAS low (wr~e-mask operation) tMH 10 10 

th{SFR) Hold time, DSF after RAS low tRFH 10 10 

th(RLCA) 
Hold time, column address valid after RAS low 

tAR 30 30 (see Note 12) 

th(ClDI Hold time, data valid after CASx low tDH 15 15 

th(RlD) Hold time, data valid after RAS low (see Note 12) tDHR 35 35 

th(WlD) Hold time, data valid after WE low tDH 15 15 

th(CHrd) 
Hold time, read, WE high after CASx high 

tRCH 0 0 (see Note 13) 

th(RHrd) 
Hold time, read, WE high after RAS high 

tRRH 0 0 (see Note 13) 

th(CLWl Hold time, write, WE low after CASx low twCH 10 15 

th{RLW) Hold time, write, WE low after RAS low (see Note 12) twCR 30 35 

th(WLGl Hold time, fAG high after WE low (see Note 14) toEH 10 10 

th(SHSOI Hold time, SO valid after SC high tSOH 4 S 

th{RSF) Hold time, DSF after RAS low tFHR 30 30 

I tCSH 60 70 
Id(RLCH) Delay time, RAS low to CASx high I See Note 15 teHR 10 10 

Id{CHRL) Delay time, CASx high to RAS low tCRP 0 0 

Id{CLRH) Delay time, CASx low to RAS high tRSH 17 20 

Id(CLWL) 
Delay time, CASx low to WE low 

teWD 37 45 (see Notes 16 and 17) 

Id(RLCLl Delay time, RAS low to CASx low (see Note) tRCD 20 43 20 50 

Id{CARH) Delay time, column address valid to RAS high tRAL 30 35 

Id{CACI-j) Delay time, column address valid to CASx high teAL 30 35 

Id(RLWLI Delay time, RAS low to WE low (see Note 16) tRWD 80 95 

Id(CAWL) 
Delay time, column address valid to WE low 

tAWD 50 60 (see Note 16) 

Id(CLRLI Delay time, CASx low to RAS low (see Note 15) tCSR 0 0 

Id(RHCL) Delay time, RAS high to CASx low (see Note 15) tRpC 0 0 

Id(CLGH) Delay time, CASx lowto TRG high for DRAM read cycles 17 20 

Id{GHD) Delay time, TRG high before data applied at DO toED 10 15 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 12. The minimum value is measured when IdjRLCL) is set to Id(RLCL) min as a reference. 

13. Either th(RHrd) or Ih(CHrd) must be satis ied for a read cycle. 
14. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 
15. CBRrefresh operation only 
16. Read-modlfy-wr~e operation only 
17. TRG must disable the output buffers prior to applying data to the DO pins. 
18. The maximum value is specified only to assure RAS access time. 
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'S51 &0-80 
UNIT 

MIN MAX 

10 ns 

10 ns 

10 ns 

10 ns 

35 ns 

15 ns 

35 ns 
15 ns 

0 ns 

0 ns 

15 ns 

35 ns 

10 ns 

S ns 

35 ns 

80 
ns 

15 

0 ns 

20 ns 

45 ns 

20 60 ns 

40 ns 

40 ns 

105 ns 

65 ns 

0 ns 

0 ns 
20 ns 

15 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

ALT. '55160-60 '55160-70 '55160-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

tq(RLTH) Delay time, RAS low to TRG high (see Note 19) tRTH 50 55 60 ns 

ld(RLSH) 
Delay time, RAS low to first SC high after TRG high 

tRSD 65 70 80 ns (see Note 20) 

ld(RLCA) Delay time, RAS low to column address valid tRAD 15 30 15 35 15 40 ns 

ld(GLRHI Delay time, TRG low to RAS high tROH 10 15 15 ns 

ld(CLSH) 
Delay time. CASx low to first SC high after TRG high 

lOSD 20 20 25 ns (see Note 20) 

ld(SCTR) 
Delay time. SC high to TRG high 

trSL 5 5 5 ns (see Notes 19 and 20) 

ld(THRH) Delay time, TRG high to RAS high (see Note 19) trRD -10 -10 -10 ns 

td(THRLI Delay time. TRG high to RAS low (see Note 21) trRP 40 50 60 ns 

td(THSC) Delay time. TRG high to SC high (see Note 19) trSD 10 10 15 ns 

Delay time. RAS high to last (most significant) rising 
ld(RHMS) 'edge of SC before boundary switch during spilt- 15 20 20 ns 

register-transfer read cycles 

ld(CLTH) 
Delay time. CASx low to TRG high in real-time transfer 

lOTH 15 15 15 ns read cycles 

ld(CASH) 
Delay time. column address to first SC in early-load 

tASD 25 25 30 ns transfer read cycles 

ld(CAGH) 
Delay time. column address to TRG high in real-time 

tATH 20 20 20 ns transfer read cycles 

ld(DCL) Delay time. data to CASx low tDZC 0 0 0 ns 

ld(DGLI Delay time. data to TRG low tDZO 0 0 0 ns 

Delay time. last (most significant) rising edge of SC to 
ld(MSRL) RAS low before boundary switch during spllt-register- 15 20 20 ns 

transfer read cycles 

Delay time, last (127 or 255) rising edge of SC to OSF 
ld(SCOSF) switching althe boundary during split-register-transfer tSOD 20 25 30 ns 

read cycles (see Note 22) 

ld(CLQSF) 
Delay time, CASx low to QSF switching in transfer 

teOD 25 30 35 ns 
read cycles (see Note 2222) 

ld(GHOSF) 
Delay time. TRG high to OSF switching In transfer read 

trOD 20 25 30 ns cycles (see Note 2222) 

ld(RLOSF) 
Delay time. RAS low to OSF switching in transfer read 

tROD 65 70 75 ns cycles (see Note 2222) 

trf(MAI Refresh time interval. memory tREF 8 8 8 ms 

tt Transition time tr 3 50 3 50 3 50 ns 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 
21. Full-register (read) transfer cycles only 
22. Switching times for OSF output are measured with a load equivalent to 1 TTL load and 30 pF. and output reference level Is 

VOH /VOL = 2V/0.8 V. 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I I.. twIRL) .1 I 
I 1<11 teI(RLCH) I .1 I 

----~~ I I I 

RAS I 1_ Yi4- tw(RH) --+1\""----
I !.- I I I 

it -+: I ~ teI(CLRH) --+f I I 
I i4-tel(RLCL) ~ I I I 

~ i4"""teI(CHRL) :.. tw(CL) ~ 
wvJ. I I 7\~ I I 1Ft \. 

CASx <tll I: I : l ' : I ,~ tw(CH) -+I '10..-_ 
teI(RLCA} ,.. .1 I 1 I I I I 
th(RA) ~ I+- I" I I teI(CARH) ----., I I I 

I I.. I th(RLCA} ---.! I I II I 
I I I I I I I I 

lau(RA} -+I iOiIt I I" I I teI(CACH) I I .1 I i I I tsu(CA} --+I ~ .: th(CLCA} : I I 

AO-AS ~ ,+m, ~l7'~~~m.~~~~~~.~~~ 
~ IOiI- lh(SFR) I I I I 

tsu(SFR) ~!<II-!- I 
~IIIDSF~II~ 

: I I I :.- lcI(CLGH} ~ I I 
tsu(TRG) +I i<IIt I I I I" .1 II lcI(GLRH} 

I I I I I I II 

_ wwJ. I-+, ~14-~t.-"'''''G)~,l ~ . 
TRG<ttN: ~ ~ 

I I 
I tsu(r~ I II th(RHrd) I" .1 
I I I I I I 

~l! I ! ~ ~ "'(CHnI) 

WE . I I I tell(CH) I I.. ~. 
_III IS II I 

.. I • I I I 
teI(DGL) 1 \1 I I j+ ta(G) +j 1+ tells(G) -+j 

DQO-DQ15 Data In } I I I < Data Out J>------
I I I 
I I ~ta(C)4 
I I" ta(CA) .1 
~ laIR) .1 

Figure 24. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

I~~-----------------~~----------------~.I 1 1-11 tw ~ _______ ~.I 1 ----..j'N: (RL) .YT L 
, I~ tcI(RLCH} ., I l J 

tt -.j 1+ I~ tcI(CLRH)' .' I tw(RH} I 
, I+" tcI(RLCL) -+I , -+J I+- it I 

~ -14± tcI(CHRL)~ :.---tw(CL) ---+i~ ~I -tcI(CHRL)-+I 

~rr N lA, "-
, ~ th(RLCA) --+I II..+--, tw(CH) ----.l 

th(RA) -H r- -+I 14 tau(cA) 

tcI(RLCA) I I~' ~IOII I ! _ _ I tcI(CACH) ·1 I 
, I , -I I ~th(CLCA) 'I 

tau(RA) -+I I~ - I I tcI(CARH} • 

AO-AS 

tau(SFR) -+I ~ -+I I tau(SFC) 
, , 14-- th(RSF) ---+I I I 

.. """ l"l r- : II"-.~ 
DSF mN'I~11 ~ , , I , 

~ r- lh(TRG) , I I 

~W~~ - 'I TAG , , 

"~ tau(WMR) ~ -~ I~' I tsu(WRH} .1 
I , i~ I' I th(RLW) ., 

th(RWM) r-t.I I+- I' I~ th(CLW) ., 
~ Mtau(WCL) . , 

WE ~~I:. tw(WL) ~ 
-' I _! -+I I.i- tau(DCL) 

tau(DQR) -r '4j" ' ''- th(CLOI --.! 
th(RDQ) +I r- I I 

W'I7'i?\ ~ ft?V\ ~ th(RLO) ·1 
DQO-DQ15 ~ 3 _ 

Figure 25. Early-Wrlte-Cycle Timing 

Table 6. Early-Wrlte~Cycle State Table 

CYCLE 
STATE 

1 2 3 

Write operation (nonmesked) H Don't care Valid data 

Write operation with nonpersistent wrlte-per-bit 

Write operation with persistent write-per-blt 
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Write mask Valid data 

Don't care Valid data 



AO-AS 

DSF 

DQO-DQ15 
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PARAMETER MEASUREMENT INFORMATION 
~ ~ ~ 

__ ~I 104 tw(RL) ~I I 

N 0 L 
1 ~ tcI(RLCH) ~I I 14- tw(RH) 1 

tt ~ I+- 14 tcI(CLRH) 1 ~I I I 
-+! !4t tcI(CHRL) 1 : i+tl tcI(CHRL) ---+i 

1 1 ~ tcI(RLCl) -1 t,{1 t+i I+- it 
'It'WW9z 1 1 N04 tw(CL) ~ HI-----"""''f.... 
<tll:lI 1 I I I I ;I~ 

tcI(RLCA) I 14 ~I I I . I I I II 1 
I !+-- th(RLCA) ~ I 1 
I tau(CA)-+i!o4t 1 I ~ tw(CH) -----+I 

th(RA) ~ *- 104 1 1 : tcI(CACH) ~ 1 I 
tau(RA) ~ io4+ I :: 104 ~ I lh(CLCA) I I 
~ _tcl(CARH) 

~~I'm"; 
I j+- lh(RSF) 1 1 ~I 1 1 

tau(SFR) -+! 104+ -+I Io4t tau(SFC) I 1 
th(SFR)~ i+:: I I jl4 ~_I1ft(sFc) 
~II~II I 
~II~II . 

~II I 1 14 tau(WRH) I ~I ~ 
~ 104+ tau{TRG) 1 I 14 tau(WCH) -.I 1 

1 I I 14 I th(CLW) ~I 1 * tcI(GHD) h 1 1 I 
104+04 I I th(RLW) ~I I 

-+! 1 I tau(WMR) I I 14 th(WLG) II ~I 

~h(RWM) I+- 1 I 1 I 
I 1 I I N- tw(WL) ~~~~~~~~~~~ 

1 I I 
U tau(DWL) ~I i+f 

tau(DQR) +jill 1 ~ th(WLD) -.I 
I ~ ~ th(RDQ) I 1 1 

_.J-~ -::::ll ~~LDI .: 

~3~ 
Figure 26. Late-Wrlte-Cycle Timing (Output-Enable-Controlled Write) 

Table 7. Late-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Write operation (nonmasked) H Don't care Valid data 

Write operation with nonpersistent write-per-bit 

Write operation with persistent write-per-bit 
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Write mask valid data 

Don't care Valid data 
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PARAMETER MEASUREMENT INFORMATION 

I~ tc(W) .1 
__ ...... 1 1<11 tw(RL) ~ 1 

'N y~ tw(RH) --l"----
1 10IIII Icf(RLCH) .1' 1 1 

tt -+j 1+ ~ Icf(CLRH) '.' 1 1 
1 IOiIII-Icf(RLCL) -+I , ~ I+- tt 1 

x=v.:!l. ~. Icf(CHRL) , , t++-1cf(CHRL)-+t 

~ II lf tw(CL) ~yLI· ~ 
IL .w!.- ' 1 1 j4 I tw(CH) --+j 
... (RA) ,- I 1 , 1 1 , 

teu(RA) -+: ~. Refresh Row 1 , 

~:~ 

OSF 

_ I 1 , -+I 10IIII+- teu(SFC) 1 , 
-- 101III-I teu(SFR) 1 1 1 1 
II~th(RSF)~ 1 1 

. Ih(SFR) -H ~ :' 14 ·1 ~ . 1 1 
~il~11 1 
y;auli~11 

~ 1+ Ih(TRG) 1 

teU(TRG. ) -+l ~ 1 .' 1 . . I I . 
~TI 
y;au i I 

_I L.l 14 1 1 teurNCH) ., 1 
tsurNMR) -- I~ I 1 1 1 1 

1 14 teul\AlRH) • 1 1 1 1 ,.. I 
I 14 1 1 1 Ih(RLW) .1 

th(RWM) M 1+ I! !4 th(CLW) ·1 
1 i I :+i rt teurNCL) I 

~ '~II twrNL) ~ 
, 1 1 
I -+I ~ tsu(DCL) 
i 1 14 th(CLO) --+I 
14 I Ih(RLD) .: 

"!'!~"!'!'m~~~~~ \ Write Maskt ~ OQO-OQ15 

t Load-write-mask-register cyc'e puts the device into the persistent write-per-blt mode. 

5-114 

Figure 27. Load-Wrlte-Mask-Reglster-Cycle Timing (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ --..1 I'llii twIRL) ~I 1 

RAS N 0 ~ 
1 I'llii tcI(RLCH) ~I 1 1I'I1II- tw(RH) -+l 

It -+I j'IIII- I'llii tcI(CLRH) I -.! : I 
-+i I'IIIIt tcI(CHRL) I : J;:H tcI(CHRL) -+I 

1 i ~ tcI(RLCL) -+I I ~ I'I1II- tt 

CASx vwffl 1 I NL.!! tw(CL) J01o-+'-----..... ~ 
<tl:lU i : i 1 ~ tw(CH) ~ 

It!(RA) ~ :+- 1 I I 1 

AO-AS ~~ 
1 j'IIII-- th(RSF) ,--+I I I 

teu(SFR) -+i j'IIIIt -+i I'I1II+ teu(SFC) I I 

"'m ~ I ·il'llll ~_= 
DSF ~ II '@N\Qj~I--+, ___ ~~~~~~~~~~~~~ 

TRG ~!! ! I~ teu~RH)! ~I ~ 
-.: ~ teu(TRG) 1 I'llii teu~CH) ~I I 

I I I'llii I th(CLW) ~I I * tcI(GHD) ~ I I: J~ I th(RLW) ~I I 
teu(WMR) -+i II L :'l1li th~LG) I ~I 

1 I~ It!(RWM) ~ I I 
WE ~ I i i't tw~) ~~~~~~~~~~ 

i teu(DWL) -J.! i4t 
I I II i+--lt!~LD) --.I 
I 1 I 
I~ I th(RLD) ~: 

DQO-DQ15 ~ Write Maskt ~ 
t Load-wrlte-mask-register cycle puts the device into the persistent write-per-bit mode, 

Figure 28. Load-Wrlte-Mask-Reglster-Cycle Timing (late-Write Load) 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

I~ tc(rdW) ~I 

---{ r: ~~(~~~ ~~i~l: 
RAS I~ I I· I 

-+j ~ IcI(CHRL) I~ IcI(CLRH) ~tW(RH) 
I+-IcI(RLCL) --+'I~ tw(CL) ~i I IcI(CHRL) 

I 1 I 1 I 1 1 
I I~ ~I 'h(RA! I I I\.- tw CH .: 
I I I -.. i4" tau(CA) I I () 
I ~ t I ~ .i+-'h(CLCA) II 
I 1- I h(RLC~ ~ I I 

taU(RA)~rt.-:! "~~~~:i ~ 
AO-AS ~ ~ow ~ ~olumn 

I ~th(RSF) I I ~I II 
-.! ~ tSU(SFR) I ~ th(SFC) 

th(SFR) I I~ ~I -.I I~I I ~ 
m.!I~il"-

DSF ><XxX I ~II I 
I t..oL..Ll ~ tau(rd) I~ ~I I tau(WCH) 
~I th(TRG) I I 1 ~I ~ tsu(WRH) -+I 
I I I~ 1 II IcI(CAWL) ~I I 

~~~~ ____ ~I~I ~~ I~ .: Ft~W(T~R~G:)~:It!====~~~~~~~~ 
1 ,...._~I '! th(WLG) 1 .1 ~~~~~~~ 
I i4-----+--+--+-~'-- th(RLW) I .1 

-+I ~ tau(TRG) :+-ir-----II- th(CLW) : I .: 
-.! I.+- tau(WMR) I~ I 1cI(~LWL) 4 I I 

1 I I I ~*-+I t-I IcI(DCL) 1 1 I I 
i "~ ., I~ I .1 IcI(CLGH) I I 1 

~<:lI'I-t---1I+-1---~I----i ~ tw(WL) +' ~~~~~ 
14--++-.... +-1 talCAl I L ___ ~QQ~~~~Q 

'1lll~~=~~+::=~+:=~1 IcI(RLWL) ~I 1+ th(WLD) +i 
ta(R) 1 I 1 

~ tau(DQR)I !4~-+i-+!1 i IcI(DGL) i~ .1 I. IcI(GHD) I 
~ th(RDQ) talC) ~ 1+ tau(DWL) I 

DQO-DQ1S 
I~~~~ n~~~~~ 

'XX~~--~ 3 

II 
ta(G) -.I i+-

~ IcIls(G) 

Figure 29. Read·Wrlte·/Read-Modlfy-Wrlte-Cycle Timing 

Table 8. Read-Wrlte-/Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 

Write operation (non masked) 

Write operation with nonpersistent write·per·blt 

Write operation with persistent wrlte-per·bit 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 

Don'tciare 

Write mask 

Don't care 

3 

Valid data 

Valid data 

Valid data 
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PARAMETER MEASUREMENT INFORMATION 

tw(RH) -+I I+
l4'oIIIIl------------tw(RL)P ------------.t.1 I I 

N ri\-
~ ~ lcI(CHRL)lcI(RLCL) I+- tw(CH) ---+I ~ lcI(CLRH} ~ I.- ~ 

I j4-lcI(RLCA) ~ I 1 I 
fau(RA) -+j 

I 

I 10IIII lcI(RLCH} W==~ hIIIloIIIIl--- tc(P) , I r-L lsu(CA) 10IIII.1 ... , ' i+--lcI(CACH} -+j II II 
I ~ lh(RA) +! I I ... th(CLCA) 

10IIII I lh(RLCA) --il--'--~.I I lcI(CARH} ---+i I 
~~~~ n~~~~ 

AO-AS Column 

1 

, ~ ., lh(SFR) I I I I 10IIII .: lcI(CLGH} I 
-+I joIIIItlsU(SFR)_, 

~II I 
-II 

DSF 

I \0IIII ., lh(TRG) I I I I I I 
TRG W-+l ~ fau(TRG) ~' I I I I I I I 

I I I I I I I ! if 
I I I I I I , 1'1 I 

~ j4f tau(WMRI I I I I I I ,I 
:0IIII I lsu(re!) I .1 I I I th(RHrd) -+I 

(jf I i I I I 'I I 
WE i I I I I I 

I I: I ~ i+-ta(C) I I I 
I II I+-ta(CA)~ I I I 

lcI(DGL) 1:0IIII .1 I+- ta(G) t-+I i joIIII-- ta(CA) t -+i I 
10IIII I ta(R)* 1.1 10IIII ta(cP) t I l'-lcIl.(G) 

------~I I 
DQO
DQ15 Data In I}------__ r--< 

I 
i+--lcI(DCL) ---+I 

Data Out 

t Access time Is ta(CP) or Ie(CA) dependent. * Output can go from the high-impedance state to an Invalid data state prior to the specified access time. 

Data Out 

NOTE A: A write cycle or a read-modify-wrlte cycle can be mixed with the read cycles as long as the write and read-modify-wrlte timing 
specifications are not violated and the proper polarity of DSF Is selected on the failing edge of RAS and CASx to select the desired write 
mode (normal, block write, etc.). 

Figure 30. Enhanced-Page-Mode Read-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

~r tw(RL)P } ~I 1 
~ ! )~I ______________________ ~---------------------------j{; ;~ 

1 I: tci(RLCH) 1l1li tc(P) .1 tw(RH) I 1l1li .1 
. 1 tci(RLCL) I+- tw(CH) -+l ~ tci(CLRH) ~ 1 

-+I !+i- tci(CHRL) tw(CL) I ~ tci(CHRL) -.I 

CASx I I+-tcl(RLCA) ---+I 1 I I 
tsU(RA)..! I+t tsu(CA) ~ ~ I Ih(CLCA) ! I I I 

- I i+-th(RA) ~ I 1 1 I.... • •• .1 I 
1 1 14 1 th(RLCA) 1 1 .. I 1- tcI(C~CH) -,.. I 

I I :... 1 : ~'~l: tci(CARH) ~. A:a~ Row ~ co:umn ~ .column ._ 

1 I I I 
-+I ~ tsu(SFR) I 1 .. I I, 1 

I l1li tcI(RSF) ~ I 1 .. I I I :+- th(SFR) -+I I 1l1li .1 th(SFC) I ,l1li I ~ th(SFC) 

~Ll 1 ~}i( 0: ~ : ~: 0' 2~~~ _ 

--troI :+f tsu(TRG) I I 1 1 

TROW! F~""·'\ ::: ",N,.A : 

-+j /+t ~U(WMR) 14 tsu(WCH) +I tsu(WCH) -+\. I+- 1 
I : :.-:. th(RWM) -+I. ~ tw(WL) --.! ~ tsU(W;...,R .... H) ... -+i~~~~ 

WE~ .. 3 ~:i~~ 
-+i i4+ tsu(DQR) --troI I4t tsu(DWL) t 

I II tsu(DCL)t 1l1li 1 .1 ~th(CLD)t--.l 
I . 1 1 1 
1 14- th(RDQ) -+i 1 ~1h(WLD) t .1 
1 I~ I I th(RLD) .1 

~~~6~ 4 ~ 5 ~ 5 ~ 
t Referenced to the first falling edge of CASx or the falling edge of WE, whichever occurs later 
NOTE A: A read cycle or a read-modify-wrlte cycle can be Intermixed with write cycles, observing read and read-modify-wrlte timing 

specifications. To assure page-mode cycle time, "fAG must remain high throughout the entire page-mode operation If the late-write 
feature Is used. If the early-wrlte-cycle timing Is used, the state of TRG is a don't care after the minimum period th(TRG) from the failing 
edge of RAS. 

Figure 31. Enhanced-Page-Mode Write-Cycle Timing 

Table 9. Enhanced Page-Mode Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 4 

Write operation (nonmasked) L L H Don't care 

Write operation with nonpersistent write-per-blt L L L Write mask 

Write operation with persistent write-per-blt L L L Don't care 

Load write-mask register on either the first falling edge of 
CASx or the falling edge of WE, whichever occurs later. * H L H Don't care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

* Load-wrlte-mask-reglster cycle sets the device to the persistent wrlte-per-blt mode. Column address at the failing edge of CASx Is a don't care 
during this cycle. 

5-118 
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PARAMETER MEASUREMENT INFORMATION 

RAS --r{ tw(RL)P ~ 
, ," teI(RLCH) ~, 14--teI(CLRH) -...I t.+ tw(RH) 

-+I !j.. teI(CHRL) ~I" teI(RLCL) fc(RDWP) I I~ I tw(CH) teI(CHRL) :I11!:::~-
~ 1+ th(RA) tw(CL) ---+i , , 
" .. 'I ~I teI(RLCA) , '.~ , 

I " -+I !41- leu(CA) I: I , I i og(CARH) ~I ~I 
~ I4t leu(RA) I I" ~ Ih(CLCA)' '~(fACH) , , 

~th(RLCA)~~!:: ~~ ~ 
AO-AB ~ Column ~ COIU~~ ~ 

I,;,l I+-Ih(SFR) I I I ," ~ Ih(SFC) I I 

-+I, rrlel'~~ I ~ ~~~ I i ~ i ~ (SFC)I I I 

DSF ~ ~~U(sF9~:; 2;; u.~ UIT':i "I I ....., I I I I ""iWCHI -.j 141 
I ,I , I I+-- teI(CLWL) --+i " I4l- tel , , 
I, " ,..' , teI(CAWL) =---.! " ~ ,(DCL) ., I 
I , .. , , I teI(RLWL) ~~ I , I ~ ~ teI(CLOH), , I' ",I. ~ Ih(TRO)" , ~I, ,.. ~, teI(CLO ,I , I leu(WRH) 

-+I..L1e G' , , , 
111 I-I u(TR )N'" , -;1,.; !w(TRG) I I I" r , 

'fRG ' I' I II I .!II I I, ,~ '1 
, " II I I " , ,Ij'-JI 
~ IIeU(WMR) II , leu(WCH) ~ I4t 'i;J 14 tw(TRO) 

I I.!+," 1h(RWM)' i tw(WL) m ',' , 
II " i+" ta(C)t I , I", 

I+-ft+!- Ie(CA) t , I ' " 
14!-, leu(DQR) , , Ih(WLD) ~ I ,I 

I++t- teI(DCL) , I", " 
..,.11+ Ih(RDQ)' leu(DWL) ~ l+-

I I ~-~ DQO-DQ15 

I , 
, '~i+" ta(O) t I I 'it I I Valid Out 

teI~OL) ~ I+- I teI(GHD) ~ 1\ -+I 14- tella(O) 
i+-ta(R) t -+I -+II+- ta(C) t 

t Output can go from high-impedance to an invalid data state prior to the specified access time. 
NOTE A: Areed or a write cycle can be Intermixed with read-modify-write cycles as long as the read and write timing apecificetlona are not violated. ' 

FIgure 32. Enhanced Page-Mode Read-Modlfy-Wrlte-cycle Timing 

Table 10. Enhanced Page-Mode Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 5 

Write operation (nonmasked) L L H Don't cere Valid data 

Write operation with nonpersistent wrlte-per-bit L L L Write mask Valid data 

Write operation with persistent wrlte-per-blt L L L Don't care Valid date 
Load-wrlte-mask register on either the first failing edge of 
CASx or the failing edge of WE. whichever occors later.* H L H Don't care WrIte mask 

Load-write-mask-re Ister g eye Ie sets the device to the pe rslstent write-pe r-bit mode. Column address at the falUn ed e of g g CASX Is a don't care 
during this cycle. 

~1ExAs 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ --.;1 I'" Iw(RLJ .1· I 

... I).. .1 . VL_~'---
It -+I I+- I'" Ici(RLCH} I -:: I+-It I 

I I+- Ici(RLCLJ ~ lci(cLRH} I . I . I 
Ici(CHRLJ ~ ~ I.. Iw(CI \ .. I I!+i"""'" Ici(CHRLJ -+I 
mm'l N'" .., "I! CASx~11 II iAi J\.-. tJ t+-1h(RA) I =f ~ I lw(cH} ~ 

I I I I I I I 

M-M 

I I'" ih(RsF) I~ I I 
tau(SFR) +I ~ . -+I !IIIII+ tau(SFC) I. I . 

. ~ !4- Ih(SFR) I I _I I 
~ II I sitxxxx1- : .1 

DSF llllli I. '<ttl' I I 
~ ~taU(TRG) . II ~ 

l"j+i !+- th(TRG) I I. I I 

fRGWi l_· 
I I 

-+t l4t tau(WMR)· I... I I tau(WCH) .1 I 
I I . I... I I tau(WRH) .1 
I I... ·.1 I I ih(RLW) . ~ 

th(RWM) +-+! 1+ II I... ih(CLW) . .1 W I I . -+I ~'tau(wCLJ 1 . 

WE 1'<SOOhl I I ~ 
I~II ~ 
I I... I I 1w(WL) .1 
I -+: /4t tau(DCLJ 

I I I... ih(CLD) ----I.~I 
I... I th(RLD) ------1 ... 1 

~~~~~~ I~----------------;I 
':~5 ~ Valid Color Input ~ 

5-120 

Figure 33. l.Oad-Color·Reglster-Cycle TIming (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I 14 twIRL) .1 I 

RAS --""'3iN Yl L 
1 14 tcJ(RLCH) .1 ~ tw(RH) -.I 

t. ~I I": 1 -+I ....-tt I 
"' ~ ~ 14 tcJ(CLRH) I .1 I 

_I 1 • j+- tcJ(RLCL) --+I 1 !+t- tcJ(CHRL) -+I 
tcJ(CH~RL) -r. rt I 01 ~ 1 

N~ t • Ir-i-I----~"X 
CASx II I w(CL) II 1 1"-

I I+-- th(RSF) I I .1 1 14 II tw(CH) .1 
th ~ ~ I I I 

""-AS 
teu(SFR) ~ i4t I 14 .1 th(SFC) I I 

th(SFR) -J...--!.I I+- -+I I4t teu(SFC) I I 

DSF2W'!!W! _ 
-+l ~ teu(TRG) I I I 

I I I 

Figure 34. Load-Color-Reglster-Cycle Timing (late-Write Load) 

-!i1TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

14 tc(W) ~I 

---.il 14 tw{RL) ~ I 

Ni' '.. ~V*- tw{RH) ~'--
i 'l lei (RLCH) ~I -.I 1+ II I It"" I+- '4 leI(CLRH) I ~I I 

leI(RLCL} I 14.~ ~i I i4+-leI(CHRL)-+I 
xxm::!l ~ -u(CHRL) N4 tw(CL) ~ ~ I 

CASx ~ iL ' .Vi,' ~I' tw(CH) -J~ 
leI(RLCA) IJ4 ~I I : I - : - I , r Ih{RLCA) -+i I I 
leI(RLCA} I j4 ~!.. I I I leI(CARH) I .1 

lsu(RA) ~ ~ ~ I , I leI(CACH) ., I 
Ih{RA).w.I i+" -+i ~ ~fh(CLCA) I I 

AD-AS ~ r"T' y,. 

-.I I j4-- leI(RSF} --+I Block Address I I 
lsu(SFR} ,J4r I I I I -A2-AS I I 

Ih(SFR} '.w I+- ~ 14+ IsU(SFC} I I 
I r I I I I I.---..-Ih(SFC) I I 
, " I I' 

DSF ~IIMW':: 
~ I+- Ih(TRG} I 

_lsu(T~ i4" 
TRG <llllf II ~ 

I I 
L I IL. 14 I I lsu(WCH) ~I I 

Ih(RWM) -ri I~ ! I 1 
lsu(WMR} -+l J4t II -.l144+~+-Is-u-(W-C-L) lsu(WRH} ~I 

I I I I , I I I I 14 Ih(CLW) --~~I 

WE ~ii ~~:.~ ~ 
I ,4 I I Ih(RLD) ., 

lsu(DQR} -.j 14!- -+j ~ lsu(DCL} I 
Ih(RDQ} I-J 14- I I+-- Ih(CLD) i 

DQO-DQ15 ~ 3 _ 

Figure 35. Block-Wrlte-Cycle Timing (Early Write) 

Table 11. Block-Wrlte-Cycle State Table 

CYCLE 
1 

STATE 

2 3 

Block-write operation (nonmasked) H Don't care Column mask 

Block-write operation wnh nonpersistent wrlte-per-bn 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O wrne dIsable 
1: VO write enable 

Column-mask data Dal- Oal+3 0: column write disable 
(I .. 0, 4, 8, 12) 1: column wrne enable 

I~TEXAS NSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
DaO - column 0 (address A 1 .. 0, AD .. 0) 
Da1 - column 1 (address A1 = 0, AD .. 1) 
DQ2-column 2 (addressA1 .. 1, AD = 0) 
Da3 - column 3 (address A 1 .. 1, AD = 1) 



AD-AS 

OSF 

OQD-OQ1S 
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MULTIPORT VIDEO RAM 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
__ ....;' ,~ twIRL) ., , N 0 ~ 

~ tcI(RLCH) .', --.! ~ t~(RH) 1, 
tt..,.l !4- ,.. tcI(CLRH) --+-. --to' .... 

, I+- tcI(RLCL) -+j , ~ tcI(CHRL) -+I 

~cii !! I T'C '-tot> ~ ! f'--
tcI(RLCA)' '" ., .. , I tcI(CACH) ---+j ~ tw(CH) --+I i I--- It!(RLCA) -+I I 

th(RA) ~ I+- I" W 1 tcI(CARH) 1 .l 
1 1 1 ~ II tau(CA) 1 , 

tau~RA) " .. _:_ 

I Row I ~ ~_~ 

th(RSF) ---+t Block Address 
tau(SFR) -+: M -+I IOIIIt tau(SFC) A2-AS i i 

It!(SFR) -rl W ~:: 
~'I~I-1 1 , 

-+i et tau(TRG) I 1 1 

~I' .i.. th(CLW) .11 ,~ # tcI(GHO) --+I ~ tau(WCH) ---r i I 
, ,.. , th(RLW) .,' , 

-+I 14 tau(WMR) I :.. tau(WRH) ~ 1 
1 +i t4- It!(RWM) 1 ," th(WLG) 1 .1 

~ I 1 11 1 Ni+--tw(WL)~m.===~~~~ , '~I----------~~~~~~~~~~ 
.., ~ tau(OQR) t' 1+ tau(DWL) 

,-+i j+- th(ROQ) ,I I.-- th(WLO) ~ 
: , .. ' " th(RLO) .: 

~3_ 
Figure 36. Block-Wrlte-Cycle Timing (Late Write) 

Table 12. Block-Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Block-write operation (non masked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-blt 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Col.umn-mask data 001- 00i+3 0: column write disable 
(I = 0, 4, 8, 12) 1: column write enable 

-!!1 TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (address AI. 0, AD • 0) 
001 - column 1 (address At = 0, AD = 1) 
OQ2 - column 2 (address AI = 1, AD = 0) 
003 - column 3 (address AI = 1, AD = 1) 

5-123 
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PARAMETER MEASUREMENT INFORMATION 

1OIII104f------------ tw(RL)P • ., 

~ IcI(RLCH) .1 '04 . tc(P) .,. rr:}tw(RH) 

! _'04 IcI(RLCL) --+! I ~ tw(CH) --.j j+- IcI(CL~H) --+l 1 
-+I ~ IcI(CHRL) iOOIIIl04f---".t-1 -1-1 tw(CL) I IcI(CHRL) 104 I .. I 

vv# 1 I. NY- r.,' ~ / I, 'lU I I+-IcI(RLCA) -+l 111'----'lf : ,.,. -
I: . tau(CA) -;++i I I I.- IcI(CACH) -.I , 

1h(RA) 1 104 . "I I I ,04 I th(CL~A) I I : I 
-+I ~ tau(RA) I Ih(RLCA) 1 I :04 I I IcI(CARH) --+I 

AO-AIJ 

I 1 i ! j+- th(SFC) -+I , I+-Ih(SF~) ---+I 1 

-+t j++ tau(SFR) I ~ tau(SFC) I·· I ~ tau(SFC) I ~I ~ 
DSF Q&lll w II I V 1_ w 14- th(TRG) . I I I 1 

~ II 1 I' 

lOG wii \"OOG. :: : ",_A : : 
-.,J ~ tau(WMR) 1041 ' ., tau(WCH) -.j I+- tau(WCH) 

, II I I I I 
th(RWM) II 104 ~. 104 , I "I tw(WL) '04 "I taU(WRH) 

WE~::1 ~i: ~~ 
'I tau{DWL) t -+I ~, ~ th(CLDI t --+I 

-+I i+t tau(DQR) I ~ th(WLD) t ---.I 
I 1 _I I 1 
I j'4-1h(RDQ) --; ~ tau(DCL) t 1 

I ,04 lAl. th(RLD) ~ 

~~5~2~ 3 ~3~ 
t Referenced to the first falling edge of CASx or the falling edge of WE, whichever occurs later 
NOTE A: To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late-write feature Is used. 

If the early-write cycle timing Is used, the state of TRG Is a don't care after the minimum period ih(TRG) from the failing edge of RAS. 

Figure 37. Enhanced-Page-Mode Block-Write-Cycle TIming 

Table 13. Enhanced-Page-Mode Block-Wrlte-Cycle State Table 

CYCLE 
./ 

Block-write operation (non masked) 

Block-wrl1e operation with nonpersistent wrI1e-per-blt 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data 001- 001+3 0: column write disable 
Q = 0, 4, 8, 12) 1: column wrl1e enable 

~TEXAS 
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L 

L 
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STATE 

2 3 

Oon'tcare Column mask 

Write mask Column mask 

Oon'tcare Column mask 

Example: 
000 - column 0 (address A 1 .. 0, AO • 0) 
D01 - column 1 (address A1 = 0, AO .. 1) 
DQ2 - column 2 (address A 1 = 1, AO .. 0) 
D03 - column 3 (address A 1 .. 1, AO .. 1) 



TMS55160 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SMVS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1oIIII' ... I-------tc(rd) ., 

RAS --------------.IN:~:==~_lw_(_RL_) __ _"llr 1L 
~ I+- It , I+--lw(RH)-.j 

DOO
DQ15 

I , " I ~I , IcI(CHRL} -fo, ... .-~. IcI(RHCL} , ,.... -?' jOIIII- IcI(CHRL} 
, i i tt-+l jOIIII- ~I , 

~II 

, , 

Figure 38. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

104 tc(rd) --------.~I 

AI+- tw(RH) ~\J.~ twIRL) ---~11: 

---'!04 .: fcI(RHCL) I ""'I ---------+~, ~tt 

"('7't"l'm'7'I:~fcI*(C-L-RL""'\) ,04 ., L4- fcI(RLCH} -+I 

CASX. \l !i V 
104-- fcI(CHRL) ----+I I 

I I 
tau(RA) -+104----1 ... 1 ... 1041--~.!-1 - th(RA) 

AO-AS ~~~~~~~~~ ~ 111 

i i 
taU(SFR) -I1 .. 04--i.~1 141041---11.*1- lh(SFR) 

OSF~:':~ 

DQO-DQ15 

Figure 39. CBR-Refresh-Cycle Timing 

CYCLE 

CBR refresh with option reset 

CBR refresh with no reset 

CBR refresh with stop point set and no reset 

5-126 

Table 14. CBR-Cycle State Table 

~TEXAS 
INSTRUMENTS 

1 

Don't care 

Don't care 

Stop address 
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STATE 

2 3 

L H 

H H 

H L 



AO-AS 

DSF 

TMS55160 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SMVS160D-AUGUST 1992- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ Memory Read Cycle -+!.- Refreah Cycle .1. Refresh Cycle ~ 
I I I 
14-- tc .1+-- tc(rd) .1 I 
I lw(R~d) I. ~ lw(RH) I. .~ tc(rd) .: 

~lt~N~V ~ !~ 
! _ I I..: I teI(CARH) I : I teI(RLCH): II. .1 

~~ teI(CHRL) I I I ~ :.- tt I I 

~:: :1\1! i ! tw(C~ ill ~S:: ~ 
I II •• 11 I I I I teI(RLCA) I I II : : 
I I I I I I -+I ~I tau(RA) I I 
I I -J ~ I !+- th(CLCA) I I I -JoI ~ tau(RA) I 

:: I ~taU(CA) : : : : ~ th(RA) :: ~ lh(RA) 
-y.j ~th(RA) -+I ~ tau(RA) I I I I I I I I I 

~ I+I--l- tau(RA) II : I ~ th(RA) : I I I I I I I I 

~:': ~1,1 ~~~~~~ 
I I 1 1 1 I +: ~ tau(SFR) ~ H;. ':~SFR) -+: if tau(SFR) 

~1r=.I' ~~I;~ 
I I I I I ~ th(RHrd) I 1 I -+I!+-

~ ~ tsu(TRG) I I I : tellr(CH) I 
I ~ I4h- th(TRG) I I I I II tells(G) ~ 
I -I I-il I I I I I I ! I 

XI/" : '\~ ~ teI(GLR~: I I II 1 I I 
1/ I fT r 1 I I ~ I III I.:' I 
tau(rd) ~ I ~ ~ tsu(WMR) I ~ tau(WMR) -.! ~ tau(WMR) I 
vvvwU I. I . W ~"(RWM) I rH>r"(RW~ ~ th(RWM) 

WE ~ ~ta(G)·~ 3 ~ 3 ~ ~ 3 'MOoooo 
I -.J /+ta(C) ~ *~ 

DQO
DQ15 

~~~ I 
----<{ Data out:: >--

Figure 40. Hldden-Refresh-Cycle Timing 

Table 15. Hldden-Refresh-Cycle State Table 

CYCLE 
1 

CBR refresh with option reset Don't care 

CB R refresh with no reset Don't care 

CBR refresh wHh stop point set and no option reset Stop address 

~TEXAS 
INSTRUMENTS 
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STATE 

2 3 

L H 

H H 

H L 
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PARAMETER MEASUREMENT INFORMATION 

I. tc(TRO) ~I 
1 14 tw(RL) ~ I ------.iX teI(RLCL) 4 ..r-- tw(RH) ~\. .... __ _ 

.~ ""*""----+!~I 1 teI(RLCH) : 1 ~ 

..,(CHRL) ,. 1 1 14-1- teI(CARH) ~ II 

vvvvvJ. 1 1 1 1 
§flll 1 j+- teI(RLCA) --.I N--- tw(CL) ~ 

: ~ th(RA) 1 ~ *1 tau(CA) 

+- ~ I . 1 1 I4--*- th(CLCA) 

AO-AS 

.. u(RA) I :;1+---- th~(RLCA) I i ~ . XXXXXX>.ir Row I I Tap Point I 
""'~ .............. ~ _ AO-A8 

tau(SFR) ~ 14 ~ th(SFR) I - : :"..,..,..,..' ,.,..,.,......., ........ .,..,..,.. ......... ......., ........ .,..,..,.. ......... ......., ................. ~ 
-11-

OSF 

tau(TRG) ~ ~ th(TRG) 1 I _ i ~ ~'"*'7"7~~:!!""(f....f7ro'7"7~'7"7-~-tw(-GH)---.j"'P:7~~~~~~~. 
tau(WMR)-j4---+I I I _ 
~ll~ 

OQO-OQ15 
1 I 

• I 1 I HI.Z+I---1 ..... ----------

SC 

!4- teI(SCTR) ~ J+- teI(CLSH) --.I 
tW(SCH):. 14-=---- teI(RLSH) 1 it tw(SCL) 

---J: i\\\\ \\ \\\ \\ \)\\\\~ ~~ tw(SCH) tJ\"""'--J,r:-
j4- ta(SQ) ~ 1 1 14 tc(SC) ~I 

th(SHSQ) I. ~Il : I: '; "_OJ ::- ~tsO\, ~;.-I ____ _ 

Old Data * . Old oa~a * New Data 1 L-____ _ 

: ~. '--tel(GH~~ ~IL' ______ _ 
. . _ r- Tap Point Bit A7 

tel (CLQSF) J 
'. teI(RLQSF} -----..~ 

SQ 

QSF 

H 

L -------------------------------------------------

NOTES: A. DO outputs remain in the high·impedance state for the entire memory·to-data·register·transfer cycle. The 
memory-to-data-reglster-transfer cycle is used to load the data registers in parallel from the memory array. The 25610catlona In each 
data register are written Into from the 256 corresponding columns of the selected row. 

5-128 

B. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., the SO is enabled), allowing data to be shifted 
out of the registers. Also, the first bH read from the data register after TRG has gone high must be activated by a positive transition 
ofSe. 

C. AO - A7: register tap point; AS: Identifies the half of the transferred row 
D. Early-load operation is defined as th(TRG) min < th(TRG) < Id(RLTH) min. 

Figure 41. Full·Reglster-Transfer Read Timing, Early·Load Operations 

-!!1 TEXAS 
INSTRUMENTS 
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AO-A6 

OSF 

OQO-OQ15 

SC 

SQ 

QSF 

H 

TMS55160 
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MULTIPORT VIDEO RAM 
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PARAMETER MEASUREMENT INFORMATION 
~ tcCTRO) ~I 
I I 
I ioII tw(RL) ~I I 

-----.i, ~ lcl(RLCL) ----j : ~t " 
1'\ I Y ~ lw(RH) ----tI ,'--__ 

lcl(CHRL) ~1~4I -~J ~ lcl(RLCH) I ., 1 
I I -H I ~ I ~ lcl(RLCA) --+I ~ lw(CL) I V I 
I 141- -.I I I - I I 
I lt1(RA) -+i j+t tsu(CA) I I 

~I I II I I 
tsu(RA) I I If- th(RLCA) -i--+-~ 

I I I I 

tsu(SFR)~ _I 
I 

tsuCTRG)~ _: 
I 

tsU(WMR)~ 

I 
~----+~II-lt1(SFR) I I I 

1 

I lcl(SCTR) 14 I ~I I I 

I I I ,.. ~ lclCTHSC) 
I I I HI.z -+I----ll----------

lw(SCH) ~ ~I I I I 

---.IT I,," } 1 \1 YT \'---JJ!I 
, I .. ~ I I I I 
~ ts(SO) ~ '41 ~ lw(SCL) I 14-14--tc(SC) III! 
I I I I 14- ta(SQl-+i 

lt1(SHSQ) ~ ~ I I :: th(SHSQ) 14 Yi I 

Old Data * Old Data . X . Old Data Mr, --Ne-w-O-a-"--

I ~--------

: 

~ I+--lcl(GHQSF) 1,,-1 ______ _ 
. r: 0- Tap Point Bit A7 

I, ,. lcl(CLQSF) ~ 
~101-------lcl(RLQSF) ~I 

L ------------------------~~~~-------------------------
NOTES: A. Random-mode (OC) outputs remain In the high-impedance state for the entire memory-to-data-reglster-transfer cycle. The 

memory-to-date-register-transfer cycle is used to load the date ragisters in parallel from the memory array. The 256 locations in each 
date register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial read mode Q.e., the sa is enabled), allowing data to be shifted 
out of the registers. Also, the first bit, read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO-A7: register tap point; AS: identifies the half of the transferred row 
O. Late-load operation Is defined as fdCTHRH) < 0 ns. 

Figure 42, Full-Reglster-Transfer Read Timing, Real-Time Load Operation/late-Load Operation 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~~ ~ I ,.- twIRL) ., ~ tw(RH) -+l 
-----., ~ Ici(RLCL) -+i ! J, 

N ' y: \ 
Ici(CHRL) ~ I ' , ....... -----

1 I.- Ici(RLCH) ., I.- tw(CH) .1 
"'(RLOA) I.~ -1w(c4 ~ ~ I bvvv.:: 
~ I i tau(CA) I'- ~\l y I .~ 

th(RA) ~ I+- 1 1 ' 
t_ ,~_I 1 1 1 1 I· , 

AD-AS 
.. u(RA) '.:1 1 '.- ._:: 

~ R~w.~TapPolntAO-AS_:_ 

OSF 

tau{TRG) -.! i'!t See Note A 1 

i~ 
~II 

~ I+- Iil(SFR) 1 

tau(SFR)~ ~_I ~ 
§0§§V1:. 

~ i+th(RWM) 

tau(WMR)+/ 1+-_' ~ 
WE§W'I. 

OQO-OQ1S 1 I 
1 HI-Z--01------------

Ici(MSRL) 4IIIIr--I.~1 i *-
14-__ 1- ~(SC) Ici(RHMS) -+i 1 

i '+-- ~(SC) ---.! 

SC 
1 ~--~ 

Bit 127 or Tap PolntM Bit 127 or Tap 
Bit 255 Bit 255 I PolntN SQ 

IJJi Ici(SCQSF) 1 ......... ta(SQ) 
1 Ici(SCQSF) I.- .1 

X .Old MSB:~ X NewMSB QSF 

H 

" 11 
L __________________ ~\~----__ -------------

NOTE A: AO-A6: tap point of the given half; A7: don't care; A6: Identifies the DRAM row half 

Figure 43. Split-Register-Transfer Read Timing 
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PARAMETER MEASUREMENT INFORMATION 

tsu(TRG) --: ~~----------------------------------
1414---I~*- lh(TRG) 

~14--- 'e(SC) ~ 
~ 'e(SC) ~ i4 ~ \wISCH) 

1 1"'1 ~ tw(SCH) I I 
t4 ~ \wISCH) I 1 I I 
1 ~ ~ I ~ j+- tw(SCL) -+I I ~ 

--~;i\!.*- tw(SCL) ~.v1 .~ Vf\.""" __ 
141 ~I ta(SQ) 1..

1
'" I 

:.. ... ta(SQ) 4 ~ta(SQ) 

~ I4f lh(SHSQ) th(SHSQ) ~ I th(SHSQ) ~ ~ I 
----. valid Out :*: Valid Out * Valid Out 

~ 14- ta(SE) 

\~----------------------
NOTE A: While the data is being read through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. 

This is to avoid the initiation of a regisler-data transfer operation. 

Figure 44. Serial-Read Timing (SE = VIL) 
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PARAMETER MEASUREMENT INFORMATION 

tsu(TRG) --+i 'tl"I1111I4-=--=--=--=--:'~:-=--1h-(T-R-G)----------

SC 

~,4----tc(SC) ---~~ 

1ei4--- tc(SC) .~ I 
'.1' ~ --~~II- lw(scH) 1IIII-14---1~~ lw(ScH) 

.... CHJ t ~ . . I .L '''.(SCL)~ I L /! \\1. *-lw(SCL) -.II! '\l t Jr~1 --~~\ 
----' 1 I . 1 '" i '----r4 ~ ts(SQ) 'I 1 

, 1 14 ., ts(SQ) 1!4-~~_._(SQ) 
--+i ~ th(SHSQ).1 r''' 

1 1 ~ j4- ts(SE) "~ ___ I-I-- th(SHSQ) ____ --.1,.1 , 

SQ Valid Out Valid Out Valid Out 
I 

I I 
I I 

14--+1- ldls(SE) I 

---------II ~~I ____________________________ __ 

NOTE A: While the data Is being read through the serial-data register, TRG Is a don't care except'fRG must be held high when RA§ goes low. 

5-132 

This is to avoid the Initiation of a register-data transfer operation. 

Figure 45. Serial· Read Timing eSE·Controlied Read) 
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SMVS160D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~-"\.\._---Ir,/I I \. ~~\--I 
CASx ~~\--
ADDR x::x::::J< ----+--~~~ \F RowTap1 

(low) (hIgh) I (low) I (high) 

TRG '--I L/ /,~~\--
DSF ____ ....;-..Jf\."-_~/,~~\--

I I 
I I 
I I 
I I CASE I 

SC 
Tap1 ~~JQ_ 
(low) II 127 (high) /I 255 (low) 127 

\ /I !J jJ I \ /' r 
--------~-----+I--------------~,r__T I ,~ 

QSF 

I I I 
I I I 

CASE II I I I 
I I I 

--------+:---~OFY~~JQ-
I (low) 1271 (high) I 255 (low) 127 

I S~ r----F ___ .....l' ..... _-+. ______ .......;/L.....J I' / 
,~ I ' 

SC 

QSF 

I I I 
I I I 
I I I CASElli 

------~:r------~Q~~JQ-
I (low) 1271 (high) I 255 (low) 127 

___ ~\ __ -+II-----~/. ~ /,~ I \ /' r ,H I ,~ 

SC 

QSF 

I Split Register to the I Split Register to the I Split Register to the 
Full-Register-Transfer Read I High Half of the I Low Half of the I High Half of the 

I Data Register I Data Register I Data Register 

NOTES: A. In order to achieve proper split-register operation, a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This Is necessary to Initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer-read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after 
the first split-register-trensfer cycle (CASE III). There is no minimum requirement of SC clock between the full-reglster-transfer-read 
cycle and the first spilt-register cycle. 

B. Asplit-register-trensferintothe inactive half is not allowed untilld(MSRL) is met.ldIMSRL) is the minimum delay time between the rising 
edge of the serial clock of the last bit (bit 127 or 255) and the falling edge of AAS of the split-register-trensfer cycle into the inactive 
half. After the ld(MSRL) requirement is met, the split-register-transfer into the inactive half must also satisfy the minimum ld(RHMS) 
requirement.ld(RHMS) is the minimum deiaytime between the rising edge of RAS of the split-register-transfercycle into the Inactive 
half and the rising edge of the serial clock of the last bit (bit 127 or 255). 

Figure 46. Split-Register Operating Sequence 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 14043· HOUSTON, TEXAS n251-14043 5-133 



TMS55160 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS160D - AUGUST 1992 - REVISED JUNE 1995 
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"¥ 
TMS55160~ 

F R A~T 

l 

~TEXAS 
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Speed (-60, -70, .aO) 

Pa ckageCode 

Lot Trace ability Code 

Aaaemb 
OleRe 

Waf 

Date Code 
lySite Code 
vlalonCode 
er Fab Code 
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This data sheet is applicable to al/ TMS55165s 
symbolized with Revision "en and subsequent 
revisions as described on page 5-189. 

• Organization: 
- DRAM: 262144 Words x 16 Bits 
- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 

, SAM Ports 
• Data Transfer Function From the DRAM to 

the Serial Data Register 
• (4 x 4) x 4 Block-Write Feature for Fast Area 

Fill Operations; As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Blt On-Chip Color Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM VO; Two Wrlte-Per-Blt Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
Flexibility 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 
• Split-Register Transfer Read for Simplified 

Real-Time Register Load 
• Programmable Split-Register Stop Point 
• 3-State Serial Outputs Allow Easy 

Multiplexing of Video Data Streams 
• All Inputs/Outputs and Clocks TTL 

Compatible 
• Compatible With JEDEC Standards 
• Texas Instruments EPIC'· CMOS Process 
• Designed to Work With the 

Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 

AO-AS 
CAS 
000-0015 
OSF 
NC/GNO 

OSF 
RAS 
SC 
SE 
SOO-S015 
TRG 
VCC 

~-
WEL,WEU 

TMS55165 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 

DGHPACKAGE 
(TOP VIEW) 

~ 10 V 84 VCC SC 
TRG BE 2 83 

3 112 Vss Vss 
4 81 sao sa15 
5 80 oao 0015 
8 59 sa1 SQ14 
7 58g 

~ 57 g 001 0014 
8 Vcc Vee 
8 58 SQ2 SQ13 
10 515 0Q2 0013 
11 84 sa3 SQ12 
12 53 0Q3 0012 
13 52 Vss Vss 
14 51 sa. SQ11 
15 50 0Q4 0011 
18 48 sa5 SQ10 
17 48 005 0010 
18 47 Vee Vee 
18 48 saa sae 
20 45 oas OQII 

21 44 SQ7 SQ8 

22 43 007 oas 
23 42 Vss Vss 
24 41 WEL DSF 
25 40 WEU NC/GND 
28 38 RAS CAS 
27 38 NJ aSF 
28 37 A7 AO 
28 38 NJ A1 
30 35 AS A2 
31 34 A4 A3 
32 33 Vee Vss 

PIN NOMENCLATURE 

Address Inputs 
Column-Address Strobe 
DRAM Data I/O, Write Mask Data 
Special Function Select 
No Connect/Ground (Important: Not 
connected internally to VSS) 
Special Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial Data Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Byte-Write Enable Selects 

ACCESS TIME ACCESS TIME DRAM DRAM SERIAL OPERATING CURRENT OPERATING CURRENT 
ROW ENABLE SERIAL DATA CYCLE TIME PAGE MODE CYCLE TIME 

ta{R) ta(SQ) tc(W) tc(P) tc(SC) 
(MAX) (MAX) (MIN) (MIN) (MIN) 

TMS55165-60 eons 15 ns 110 ns 35 ns 18 ns 
TMS55165-70 70ns 20ns 130 ns 40ns 22ns 
TMS55165-80 80 ns 25 ns 150 ns 45ns 30ns 
EPIC is a trademark of Texas Instruments Incorporated, 

~TEXAS 
INSTRUMENTS 

SERIAL PORT STANDBY SERIAL PORT ACTIVE 
1cc1 ICC1A 
(MAX) (MAX) 

180mA 225mA 
185mA 205mA 
150mA 185mA 

Copyright IC 1995, Texaa Instruments Incorporated 
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description 
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The TMS55165 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262144 words of 16 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS55165 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS55165 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55165 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-Chip color data register) to be written to any combination of four adjacent column address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55165 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. 

The TMS55165 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half ofthe register and immediately transfers control to the opposite half. A separate 
output, aSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55165 are compatible with Series 74 TTL. All address lines 
and data-in lines are latched on chip to simplify system deSign. All data-outs are unlatched to allow greater 
system flexibility. 

The TMS55165 employs state-of-the-art Texas Instruments EPIC'· scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55165 is offered in a 64-pin small-outline gull-wing-leaded package (DGH suffix) for direct surface 
mounting. ' 

The TMS55165 and other TI multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram (continued) 
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Table 1. Function Table 

RASFALL 
CAS 

ADDRESS DQO-DQ15t FALL 
FUNCTION 

CAS TRG WEx* DSF DSF RAS CAS§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop point 
set' 

L X L H X 
Stop 

X X Polnt/l 

CBR refresh (option reset)1i L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

Full-register-transfer read H L H L X 
Row Tap 

X Addr Point 

Split-register-transfer read H L H H X 
Row Tap 

X Addr Point 

DRAM write (nonmasked) H H H L L 
Row Col 

X Addr Addr 

DRAM write 
H H L L L 

Row Col Write 
(nonpersistent write-per-bit) Addr Addr Mask 

DRAM write 
H H L L L 

Row Col 
X (persistent write-per-blt) Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2-AS 

DRAM block write Row Block Write 
(nonpersistent wrlte-per-bit) H H L L H Addr Addr Mask A2-AS 

DRAM block write Row Block 

(persistent write-per-bit) H H L L H Addr Addr X 
A2-AS 

Load write-mask register 0 H H H H L 
Refresh 

X X Addr 

Load color register H H H H H 
Refresh 

X X Addr 

Legend: 
X = Don'tcare 
Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to VO enabled 

t 000-0015 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. 
* Logic L is selected when either or both WEL and WEU are low. 
§ The column address and block address are latched on the falling edge of CAS. 
'Ii CBRS cycle should be performed immediately after the power-up initialization cycle. 
/I AO-A3, AS: don't care; A4-A7: stop-point code 
" CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-pOint mode. 
*CBR refresh (no resat) mode does not end persistent write-per-bit mode or stop-point mode. 

WEL 
WEU 
CAS 

X 

X 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RT 

SRT 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

o Load-write-mask-reglster cycle sets the persistent write-per-bit mode. The persistent wrlte-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 

PIN DRAM TRANSFER 

AO-AS Row, column address Row address, tap point 

CAS Column-address strobe, Da output enable Tap-address strobe 

Da DRAM data va, Write mask 

DSF Block-write enable Split-register-transfer enable 
Write-mask-register load enable 
Color-register load enable 
CBR (option reset) 

RAS Row-address strobe ROW-address strobe 

SE 

SC 

sa 

TRG DQ output enable Transfer enable 

WEL Write enable, Write-per-blt enable 
WEU 

aSF 

NC/GND Make no external connection or tie to system GND 

VCct 5-Vsupply 

vsst Ground 

SAM 

sa output enable, 
aSF output enable 

Serial clock 

Serlal-data output 

Serial-register status 

t For proper deVice operation, all VCC pins must be connected to a 5-V supply, and all VSS pins must be tied to ground. 

pin definitions 

address (AD-AS) 

Eighteen address bits are required to decode one of 262144 storage cell locations. Nine row-address bits are 
set up on pins AO-AS and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-AS and latched onto the chip on the falling edge of CAS. All addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of AO-AS are latched on the falling edge of RAS to 
select one of the 512 rows where the transfer occurs. At the falling edge of CAS, the column-address bits AO-AS 
are latched. The most significant column-address bit (AS) selects which half of the row is transferred to the SAM. 
The appropriate S-bit column address (AO-A7) selects one of 256 tap points (starting positions) for the serial 
data output. 

During the split-register-transfer read operation, address bitA7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (AS) selects the 
DRAM half row. The remaining seven address bits (AO-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 127 and 255 are not valid tap points. 

row-address strobe (RAS) 

5-140 

RAS is similar to a chip enable, so that all DRAM cycles and transfer cycles are initiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the TMS55165. 
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CAS is a control input that latches the states of the column address and DSF to control DRAM and transfer 
functions of the TMS55165. CAS also acts as output enable for the DRAM output pins DOO-D015. 

In transfer operations, address bits AO-AS are latched at the falling edge of CAS as the start position (tap) for 
the serial data output (SOO-S015). 

output enable/transfer select (TRG) 

The 'fAG pin selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM output pins 
DOO-D015. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In DRAM operation, WEL enables data to be written to the lower byte (DOO-D07) and WEU enables data to 
be written to the upper byte (DOS-D015) of the DRAM. Both WELand WEU have to be held high together to 
select the read mode. Bringing either or both WEL and WEU low selects the write mode. 

WEL and WEU are also used to select the DRAM write-per-bit mode of operation. If either or both WEL and WEi] 
are brought low on the falling edge of RAS, the write-per-bit operation is invoked. The TMS55165 supports both 
the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (DSF) 

The DSF input is latched on the falling edge of RAS or CAS, similar to an address. DSF determines which of 
the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 
• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop point set (CBRS) 
• Block write 
• Loading write-mask register for the persistent write-per-bit mode (LMR) 
• Loading color register for the block-write mode 
• Split-register-transfer read 

DRAM data I/O, write mask data (DQO-DQ15) 

DRAM data is written or read through the common I/O DO pins. The 3-state DO output buffers provide direct 
TTL compatibility (no pull up resistors) with a fanout of one Series 74 TTL load. Data out is the same polarity 
as data in. The outputs are in the high-impedance (floating) state as long as either 'fAG or m is held high. 
Data is not appear at the outputs until after both CAS and TRG have been brought low. The write mask is latched 
into the device via the random DO pins by the falling edge of RAS and is used on all write-per-bit cycles. In a 
transfer operation, the DO outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO-SQ15) 

Serial data is read from the SO pins. The SO output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-l!!!Pedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial cloc.k (SC) 

Serial data is accessed out ofthe data register from the rising edge of SC. The TMS55165 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 14<43 • HOUSTON. TEXAS n251-14<43 5-141 



TMS55165 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVSl65D- AUGUST 1992 - REVISED JUNE 1995 

serial enable (SE) 

During serial access operations, SE is used as an enable / disable for the sa outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin aSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. Thus, external SC pulses increment the 
internal serial address counter r~dless of the state of SE. This ungated serial clock scheme minimizes 
access time of serial output from SE low because the serial clock input buffer and the serial address counter 
are not disabled by SE. 

special function output (QSF) 

aSF is an output pin that indicates which half ofthe SAM Is being accessed. When aSF is low, the serial address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When aSF is high, the 
pointer is accessing the.higher (most significant) 128 bits of the SAM. aSF changes state upon crossing a 
boundary between the two SAM halves. 

During full-register-transfer operations, aSF can change state upon completing the cycle. This state Is 
determined by the tap point loaded during the transfer cycle. 

The aSF output is enabled by SE. If SE is high, the QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 

random access operation 

Table 3. DRAM Function Table 

RASFALL 
CAS 

ADDRESS DQO-DQ15t 
FALL 

FUNCTION 
CAS TRG 

Reserved (do not use) L 

CBR refresh (no reset) and stop-point 
set'll L 

CBR refresh (option reset)11 L 

CBR refresh (no reset)* L 

DRAM write (nonmasked) H 

DRAM write 
H (nonpersistent write-per-bit) 

DRAM write 
H (persistent write-per-bit) 

DRAM block write (nonmasked) H 

DRAM block write 
(nonpersistent wrlte-per-blt) H 

DRAM block write 
(persistent write-per-bit) H 

Load write-mask register IJ H 

Load color register H 

Legend: 
X • Oon1care 
Col Mask z H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

L 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

WEx* DSF 

L L 

L H 

H L 

H H 

H L 

L L 

L L 

H L 

L L 

L L 

H H 

H H 

DSF RAS CAS§ RAS 

X X X X 

X 
Stop 

Point# X X 

X X X X 

X X X X 

L 
Row Col 

X Addr Addr 

L 
Row Col Write 
Addr Addr Mask 

L 
Row Col 

X Addr Addr 

Row Block 
H Addr Addr X 

A2-AS 

Row Block Write 
H Addr Addr Mask 

A2-AS 

Row Block 
H Addr Addr X 

A2-AS 

L 
Refresh 

X X Addr 

H 
Refresh 

X X Addr 

t OQO-DQ15 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. 
* Logic L is selected when either or both WEL and WEU are low. 
§ The column address and block address are latched on the falling edge of CAS. 
, CBRS cycle should be performed immediately after the power-up initialization cycle. 
# AO-A:3, AS: don't care; M-A7: stop-point code 
1\ CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent wrlte-per-bit mode or stop-point mode. 

WEL 
WEU 
CAS 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

IJLoad-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eliminates the time required for row-address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55165 to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be presented immediately after the row address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained afterta(c) max (access 
time from CAS low) if ta(CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before RAS (CBR) refresh 

CSR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CSR refresh cycles are available. The CSR 
refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. The CSRN and CSRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 512 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf(MA)' The output buffers remain in the high-impedance state during the CSR refresh 
cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is being carried out. Like the CSR refresh, the refreshed 
row addresses are generated internally during the hidden refresh. 

1VfS-only refresh 

5-144 

A RAS only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low, the 
output buffers remain in the high-impedance state to conserve power. Externall~erated addresses must be 
supplied during RAS only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row 
to be refreshed. 
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Byte-write operations can be applied in DRAM write cycles, block-write cycles, load-write-mask-reglster cycles, 
and load-color-register cycles. 

Holding either or both WE[ and WEU low selects the write mode. In normal write cycles, WE[ enables data to 
be written to the lower byte (OQO-OQ7) and WEU enables data to be written to the upper byte (OQ8-oo15). 
For early-write cycles, one of WEx Is brought low before CAS falls. The other WEi can be brought low before 
~ falls or after CAS falls. The data Is strobed In with data setup and hold times for OQO-OQ15 referenced 
to ~ (see Figure 1). 

\~--------------~/ 
.!\ / I ~I ______________ -J 

I I 
WELt \ I I / 

~. __________ ~I_I~-----------------J 
I I 

\\~~t\~~ 
~u~C~--~1~4----------~~1 I 

I I 
I 1414----M~1-- tt.(CLD) 

/ 

DQO-DQ1S ~ Valid Input ~ 
t Either WEi can be brought low prior to CA! _rtion to initiate an earIy-writa cycle. 

Figure 1. Example of an Early-Write Cycle 
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byte-write operation (continued) 

For late-write or read-modify-write cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WEU are brought low to select the corresponding byte or bytes to be written. Data is 
strobed in by either or both WEL and WEU with data setup and hold times for OQO-OQ15 referenced to 
whichever WEx falls earlier (see Figure 2). 

\~------------~I 
\ ______ ---'1 

""'-___ ---'1 , , , , 
\ / : , , , 

tau (OWL) --1144------+1.1 , 
1 , 
1 ,4.1 th(WLD) 

OQO-OQ15~~1 _________ ~_a_lId_l_n_pu_t ________ ~~ 

5·146 

Figure 2. Example of a late-Write Cycle 
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The wrlte-per-blt feature allows masking any combination of the 16 ~Os on any write cycle. The wrlte-per-blt 
operation is invoked when either or both WEL and WEU are held low on the falling edge of RAS. Assertion of 
either individual WEx allows entry of the entire 16-bit mask on 000-0015. Byte control of the mask input is 
not allowed. 

If both WEL and WEU are held high on the falling edge of RAS, the write operation is performed without any 
masking. The TMS55165 offers two write-per-bit modes: the nonpersistent write-per-bit and the persistent 
write-per-bit. 

nonpersistent wrlte-per-blt 

When either or both WELand WEU are low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary 
code (the write-per-bit mask) is input to the device via the random DO pins and latched on the falling edge of 
RAS. The write-par-bit mask selects which of the 16 random I/Os are to be written and which are not. After RAS 
has latched the on-chip wrlte-per-bit mask, input data is driven onto the DO pins and is latched on either the 
first falling edge of WEx or the falling edge of CAS, whichever occurs later. WEL enables the lower byte 
(000-007) to be written through the mask, and WEU enables the upper byte (008-0015) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the failing edge of RAS, 
data is not written to that I/O. If a data high (write mask = 1) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that 1/0 (see Figure 3). 

~~------------~/ 1 1 
1 1 

\~-------/ 1 1 
1 1 
1 1 
1 1 

\ ! I / ~'I&o-. ---,Qj~~~~ 
1 1 I I 

----~ 1 1 r------------~I I 

WEU \:: I N,....I ___ ~~~~~ 
'-u(DQR) 1411 ~ 1 I 1 

I ~\oII--I~ .... II- "'(RDQ) 1 ·1 
I I 1 I 1 '-u(DWL) .....,.14IIf--.t.1 1 
1 I I 1~4II-~.11- 1t!(WLD) 

DQO-DQ15 ~-I-W-rl-te-M-I-'k-""'~-I --W-rlt-.-In-pu-t-""'~ 

Figure 3. Example of a Nonpersistent Wrlte-Per-Blt (late-Write) Operation 
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persistent write-per-bit 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register (LMR) cycle first. 
In the persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power Is removed. 

The load-write-mask-register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the falling edge of CAS. A binary code is input to the write-mask register 
via the random 110 pins and latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in exactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 4). 

I Load Wrlta-Mask Raglater . Persistent Wrlte-Per-Blt CBR Refresh (option reset) I 

RASh. . / \ / \,i--i 
I I I I I 1.--, 

CAS \ /1 \ / 1\ I I 
I I I I 

AO-AS 
Refresh Row Column ~ 

I Address I I I 

DSFP' ~.~ .@. ~ ~ 
WEXP' 'WQ ~ Jm\ ~ ~ 
~~~5~ ~ ~ 

I Write-Mask I Valid I 
Data Input 

Mask Data • 1: Write to I/O enabled 

5-148 

= 0: Write to I/O disabled 

Figure 4. Example of a Persistent Wrlte-Per-Bit Operation 
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The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 DOs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DOs per 
column (see Figure 5). 

One Row of 0 - 511 

DQ15ITill 

DQ14ITill 

DQ13ITill 

DQ12ITill 

DQ11ITill 

DQ10ITill 

DQ9ITill 

DQSITill 

3rd Quadrant 

DQ7ITill 

DQ6ITill 

DQ5ITill 

DQ4ITill 

DQ3ITill 

DQ2ITill 

DQ1ITill 

DOOW 
4 Consecutive Columns of 0-511 

Figure 5. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or perSistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DO data is provided by four bits from the on-Chip color register. 
Bits 0 -3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register, and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4-7,8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 6). 
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block write (continued) 

,,~ DQ3 ITIIJ 

'/ DQ2ITIIJ ..... 
DQ1ITIIJ 

r--, 
...1_, , 

-, , I 
.Ill r++-H-I", iO ".J 
c , 
§ 2 
8 3++-H.j~L 

DQ12 r'1'" 0 r--' 
ITIIJ 

...1_, , 
DQ11 , , -, , 

~/ DQITIIJ'0ITIIJ ~: r+~~t+l1-1 ! J J 
DQ9 14 I"' .Jr 

15 

DQ4 r--, 
...1_, , 

-, , I 
r+t-t-n , , , 

4 , , .J 

5 , .J 
6 
7 .J 

7 

DQSrn r--, 
...1_, , 

-, , I 
r++++t , , , 

S t1I~ ,~ .J 

9 I"A ! J 
10 ! 
11 ++ .......... r.lL.J 

\ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 I 
~--------------------~v~----------------------~ 
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Figure 6. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 7. 

Block 0 Block 1 ••••••••••..•••.•.•••• Block 127 
,r--_...J/\'---__ vr-_....J/\, I /\'-----, 

One Row of 0-511 I I I I I 
o 2 3 4 & 6 7 .......................... . 511 

~----------~vr-----------_-J' 
Columna 

Figure 7. Block Columns Organization 

During block-write cycles, only the seven most significant column addresses (A2 -A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits AO -A 1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block·write cycle is entered in a manner similar to a DRAM write cycle except OSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DO bytes to be written, respectively. The column-mask data is input via the ~Os and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 1S-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (AO -AS from left to right) 

bit 0 bit 15 

color-data register = 1011 1011 1100 0111 
write-mask register = 1110 1111 1111 1011 

column-mask register = 1111 0000 0111 1010 
1st 2nd 3rd 4th 

Ouad Ouad Ouad Ouad 

Column-address bits AO and A 1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has 000-002 written with bits 0-2 from the color-data register (101) to all four columns 
of block O. 003 is not written and retains its previous data due to the write-mask register bit 3 being a O. 

The second quadrant (004-007) has all four columns masked off due to the column mask bits 4-7 being 
0, so that no data is written. 

The third quadrant (008-0011) has its four DOs written with bits 8-11 from the color-data register (1100) to 
columns 1 -3 of its block O. Column 0 is not written and retains its previous data on all four ~Os due to the 
column-mask-register bit 8 being O. 

The fourth quadrant (0012-0015) has 0012, 0014, and 0015 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block O. 0013 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all ~Os due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 8 after the 
block-write operation shown in the previous example. 
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block write (continued) 

DQ1511 1 0 11 1 0 I 
DQ1411 1 0 11 1 0 I 

DQ131 0 1 0 1 0 1 0 I 
-.~ 

Columns 0 1 2 3 

Figure 8. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

The load-color-register ~e is performed using normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS and CAS. The color register is loaded from pins DaO -Da15, which are latched 
on either the frrst falling edge of WEx or the falling edge of CAS, whichever occurs later. If only one WEx is low, 
only the corresponding byte ofthe color register is loaded. When the color register is loaded, it retains data until 
power is lost or until another load-color-register cycle is performed (see Figure 9 and Figure 10). 

I 
I 
I 

Load-Color-Rsglstsr Cycls I Block-Writs Cycle I Block-Write Cycls I 
I (no writs mask) I (load and use write mask) I 
I I I 

~~I ~==~--~~~I ~==~~~/! 
\. ...... _-J1 I \. ...... ___ ---'1 i \. rl 

RAS f'"'. 
CAS i 

DSF~=~:=C~= DQO-DQ15 mm 4 6 5 
Legend: 

1. Refresh address 
2. Row address 
3. Block address (A2-AS) is latched on the falling edge of CAS. 
4. Color-register data 
5. Write-mask data: OQO-0015 are latched on the falling edge of RAS. 
6. Column-mask data: OOi-OOi+3 ~ .. 0,4, S, 12) are latched on either the first falling edge ofWEx or the falling edge of CAS, whichever 

occurs later. 
,***"*CCcc:::cOCO = don't care 
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Figure 9. Example of Block Writes 
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I Load-Wrlta-Maak-Reglatar Cycla I Load-Color-Raglatar Cycla I Parslatant Block-Write Cycla I 
I I I (USB loadad write maak) I 
I I I I 

RAS r-\, ;--r-\, .r-r-' /I 
CAS I \ /"'~I_'==~\~-=--=--=--=-~/,..-II_'==~\:-:_-_-_-_...J-,n 

AO-AB oc:r:~mmmm~:::r::::xlmmmm$<:::!2::)~C:C:~~ 

WEx ~~==~~~::::::~~~~:=~~~~::::::~~~~~~~~::::::~~~ 
TRG; 

DSF~~~~~= DQO-DQ16 _ 8 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-A8) Is latched on the falling edge of CAS. 
4. Color-register data 
5. Write-mask data: 000 -0015 are latched on the falling edge of CAS. 
6. Column-mask data: 001-001+3 (I = 0, 4, 6, 12) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 

occurs later. 

cG::S!I::!acS!lcc!cUI*IIl#I*ltt = don't care 

Figure 10_ Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low and 
holding WEx high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 

Table 4_ SAM Function Table 

RASFALL 
CAS 
FALL 

FUNCTION 
CAS TRG WExt DSF DSF 

FUll-register-transfer read H L H L X 

Split-register-transfer read H L H H X 

t logic L Is selected when either or both WEL and WEU are low. 
X = don'tcare 

~TEXAS 
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CODE 
RAS 

CAS 
WE" 

X X RT 

X X SRT 
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full.register·transfer read 

5-154 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO -AS) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO -AS) are latched atthe falling edge of CAS, where address bit AS selects which half of the row is transferred. 
Address bits AO-A7 select one of the SAM's 256 available tap points from which the serial data is read out 
(see Figure 11). 

o 255 256 

o 255 

511 

612)( 512 
Memory Array 

256-Blt 
Data Register 

Figure 11. Full-Reglster·Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of contrOlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 12). 

Early Load Real-Time Load , , , Late Load 

RAS r--'\ /"'1\ /"'I\'---__ .JI , , , -
I , , , 

CAS' \ I' \ I' '---.J ' I . , , I 

AO-AS, Row Tap Row Tap Row Tap , 
Point , Point , Point 

TRG!\..I 1 \ I 1\ /I 
, I I , 

wEx~~~~ 
I , 

~~I~ ~-+' __ -J 

Figure 12. Example of Full-Reglster-Transfer Read Operations 
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In the split-register-transfer read operation, the serial data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 128 - 255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 

o 511 

255 

512 x 512 
Memory Array 

256-Blt 
Date Register 

Figure 13. Spllt-Reglster-Transfer Read 

To invoke a split-register-transfer read cycle, DSF is brought high, TRG is brought low, and both are latched at 
the falling edge of RAS. Nine row-address bits (AO -A8) are also latched at the falling edge of RAS to select 
one ofthe 512 rows available for the transfer. Eight ofthe nine column-address bits (AO -AS and A8) are latched 
at the falling edge of CAS. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits AO-AS select one ofthe 127 tap pOints in the specified half ofthe SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 

A6=O AS .. 1 A6 .. 1 A6 .. 0 

~ ~ ~ ~ 
0 511 0 A7=ot 511 0 A7=1t 511 o A7=Ot 511 

DRAM m m m m 
o~~~r o~ or@: o~ SAM A B C B C D E 0 

SQ SQ SQ SQ 

t A7 shown Is internally controlled. 

Figure 14. Example of a Split-Register-Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 

" 
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spllt-reglste,.transfer read (continued) 

5-158 

QSF indicates which half of the register is being accessed during serial. access operation. When QSF is low, 
the serial-address pointer is accessing the lower Qeast significant) 128 bits of the SAM. When QSF is high, the 
pointer Is acceSSing the higher (most significant) 128 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 

Full-R.glater-TnI ..... r Rnd 
WIth rep Point N 

\ I 

Spln-R.glster 
Tnlnsfer Re.d 

\ I 
\ ___ 1 

\~---+--" \~------I 
I 

DSF II ~ ________ ~~-+.------_I ~~ ____________ __ 
I 

SC __ ;;=t:~I~==:::;-___ ---t;;\..· 
Ict(CLQSF)" I "I POint N 

QSF-----------------I-.. ----~;a;i-Ict-(~G-HQ-S-F)~-----------------

Figure 15_ Example of a Spllt-Reglster-Transfer Read After a Full-Reglster-Transfer Read 

Spln-Reg"'r 
Tnlnefer Rnd Spllt-Reglet.r 

WHh rep Point N TnI ..... rR •• d 

JiB \ I( ~ I 
I I 

CAS \ A I \ I I 

I I 

'fFm~ I I \1 I I I I 

DSF --./\ I h I .,1 
Ict(RHMS) I" Ict(MSRL) 

SC 

14---....,I_ Ict(SCQSF) 

QSF ----------------------------~){'i-------------------
Figure 16. Example of Successive Split-Register-Transfer Read Operations 
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The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 17. 

o 1 1 1 2 1 ..... 1 Tap 1-+··· 1 2541 2551 
I 

Figure 17. Serial Pointer Direction for Serial Read 

For split-register operation, serial data can be read out from the active half of the SAM by clocking SC starting 
at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer proceeds sequentially 
to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to the inactive half 
during this period, the serial pOinter pOints next to the tap point location loaded by that split-register-transfer 
(see Figure 18). 

Figure 18_ Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pOinter points next to 
the least significant bit of the inactive half, bit 128 or bit 0 (see Figure 19). 

Figure 19. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop pOint 

The TMS55165 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite haif of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop pOint (see Figure 20). 

0 

I 1 
Partition ~ 1 Length 

127 128 

I· • ·1 I 1 

1. .. 1 1 
Figure 20. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 

Table 5. Programming Code for Stop-Point Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF PARTITION 
PARTITIONS 

STOP·POINT LOCATIONS 
LENGTH A8 A7 A8 AS A4 AO-A3 

18 X L L L L X 16 15,31,47,63,79,95,111,127,143,159,175, 
191,207,223,239,255 

32 X L L L H X 8 31,63,95,127,159,191,223,255 

64 X L L H H X 4 63,127,191,255 

128 X L H H H X 2 127,255 (default) 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 21). 

Tap .. H1 Tap_L1 Tap=H2 Tap_L2 

H1 191 L1 63 H2 255 L2 
SC ________ ..... A..A.- ••• ~ ••• ~ •••••• ~ 

0 
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SAM Low Half SAM High Half 
L1 63 L2 127 128 H1 191 H2 255 

t 1 t : : 1 • f 1 4 
4 4 4 

Figure 21. Example of Split-Register Operation with Programmable Stop Points 
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256-/512-blt compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AV8 are internally swapped to assure the compatibility (see Figure 22). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AV8 is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because this ends the stop-point mode and restores address bits AY7 and AV8 to 
their normal function. Consistent use of CBR cycles ensures that the TMS55165 remains in normal mode. 

NON STOP-POINT MODE 
AVS =0 AVS=1 

AY7=O AY7=1 AY7=O AY7=1 

o 255 

512" 512 
Memory Array 

256-81t 
Data Register 

STOP-POINT MODE 
AVS .. O AVS.1 

AY7 = 0 AY7 .. 1 AY7 = 0 AY7 .. 1 

512" 512 
Memory Array 

256-81t 
Data Register 

Figure 22. DRAM-to-SAM Mapping, Non Stop-Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 

power up 

To achieve proper device operation, an initial pause of 200 !AS is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS55165 is as follows: 

aSF 
Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 

STATE AFTER INITIALIZATION 

Defined by the transfer cycle during Initialization 
Nonpersistent mode 
Undefined 
Undefined 
Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-alrtemperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ..................................... , • .. .. .... -1 V to 7V 
Voltage range on. any pin ••••••••••.•••••••••••••••••••••••••••••••••••••••••.• '.' ••••• ' -1 V to 7 V 
Short-circuit output current •••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••• 50 mA 
Power dissipation ......................................................................... 1.1 W 
Operating free-air temperature range, TA .................................. , • .. .. • .. ... O°C to 70°C 
Storage temperature range. Tstg ••••••••••••••••.•.•• .' .............................. -65°C to 150°C ' 

t Stresses beyond thOH listed under "absolute maximum ratings· may causa permanent damage to the device. These are stress ratings oniy. and 
functlonel operation of the device at these or any other oondltions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absoIute-maximum-rated oonditlons for extended periods may affect devlca reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Suppiy voltage 4.5 5 5.5 V 

VSS Suppiy voltage 0 V 

VIH High-level Input voltage 2.4 8.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-alr temperature 0 70 OC 
NOTE 2: The algebraic convention. where the more negative (less positive) limit Is designated as minimum. Is used for logic-voltage levels oniy. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SAM '55165-60 
PARAMETER TEST CONDITIONS* PORT MIN MAX 

VOH 
High-level output 

10H =-1 mA 2.4 
voltage 

VOL 
Low-level output 

IOL=2mA 0.4 
voltage 

VCC·5.5V. 
II Input current Oeakage) VI = 0 V to 5.8 V, :tl0 

All other pins at 0 V to VCC 

10 
Output current VCC = 5.5 V, Vo =OVtoVCC 

:tl0 
(leakage) See Note 3 

ICC 1 Operating current § See Note 4 Standby 180 

ICCIA Operating current § !e(SC) = MIN Active 225 

ICC2 Standby current All clocks = VCC Standby 5 

ICC2A Standby current !e(SC) = MIN Active 70 

ICC3 
RAS-only refresh 

See Note 4 Standby 180 
current 

ICC3A 
RAS-only refresh 

!e(SC) = MIN, See Note 4 Active 225 
current 

ICC4 Page-mode current § !e(P) = MIN, See NoteS Standby 135 

ICC4A Page-mode current § !e(SC) = MIN, See NoteS Active 175 

ICC5 CBR current See Note 4 Standby 180 

ICC5A CBR current !e(SC) = MIN, See Note 4 Active 225 

ICC8 Data-transfer current See Note 4 Standby 200 

ICC6A Data-transfer current !e(SC) = MIN Active 250 

* For conditions shown as MINIMAX, use the appropriate value speCified In timing requirements. 
§ Measured with outputs open 
NOTES: 3. SE is disabled for sa output leakage tests. 

4. Measured with one address change while RAS = VIL.!e(rd),!e(W).!e(TRD) = MIN. 
5. Measured with one address change while CAS = VIH 

~TEXAS 
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'55165-70 '55165-80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

:tl0 :tl0 iiA 

:tl0 :tl0 iiA 

165 150 mA 

205 185 mA 

5 5 mA 

65 60 mA 

165 150 mA 

205 185 mA 

115 105 mA 

155 140 mA 

165 150 mA 

205 185 mA 

180 160 mA 

225 200 mA 
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capacitance over recommended ranges of supply voltage and operating free-air· temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN MAX UNIT 

Ci(A) Input capacltanca, address Inputs 6 pF 

CI(RC) Input capacitanca, address strobe Inputs 7 pF 

CI/Wl Input capacltanca, write enable Input 7 pF 

CI(SC) Input capacltanca, serial clock 7 pF 

CI(SEt Input capacitanca, serial enable 7 pF 

Cj(DSF) Input capacltanca, spacial function 7 pF 

CI(TRG} Input capacitanca, transfer register Input 7 pF 

Co(OI Output capacitanca, SQ and DQ 7 pF 

Co(QSF) Output capacitanca, QSF 9 pF 

NOTE 6: Vee" 5 V :I: 0.5 V, and the bias on pins under test Is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (see Note 7) 

PARAMETER TEST ALT. '65165.eo '65185-70 '65165060 
CONDmoNst SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

ta(C) Access time from CAS ld(RLCL) - MAX !cAC 17 20 20 ns 

ta(CA) Access time from column address ld(RLCL) .. MAX tM 30 36 40 ns 

ta(CP) Access time from CAS high id(RLCL) .. MAX tePA 35 40 45 ns 

1a(R) Access time from RAS ld(RLCL) • MAX tRAC 60 70 60 ns 

Ia(G) Access time of DQ from fAG law toEA 15 20 20 ns 

Ia(SQ) Access time of SQ from SC high CL-30pF !sCA 15 20 25 ns 

Ia(SE) Access time of SQ from SE low CL=30pF !sEA 12 16 20 ne 

idls(CH) 
Disable time, random output from 
CAS high (see Note 8) CL-50pF toFF 0 15 0 20 0 20 ne 

ldls(G) 
Dissble time, random output from 

CL=60pF toEZ 0 15 0 20 0 20 ns TRG high (see Nolli S) 

idls(sE) 
Disa6te time, serial output from 
SE high (see NoIIiS) CL=30pF !sEZ 0 10 0 15 0 20 ne 

t Measured with outputs open. For conditions shown as MINIMAX. use the appropnate value specified In the timing requirements. 
NOTES: 7. Switching times for RAM port output are meesured with a load equivalent to 1 TTL load and 50 pF. Data out referenca level: 

5-162 

VOH /VOL" 2 VIO.S V. Switching times for SAM part output are njeasured with a load equivalent to 1 TTL load and 30 pF. Serial data 
out referenca level: VOH I VOL" 2 VIO.8 V. 

8. ldls(CH), ldls(G), and idis(SE) are specified when the output Is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating tree-air 
temperaturet 

telrel) Cycle time, read 

telWl Cycle time, write 

telrdWI Cycle time, reed-modlfy-wrlte 

telPl Cycle time, pege-mode read, write 

te(ROWP) Cycle time, page-mode read-modify-wrlta 

telTRDl Cycle time, transfer read 

telSCI Cycle time, sarlal clock (see Note 9) 

twlCHl Pulse duration, CAS high 

twlCLI Pulse duration, CAS low (see Note 10) 

tw(RH) Pulse duration, RAS high 

tw(RL) Pulse duration, RAS low (see Note 11) 

tWlWLl Pulse duration, WEx low 

twlTRGI Pulse duration, TRG low 

lviISCH) Pulse duration, SC high (see Note 9) 

twlSCLl Pulse duration, SC low (see Note 9) 

twlGHl Pulse duration, 'fFiG high 

tw(RL)P Pulse duration, RAS low (page mode) 

tsulCAI Setup time, column address befora CAS low 

tsu(SFC) Setup time, OSF before CAS low 

tsu(RA) Setup time, row address before RAS low 

tsulWMR) Setup time, WEx before RAS low 

tsu(OQR) Setup time, DO before RAS low 

tsu(TRG) Setup time, 'fFiG high before RAS low 

tsulSFRI Setup time, OSF low before RAS low 

tsu(oCL) Setup time, data valid before CAS low 

tsu(OWL) Setup time, data valid before WEx low 

tsu(rdl 
Setup time, reed command, WEi( high before 
CAS low 

tsu(WCL) 
Setup time, early write command, 
WEx low before CAS low 

tsulWCHI Setup time, WEx low before CAS high, write 

tsulWRH) Setup time, WEx low before RAS high, write 

thlCLCAl Hold time, column address after CAS low 

lhISFC) Hold time, OSF after CAS low 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes It • 3 ns. 

ALT. 
SYMBOL 

tRC 

twc 

tRMW 

tpc 

tpRMW 

tRC 

tscc 

tePN 

teAS 

tRP 

tRAS 

twp 

tsc 

tscp 

lTP 
tRASP 

tASC 

tFSC 

tASR 

twSR 

tMS 

lTHs 

tFSR 

tosc 

tosw 

tRCS 

twcs 

tcWL 
tRWL 

teAH 

teFH 

'65166-60 '66186-70 '66186-80 
UNIT 

MIN MAX MIN MAX MIN MAX 
110 130 150 ns 

110 130 150 ns 
150 175 200 ns 
35 40 45 ns 

SO 90 100 ns 
110 130 150 ns 

18 22 30 ns 
10 10 10 ns 
17 10000 20 10000 20 10000 ns 
40 50 80 ns 
80 10000 70 10000 80 10000 ns 
10 10 15 ns 

15 20 20 ns 

5 8 10 ns 

5 8 10 ns 
20 20 20 ns 
80 100000 70 100000 80 100000 ns 
0 0 0 ns 
0 0 0 ns 
0 0 0 ns 

0 0 0 ns 
0 0 0 ns 

0 0 0 ns 
0 0 0 ns 
0 0 0 ns 
0 0 0 ns 

0 0 0 ns 

0 0 0 ns 

15 15 20 ns 
15 15 20 ns 
10 10 15 ns 
10 10 15 ns 

10. In a read-modify-write cycle,ld(CLWL) and tsu(WCH) must be observed. Depending on the user's trailsitlon times, this may require 
additional CAS low time !tw(CU1. 

11. In a read-modify-write cycle,ld(RLWL) and tsu(WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time !tw(RLll. 

~1EXAS 
INSTRUMENTS 
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SMVSl SSD - AUGUST 1992 - REVISED JUNE 1996 

timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (contlnued)t " 

ALT. '55165060 '55165-70 '55185-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

thlRAI Hold time, row address after RAS low tRAH 10 10 10 nl 

IhrrRGI. Hold time, TRG after RAS low trHH 10 10 10 nl 

th{RWMl Hold time, write mask after RAS low tRWH 10 , 10 10 nl 

th{RDOI Hold time, DO after RAS low (write-mask operation) tMH 10 10 10 nl 

th{SFR) Hold time, DSF after RAS low tRFH 10 10 10 nl 

th(RLCA) 
Hold time, column address valid after RAS low 

tAR 30 30 35 ns (lee Note 12) 

th{CLOI Hold time, data valid after CAS low tDH 15 15 15 nl 

th{RLD) Hold time, data valid after RAS low (see Note 12) tDHR 35 35 35 nl 

ihlWLOI Hold time, data valid after WEx low tOH 15 15 15 ns 

Ih(CHrd) 
Hold time, read, WEx low after CAS high 

tRCH 0 0 0 ns (lee Note 13) 

Ih(RHrd) 
Hold time, read, WEx high after RAS high 

tRRH 0 0 0 ns (see Note 13) 

th{CLW) Hold time, write, WEi'low after CAS low twCH 10 15 15 ns 
thlRLWl Hold time, write, WEx low after RAS low (see Note 1~ twCR 30 35 35 ns 

thlWlGI Hold time, 'fAG high after WEx low (see Note 14) toEH 10 10 10 nl 

th{SHSO) Hold time, SO after SC high !sOH 4 5 5 nl 

th{RSF) Hold time, DSF after RAS low tFHR 30 30 35 nl 

Delay time, m low to CAS high 
I teSH 60 70 80 

Id(RLCH) I See Note 15 
ns 

tCHR 10 10 15 

Id{CHRLl Delay time, CAS high to RAS low teRP 0 0 0 nl 

Id{CLRHI Delay time, CAS low to RAS high tRSH 17 20 20 nl 

Id(CLWL) 
Delay time, CAS low to WEx low 

tewo 37 45 45 ns (lee Notes 16 and 17) 

Id(RLCL) Delay time, RAS low. to CAS low (see Note ) tRCD 20 43 20 50 20 80 nl 

IdICARHI Delay time, column address valid to RAS high ,( tRAL 30 35 40 ns 

IdICACHI Delay time, column address valid to CAS high teAL 30 35 40 nl 

IdIRLWLI Delay time, RAS low to WEx low (see Note 16) tRWD 80 95 105 nl 

id(CAWL) 
Delay time, column address valid to WEx low 

IAWD 50 80 65 nl (see Note 16) 

Id{CLRL) Delay time, CAS low to RAS low (see Note 15) teSR 0 0 0 ns 

Id(RHCL) Delay time, RAS high to CAS low (see Note 15) , tRPC 0 0 0 nl 

Id{CLGH) Delay time, CAS low to TRG high for DRAM read cycles 17 20 20 ns 

Id(GHD) Delay time, 'fAG high before data applied at DO toED 10 15 15 ns 
t llmlng measurements are referenced to VIL max and VIH min. 
NOTES: 12. The minimum value Is measured when Id{RI-CL) Is set to Id(RLCL) min as a reference. 

13. Either Ih(RHrd) or th(CHrd) must be satisfied for a read cycle. 
14. Output-enable-controlled write. Output remains In the high-Impedance state for the entire cycle. 
15. CBR refreSh operation only 
16. Read-modify-write operation only 
17. TRG must disable the output buffers prior to applying data to the DO pins. 
18. The maximum value Is specified only to assure RAS access time. 

~1ExAs 
INSTRUMENTS ' 
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MULTIPORT VIDEO RAM 
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timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (contlnued)t 

ALT. '65185-80 '65186-70 '55185-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

Ic!(RLTH) Delay time, RAS low to TRG high (see Note 19) lATH 50 55 60 na 

Ic!(RLSH) 
Delay time, RAS low to first SC high after TRG high 

tRSO 85 70 60 118 (see Note 19) 

Ic!IRLCAI Delay time, J!iAS low to column address valid tRAO 15 30 15 35 15 40 118 

Ic!(GLRHl Delay time, 'i'RG low to RAS high tROH 10 15 15 na 

Ic!(CLSH) 
Delay time, CAS low to first SC high after TRG high 

tcso 20 20 25 na (see Note 20) 

Ic!(SCTR) 
Delay time, SC high to 'i'RG high 

trsL 5 5 5 na (see Notee 19 and 20) 

Ic!rrHRHl Delay time, TRG high to RAS high (see Note 19) trRO -10 -10 -10 ns 

Ic!(THRL) Delay time, TAG high to RAS low (See Note 21) trRP 40 50 60 na 

Ic!rrHsCl Delay time, 'i'RG high to SC high (see Note 19) trso 10 10 15 ns 

Delay time, RAS high to last (most significant) rising 
Ic!(RHMS) edge of SC before boundlllY switch during split- 15 20 20 118 

register-transfer read cycles 

Ic!(CLTH) 
Delay time, CM low to TRG high In real-time trensfer 

tcrH 15 15 15 na read cycles 

Ic!(CASH) 
Delay time, cclumn address to first SC in early-load 

lASo 25 25 30 na transfer read cycles 

Ic!(CAGH) 
Delay time, cclumn address to TRG high In real-time 

lATH 20 20 20 118 transfer read cycles 

Ic!lDCLI Delay time, data to CM low tozc 0 0 0 118 

Ic!(DGL) Delay time, data to 'i'RG low tozo 0 0 0 na 

Delay time, last (most significant) rising edge of SC to 
Ic!(MSRL) RAS low before boundlllY switch during split-transfer 15 20 20 118 

read cycles 

Delay time, last (127 or 255) rising edge of se to OSF 
Ic!(SCQSF) switching at the boundlllY during split-register-tranafer tsoo 20 25 30 na 

read cycles (see Note 2222) 

Ic!(CLOSF) 
Delay time, CAS low to OSF switching In trenafer read 

loOD 25 30 35 na cycles (see Note 2222) 

Ic!(GHOSF) 
Delay time, 'i'RG high to OSF switching In transfer read 

trOD 20 25 30 na cycles (see Note 2222) 

Ic!(RLOSF) 
Delay time, RAS low to OSF switching in transfer read 

tROD 85 70 75 ns cycles (see Note 2222) 

trf(MA) Refresh time interval, memory tREF 8 8 8 ms 

tt Transition time tr 3 50 3 50 3 50 118 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Eariy-Ioad transfer read cycle only 
21. Fun-register (read) transfer cycles only 
22. Switching times for OSF output are measured with a load equivalent to 1 TTL load and 30 pF and output referenca level iii 

VOH I VOL. 2 Vl0.8 V. 

~1ExAs 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
__ --.j,1 II1II twIRL) ~I I 

RAS N yT L 
II 14 "'1 I I I ... IcI(RLCH) • I+- L +I 

It -+j I+- 1l1li IcI(CLRH) I ~I I -w(RH) I 
I 1+ IcI(RLCL) -+I I -+I 14- tt I 

~ M, I IcI(CHRL)1 ~ ~ ~~ ~ t~~ 
CAS ~ I ~ Yl4-tw(CH)~'-

I 14- ih(RLCA) ----+I 1 I 
th(RA) ~ I+- 1l1li: IcI(CACH) ~I 1 

I 1 -+i!+f tsu(CA) 1 1 
IcI(RLCA) 1l1li1 ~ 1 ~ th(CLCA) 1 I 

~.~-~-l~~:L •• jl~' ~ 
AO-AB ~ COlumn_ 

tsu(SFR) -+I!4t -+I;; tsu(SFC) I I 
I 1 I+-- ih(RSF) ---+I I I 

ih(SFR) ~ 14- I I 1l1li ~I ~ 
oSFmNll1all,i ~ 

1 1 
~ 14- ih{TRG) 1 I I 

tsu{TRG)~ !4t I I 1 

TRG WII 
II~~ 

tsu(WMR) -+i M 1l1li 1 I tsu(WRH) ~I 
I 1 1l1li I 1 I th(RLW) ~I 

th(RWM) ~ I+- 1 I :l1li th(CLW) ~I 
~ ~ tsu(WCL) 1 

WEx ~:n tw(WL) ~ 
I 1 1 

tsu(OQR) -+I II1II+ 1 1- t - I 
I I I -h(CLD)~ 

th(ROQ) -+j 14-- ~ j+ tsu(OCL) 1 

~ ~ ft!'Il\ I th(RLO) ~I 
OQO-OQ15 ~ 3 _ 

Figure 24. Early-Write-Cycle Timing 

Table 6. Early-Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 

Wrtte operation (nonmasked) H Don't care Valid data 

Wrtte operation with nonpersistent wrlte-per-blt 

Write operation wtth persistent write-per-blt 

~TEXAS 
INSTRUMENTS 

L. 

L. 
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Write mask Valid data 

Don't care Valid data 
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AO-AS 

DSF 

W'f I I I: I" tauCNRH) I., ~ 
-+j ~ tau(TRG) I I I.. tauCNCH) ~ I :.LL u..: th(CLW) .1 I 

I I lcI(GHD) 1""'1 1 I I 
I _I" 1 1 . th(RLW) .1 I 

~ ~ tsuCNMR) I 1 II" lhIWLG) I .1 
~.I I ,,, I 1 
~_ I ~ twCNL) ~~~~~~~~~~~t7 

1 _I tau(DWL) t.I ~ 
tau(DQR).., ~ 1 I !+- thCNLD) ---+I 

1 -+j I--- th(RDQ) 1 I I 

DQO-DQ15 

1 1 .. 1 1 I th(RLD) .1 

~3~ 
Figure 25. Late-Wrlte-Cycle Timing (Output-Enable-Controlled Write) 

Table 7. Late-Wrlte-Cycle State Table 

CYCLE 
1 

Write operation (nonmasked) H 

Write operation with nonpersistent write-per-bit L 

Write ~eratlon with persistent write-per-blt 

5-168 
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STATE 

2 

Don't care 

Write mask 

Don't care 

3 

Valid data 

Valid data 

Valid data 



AO-AS 

OSF 

OQO-OQ15 

TMS55165 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SMVS1 65D - AUGUST 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
_-....... 1 14 tw(RL) .1 I 

N y~ IW(RH) ~'----
1 14 IcI(RLCH) .1 1 1 1 

It ~ i+ 14 IcI(CLRH) 1 .1 1 1 
1 i+-1cI(RLCL) -+I 1 -+I i+- II 1 

~ H IcI(CHRL) 1 . 1 i+f-1cI(CHRL)--+I 

~ 1 1 N~ Iw(CL) ~vt 1 ~ 
IL l.! I+- 1 1 j+t-- tw(CH) ---+j 
... (RA) 1- I 1 1 1 1 1 

~'~ 
~I 1 1 ~ ~ lsu(SFC) 1 1 

""?I ~ lsu(SFR) 1 1 1 1 
I 1 I<- tt.(RSF) ---+I 1 1 

tt.(SFR) ~..... I 1 14 .1 Ih(SFC) 1 1 11 1- I 1 
XNW<TII~II 1 
~li~11 ti !+ Ih(TRG) 1 

lsu(TRG) -+j ~ 1 I 1 I I 

Wi! 
Is -+I k 14 1 1 lsuCNCH) ·1 1 

uCNMR) 1 14 1 1 lsul\AlRH) .1 
1 I 1 I ,.. I I 14 1 1 1 th(RLW) .1 

th(RWM) ++I 1+ i 1_14 Ih(CLW) ·1 
1 I 1 ::-+i!~ lsuCNCL) 1 W I~il twCNL) ~ 

1 1 
1 -+I ~ lsu(DCL) 
1 1 14 th(CLD) -.I 
14 : th(RLO) ., 

~~~~~~~~ ~ Write Maskt ~ 

t Load-write-mask-register cycle puts the device Into the persistent write-per-bit mode. 

Figure 26. Load-Wrlte-Mask-Reglster-Cycle Timing (Early-Write Load) 

~TEXAS 
INSTRUMENTS 
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AO-AS 

DSF 

PARAMETER MEASUREMENT INFORMATION 

~ - ~ __ - .... 1 ,l1li fw(RL) .. , I 

Ii 0L I.. tcI(RLCH) "I I I+- fw(RH) ~ 
It -+I I+- 1l1li tcI(CLRH) 1 ~ I I 
~ I+i- tcI(CHRL) I J I'IIIIii tcI(CHRL) ~ 

I 1 14- tcI(RLCL) -.: 1 ~ ~ It 
wOO I ! ~~ fw(cL) .,ivt.

J r. +1-----· """III'-.-
'i:l:lU. I I i ~ . 1 I++-- fw(cH) ~ 

It!(RA) ~ 1+ I I. 1 I 

I ~ It!(RSF) 1--+1 I I 
teu(SFR) -+1 j4t -.I JIIIIt teU(SFC) I I 

~m.14- I illlll :_= ~II~'-~ 
wvwf III I I I~ teu(WRH) 1 .. 1 ~ ~II II 1--+i 14+ teu{TRG) I 1l1li teu(WCH)--+j I 

1 I I . 1l1li I th(CLW) .. I I 
i.W- tcI{GHD) .....-+i I I I 

· 1 1l1li I th(RLW) .. I I 

teu(WMR)i ~blt!(RWM)~ !'~: It!(WLG) ~I ~ 
WEi mw<T r-- I }JIIII tw(WL) .,J~ 
~ I I I ~----------~~~~~~~~~~ 

DQD-DQ1S 

1 teu(DWL) ~ iIIIIt I I', j+-lt!(WLD) ---.I 
I I I 
1l1li I It!(RLD) "I 
~ Write Maakt ~ 

t Load-wrlte-mask-reglster cycle puts the device Into the persistent wrlte-per-bit mode. 

Figure 27. Load·Wrlte·Mask~Reglster·Cycle Timing (late-Write Load) 

~ThxAs 
INSTRUMENTS .~. 
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PARAMETER MEASUREMENT INFORMATION 

.... I ... f----------- tc(rdW) -----------.t.1 
1 ....... f----------tw(RL) ________ ~., 1 

RAS 1"'- I I I 
----\ 1 ..... -------tcl(RLCH) ---------+t.~~1 
~ ~-tcl~(-CH-R-L)---.-:. 1' ... ;:.:.:.-:..-:..---------tcl-(C-LR-H)--__ -_ -_ -_ -_ -_ -T---.. ~ tw(RH) 

~ I+- tcI{RLCL) ----:'~IOIII<4I----- tw(CL) ----~~ ir ., tcI(CHRL) 

CAS iii i ~ .! th(RA) !'{ ¥fi ~ 
I I tau(CA) -+l !OIIIT I I 1+ tw(CH) .: 

tau(RA) -+I iOIIIt I I ~ th(CLCA) I I 

I i H th(RLCf~ ~ tcI(CACH) .1 i 
I I ~ tcI(RLCA) I I I 

tcI(CARH) -----~ 

AO-AS "VVVV'JoI 1 Column I,VVVV'-'V"V"'VVVV'VV,JV,",V"'VVVV'VV,,V,"'V,,VVVV'VVV 

I .1 th(RSF) I I .1 I I 
-+i M tau(SFR) I I++t--- th(SFC) I I 

ih(SFR) II I I'" .' -+I 1 ... 1 I~ , 
~'II~III-

oSF~11 ~Ii I 
I I ~ -;'u(rd) 1....1 I tau(WCH) 
I i+- th(TRG) ~ ,i+-tau(WRH) -+i 
I I I I ... i II tcI(CAWL) .1 I 

II I I I... .1 Ftw~::=-tl !::=~~88<>8888<>8888<~ I I I I 1 'I .1 I : I th(RL~ I 1 ~."I~~~~~~ 

-+I ~ tau(TRG) 1 th(CLW) I : .: 
I I I I'" I tcI(CLWL) ----+'1 I I 

-, ~ tau(WMR) 11....1 1/ tcI(oCL) I I 
....... I ::. ~ :'1 14 I .: : "(CLGH) N I 

WEx ~ I I~ XW1 I ... Ii;: la(CA) I --.l ~tW(WL)-.I~ 

oQO-oQ15 

I I'" ta(R) : II. tcI(RLWL) I .... th(WLo) +i 
14+ tau(oQR) I'" / : tcI(oGL) :... I tcI(GHo) I 
~ ih(RoQ) la(C) *- tau (OWL) 1 

11-~~""lL LI~~~'"'V"'V"~ 
IXXXX~----~ 3 

II 
la(G) ~ I+-

Figure 28. Read-Wrlte-/Read-Modify-Wrlte-Cycle Timing 

Table 8. Read-Wrlte-/Read-Modify-Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Write operation (non masked) H Don't care Valid data 

Write operation with nonpersistent write-per-blt 

Write operation with persistent write-per-bit 

~TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Valid data 

Don't care Valid data 
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PARAMETER MEASUREMENT INFORMATION 

tw(RH) -+I !+-
I~ tw(RL)P ., I I 

~ ! } f""'\, .. MS iX~1 ________________________________________________ /; ~ 

, -!. Icl(RLCL) I4-Icl(CLRH) !!' 
~ ~ tcI(CHRL) ~ tw(CH) ~ I --r! ,+- It 

, I 
I ~ tcI(RLCA) -+t I I I 

tau(RA) -+i , 
!J~ tcI(RLCH) tc(P) 1 I ~ I , 
, 1+ II! tau(CA) I~ ."~ .1 th(CLCA) ~ tcI(CACH) -+I I , 
'I (RA) ~ 'I I I'~ I tcI(CARH) ---.! , , 

AO-AS ~ ::~}if~+~ +m.~ 
-+I 

OSF &t 
I • ~ .1 th(SFR) I I I I I~ .11 tcI(CLGH) , 

rttaU(SFR)_1 
, , I , , 
, :~ .1 th(TRG) ,I· I I I I 

~~H--ta-U.;.(T-RG..;)_i1 I I I I I I 
TRG I I I I I I I I .--....... 1 ---

I I I I , 
~ ;'+1 tau(WMR) I I ~.1 II II I t-.J 

I~ tau(rd) po. I h(RHrd) .... 
I I I I I 

WEx'FIT II I I II II I I 
U I, I ~ i+ta(c) I , 

II II ~1a(CA)-+I I I , 

OQO
OQ15 

tcI(OGL): i~ .1 14- ta(G) t---+l I !+- Ia(CA) t ~ I 
~ I ta(R)* 1.1 I~ I 14- tclIS(G) +! 

-----~ I z---------~ 
Oats In I>---------~r__-< Oats Out Oats Out , 

I+-- tcI(DCL) ----+I 
t Access time Is Ia(CP) or Ia(CA) dependent. 
:I: Output can go from the high-Impedance state to an Invalid.cfata state prior to the specified access time. 
NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 

specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired write 
mode (normal, block write, etc.). 

5-172 
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PARAMETER MEASUREMENT INFORMATION 

N~ tw(RL)P } ~ 

RAS I ~ J: I'\. 
I ~ IcI(RLCH) .1 14 I I~ .1 
1 I~ IcI(RLCL) .1 I'" tc(P) .1 'w(R'!1 'i 

I ~ 'w(CH) ~ I+- IcI(CLRH) _ I 

-+I H IcI(CHRL) :"~--l·~I- 'w(CLj ~ 1 ;.'+- IcI(CHRL) -.. 

CAS ~: I+-IcI(RLCA) --+I 1\1 '/ :"LJ: 
tau(RA) -.! I+t tau(CA) ~ ~ ~ !+- ---+! I 

- ill+- th(RA) ~ I th(CLCA) I~ I .1 I IcI(CACH) I I 
I , I~ I th(RLCA) I I I.: I~ I IcI(CARH) ~ 

AD';~ 1 : R_ ~ Hmo: ~ H,mo: _~~ 
-+' i+t tBu(SFR) I' .1 I 1 I 1 

II , I~ L I IcI(RSF) I I , . I I 11"II~c---+-1 ---1.~I- th(SFC) 
I I r- th(SFR) ~ I'~ 1 • th(SFC) I I 1 

DSF~U 1 "}it ~ ~ : ~~t ~ ,"'- _ 
~ i+f tau(TRG) I I 1 

TROW! F~~"\ ::: SN_A : 

~ ~~U(WMR) ~ tau(WCH) +I tau(WCH) =+l. ~ 1 

1 : : th(RWM) -+j l+ tw(WL) -+I ~ taU(W~R~H)~-+I~~~~ 
WEx~ .. 3 ~II ~~ 

.... ~II 
-+I 1++ tau(DQR) -+I I4f tau(DWL) t 

: 1 tau(DCL) t :~ , .: :.- th(CLD) t --.: 

I 1+ Ih(RDQ) ~ 1 ~ th(WLD)t .1 
I I~ 1 1 th(RLD) ., 

~:5~ 4 ~ 5 ~ 5 ~ 
t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 
NOTE A: A read cycle or a read-modify-write cycle can be Intermixed with write cycles, observing read and read-modify-write timing 

specifications. To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation if the late write 
feature is used. If the early write cycle timing is used, the state of TRG is a don't care after the minimum period ih(TRG) from the falling 
edgeofRAS. 

Figure 30. Enhanced-Page-Mode Write-Cycle Timing 

Table 9. Enhanced-Page-Mode Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 4 

Write operation (nonmasked) L L H Don't care 

Write operation with nonpersistent writeiler-bit L L L Write mask 

Write operation with persistent write-per-blt L L L Don't care 

Load write-mask register on either the first falling edge of 
WEx or the failing edge of CAS, whichever occurs later.:I: H L H Don't care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

Load-write-mask-r ister cle sets the device to the ersistent write- er-bit mode. Column address at th fallin ad e of CAS I eg cy p p e g g sa don't 
during this cycle. 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

---;{ tw(RL)P ---------~~ 

I ~ b(RLCH) I~ b(CLRH) ~ ~I tw(RH) 
-+i I~ teI{CHRL) I~'" tc(RDWP) I~r-"'------'" 

l1li ~I teI{RLCL) tw(CH) teI{CHRL) -l+-~ 

~ I+-lh(RA) I I~ tw(CL) ~ I I 
teI{RLCA) 1l1li1 ~I I I I~ I ~I I -+t M: tau(CA) I I I teI{CARH) II 

-+I ~ tau(RA) 1 ,~ ~ th(CLCA) I I I I I 
I th LCA ---+J teI{CACH) 

AO-AS 

I _ I 14- th(SFR) 1 I~ t-u(SFC) 1 I 
-+I rr tau(SFR) I 1l1li ~I lh(SFC) 1 .. 

OS, ~ ~~~~.:: .:: ... 

I I I~ I ~I I tau(rd) tau(WCH) -+i '4" I I tau(WCH) ~ I+l 
I I I I I 14- teI{CLWL) --+I I I ~ ~ teI(DCL) I I 
I I I 1l1li I I teI(CAWL) 4 I I II....!I I+- teI(CLGH) ,I I 
I I~ I I I teI(RLWL) ~I I I I 1 __ I 

th(TRG) 1l1li I ~: I I~ ~I teI(CLGH) I I I I tau(WRH) ~ 

111-+1 ~ taU(TRG)NI~ Ii ~I ~ !w(!RG) i: I I I I 
TRG I I I I II I .!Ii I I I 1 j'l I.r.'-j -----;1----

III II I II I 11j\--/1 1 

~ I tau(WMR) /I I I 1 I I I *' I.f- tw(TRG) I 

I -1.1: : j+ th(RWM) I I tw(WL) m I I i I I 
WEx ~3 I Ii fr-ta(C)t I N i vI I N ~ 

I i~ ~I ta(CA) t I ~ I I ~ I4.f- tau(DWL) 
~ ~I I tau(DQR) I I th(WLD) --1+-+-+1 I I th(WLD) I~ ~I 

I++t" teI(DCL) I I I I, 1l1li ~I tel GHD) I 
-.11+ th(RDQ) tau(DWL) -+t I+- I ta(CP)tj I ( I 

I I DQO-DQ15 

I 1 
I 1 ~ j+-ta(G)t I 1 

teI(~GL) -+I I+- I teI(GHD) *-+I I+- tell.(G) 
i+- ta(R) t --+I -+II+- ta(C) t 

t Output can go from high-impedance to an Invalid-data state prior to the specified acease time. 
NOTE A: 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. 

Figure 31. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 

Table 10. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (nonmasked) L L H Don't care 

write operation with nonpersistent write-per-bit L L L Write mask 

Write operation with persistent write-per-bit L L L Don't care 

Load write-mask register on either the first falling edge of 
WExor the falling edge of CAS, whichever occurs later.* H L H Don't care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

* Load-write-mask register cycle sets the device to the persistent write-per-bit mode. Column address at the falling edge of CAS Is a don't care 
during this cycle. 

5-174 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ --.,.1 ,... lw(RL) -., I 

. ~ V~lw(R~~L 
tt -.I ::- I... id(RLCH) -.: -: 14- It 1 

1 ~ id(RLCL) ~ id(CLRH) I I 1 

id(CHRL) -+I ~ I.. tw(CL) ..J 1+1-1 id(CHRL) ---+I mm ll N" ~, I 
CAS ilili 1 I ~ I iA I ~ 

"-AS 

~I ~ th(RA) I ~I ~ 110lil 1 L ~!I "-II I, "I ... (CH) .... 
1 1 I I 1 I 

-+I ~ tsU(RA) I , 1 I 

I I I I'" -.: th(SFC) I I 
1 I'" th(RSF) ~ I I 

tsu(SFR) +',!4r -+t!4+ tsu(SFC) I I 
~~~lh(SF')11 _I I 
~II~I,~ 

TRGw'I:_ 
1 1 

-+! :...+ tsu(WMR) I... I , tsu(WC~ -.1 I 
1 1 I... I 1 tsu(WRH) -.1 
1 I... I 1 , th(RLW) ~ 

th(RWM) -r---+! ~ I 1 ,... th(CLW) -., 

W I 1 -+l ~ tsu(WCL) , 

WEx 'VX?Ohl 1 1 ~ 
I~II ~ 
1 I ... I 'lw(WL) -.1 
I -+l ~ tsu(OCL) 

1 I I... th(CLO) ---l-'~I 
I... I th(RLO) -----~.I 

I I 

~~~6 ~,,"i ___ va_lId_c_o_lo_rl_np_u_t __ ...JI~ 
Figure 32. Load-Color-Register-Cycle Timing (Early-Write Load) 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 

I 'l1li twIRL) .' I 
RAS ---N IJj L 

, ,... h' r i...- tw(RH) -.I 
~ I I~ lcI(RLCH) ... -+I I+- It I 

It~ ~ ~ lcI~~H) ,~ , 

_I i _i+-lcI(RLCL) --.I : !<III-t-lcI(CHRL) ~ 
lcI(C~ ~I J ~ I 

CAS w: :: i'x ~ tw(CL) ~I : i"-
, ~ th(RSF)' I .: ' ,... I tw(CH) ., 

th(RA) -!.! ~ I I I I 

AO-AS 
~, ,:., I, =====-== 

5-176 

tsu(SFR) +! i4t "... ., th(SFC) I I 
lh(SFR) +-r.I !+- -+t ~ tsu(SFC) I I 

D9F~!!W!_ 
-+l ~ tsu(TRG) ! I I 

TRG ~! ! ,l1li 1l1li th(CLW) tsu(WRH) .:: .1 ~ 
~ lcI(GHD) -+1 1l1li tsu(WCH) ~I , 

I 1l1li I th(RLW) .r 1 
-, i<III"f tsu(WMR) : I... th(WLG): .1 

WEx W ! ! N~ tW(WL) ~~ 
: ~ 4 tsu(DWL) 

1 I I I+--lh(WLD) --.I 
1l1li I I th(RLD) .: 

~~~5 ~ Valid Color Input ~ 
Figure 33. Load-Color-Register-Cycle Timing (late-Write Load) 

-!!1 TEXAS 
INSTRUMENTS 
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~ ~~ ~ 
__ ......jl 14 tWIRL) ~I I 

RAS N- _ r~ Iw(RH) --JL 
It -.I ~ IcI(RLCH) ·1 -:i I+- It I 

IcI(RLCL) I 14 IcI(CLRH) I !+I--1cI(CHRL)-.I 

~~:iP++-IcI..:.(C..;.H;..,R.;;:;L)-II< Iw(CL) ~I Jr--!----_ 
I I I I I I 

II :.1 
IcI(RLCA) I ~ ~I I th(CLCA) I rr Iw(CH) --.I 

I ~ th(RLCA) -+I I I 
IcI(RLCA) I 14 ~I.. 1 I I IcI(CARH) I I ~I 

tau(RA) ~ I4t 14 I I I IcI(CACH) ---+I I I 
lh(RA) I--J+I I+- -.: ~ tau(CA) I I 

AO-AS ~M""" 
-.I I r+- IcI(RSF) --+l Block Addre88 I I 

tau(SFR) I j4f I I I I A2-AS I I 

lh(SFR)' ~ I+- -+j r tau(SFC) I I 

1111 11r--t 
DSF ~lllIMll _ 

tau(TRG) -+i 14- I+- th(TRG) I 

TRG ~II 
II~ 

lh .J.J I+- 14 I I tau(WCH) ~ I I 
(Rw:, I I I 141 I tau(WRH) ~I 

tau(WMR) I i4t I ~ ~ tau(WCL) 

I II I 114 lh(CLW) ~I 

WEx ~!! ~---.~ 
I j"I I Ilh(RLD) ~I 

tau(DQR) ~ ~ ~ I4f taU(DCL) I 
th(RDQ) l--.ll+- I r+-- th(CLD) i . 

DQO-DQ15 ~ 3 ~ 
Figure 34. Block-Write-Cycle Timing (Early Write) 

Table 11. Block-Wrlte-Cycle State Table 

CYCLE 
1 

STATE 

2 3 

Block-write operation (nonmasked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-blt 
Write-mask data 0: VO write disable 

1: VO write enable 
Column·mask data 001- 001+3 0: column write disable 

o .. 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

L 

L 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n2S1-1443 

Write mask Column mask 

Don't care Column mask 
Example: 
000 - column 0 (address A 1 = 0, AO = 0) 
001 -column 1 (address A1 .. 0, AO -1) 
002 - column 2 (address A 1 .. 1, AO .. 0) 
003 - column 3 (address A 1 = 1, AO = 1) 
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AD-AS 

OQO-OQI5 

~ ~~ ~ 
__ ...... 1 14 twIRL) .1 I 

N ni L 1 !.- tcI(RLCH) .1 -+! rt- tw(RH) "+i 
tt -+I ~ 14 tcI(CLRH) 1 ~i+" tt 1 

1 ,... tcI(RLCL) -+j 1 ~ t~ -+I 
tcI(C~ ~ r- tw(CL) ~ 1 ... (CHRL) 

CAS 'lilU! l .1 Nrt4= tw(CH) ~'--
tcI(RLCA) I r 14 I 1 tcI(CACH) .1 I 

I j+- It!(RLCA) -+I I 1 
It!(RA) ~ I+- 14 1 I 1 tcI(CARH) 1 .1 

1 I' -+j /4t lsu(CA) , 1 
IsU~(R) 114 _I It!(CLCA) 

.Row. : ~ 

I4f th(RSF) -=; ~ 
lsu(SFR) -+j -+I /4t tau(SFC) A2-AS 1 1 

th(SFR)+l W 
~II~I~ 

-+j 14 tau(TRG) I 1 I 

§W'1' 1 , 14 It!(CLW) .'1 I~ 
iLL tcI(GHO) ---+i I+-- tau(WCH) ---t1 I, 
'~I 1 1 , " 

1 14 1 It!(RLW) ~I I, 
-+I 14 taU(WMR) I 14 taU(WRH) 1--.1 , 

'-+i I+- th(RWM) 1 14 th(WLG) , ., 

~ 'I+-- ' ~ 1 N tw(WL)~~~~~~~':J'f:I 
I 1 ~I----------~~~~~~~~~~ 

-+t ~ tau(DQR) ~ I+- tau(OWL) 

1 -+I !+- It!(ROQ) I 1 I+- It!(WLD) -+I 
1 141 1 1 th(RLO) ·1 
~3_ 

OSF 

Figure 35. Block-Wrlte-Cycle Timing (Late Write) 

Table 12. Block-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Block-write operation (nonmasked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-blt 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data Cai - Oai+3 0: column write disable 
~ .. 0, 4, 8, 12) 1: column write enable 

~1ExAs 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
oao - column 0 (address AI .. 0, AO " 0) 
cal - column 1 (address AI" 0, AO .. 1) 
Oa2 - column 2 (address AI .. I, AO .. 0) 
Oa3 - column 3 (address AI .. I, AO .. 1) 



AO-AS 

DSF 

DQO-DQI5 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 

~ tci(RLCH) .1 ,l1li tc(p) ., [} tw(RH) 

! _ :l1li tci(RLCL) -+I 1 i+- tw(CH) -+j j+-- tci(CLRH) -1 ' 
-+I ~ tci(CHRL) 1l1li., , tw(CL) I tci(CHRL) 1l1li , ., 

vMl,1 1')' L iii / I 1lI I+- tci(RLCA) ---+I , I, 
, , tau(CA) M f ~ ·1 th(CLCA) I , , 

lh(RA) , :l1li ., i " " ~ tci(CACH) +I : 
-+I I.t tau(RA) , lh(RLCA)' ,., 'l1li' , tci(CARH) ---+j 

I ~, ,_... .~ ~'7:'~!~ ~ ~:'~~7 ~ 
h(SFR) I I I I 'jllll-lh(SFC) -+I I j+- th(SFC) --+I , 

-+i ,1.+, tau(SFR) ,I /+-.l- tau(SFC)' V' i++I- tau(SFC)' ~:' . 
m.! ,,'- ,-
~II 'JZf 'I' , H j+- lh{TRG) , " , 

-+I j+j---t tau{TRG) , I' 'I 
W II \ : : : See Note A : : 

-+114+ tau(WMR) 'l1li, ' ., tau(WCH) -+I t4- tau(WCH) 
II I , ' , 

........ :: :- ~ :-, : .: IwIWll I_ OJ ......... 
~1 ~:I _~ 

" tau(DWL) t -.l14f: ~ Ih(CLD) t --+I 
-.I i+t tau(DQR) ,~ Ih(WLD) t --+I 
I 1+ th(RDQ) 1 ~ tau(DCL) t 1 

"l1li lA1 th(RLD) ~ 

~21W\ 3~ 
t Referenced to the first WEx falling edge or the failing edge of CAS, whichever occurs later 
NOTE A: To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late write feature Is used. 

If the early-write-cycle timing Is used, the state of TRG is a don't care after the minimum period th{TRG) from the failing edge of RAS. 

Figure 36. Enhanced-Page-Mode Block-Wrlte-Cycle Timing 

Table 13_ Enhanced-Page-Mode Block-Write-Cycle State Table 

CYCLE 

Block-write operation (nonmasked) 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: VO write disable 
1: I/O write enable 

Column-mask data OQi - OQi+3 0: column write disable 
o .. 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

STATE 

2 3 

Don't care Column mask 

Write mask Column mask 

Don't care Column mask 

Example: 
OQO - column 0 (address AI = 0, AD = 0) 
OQl - column 1 (address AI - 0, AD. 1) 
OQ2-column 2 (address AI .. I, AD .. 0) 
OQ3 - column 3 (address AI .. I, AD .. 1) 
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114 ... -----tc(rd) .1 

~----------------------~ii:r:===-~-(R-~----~~ ~ 
-.: I+- II 1 ~ ~(RH) -.j 

I 1 1 1 I ~I 1 IcI(CHR~ -+I ... .-~. IcI(RHC~ 1 I'" ~ ~ i+" IcI(CHR~ 
1 II 1t-+li+"WI 1 

~II 

OQO
OQ1S. 

5-180 

Figure 37. RAS·Only Refresh·Cycle TIming 
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~ ~~ ~ 
~ tw(RH) ~ 114~---tw(RL) -------'.~I 11r--_____ _ 

iT . N Vi __ oJ!~ .: fcI(RHCL) I I -+1 104- tt 

~~~~fclr(C_L_RL",,\) I~ ., I+- fcI(RLCH) -.t 

CASm&f \l II V 
I I I 
I+- fcI(CHRL) -+I I 

I I 
teu(RA):~ .1 !<II1~f---I.*"' - "'(RA) 

AO-AB "f"7'~~~~~~ ~ 

I I 
teu(SFR) -i14~--;.~1 .... I~f---I.*I - th(SFR) 

DSF~:':~ 

DQO-DQ15 

Figure 38. CBR-Refresh-Cycle Timing 

CYCLE 

CBR refresh with option reset 

CBR refresh with no reset 

CBR refresh with stop point set and no reset 

Table 14. CBR-Cycle State Table 

1 

Don't care 

Don't care 

Stop address 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

STATE 
2 3 

L H 

H H 

H L 
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AO-Ae 

OSF 

000-
0015 

PARAMETER MEASUREMENT INFORMATION 

i+" Memory Read Cycle + Refresh Cycle .:4 Refresh Cycle ~ 

1 I+- tc(rd) .1 I 
14--tc(rd) .1· ~ I 
1 tw(RH) 14 ~ tw(RH) ,4 .1 tc(rd) .. , 

4{ ~0~N ~y ~ !~ 
! _ I '4 .It ld(CARH) I I I ld(RLCH): 114 ~ ;;jrt ld(CHRL) I I I --+i :+-tt I I 

~ :: I i\1 i ! ! tw(CL) III 'IS I I ~ 
II 114 .11 I I 1 I ld(RLCA) I I II : I 

I I 1 I I -+I ~I tau(RA) I I 
I I li+j 1 ~ th(CLCA) I I I -+I ~ tau(RA) I 

II 11-+/ ~I tau(CA) I I II : L .. ~ I II I~ th(RA) 

~ ~ I th(RA) -+I :.t- tau(RA) I I IIlh(RA) I I I , 1 
~ 14+-1- tau(RA) II I I ~ th(RA) I I I I I I I 1 1 

~:': ~1,1 ~~~~ 
II II 1 I ~I ~ tau(SFR) +I, ~ ~FFR) -+::;F tau(SFR) 

~ t (S ) th(SFR) I th(SFR) 
~. tr-.... 'I..-I.I:;........,j ~I h FR , 'I ~I 
~~~2~ 

I I "I ~ lh(RHrd) I I , I~ -+I ~.:r(TRG) I:: : ldlf(CH) -.! r-
vJ -+j rn ~h(TRG). 1 I I I Ildls(G) ~ <r .1 \~ ~ ld(GLRH~: I I It' I ! : 

I h ~ 'I I --.... I III 1 I I 
tau(rd) ~ I ~ i4+ tau(WMR) I ~ tau(WMR) . -+! ~ tau(WMR) I 

vvvvvYz. I I w'-~ ~ I~ th(RW~ !+-!Jj-lh(RWM) 

~ ~ta(G)~ 3 ~ 3 ~ ~ 3 __ 

I --.I I+- ta(c) "'---- ~ ~ I 
~~~ , 

----~{=i =========om=out==::\~~ ____ ~>-
Figure 39. Hldden-Refresh-Cycle Timing 

Table 15. Hldden-Refresh--Cycle State Table 

CYCLE 
STATE 

1 2 3 

CBR refresh wnh option reset Don't care L H 

CBR refresh wHh no reset 

CBR refresh wHh stop point set and no option reset 

~TEXAS 
INSTRUMENTS 

Don't care 

Stop address 
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H H 

H L 



AO-AS 

DSF 

DQO-DQ15 

SC 

SQ 

QSF 

H 
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~ tc{TRD) ~I 
1 M tw(RL)" I 

-----.j~; 1cI(RLCL) 4 0---tw(RH) ~\ 
J 't tcJ(RLCH) : L~ '----

tcJ(CHRL) -ilj4t---.... 1 I 14-+ tcJ(CARH) --.j I 
vwwJ, II II I 
~ I ~ tcJ(RLCA) --.I N'-tw(CL)--Y 

: i "'(RA) --: -J!.-i= tsu(CA) 

tsu(RA) -!+--tJ I IL I I I ~ "'(.CLCA) 

I :~"I1!R~!1 ~~ 
§§§§§§* :~ ~t~ 

tsu(SFR) M ~ ~ "'(SFR) I ' . 
~ I I~m.~~~~~~~~~~~~~ 

11-
.- .1 I . 

tsU(TRG),..--.-, ~th{TRG) I I . 

- II II WII//);)$Iff~tw(GH)~~ 
... f:::;rth(RWM) fL I 

tsU(WMR)~: : _~tcJ(CASH) 
~ I I 
- II 

I I . 
I I I HI-Z+I-·--!-I----------

I"- tcJ(S~ ~ I"- tcJ(6LSH)", ~ 
tw(SCH) ~ = tcJ(RLSH) 1 ~I tw(SCL) 

j 16 ~ ~! I ----'i . : ~\\%\ ~ \ \~ ~~ tw(SCH) .t\,------,r:-
j+- ts(SQ) ~ I I '" tc(SC) ., 

IL I II I I ~ta(SQ)-+t 
"fJ(SHSQ)" ~ I I : .! th(SHSQ) I.. : ~irol _____ _ 

Old Datil * . Old Da~ ~""~ __ N ___ D_atll __ 

:
1 ~ 14-- tcJ(GHd$QSF) -.!. 

Tap Point Bit A7 

~--------
. tcJ(CLQSF) J 

141 .. --.,...---'- tcJ(RLQSF) ------tl .. 

L ----------------------------------------
NOTES: A. DQ ou1puts remain In the high-Impedance atate for the entire memory-to-data-register-transfer cycle. The ' 

memory-to-data-reglster-Iransfercycle is used to load the date registers In parallel from the memory arrey. The 256 locations In each 
data register are written Into from the 256 corresponding columns of the selected row. 

B. Once data is transferred Into the data registers. the SAM is In the serial read mode O.e., the SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit read from the date register after TRG 'has gone high must be activated by a poeitive transition 
ofSC. 

C. NJ-A7: register tap point: AS: which half of the trensferred row 
D. Early-load operation is defined as Ih{TRG) min < Ih(TRG) < Id(RLTH) min. 

Figure 40. Full-Reglster-Transfer Read TIming, Early-Load Operations 

~TEXAS 
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i4 tc(TRD) ~ 

I ~ twIRL) ~ I -----.i.'1 ~ j4-- tcI{RLCL) --ti, i I. \ I "',,-______ +I ___ ~y I+-- tw(RH) --.I \.\-__ _ 

tcI(CHRL) -..!4--~~ 14 tcI{RLCH) I ~ I 
I I I 1 L.J I W I :.- tcI(RLCA) -+I ~ tw(CL) I y I 

I 1f-Ih{RA)'" -+l ~ tau(CA) I I 
tau(RA) H I..-.- th(~LCA) I L ~ ! I, 

I I I I ~ th(CLCA) 

AO-AS ~ :~ ~T~~m~m,~~~~~~~~~~~~ 

DSF 

tau(SFR) ~ 14 ~ th(SFR) I I I 

-I! 
tau(TRG) --14---..! I tcI(CLTH) -j4-+! 14 I 'tcI(THRl) ~ 

1 I I tcI(CAGH) 14· I ~ ;.;.'4 --.;.;~I_tcl..;;.(TH~R~H):-.,~~~~~~~ 
~ I r--tcl(RLTH) I .yi4--tw(GH)--I~ 

1 I I 
tau(WMR) -j4---+I r , th(RWM) I 1 1 

@W'I 
I tcI{S 

I I I r' ~ tcI(THSC) 

DQO-DQ15 1 I I HI-Z -+-1-----11:.....----------
tw(SCH) -;e.~---.!~ ) I I I 

SC ---.IT. I, _ I \1 0 \ ___ r 
:.- ta(SQ) ~ 14 ~ tw(S~l) I ~ Ic{SC) ~ 
I~ ~ 1 1 I 14- ta(SQ) -+I 

th(SHSQ) N 91 1 :: th(SHSQ) 14 : ~r' ____ _ 
Old Data M Old Data . X . Old Data ~ ... ~ __ Ne_w_D_a_ta __ 

': :. I+-- tcI(GHQSF) -+! \t Tap Point Bit A7 

H---------r-------~~4====~tcI~~~LQ;S;F)~==~~~.i~---------
SE 14 tcI(RLQSF) .1 

L --------------------~--~-----------------------

SQ 

QSF 

NOTES: A. Random-mode (00) outputs remain In the high-impedance state for the entire memory-to-data-reglster-transfer cycle. The 
memory-to-data-register-trensfercycle is used to load the data registers in parallel from the memory array. The 256 locations In each 
data register are written into from the 256 corresponding columns of the selected row. 
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B. Once data is transferred Into the data registers, the SAM Is In the serial read mode (I.e., the sa is enabled). allowing data to be shifted 
out of the registers. Also, the first bit read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO-A7: register tap point; M: which half of the transferred row 
O.Late load operation is defined as id(THRH) < 0 ns. 

Figure 41. Full-Register-Transfer Read TIming, Rea'-TIme Load Operatlon/Late-Load Operation 
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PARAMETER MEASUREMENT INFORMATION 

I~ te(TRD) .1 I ,~ tw(RL) ., ~ lw(RH) -.J 
---~ j4-lci(RLCL) ---+i ! I 

N ' y: \ 
lci(CHRL) ~ I ' , '-------

1 1 ~ lci(RLCH) ., ,~ lw(cH) -----l.~1 
lci(RLCA),~ .! I+- tw(cL) -+j , ~ 

~ I: tsU(CA):" ~\J. y ~ 
lJ,(RA) ~ I+- 1 1 

tsu(RA) 1 1 I I I.. .1 th(CLCA) 
~~~~~~~~~~~~~~ 

I Tap Point AO-AS IV/'JV'JV'JV'JV'JV'JV'JV'JV 

, 1 See Note A 1 

-y.j~~ 
1 1 I 
1 , 

~ i+" th(SFR) 1 
tsu(SFR)+j 14+1 ~ 

DSFmw1i. 

~ 1+ th(RWM) . 1 

tsu(WMR)+j i+-_, . . 
WEi 2W' i . 

1 

DQO-DQ15 1 HI·Z --.. I ------------

lci(MSRL) -....-... 1 I 
~ __ I- te(SC) .1 lci(RHMS) +i l+-

I I '+-- te(SC) --.! 

SC 
1 ~--~ 

Bit 127 or Tap Point M Bit 127 or Tap 
Bit 255 Bit 255 I Point N SQ 

.1 lci(SCQSF) 1 I~ ., ta(SQ) 
I lci(SCQSF) I .. 

X Old MSB:: QSF 

H 

" )) 

SE L ____________________ ~ 

NOTE A: AO-A6: tap point of the given half; A7: don't care; A6: Identifies the DRAM row half 

Figure 42. Spllt-Reglster-Transfer Read Timing 
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PARAMETER MEASUREMENT INFORMATION 

~:~~:::~~;:--~-~-RG-)--------------------

SC 

~ r.--- tc(SC) ~ 
1.1 tc(SC) ~ 14 ~ 'w(SCH) 

I 14 "1 'w(SCH) 1 I 
t4 ~ 'w(SCH) I 1 I I 
1 01.. ~ I ./. t'w(SCL) -+I I ./. 

__ --J;I\L*-'w(SCL) ~.v1" .~ 11"\,.., __ 
141 ~ Ia(SQ) 14 ~I I -1 ta(SQ) ~ ~ Ia(SQ) 

~ I4t ~(SHSQ) th(SHSQ) ~ 1 th(SHSQ) --i+--+! I 
-----..... Valid Out M Valid Out * Valid Out SQ 

~ 14- Ia(SE) 

~~---------------
NOTE A: While reading data through the serial-data register, TRG is a don't care except TRG must be held high when AAS goes low. This is 

to avoid the Initiation of a register-data transfer operation. 

5-186 

Figure 43. Serlal·Read Timing (SE = VIL) 
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PARAMETER MEASUREMENT INFORMATION 

taU(TRG)~ ~"'I011I0111::::~~;:-t-h(T-R-G-)----------
14-~--- tc(SC) ---~~ 

14-14--- tc(sC) .1 i 
_I~ __ .. ~~ ~----~II- 'wISCH) 14~'-----I~~ 'wISCH) 

'wISCH) 14 .. I I 
~ ~ ~ I ~ ~'w(SCL) -+I \ /! ~ 14- 'w(SCL) ~.0 ~ Yr~1 -----.i. 

-----I ~ ~ ta(SO) l I ...... --

-! I 14 ~ ta(SO) ~~I -~ta(SO) 
~I 1+1- lh(SHSO) _I ~ 

I I -, r- ta(SE) .. ~~+-+- th(SHSO) 

I J---------.L ,----
Valid Out Valid Out YalldOut 1--------- .,.,.----

I I 
I I 
~ ldla(SE) I 

---------) ~~I ______________ __ 
NOTE A: While reading data through the serial-data register, 'i'RG is a don't care except TRG must be held high when AAS goes low. This is 

to avoid the initiation of a register-data transfer operation. 

Figure 44. Serial-Read Timing (SE-Controlled Read) 
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PARAMETER MEASUREMENT INFORMATION 

RAS "' I " .... __ ..Jr,'J I" r.~r--
CAS ~~r--

ADDR :x::x::::x ==::::i=:~~~. ~F RowTap1 
(hIgh) I (low) I (high) 

\....I r'~~l-
(low) 

TRG '--I 
DSF ----;,..-..J{\ r'~~l-

I I 
I I 
I I 
I I CASE I 

SC 
Tap1 1 ~~~ 
(low) I 1271 (high) " I 256 (low) 127 

\ " " Ii I \ I' r ---------~----~Ir-------------~,~ I I~ 
QSF 

I I I 
I I I 

CASE II I I I 
I I I 

--------------~I-------~~~~ 
I (low) 1271 (high) rr I 255 (low) 127 ___ ~\_--+I ____ --"'I' V "I \ r' r 

Ir--"j I I~ 

SC 

QSF 

I I I 
I I I 
I I I CASElli 

--------------~I----------~~~~ 
I (low) 1271 (hIgh) I 255 (low) 127 
I r--{' " I _______ \~ __ +-_______ _ir II' (. r 
I I I I~ 

SC 

QSF 

I Split Register to the I Split Register to the I Spilt Register to the 
Full-Reglater Transfer Read I High Half of the I Low Half of the I High Half of the 

I Data Register I Data Register I Data Register 

NOTES: A. In order to achieve proper split-register operation. a full-register transfer read should be performed before the first split-register 
transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then begin either 
after the full-register transfer-read cycle (CASE I). during the first split-register transfer cycle (CASE II). or even after the first 
split-register transfer cycle (CASE ill). There is no minimum requirement of SC clock between the full-register transfer-read cycle 
and the first split-register cycie. 
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B. A split-register transfer into the inactive half is not allowed until id(MSRL) is met. id(MSBL) is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 127 or 255) and the falling edge of RAS of the split-register transfer cycle into the 
inactive half. After the id(MSRL) Is met. the split-register transfer into the Inactive half must also setlsfy the minimum id(RHMS) 
requlrement.id(RHMS) Is the minimum delay time between the rising edge of RAS of the split-register transfer cycle Into the Inactive 
half and the rising edge of the serial clock of the last bit (bit 127 or 255). 

Figure 45. Split-Register Operating Sequence 
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device symbolization 
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~ 
TMS5516S~ 

R A~T 

I 

~TEXAS 
INSTRUMENTS 

TMS55165 
262144 8Y 16·81T 

MULTIPORT VIDEO RAM 
SMVS165D- AUGUST 1992 - REVISED JUNE 1995 

Speed (-60, -70,-80) 

PI ekageCode 

Lot Trace 

Aeaemb 
DleRe 

IbllltyCode 
DlteCode 

Iy Site Code 
vision Code 
r FIb Code WIfe 
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• Organization: 
- DRAM: 262144 Words )( 16 Bits 
- SAM: 256 Words)( 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4)( 4) )( 4 Block-Write Feature for Fast Area 
Fill Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Blt On-Chip Color Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM I/O. Two Wrlte-Per-Blt Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 
• Split-Register Transfer Read for Simplified 

Real-Time Register Load 
• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ Process 

• Designed to Work With the 
Industry-Leading Texas Instruments 
Graphics Family 

• !Performance Ranges: 
ACCESS TIME ACCESS TIME DRAM DRAM 
ROW ENABLE SERIAL DATA CYCLE TIME PAGE MODE 

ta(R) ta(SQ) tc(W) tc(P) 
(MAX) (MAX) (MIN) (MIN) 

TMS55161-60 60 ns 15ns 110 ns 30ns 
TMS55161-70 70 ns 20ns 130 ns 30 ns 
TMS55161-80 80ns 25 ns 150 ns 35 ns 

EPIC is a trademark of Texas Instruments Incorporated. 

AO-AS 
CASL, CASU 
DQO-DQ15 
DSF 
NC/GND 

aSF 
~ 
SC 
SE 
SQO-SQ15 
TRG 
VCC 
VSS 
WE 

SERIAL 
CYCLE TIME 

tc(SC) 
(MIN) 

.18ns 
22ns 
30ns 
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DGHPACKAGE 
(TOP VIEW) 

Vee eo 
iE TRG 

vss vss 
SOO 81 SQ15 
OQO 80 DC15 
SQl 88 S014 
DCl 88 DC14 
Vee 57 Vee 
SQ2 88 S013 
DQ2 511 DC13 
SQ3 154 S012 
DQ3 &3 DC12 
Vss 52 Vss 
SQ4 51 SOIl 
DQ4 80 DCll 
SQ5 48 SOlO 
DC5 17 48 DCl0 
Vee 18 47 Vee 
SQ8 18 48 sce 
DQ8 20 45 cae 
SQ7 21 44 SQ8 

DQ7 22 43 DQ8 
Vss 23 42 Vss 

CASL DSF 
WE NC/GND 

RAS CASu 
Nl QSF 

A7 AD 
Nl AI 
Nl A2 
A4 A3 

Vee Vss 

PIN NOMENCLATURE 

Address Inputs 
Column-Address Strobe/Byte Selects 
DRAM Data VO, Write Mask Data 
Special Function Select 
No Connect/Ground (Important: not 
connectecllntemally to VSS> 
Special Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial Data Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Write Enable Select 

OPERATING CURRENT OPERATING CURRENT 
SERIAL PORT STANDBY SERIAL PORT ACTIVE 

Icc1 Icc1A 
(MAX) (MAX) 

180mA 225mA 
165mA 205mA 
150mA 185mA 

Copyright «:11995, Texas Inetrumen18 Incorporated 
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description 

5-192 

The TMS55161 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262144 words of 16 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS55161 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS55161 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55161 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-chip color data register) to be written to any combination of four adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register which, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55161 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The 
TMS55161 also offers extended output mode. The extended output mode is effective in both the page-mode 
cycles and standard cycles. 

The TMS55161 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55161 are compatible with Series 74 TTL. All address lines 
and data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater 
system flexibility. 

The TMS55161 employs state-of-the-art Texas Instruments EPICT. scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55161 is offered in a 64-pin small-outline gull-wing-Ieaded package (DGH suffix) for direct surface 
mounting. 

The TMS55161 and other TI multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 

DSF 

DQO
DQ15 

r--------., 

TMS55161 
262144 BY 16-BI1 

MULTIPORT VIDEO RAM 
SMVS181B- OCTOBER 1893 - REVISED JUNE 1985 

IJB!!-_~I I 
~-1 of 4 Sub-Blocka 

(Bee nBxt page) 

I 
I 

I I ~ ________ .J 

r--------., 
I I 

-.~ I Column 
~-... -_ Buffer 

1 of 4 Sub-Blocka 
(s .. next page) • 

AD-Ala 

DRAM 
Output ~ ___ ."I 
Buffer 

I 
I I ~ ________ .J 

Sertal-
SQO- 18 Output 
SQ15 Buffer 

IE 

FlU 
CAli TImIng 
TRQ Generator 

WE 

1 of 4 Sub-Blocka 
( .. e next page) 

I 
I I ~ ________ .J 

r--------., 
I I 

-(1)! I 

1 of 4 Sub-Blocka 
I (s .. next page) 

I 

I I ~ ________ .J 
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functlonalblock diagram (continued) 

512)( 512 
Memory 

Array 

----------------,." 
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Table 1. Function Table 

RASFALL CASx ADDRESS DOO-DQ1St FALL 
FUNCTION 

CASx* i'RG WE DSF DSF RAI CASx§ RAI 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop poim 
set' L X L H X Stop 

Point' X X 

CBR refresh (option reset~1 L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

Full-register-transfer read H L H L X Row Tap X Addr Poim 

Split-register-transfer read H L H H X Row Tap 
X Addr Point 

DRAM write (nonmesked) H H H L L Row Col X Addr Addr 

DRAM write (nonpersistem write-per-bit) H H L L L Row Col Write 
Addr Addr Mask 

DRAM write (persistem write-per-bit) H H L L L Row Col X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2-AS 

DRAM block write Row Block Write H H L L H Addr (nonpersistent write-per-bit) Addr A2-AS Mask 

DRAM block write Row Block 
H H L L H Addr X (persistent wrlte-per-bit) Addr A2-AS 

Load write mask ragister [J H H H H L Refresh 
X X Addr 

Load color raglster H H H H H Refresh X X Addr 
Lagend: 

X = Don'tcare 
Col Mask = H: Write to address/column enabled 
Write Mask • H: Write to VO enabled 

t DQO-DQI5 are latched on either the first failing edge of CASx or the falling edge of WE. whichever occurs later. 
* logic L is selected when either or both CASL and CASU are low. 
§ The column address and block address are latched on the first falling edge of CASx. 
, CBRS cycle should be performed immediately after the power-up initialization cycle. 
'AO-I>:l. AS: don't care; A4-A7: stop-poim code 
II CBR refresh (option reset) mode ends perslstem write-per-blt mode and stop-point mode. 
*CBR refresh (no reset) mode is not end perslstem write-per-blt mode or stop-point mode. 

CASL 
CASU 

WE 

X 

X 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RT 

SAT 

Fm 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

[J Load-write-mask-reglster cycle sets the persistent write-per-blt mode. The persistent write-per-blt mode Is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus .Operatlonal Mode 

PIN DRAM TRANSFER 

AO-AS Row, column address Row address, tap point 

CASL Column-address strobe, DQ output enable Tap-address strobe CASU 

DQ DRAM data 110, Write mask 

DSF Block-write enable Split-register-transferenable 
Write-mask-register-Ioad enable 
Color-register-load enable 
CBR (option reset) 

RAS Row-address strobe Row-address strobe 

SE 

SC 

SQ 

TRG DO output enable Transfer enable 

WE Write enable 

OSF 

NC/GND Make no external connection or tie to system GND 

VCCt 5-Vsupply 

vsst Ground 

SAM 

SQ output enable, 
QSF output enable 

Serial clock 

Serial data output 

Serial-register status 

t For proper device operation, aU VCC pins must be connected to as-V suppiy and all VSS pins must be tied to ground. 

pin definitions 

address (AO-AS) 

Eighteen address bits are required to decode one of 262144 storage cell locations. Nine row-address bits are 
set up on pins AO-AS and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-AS and latched onto the chip on the first falling edge of CASx. All addresses must be stable on 
or before the falling edge of RAS and the first falling edge of CASx. 

During the full-register-transfer read operation, the states of AO-AS are latched on the falling edge of RAS to 
select one of the 512 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
AO-AS are latched. The most significant column-address bit (AS) selects which half of the row Is transferred 
to the SAM. The appropriate S-bit column address (AO-A7) selects one of 256 tap points (starting positions) 
for the serial data output. 

During the split-register-transfer read operation, address bitA7 is ignored atthefalling edge ofCASX. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (AS) selects the 
DRAM half row. The remaining seven address bits (AO-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 127 and 255 are not valid tap points. 

row-address strobe (RAS) 

5-196 

AAS is similar to a chip enable, so that all DRAM cycles and transfer ~s are initiated ~y the falling edge of 
AAS. AAS isacontrol input that latches the states of the row address, WE, TAG, CASL, ASU, and DSF onto 
the chip to invoke DRAM and transfer read functions of the TMS55161. 
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column-address strobe (CASL, CASU) 

CASL and CASU are control inputs that latch the states of the column address and DSF to control DRAM and 
transfer functions of the TMS55161. CASx also act as output enables for the DRAM output pins. DQO-DQ15. 

In DRAM operation. CASL enables data to be written to or read from the lower byte (DQO-DQ7). and CASU 
enables data to be written to or from the upper byte (DQS-DQ 15). 

In transfer operations. address bits AO-AS are latched at the first falling edge of CASx as the start position (tap) 
for the serial data output (SQO-SQ15). 

output enable/transfer select (TRG) 

The TRG pin selects either DRAM or transfer operation as RAS falls. For DRAM operation. TRG must be held 
high as RAS falls. During DRAM operation. TRG functions as an output enable for the DRAM output pins. 
DQo-DQ15. For transfer operation. TRG must be brought low before RAS falls. 

write mask select, write enable (WE) 

In DRAM operation. WE enables data to be written to the DRAM. WE is also used to select the DRAM 
write-per-bit mode of operation. Holding WE low on the falling edge of RAS invokes the write-per~bit operation. 
The TMS55161 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

speCial function select (OSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop-point set (CBRS) 
• Block write (BW. BWM) 
• Loading write-mask register for the persistent write-per-bit mode (LMR) 
• Loading color register for the block-write mode (LCR) 
• Split-register-transfer read (SRT) 

DRAM data I/O, write mask data (OQO-OQ15) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ output buffers provide direct 
TTL compatibility (no pullup reSistors) with a fanout of one Series 74 TTL load. Data out is the same polarity 
as data in. The outputs are in the high-impedance (floating) state as long as either TRG or CASx is held high. 
Data does not appear at the outputs until after both CASx and TRG have been brought low. The write mask is 
latched into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation. the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO-SQ15) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pull up resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin. SE. is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS55161 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the sa outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin aSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial clock scheme minimizes acceS$ time 
of serial output from SE low because the serial clock input buffer and the serial-address counter are not disabled 
bySE. 

special function output (QSF) 

aSF is an output pin that indicates which half of the SAM is being accessed. When aSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When aSF is high, the 
pOinter is accessing the higher (most significant) 128 bits of the SAM. 

During full-register-transfer operations, aSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The aSF output is enabled by SE. If SE is high, 
the aSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

5-198 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 

random access operation 

Table 3. DRAM Function Table 

RASFALL CASx ADDRESS DOO-DQ15t FALL 
FUNCTION 

CASx* fAG WE DSF DSF RAS CASx§ RAt 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop·point 
setll L X L H X Stop 

Point' X X 

CBR refresh (option reset)1I L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

DRAM write (nonmasked) H H H L L Row Col X Addr Addr 

DRAM write (nonpersistent write-par-bit) H H L L L Row Col Write 
Addr Addr Mask 

DRAM write (parsistent write-par-bit) H H L L L Row Col X Addr Addr 

Row Block 
DRAM block write (non masked) H H H L I,f 

Addr Addr X 
A2-AS 

DRAM block write Row Block Write H H L L H Addr (nonpersistent write-par-bit) Addr A2-AS Mask 

DRAM block write Row Block 
H H L L H Addr X (persistent write-par-bit) Addr A2-AS 

Load write-mask register CJ H H H H L Refresh X X Addr 

Load color register H H H H H Refresh X X Addr 
Legend: 

X = Don'tcare 
Col Mask = H: Write to address/column enabled 
Write Mask • H: Write to I/O enabled 

t 000-0015 are latched on either the first falling edge of CASx or the falling edge of WE. whichever occurs later. 
:I: Logic L Is selected when either or both CASL and CASU are low. 
§ The column address and block address are latched on the first falling edge of CASx . 
• CBRS cycle should be parformed Immediately after the power-up Initialization cycle . 
• AO-A3. AS: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends parslstent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode Is not end parslstent write-par-bit mode or stop-point mode. 

CASL 
CASU 

WE 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

CJ Load-wrlte-mask-reglster cycle sets the parsistent write-per-bit mode. The persistent write-per-bit mode Is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eliminates the time required for row-address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55161 to operate at a 
higher data bandwidth. Data retrieval. begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immediately after the row-address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after ta(C) max 
(access time from CASx low) if ta(CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing either or both CASL and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CBR refresh cycles 
are available. The CBR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. 
The CBRN and CBRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 512 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is completed within the required time period, trf(MA)' The output buffers remain in the high-impedance state 
during the CBR refresh cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding both CASL and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is being carried out. Like the CBR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

5-200 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRG are low, the 
output buffers remain in the high-impedance state to conserve power. Externall~erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row 
to be refreshed. 
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The TMS55161 features extended data output during DRAM accesses. While RAS and TRG are low, the DRAM 
output remains valid even when CASx returns high. The output remains valid until WE is low, TRG Is high, or 
both CASx and RAS are high. The extended-data-output mode functions in all read cycles including 
DRAM-read, page-mode-read, and read-modify-write cycles. 

RAS 

CASx 

DQO-
DQ15 

TRG 

CASx 

DQO-
DQ1S 

TRG 

\ If , , , 
\ I 

, 
I 

'4 ~ I 
I 

( Valid Output ~ 
I 

I+-lclIS(G) ~ 
I 

\ ! 
Figure 1. DRAM-Read Cycle With RAS-Controlled Output 

\"""--_______ 1 

\ Ii 
'4 ti I 

I 

( Valid Output ~ 
I 

I+-lclIS(G) ~ 
I 

\ ! 
Figure 2. DRAM-Read Cycle With CASx-Controlled Output 
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extended data output (continued) 

5-202 

RAS ~~ ______________________ ~I 

AO-AS 

DQO-DQ15 

\ '-__ ~I 

Valid Output Valid Output >-

\~--------------~I 
Figure 3. DRAM-Page-Read Cycle With Extended Output 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, lEXAS mS1-1443 



byte operation 

TMS55161 
262144 BY 16·BIT 

MULTIPaRT VIDEO RAM 
SMVS161 B - OCTOBER 1993 - REVISED JUNE 1995 

Byte operation can be applied in ORAM read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles and load-color-register cycles. In byte operation, the column address (AO-AS) is latched at the first falling 
edge of CASx. In read cycles, CASL enables the lower byte (000-007) and CASU enables the upper byte 
(00S-0015) (see Figure 4). 

RAS ~ / 

,~. ------------------~ 

AD-AS 

DQD-DQ7 

DQ8-DQ15 

~ / 
I I 
I I 

tsu(CA) ~ ~ \ / 
I 

. . I I.. ~I th(CLCA) I 

~ -~+.~~~~~. 
ta(e) I.. .1 

--------------------------~<~---~~:-w-.r-B-~-.-O-u~--ut--~)~----
ta(C) I" .1 

----------------------------~i ______ ~t~~u-pp-.~rB~~~.~)~----
I \ Output . 

~ ta(G) -+i 

~ I 
Figure 4. Example of a Byte-Read Cycle 
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byte operation (continued) 

5-204 

In byte-write operation, CASL enables data to be written to the lower byte (000-007) and CASU enables data 
to be written to the upper byte (008-0015). In an early-write cycle, WE is brought low prior to both CASx 
signals. Data setup and hold times for 000-0015 are referenced to the first falling edge of CASx 
(see Figure 5). 

~~--------------~/ 

\~--------'/ 

~~--------------~/ 
I I 

------------------+I~,--------~ ~----
tau(CA) 1 H \\-____ --JI 

I!~~ ~~~ 
AO-Aa ~ Row ~ ~ollumn ~ 

tau(DCL) I0Il ~I I 
I "'II1 .. __ ... ~t!-11 - th(CLD) 
I I 

DQO-DQ15 ~ Valid Input ~ 

Figure 5. Example of an Early-Write Cycle 
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For late-write or read-modify-write cycles. WE is brought low after either or both CAS[ and CASU fall. The data 
is strobed in with data setup and hold times for DOO-D015 referenced to WE (see Figure 6). 

~~--------------~I 
\'--________ 1 

\\\\\\\ \\\\\ ~ 1 

1\'"'----'1 
tsu(DWL) --I144-~.1 I 

I 1~4--+l·1f-- 'h(WLD) 

DQO-DQ15 Valid Input ~~~~,""~~r7' 

Figure 6. Example of a Late-Write Cycle 
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wrlte-per·blt 

The write-per-bit feature allows masking any combination of the 16 ~Os on any write cycle. The write-per-bit 
operation is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The TMS55161 offers two write-per-bit modes: the 
nonpersistent write-per-bit and the persistent write-per-bit. 

nonpersistent wrlte-per-blt 

5-206 

When WE is low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary code (the write-per-bit 
mask) is input to the device via the DO pins and latched on the falling edge of RAS. The write-per-bit mask 
selects which of the 16 I/Os are to be written and which are not. After RAS has latched the on-chip write-per-bit 
mask, input data is driven onto the 00 pins and is latched on either the first falling edge of CASx or the falling 
edge of WE, whichever occurs later. CASL enables the lower byte (000-007) to be written through the mask 
and CASU enables the upper byte (008-0015) to be written through the mask. If a data low (write mask = 0) 
is strobed into a particular 110 pin on the falling edge of RAS, data is not written to that 110. If a data high 
(write mask = 1) is strobed into a particular 110 pin on the falling edge of RAS, data is written to that I/O 
(see Figure 7). 

~_----_---J/ 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

\~ ____ ---.J/ 

\'--____ -----J/ 1 1 
1 1 
1 1 
1 1 

\~~I~I~/ ~~ ____ ~~~~~~ 
-I 1 I 

tau(DQR) -;1 ... -+1.1 I I 1+1 .. - .... >1-1 -th(WLD) 

i 114 .. -.., ... 1- th(RDQ) 1 1 
1 I 11+ .. -+1.11- leu(DWL) 
1 I 1 I 

DQO-DQ15~ Writ. Maak ~ Valid Input ~ 

Figure 7. Example of a Nonpersistent Wrlte-Per-Blt (late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register cycle first. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-write-mask-register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the firstfalling edge of CASx. A binary code is input to the writ~ask register 
via the random I/O pins and latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-reglster cycle. The 
persistent write-per-bit mode can then be used in exactly the same way as the nonpersistent write-per-bit mode 
except that the Input data on the falling edge of RAS is ignored. When the device Is set to the persistent 
write-per-blt mode, It remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 8). 

I Load Wrlte-Maak Reglater Peralstent Write-Per-Bit CBR Refresh (option reset) 1 

RAS ~ Ir-~"""'\'-___ ---II"'--'---""'\ j--i 
I 1 1 

I 1 1 ----J 
CASx \ /1 \ / 1\ /1 

1 1 1 1 

AO-AS 
Refresh~ Row COlumn~ 

1 Address 1 1 1 

DSFP 'WQ ~ $. ~ ~ 
WEP~ ~~ ~~ 
~~~5~ ~ ~ 

I Write-Mask I Valid I 
Data Input 

Mask Data .. 1: Write to 1/0 enabled 
.. 0: Write to I/O disabled 

Figure 8. Example of a Persistent Wrlte-Per-Blt Operation 
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block write 

5-208 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the rnemory array. 
This function is implemented as (4 columns x 4 DOs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DOs per 
column (see Figure 9). • 

One Row of O-S11 

DQ1S[IJJ] 

DQ14[IJJ] 

DQ13[IJJ] 

DQ12[IJJ] 

DQ11[IJJ] 

DQ10[IJJ] 

DQ9[IJJ] 

DQB[IJJ] 

DQ7[IJJ] 

DQ6[IJJ] 

DQS[IJJ] 

DQ4[IJJ] 

DQ3[IJJ] 

DQ2[IJJ] 

DQ1[IJJ] 

~w 
4 Conaecutlve Columna of 0-S11 

Figure 9. Block-Write Operation 

4th Quadrant 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write masking options. The DO data is provided by four bits from the on-chip color register. 
Bits 0-3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register, and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 -11, and 12 -15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 10). 
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DQ4 

DQO 

~ 

:I 0 
:IE 1 I: 
E 2 
.2 3 0 u 

~ 

:I 
:IE 

I 1 2 3 
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DQ1S[Ill] 

DQ14 [Ill] 

DQ13 [Ill] 

DQ12 0 
:-1:-1 r--' 

[Ill] 
...1_, I 

DQ11 I I 
-, I 

c:P~; DQ10[Ill] 12 ~l.++-r-. I ~ J 
~ DQ9[Ill] ~: ~~ ~ ~ 

15 ++t-f,j~ L~ 

DQa[ ill r--' 
~...1_, I 
-, I I 

r+++-i-I I I I 
8 I ~ ~ 
1~ ~~ ~r~ 
11 ~ 

7 

4 5 6 7 8 9 10 11 \ 0 12 13 14 15 I 
~--------------------~vr-----------------------J 

Color Register 

Figure 10. Block Write With Masks 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 5·209 



TMS55161 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS161B-OCTOBER 1993-REVlSEDJUNE 1995 

block write (continued) 

5-210 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4 -7, block 2 comprises columns 8 -11, etc., as shown in Figure 11. 

Block 0 Block 1 ••••.•••.•.••.•••••.•. Block 127 
,...-_...J/\ \ I /\ \ I 

/\ 
V 

One Row of 0-511 I. I I I I I 
0 2 3 4 5 6 7 .......................... . 511 

~--------------------~vr----------------------JI 
Columna 

Figure 11. Block Columns Organization 

Ouring block-write cycles, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of CASx to decode one of the 128 blocks. Address bits AO-A 1 are ignored. Each one-megabit 
quadrant has the same block selected. 

A block-write 6:cle is entered in a manner similar to a ORAM write cycle except OSF is held high on the first 
falling edge of ASx. As in a ORAM write operation, CASLand CASU enable the corresponding lower and upper 
ORAM OQ bytes to be written, respectively. The column-mask data is input via the OQs and is latched on either 
the first falling edge of CASx or the falling edge of WE, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability allowing additional performance options. 

Example of block write: 

block-write column address = 11 0000000 (AO-A8 from left to right) 

bit 0 
color-data register = 1011 

write-mask register = 1110 
column-mask register = 1111 

1011 
1111 
0000 

1100 
1111 
0111 

bit 15 
0111 
1011 
1010 

1 st 2nd 3rd 4th 
Quad Quad Quad Quad 

Column-address bitsAO and A 1 are Ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has 000-002 written with bits 0-2 from the color-data register (101) to all four columns of 
block O. 003 is not written and retains its previous data due to the write-mask-register bit 3 being a O. 

The second quadrant (004-007) has all four columns masked off due to the column mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (008-0011 ) has its four OOs written with bits 8 -11 from the color-data register (1100) to 
columns 1-3 of its block O. Column 0 is not written and retains its previous data on all four OOs due to the column 
mask-register bit 8 being O. . 

The fourth quadrant (0012-0015) has 0012, 0014, and 0015 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block O. 0013 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all OOs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 12 after 
the block-write operation shown in the previous example. 
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block write (continued) 

OQ1511 1 01 1 1 01 

OQ1411 I 01 1 1 01 

OQ131 0 I 0 I 0 I 01 
4th Quadrant 

DQ12~ 
Columna 0 1 2 3 

Figure 12. Example of Fourth Quadrant After a Block-Write Operation 

. load color register 

The 10ad·coIQr-register~e is performed using normal ORAM write-cycle timing except that OSF is held high 
on the falling edges of RAS, CASL, and CASU. The color register is loaded from pins 000-OQ15, which are 
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx 
is low, only the corresponding byte of the color register is loaded. When the color register is loaded, it retains 
data until power is lost or until another load-color-register cycle is performed (see Figure 13 and Figure 14). 

I Load-Color-Reglater Cycle I Block-Write Cycle I 
I I (no write maak) I 
I I I 

_RAS ~I'~==~_-.J/rr-\._+~==~----.J/-i'l 
CASx I ,'-__ -oJ. ' .... __ -oJ! 

Block-Write Cycle I 
(load and uae wrlta maak) I 

I 
/I 

\ /-1 
AO-AS ~C:J[:)~~~~~~~~K::!2::)g~::3!::)<2~~~::!2::~K:::!::)~~~ 

WE ~~~~~~::::::~~~~~~~~::::::~~~~~~~~::::::~~ 
TRG 

OSF~~~::S~= OOO-~5~ 4 6 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-A6) is latched on the first falling edge of CASx. 
4. Color·reglster data 
5. Wrlte·mask data: 000-0015 are latched on the falling edge of RAS. 
6. Column·mask data: 00i-00i+3 0 = 0, 4, 8, 12) are latched on either the first falling edge of CASx or the failing edge of WE, whichever 

occurs later. 
= don't care 

Figure 13. Example of Block Writes 
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load color register (continued) 

I Load-Wrlte-Mask-Reglster Cycle I Load-Color-Reglster Cycle I Persistent Block-Write Cycle I 
I 
I 

I I I (use loaded write mask) 

I I I 

RAS r-"\.I _,:==~_---Jrr-\' --!- I 
CASx I ' .... __ --'1 

;--r-\.I 
' ...... __ ,.,1 

/I 

' ..... _-'n 
AO-AS 

WE 

TRG 

OSF 

OQO-OQ1S 6 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-AS) is latched on the first falling edge of CASx. 
4. Color-register data 
5. Wrne-mask data: 000 -0015 are latched on the failing edge of CASx. 
6. Column-mask data: 00i-00i+3 (i ~ 0, 4, 8, 12) are latched on either the first failing edge of CASx or the failing edge of WE, whichever 

occurs later. 
~~don'tcare 

Figure 14. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low and 
holding WE high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 

Table 4. SAM Function Table 

RASFALL 
CASx 
FALL 

FUNCTION 

CASxt TRG WE DSF DSF 

Full-register-transfer read H L H L X 

Split-register-transfer read H L H H X 

t LogiC L is selected when either or both CASL and CASU are low. 
X ~ don't care 
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fuii-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO-AS) are latched at the first falling edge of CASx, where address bit AS selects which half of the row is 
transferred. Address bits AO-A7 select one of the SAM's 256 available tap points from which the serial data 
is read out (see Figure 15). 

o 

o 255 

512)( 512 
MemoryAnay 

256-Bh 
Data Register 

Figure 15. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 16). 

Early Load Real-Time Load 
I I I 

Late Load 

RAS l' 'T' 'T' I 
I I I I 

CAsx l \ I I \ I I '--I I 
I I I I 

AO-AB 1 Row Tap Row Tap Row Tap I 
Point I Point I Point 

TRG!\..../ I \ I 1\ r-t 
I I I . I 

WE~~~~ 
I I 

~_I~ ~-+I __ -J 

Figure 16. Example of Full-Reglster-Transfer Read Operations 
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spiit·register·transfer read 

In the split-register-transfer read operation, the serial-data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 12S-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 

o 511 

o 255 

512)( 512 
Memory Array 

256-BIt 
Data Reglater 

Figure 17. Spllt-Reglster-Transfer Read 

To invoke.a split-register-transfer read cycle, DSF is brought high, TRG is brought low, and both are latched at 
the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the falling edge of RAS to select 
one of the 512 rows available for the transfer. Eight of the nine column-address bits (AO-A6 and AS) are latched 
at the first falling edge of CASx. Column-address bit AS selects which half of the row is to be transferred. 
Column-address bits AO-A6 select one of the 127 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 

AS=O AS .. 1 AS.1 AS.O 

~ ~ ~ ~ 
O. 511 0 A7=Ot 511 0 A7 = 1t 511 o A7=ot 511 

DRAM 

• m II m 
SAM A B 'f@~ '&ri C B '~ C D '~ E D 

sa sa sa sa 
t A7 shown is internally controlled. 
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Figure 18. Example of a Split-Register· Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt·reglster-transfer read (continued) 

aSF indicates wbich half of the register is being accessed during serial-access operation. When aSF is low, 
the serial-address pointer is accessing the lower (least significant) 128 bits ofthe SAM. When aSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. aSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
aSF. aSF also changes state when a boundary between two register halves is reached. 

Full-Regllte,. Tranlfer Read Spllt-Regllter 
With Tap Point N Transfer Read 

AM \ I \ I 
CASx \ I \ / 

I 
fRG \ I Ii" \ I I 

I I 
I I 1\ DSF I I 
I I 
I I 

~ SC ~I 
- td(CLQSF) ~ PolntN 

I.. ~ Id{GHQSF) 

QSF 

Figure 19. Example of a Spllt·Reglster.Transfer Read After a Full-Register Transfer Read 

Spllt-Regllter 
Trlnlfer Read Spilt-Reg liter 

With Tap Point N Tranlfer Read 

RAS \ Ii ~ I 
I I 

\ ~ 
I 

\ I CASx I 
I I 

TRG~ I I ~ I I 
I 

DSF~ I k\ I ~I 
Id{RHMS) l1li Id{MSRL) 

SC 

1II----I~*I- Id{SCQSF} 

QSF ------------------------------~~~I __________________ __ 
Figure 20. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 21. 

o 1 1 1 2 1 ..... 1 Tap 1-+ • •• 1 254 1 255 I 
I 

Figure 21. Serial Pointer Direction for Serial Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting atthe tap point loaded by the preceding split-register-transfer cycle. The serial pOinter then proceeds 
sequentially to the most-significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 22). 

Figure 22. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer pOints next to 
the least significant bit of the inactive half (bit 128 or bit 0) (see Figure 23). 

Figure 23. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

5-216 

The TMS55161 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half ofthe SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 24). 

0 

I I 
Partition ~ , Length 

127 128 

I· · ·1 I I 

1. .. 1 1 
Figure 24. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row-address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 

Table 5. Programming Code for Stop-Point Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF 
PARTITION PARTITIONS 

STOP-POINT LOCATIONS 
LENGTH AS A7 AS A5 A4 AO-A3 

16 X L L L L X 16 
15.31.47.63.79.95.111.127.143.159.175. 
191.207,223.239.255 

32 X L L L H X 8 31.63.95.127.159.191.223.255 

64 X L L H H X 4 63.127.191.255 

128 
X L H H H X 2 127.255 (default) 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 25). 

Tap=H1 Tap=L1 Tap=H2 Tap=L2 

H1 191 L1 63 H2 255 L2 
SC _________ ~ ••• ~ ••• ~ •••••• ~ 

0 
SAM Low Half SAM High Half 

L1 63 L2 127 128 H1 191 H2 255 

t 1 t l f 1 : : ~ .. 
.. .. .. 

Figure 25. Example of Split-Register Operation With Programmable Stop Points 
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256-/512-blt compatibility of split-register programmable stop point 

The stop-point mode Is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and Aya are internally swapped to assure the compatibility (see Figure 26). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop pOint, column-address bit Aya is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because it ends the stop-point mode and restores address bits AY7 and Aya to their 
normal function. Consistent use of CBR cycles ensures that the TMS55161 remains in normal mode. 

NON STOP-POINT MODE 

512 x 512 
Memory Array 

258-8lt 
Date Register 

STOP-POINT MODE 

512 x 512 
Memory Array 

256-Blt 
Date Register 

Figure 26. DRAM-to-SAM Mapping, Non Stop Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 

power up 

5-218 

To achieve proper device operation, an initial pause of 200 !AS is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS55161 is as follows: 

aSF 
Write mode 
Write mask register 
Color register 
Serial-register tep point 
SAM port 

STATE AFTER INITIAUZATION 

Defined by the transfer cycle during Initialization 
Nonpersistent mode 
Undefined 
Undefined 
Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ............................................... -1 V to 7 V 
Input voltage range .........•...............................•..•.....•.•.•....•..... -1 V to 7 V 
Short-circuit output current .........•........................••...•........................ 50 rnA 
Power dissipation •.•..•.....•..•..•......................•.......••...•...•.••••.•......• 1.1 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range,Tstg ................................................... -65·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the devlca. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values ara with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.6 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. .. NOTE 2: The algebraic convention, where the mora negatIVe (less positIVe) hmlt IS deSignated es minimUm, 18 for logic-voltage levels only • 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TEST CONDITIONSt 
SAM '55161-60 

PARAMETER PORT MIN MAX 

VOH 
High-level output 

IOH=-1 mA 2.4 voltage 

VOL 
Low-leveloutput 

IOL=2mA 0.4 voltage 

VCC- 5.5V• 
II Input current (leakage) VI "OVto5.8V, .. 10 

All other pins at 0 V to VCC 

10 
Output current VCC =5.5V. VO= OVtoVCC :tl0 (leakage) Sae Note 3 

ICCI Operating current:l: Sae Note 4 Standby 180 

ICCIA Operating current:l: te(SC) = MIN Active 225 

ICC2 Standby current All clocks = VCC Standby 5 

ICC2A Standby current terSC) = MIN Active 70 

ICC3 
RAS-only refresh 

See Note 4 Standby 180 current 

ICC3A 
RAS-only re1resh 

te(SC) .. MIN. See Note 4 Active 225 current 

ICC4 Page-mode current:l: te(Pl= MIN. See NoteS Standby 140 

ICC4A Page-mode current * ; te(SC) = MiN. See NoteS Active 185 

ICC5 
CAS-before-RAS 

See Note 4 Standby 180 current 

ICCSA 
CAS-before-RAS 

te(SC) • MIN. See Note 4 Active 225 current 

ICC6 Data-transfer current See Note 4 Standby 200 

ICC6A Data-transfer current te(SC) =MIN Active 250 

t For conditions shown as MINIMAX, usa the appropriate value speCified in the timing requirements. 
:I: Measured with outputs open 
NOTES: 3. SE is disabled for sa output leakage tests. 
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4. Measured with one address change while RAS .. VIL. te(rd). te(W). te(TRO) = MIN. 
5. Measured with one address change while CASx = VIH 
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'55161-70 '55161-80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

.. 10 .. 10 JAA 

.. 10 .. 10 JAA 

185 150 mA 

205 185 mA 

5 5 mA 

85 80 mA 

165 150 mA 

205 185 mA 

140 120 mA 

185 165 mA 

165 150 mA 

205 165 mA 

180 180 mA 

225 200 mA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN MAX UNIT 

Ci(A) Input capacitance, address inputs 6 pF 

Ci(RC) Input capacitance, address strobe inputs 7 pF 

Ci(W) Input capacitance, write enable Input 7 pF 

CI(SC) Input capacitance, serial clock 7 pF 

CI(SE) Input capacitance, serial enable 7 pF 

Ci(DSA Input capacitance, special function 7 pF 

CiCTRG) Input capacitance, transfer register input 7 pF 

CoCO) Output capacitance, sa and Da 7 pF 

Co(aSA Output capacitance, aSF 9 pF 

NOTE 6: VCC = 5 V:I: 0.5 V, and the bias on pins under test Is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

TEST ALT. '55161-60 '55161-70 '55161-80 
PARAMETER 

CONDITIONSt SYMBOL UNIT 
MIN MAX MIN MAX MIN MAX 

ta(C) Access time from CASx Id(RLCL) = MAX teAC 17 20 20 ns 

ta(CA) Access time from column address Id(RLCL) = MAX tAA 30 35 40 ns 

ta(CP) Access time from CASx high Id(RLCL) = MAX tePA 35 40 45 ns 

ta(R) Access time from RAS Id(RLCL) = MAX tRAC 60 70 80 ns 

ta(G) Access time of Da from 'i'RG low toEA 15 20 20 ns 

ta(Sa) Access time of sa from SC high CL-30pF tSCA 15 20 25 ns 

ta(SE) Access time of sa from SE low CL=30pF tSEA 12 15 20 ns 

ldis(CH) 
Disable time, random output from 

CL=50pF toFF 0 15 0 20 0 20 ns CASx high (see Note 8) 

Idls(RH) 
Disable time, random output from 

CL=50pF 0 15 0 20 0 20 ns RAS high (see Note 8) 

ldis(G) 
Disable time, random output from 

CL=50pF toEZ 0 15 0 20 0 20 ns TRG high (see Note 8) 

ldis(WL) 
Disable time, random output from 

CL= 30 pF twez 0 15 0 20 0 20 ns WE low (see Note 8) 

ldis(SE) 
Disable time, serial output from 

CL = 30 pF tSEZ 0 10 0 15 0 20 ns SE high (see Note 8) 

t Measured with outputs open. For conditions shown as MINIMAX, use the appropriate value specified In the timing requirements. 
NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 

VOH !VOL = 2 V/0.8 V. Switching times for SAM port output are measured with a load equivalentlo 1 TTL load and 30 pF. Serial data 
out reference level: VOH I VOL = 2 V/0.8 V. 

8. ldis(CH), ldis(RH), ldis(G),ldis(WL), and ldis(SE) are specified when the output Is no longer driven. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 5-221 



TMS55161 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS161 B - OCTOBER 1993 - REVISED JUNE 1995 

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

lefrell Cycle time, read 

1e(W) Cycle time, write 

le(rdW) Cycle time, read-modify-write 

IefPI Cycle time, page-mode read, wrHe 

Ie(ROWP) Cycle time, page-mode read-modify-write 

Ie(TRO) Cycle time, trensfer read 

Ie(SCI Cycle time, serial clock (see Note 9) 

twfCH) Pulse duration, CASx high 

tw(CL) Pulse duration, CASx low (see Note 10) 

tw(RH) Pulse duration, RAS high 

twfRL) Pulse duration, RAS low (see Note 11) 

tw(WL) Pulse duration, WE low 

twITRGI Pulse duration, TRG low 

tw(SCH) Pulse duration, SC high (see Note 9) 

tw(SCL) Pulse duration, SC low (see Note 9) 

twfGH) Pulse duration, TRG high 

tw(RL)P Pulse duration, RAS low (page mode) 

\sulCAl Setup time, column address before CASx low 

tsufSFCI Setup time, DSF before CASx low 

\sufRA) Setup time, row address before RAS low 

tsu(WMR) Setup time, WE before RAS low 

\sufDORI Setup time, DO before RAS low 

tsuITRG) Setup tims, TRG high before R:iS low 

\su(SFR) Setup time, DSF low before RAS low 

\sufOCLI Setup time, data valid before CASx low 

\sufDWl) Setup time, data valid before WE low 

tsu(rd) 
Setup time, read command, WE high before 
c,;;Sxlow 

\su(WCL) 
Setup time, early write command, 
WE low before CASx low 

\su(WCH) Setup time, WE low before CASx high, write 

\su(WRH) Setup time, WE low before RAS high, wrHe 

th(CLCA) Hold time, column address after CASx low 

thfSFC) Hold time, OSF after CASx low 

thfRA) Hold time, row address after RAS low 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

ALT. '55161-60 '55161-70 '55161-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

tRC 110 130 150 ns 

~C 110 130 150 ns 

tRMW 150 175 200 ns 

tpc 30 30 35 ns 

tPRMW 60 90 100 ns 

tRC 110 130 150 ns 

tscc 18 22 30 ns 

tCPN 10 10 10 ns 

teAS 10 10000 10 10000 20 10000 ns 

tRP 40 50 60 ns 

tRAS 60 10000 70 10000 80 10000 ns 

~p 10 10 15 ns 

15 20 20 ns 

tsc 5 8 10 ns 

tscp 5 8 10 ns 

iTP 20 20 20 ns 

tRASP 60 100000 70 100000 80 100000 ns 

tASC 0 0 0 ns 

tFSC 0 0 0 ns 

tASR 0 0 0 ns 

~SR 0 0 0 ns 

tMS 0 0 0 ns 

iTHS 0 0 0 ns 

tFSR 0 0 0 ns 

tosc 0 0 0 ns 

tosw 0 0 0 ns 

tRCS 0 0 0 ns 

~CS 0 0 0 ns 

tCWL 15 15 20 ns 

tRWL 15 15 20 ns 

tCAH 10 10 15 ns 

teFH 10 10 15 ns 

tRAH 10 10 10 ns 

10. In a read-modify-write cycle, id(CLWL) and \su(WCH) must be observed. Depending on the user's transition times, this may require 
additional CASx low time [tw(CL»)' 

11. In a read-modify-write cycle, id(RLWL) and \su(WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time [twIRL»)' 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

ALT. '55161-60 '55161-70 
SYMBOL MIN MAX MIN MAX 

th(TRG) Hold time, TRG after RAS low trHH 10 10 

thlRWMl Hold time, write mask after RAS low tRWH 10 10 

th(RDQ) Hold time, DQ after RAS low (write-mask operation) tMH 10 10 

th(SFRt Hold time, DSF after RAS low tRFH 10 10 

th(RLCA) 
Hold time, column address valid after RAS low 

tAR 30 30 (see Note 12) 

th(CLD) Hold time, data valid after CASx low tDH 15 15 

th(RLD) Hold time, data valid after RAS low (see Note 12) tDHR 35 35 

ih(W!,.D) Hold time, data valid after WE low tDH 15 15 

ih(CHrd) 
Hold time, read, WE high after CASx high 

tRCH 0 0 (see Note 13) 

th(RHrd) 
Hold time, read, WE high after RAS high 

tRRH 0 0 (see Note 13) 

th(CLW) Hold time, write, WE low after CASx low twCH 10 15 

thlRLWl Hold time, write, WE low after RAS low (see Note 12) twCR 30 35 

th(WLG) Hold time, TRG high after WE low (see Note 14) tOEH 10 10 

th(SHSQ} Hold time, SQvalid after SC high tSOH 4 5 

th(RSFl Hold time, DSF after RAS low tFHR 30 30 

ihlCLQl Hold time, output valid after CASx low tDHC 4 5 

I tCSH 53 60 
Id(RLCH) Delay time, RAS low to CASx high I See Note 15 teHR 10 10 

Id(CHRL) Delay time, CASx high to RAS low teRP 0 0 

Id(CLRH) Delay time, CASx low to RAS high tRSH 17 20 

Id(CLWL) 
Delay time, CASx low to WE low 

teWD 37 45 (see Notes 16 and 17) 

Id(RLCL) Delay time, RAS low to CASx low (see Note 18) tRCD 20 43 20 50 

IdICARHl Delay time, column address valid to RAS high tRAL 30 35 

Id(CACH)· Delay time, column address valid to CASx high teAL 30 35 

Id(RLWL) Delay time, RAS low to WE low (see Note 16) tRWD 80 95 

Id(CAWL) 
Delay time, column address valid to WE low 

tAWD 50 60 (see Note 16) 

Id(CLRL) Delay time, CASx low to RAS low (see Note 15) teSR 0 0 

Id[RHCLl Delay time, RAS high to CASx low (see Note 15) tRPC 0 0 

IdICLGHl Delay time, CASxlowto TRG high for DRAM read cycles 17 20 

Id(GHD) Delay time, 'fAG high before data applied at DQ toED 10 15 

tTiming measurements are referenced to VIL max and VIH min. 
NOTES: 12. The minimum value Is measured when Id(RLCL) Is set to Id(RLCL) min as a reference. 

13. Either th(RHrd) orth(CHrd) must be satisfied for a read cycle. 
14. Output-enable-controlled write. Output remains In the high-impedance state for the entire cycle. 
15. CAS-before-RAS refresh operation only 
16. Read-modify-write operation only 
17. TRG must disable the output buffers prior to applying data to the DQ pins. 
18. The maximum value is specified only to assure RAS access time. 
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'55161-80 
UNIT 

MIN MAX 

10 n8 

10 n8 

10 ns 

10 ns 

35 ns 

15 n8 

35 ns 

15 n8 

0 n8 

0 n8 

15 ns 

35 ns 

10 ns 

5 ns 

35 ns 

5 ns 

80 
n8 

15 

0 n8 

20 ns 

45 ns 

20 60 ns 

40 n8 

40 ns 

105 ns 

65 ns 

0 ns 

0 ns 

20 ns 

15 ns 
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timing requirements over recommended ranges of supply voltage and oper~ting free-air 
temperature {concluded)t 

ALT. '55161-60 '55161-70 '55161-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

tdfRLTHI Delay time. RAS low to TRG high (see Note 19) tRTH 50 55 60 ns 

~(RLSH) 
Delay time, RAS low to first SC high after TRG high 

tRSD 65 70 80 ns (see Note 19) 

~(RLCA) Delay time. RAS low to column address valid tRAD 15 30 15 35 15 40 ns 

~(GLRH) Delay time. TRG low to RAS high tROH 10 15 15 ns 

td(CLSH) 
Delay time. CASx low to first SC high after TRG high 

teSD 20 20 25 ns (see Note 20) 

~(SCTR) 
Delay time. SC high to TRG high 

trSL 5 5 5 ns (see Notes 19 and 20) 

td(THRH) Delay time. TRG high to RAS high (see Note 19) trRD -10 -10 -10 ns 

td(THRL) Delay time. TRG high to RAS low (see Note 21) trRP 40 50 60 ns 

td(THSC) Delay time, TRG high to SC high (see Note 19) trSD 10 10 15 ns 

Delay time, RAS high to last (most significant) rising 
td(RHMS) edge of SC before boundary switch during 15 20 20 ns 

split-register-transfer read cycles 

td(CLTH) 
Delay time. CASx low to TRG high in real·time transfer 

tCTH 15 15 15 ns read cycles 

td(CASH) 
Delay time. column address to first SC in early-load 

tASD 25 25 30 ns transfer read cycles 

td(CAGH) 
Delay time, column address to TRG high in real-time 

tATH 20 20 20 ns transfer read cycles 

td(DCL) Delay time. data to CASx low tDZC 0 0 0 ns 

td(DGL) Delay time. data to TRG low tDZO 0 0 0 ns 

Delay time. last (most significant) rising edge of SC to 
td(MSRL) RAS low before boundary switch during split-register-

transfer read cycles 
15 20 20 ns 

Delay time. last (127 or 255) rising edge of SC to OSF 
td(SCOSF) switching at the boundary during split-register-transfer 

read cycles (see Note 22) 
tSOD 20 25 30 ns 

td(CLaSF) 
Delay time. CASx low to aSF switching in transfer 

teaD 25 30 35 ns read cycles (see Note 22) 

~(GHOSF) 
Delay time. TRG high to OSF switching In transfer read 

trOD 20 25 30 ns cycles (see Note 22) 

td(RLOSF) 
Delay time. RAS low to OSF switching in transfer read 

tROD 65 70 75 ns cycles (see Note 22) 

trf(MA) Refresh time interval. memory tREF 8 8 8 ms 

tt Transition time tr 3 50 3 50 3 50 ns 

t Timmg measurements are referenced to VIL max and VIH min. 
NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 
21. Full-register (read) transfer cycles only 
22. Sw~ching times for OSF output are measured with a load equivalent to 1 TTL load and 30 pF and output reference level is 

VOH I VOL = 2 V/0.8 V. 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I I~ twIRL) .1 I 
I I~ tcI(RLCH) I .' I ---.IN I' I 

FiAS , r Y:.+- tw(RH) -.1\ ..... _--
, I ~ , , , 

tt ~ r- ~ tcI(CLRH) --.I , , 
I ~ tcI(RLCL) --.I I , I 

-+I 14- tcI(CHRL) I~ tw(CL) ~ 
wvJ. 'I N' III 

CASx <tlI i I I ~ I I V~ tW(CH) ~''---
tcI(RLCA) j'4 .1, I I , , , 
ttt(RA) ~ !+-, I~ I I tcI(CARH) ~ , , , 

, I~ I" th(RLCA) ~ , , " , , , , , " , 
tau(RA) ~ ~ I I~ I I tcI(CACH) I I ~ , 

" I I I I~ .: ttt(CLCA) " , 

I tau CAl ~~~I~:7'm~~~~~~~~~ 
AO-AS 

J+- th(SFR) , " , 

tau(SFR) +I , , _II 

DSF~" 
~II 

I I I I ~ tcI(CLGH) --.J I I 

WE I' I I I xxxx.xxxxxxxx 
" ,tclls(CH) I I~ ~~ 
, , I...L I 

tcI(DGL) I~' ., I I ' ~.....- tclls(G) -+i 
\. ' ,i+ ta(G) "YI I I 

DQO-DQ15 -D-ata-ln~2 I I I < Data Out 2>------
I I I+- talC) ~ 
I I~ ta(CA) .1 
I~ ta(R) .1 

tau(TRG) ~ ~ I I I I~ .1 " tcI(GLRH) 
I I I I I I II 

TAO dl ~~~~~~~ 
I tau(rd) ---14+1 , I, th(RHrd) I~ .1 
, I I ,I I 

~l I I I ~ "I .. (co.., 

Figure 27. Read-Cycle Timing With CASx-Controlled Output 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON, TEXAS 77251-1443 5-225 



TMS55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 
SMVS161 B - OCTOBER 1993 - REVISED JUNE 1995 

5-226 

PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I I~ tw(RL) .1 I 
I I~ IeI(RLCH) .1 I . I 

---,j~! I I 

RAS 1"1 I Vi i\ .... ---
I I I I ~tw(RH).~ 

it -+I I+- I+-IeI(CLRH) 1-+1 I 

I ~ IeI(RLCL) -.I I I I 
~ ~ IeI(CHRL) J+- tw(CL) -+j I I W I I I I ...-tI-+-l -----...". 

CASx II I . ~~ }A ... I I t .:'1 
I i ~ I r- I' w(CH) ...I " ..... --

IeI(RLCA) ~ .I~ I I IeI(CARH) --J---.i-..i I 
th(RA) ~ ~ I I I I I I , I 

I I~ I th(RLCA) ~ II I I I 
II I I+f-I.. III 

tau(RA) -+I ~ I I I IeI(CACH) -+i I I I 

~:~ AO-AS ~ .c~lumn 
* ~ th(SFR)1 I I I I 

tsu(SFR) -+I ~ I 

DSF~ii_ 
I I ' I!.- IeI(CLGH) --i--.II 

tau(TRG) +I ~ , I I I~ I .1 II IeI(GLRH) 

. 
I~ ~~::.G)I r-tw(T~G)~1 

TRGrllIll~ I~ 
II I~ 
I is ~ I I I ~ II+- th(RHrd) 

~U(rd) I, I th(CHrd) I~I.~ 

WEIll ll~ 
~ I I I I '+IeIIB(G)~ 

IeI(DGL) I~ I ., I I 1+ ta(G) +I !.- 1eI11(RH) +j 
~ I I I 

DQO-DQ15 Data In 2 I I I < Data Out 2>------
_---3_ I 'I- -

I I ~ ta(C)--+1 

I I~ ta(CA) .1 I , 
I~ ta(R) .1 

Figure 28. Read-Cycle Timing With RAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ ---.i' 14 twIRL) ~ , 

RAS N VI.- tw(RH) ~'--
I 14 lcI(RLCH) ~I I' I 

tt -.!I 14- I.e """!i j4- tt 
1_ .. lcI(CLRH) I ~ I 

I r-lcI(RLCL) -.I I ~ , I 
~ rt lcI(CHRL) ~ tw(CL) ~ ,1cI(CHRL) ~ 

CASx <1llf/ I I N 1I!...L- tw C ---J\... 
I j4-- th(RLCA) -.j I r i ( H) -I 

th(RA)~ • -.I !.+ ts (CA) II I 
I I I .... I I u I 

lcI(RLCA) I 141 ... I lcI(CACH) ~, 
I I I ~th(CLCA) I I 

tsu~~~~~'1 
AO-AS ~ COIumn_ 

tsu(SFR) -.I j4t ~;; t8u(SFC) I I 
l I 14-- th(RSF) ----.I I I 

lh(SFR) M r- I I ~I ~ 
OSF mNll~l: ~ 

I I I I 
~ • th(TRG) I I I 

tsU(TRG)-.lI4t~1 I 

TRG ~ll 
II~ 

tsu(WMR) -.I H 14 I I tsu(WRH) ~ 
I I ~ : I I th(RLW) ~ 

lh(RWM)~ 14- I I 14 th(CLW) ~ 
~""\ !4i"tsu(WCL) I 

WE ~ ti .tw(WL) ~ 
I.i ~ I4T tsu(DCL) 

tsU(OQR)--i I I 14- th(CLO) -..! 
th(ROQ)~. I I 

I I ~ I th(RLO) ~ 
OQO-OQ15 ~ 3 _ 

Figure 29. Early-Wrlte-Cycle Timing 

Table 6. Early-Wrlte-Cycle State Table 

STATE 
CYCLE 

1 2 3 

Write operation (non masked) H Don'lcare Valid data 

Write operation with nonpersistent write-per-bit 

Write operation with persistent write-per-bit 

~TEXAS 
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Write mask Valid data 

Don'l care Valid data 
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TRG ~ I I I: I'" \tsU(WRH):~;~ 
~ 14+ tsu(TRG) 1 I I... tsu(WCH) --.I I 

!.I 1 I I... I th(CLW) .1 I 
~ lcI(GHO) n ' I I 

... thlRLW) .1 I 
-+j !.+ tsu(WMR) : II I I I 
~ I :... th(WLG)J~ 

WE ~ I ~ tw(WL) ~~\ 
I .1 tsu(OWL) ~ ioIIII-f 

tau(OQR).., ~ I I ~ th Lo--+l 
I ~ I+- th(ROQ) I I (W) I 
I 1 ... 1 I I th(RLO) .1 

OQO-OQ15 ~ 3 

Figure 30. Late-Write-CYCle Timing (Output-Enable-Controlled Write) 

Table 7. Late-Write-Cycle State Table 

CYCLE 
1 

Write operation (nonmasked) H 

Write operation with nonpersistent write-per-bit L 

Write operation with persistent write-per-bit 
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STATE 

2 

Don't care 

Write mask 

Don't care 

3 

Valid data 

Valid data 

Valid data 
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PARAMETER MEASUREMENT INFORMATION 

14 tc(W) ~I 
__ --.jl 14 tw(RL) ~I 1 

N V~tW(RH)~"--
1 ~ lcI(RLCH) ~I 1 I I 

tt -+j ~ I... lcI(CLRH) 1 ~I I I 
1 ~ lcI(RLCL) -+I 1 -+I I+- tt I 

~ H lcI(CHRL) 1 1 ~ lcI(CHRL) ~ 
~ 1 I N~ tw(CL) ~0 : ~ 

1 I I _ I 1 J4II I tw(CH) --+J 
th(RA) ~ j4'""" 1 1 1 I 

to,...., ~ I4l-~ 
~:=y 

_ 1 1 1 -+I 1411+- lsu(SFC) 1 1 
-PI 1411+ lsu(SFR) 1 1 1 1 

I 1 I... th(RSF) --+I 1 1 
th(SFR) -H j+- l I:'" ~:~ 
XXXXXTII~II 1 
~III~II 

~ j+ th(TRG) 1 I I 
lsu(TRG) -+l ~ 1 I I 

XXXXXT I 1 

~I: 
-+I w. 14 1 1 lsu(WCH) ~ I I 

lsu(WMR) I -I 1 I I I 
1 1 I'" I 1 tsu(WRH) ~I 
: ,... 1 1 , th(RLW) ~I 

th(RWM) t-+l I+- :! .!... th(CLW) ~: 
1 ,I :+i ~ lsu(WCL) I 

§W" 1 ~I : tw(WL) _ 
1 , 

, -+I 1411+ tsu(OCL) 
, 1 ~ th(CLO) --+I 
I... I th(RLO) ~l 

~§~~~~~~~~ \ Write Maskt ~ 

t Load-wrHe-mask-register cycle will put the device into the persistent write-per-bH mode. 

Figure 31. Load-Wrlte-Mask-Register-Cycle Timing (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 
,~ tc(W) ~I __ --.j, I~ tw(RL) ~I , 

Ii 0 "---I .~ tcI(RLCH) ~I ,14- tw(RH) -+l 
It -+I ~ I~ tcI(CLRH) I ~, I , 
-+j 14t. tcI(CHRL) I I i+-H tcI(CHRL) --+I 

I I :+- tcI(RLCL) -+I I 411+- tt 

~ I I i\~ tw(CL) .i J,1o--t1-----..... i\. 
)t;ll;U I I I ~ Yf.+- tw(CH) ~ '--

th(RA) -f.l I+- II I I 
~ 

AO-AB 

OSF 

I j+-- th(RSF) 1-+1 I I 
tsu(SFR) -.: j4t -+I I4t tsu(SFC) I I 

~m t+- I 'i'~ :_= ~II'@N··_~ 
~!! ! I~ tsu~RH)! ~I ~ 

-+I I4f- tsu{TRG) I :~ tsu~CH) ~I I 
I I I I~ I th(CLW) ~I I * tcI(GHO) --to! I I,: 

I ~ I th~RLW) ~, I 

tsu~MR) i ~r=' th(RWM) ~Ni: th~LG) ~I ; 
~ I ~ t(WL) .,J 

WE I I I w 
I I I ~------------~~~~~~~~~~ I tsu(OWL) ~ i1 
I I II ~ Ih~LO)--+I 
I I I 
I~ I th(RLO) ~l 

~ Write Maskt ~ OQO-OQ15 

t Load-write-mask-reglster cycle will put the device into the persistent write-per-bit mode. 
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Figure 32. Load-Wrlte-Mask-Reglster-Cycle Timing '(Late-Write Load) 
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AO-AS 

PARAMETER MEASUREMENT INFORMATION 

14----------tc(rdW) -----------.t 
r4---------tw(RL) -------~ 
t--------ld(RLCH) --------.t 

~-----ld(CLRH) ----.. I'IIIf---+t

,""~";-t---"""'---........ f------tw(CL) ----~ u.--....... -. 

I .1 th(RSF) 1 1 ~I I I 
-+I ~ tau(SFR) 1 ~ th(SFC) I I 

th(SFR) 1 I 14 ~. I -+I ,-.1 ' I !-u(SFC) 
~III~"III~ DSF I I I I 1 1 1 

. I I I L ~ tau(rcl) ~ tau(WCH) 
- th(TRG) H--f"+I 14- taU(WRH) -+I 

I I I 14 i II ld(CAWL) ~ I 
II II 14 ~I,tw G I 

TRG I I I I I "1 ~=--;-r--""~~, ~~~~~~ro 
I I I I I '\}oQw~~,Q"Qj~IooQ"Q,~ 

I I lh(RLW) . I I ~I 
-+I I4t- tau(TRO) I I I th(CLW) I I ~I 
-+I, ~ tau(WMR) 114 hll II~ I ld(CLWL) 4 II I 

_ I I I .. .. I ld(DCL) I I 
........ I i ~ 'i II 1 I. I .: i........ L l I 

WE ~ 1 ¥w1~ II: I ~~tw(WL)-.I~ 
I =-~ II ta(~~LWL) --4 ~th(WLD) ~ 

~ 14+ tau(DQR) 14 ~~ I: ld(DGL) 14 ~I I ld(GHD) I 

DOD-DQ" ~ ~~ T;:: ~ k-~~ ~ 
II !-~I.~ . 

ta(G) +II+- ~ "CIJs(O) 

FIgure 33. Read-Wrlte/Read-Modlfy-Wrlte-Cycle Timing 

Table 8. Read-Wrlte/Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Write operation (nonmasked) H Don't care Valid data 

Write operation with nonpersistent write-per-blt 

Write operation with persistent write-per-blt 

~TEXAS 
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Write mask Valid data 

Don't care valid data 
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\¥(RH) -+I 14-
1OIII1 ... 1-----------tw(RL)P----------~.1 1 1 

RAS N .. rf\-
~ ~ tcf(CHRL~(RLCL) j+- tcf(CLRH) ~. 1+ It 

..r------L I 
I j+- tcf(RLCA) ~ 1 I I I I 

~ _ !... tcf(~LCH) I I I... tc(P) 1 1.1 1 II 
tau(RA) .... ~ ta I... .1 1 ""'"------ I I I 

~ I I 14- th(RA) +I(CA) fiji I... .: Ih(CLCA) ;--tcf(lACH) ~ I I I 

I I I:... t~)A) I .~... I tcf(CARH)~ I -.. ~>- ~ +~" ~ ~.. ~ W-. .1 Ih{SFR) I I I I I'" .1 tcf(CLOH) I 
~-+j! rT. taU(SFR)_1 ~ 

DSF (X)l. I I I 
I I 
II .... lth(TRG) II I I I I I 

. ~ ~taU(TRO) t\' I I I I I I I __ - .. 1-_-
'i'RGW"11 _ I II I I I .lIT I 

~ ~taU(WMR' 1 I I I I I I I 1 1 
I'" I tau(rd) I .1 I I I I Ih(RHrd} ~. p!Olll--W II I II II II I I I I 

WE I I I I 
I I I I ~ .... !0111- ta(C) I It!(CLO) ~ I 

DQO
. D015 

I I I I+- ta(CA) "?' I I I I tcfl.(WL) II 
tcf(DOL) I I'" .1 I+- ta(O) {----+l 1 jOIII- ta(CA) t ~ ~I,(RH) ~ 

I ... I ta(R)* 1.1 I... ta(CP) t I I~ tcf18(O) -.J. 
---------~ I 

Data In I)-----------------r----o{ Data Out 1 1 Data Out 

I 
I+-- tcf(DCL) ~ 

t Access time 18 ta(CP) or ta(CA) dependent. * Output can go train the hlgli-lmpedance stete to an Invalld-data stet. prior to the specified access time. 
NOTE A: A write cycle or a read-modify-wrlte cycle can be mixed with the read cycles aa long aa the write and read-modify-write timing 

specifications are not violated and the proper polarity of DSF Is selected on the falling edge of ~ and ~ to select the desired write 
mode (normal, block write, etc.). 

Figure 34. Enhanced-Page-Mode Read-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

RAS~rl'lll-------------tW(RL)P-----------~~Jfr\ . 

I ~14======~~~(R;L~C~;=======~~~~-----~~~-)~~~~~~~~.~I~~:(R:~~;~ ~ 
I \114f----~(RLCL) ------'~ ~ ~(CH) ~ I+- ~(CLR~ I 

--.I ~ ~(CHRL) ~~- tw(CL) . I I I+- ~(CHRL) -+' ._-------'i. I 
CASi i ~ ~(RLCA) --+I I I I 

tsu(RA) +I I+l: tsu(CA) ~ ~ 14--+---+1-1- th(CLCA) ! 'I _---"'"I I 
I i+-lh(RA) -+I I I I I ~ td(CAC~ ~ I 

I,"' : """- I, • I .. '... ~ 
.... ~,: - }0( ~m. ~ ~,:"~ ~ 

I ~tsU(SFR) ~(RSF) I I .1 I 1 I I 
I I !+- th(SFR) ~ I !414!--!-~.111- lh(SFC) I 14 I .: lh(SFC) 

I I~I ts~~ r .1: : LI ~ ; 11144--i~~'-2tsU(SFC) I 

DSF~ 1 ~ : ~ ~--~----"T'""-,Jt_ 
-+I I I tsu(TRG) I I I 

~! F~~~\ ::: ... _A : 

-+I ~~U(WMR) 14- t.u(WC~ +I tsu(WC~ =iI _ ~ I 
1 : : th(RWM) -+I :.- ~(WL) -+! ~ ts-== 

WE~ .. 3 ~II~~ 
-+I ~ tsu(DQR) -+I I4-f tsu(DWL) t 

I I tsU(DCL)t 14 1 .1 ~I th(CLD)t-.l-
I I 1 I _ I • 1 
I 1+ lh(RDQ) -+I 1 ~ th(WLD) t., 
I 14 I' th(RLD) .1 

~~~5~ . 4}0( 5 ~ 5 ~ 
t Referenced to the first failing edge of CASi or the failing edge of WE , whichever occurs later . 
NOTE A: A read cycle or a read-modify-write cycle can be Intermixed with write cycles, observing read and read-modify-wrlte timing 

specifications. To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operetlon if the late write 
faature is used. If the early write cycle timing is used, the state of TRG is a don' care after the minimum period ih(TRG) from the falling 
edge of RAS. 

Figure 35. Enhanced-Page-Mode Write-Cycle Timing 

Table 9. Enhanced-Page-Mode Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 5 

Write operation (non masked) - L L H Don' care Valid data 

Write operation with nonpersistent wrlte-per-blt L L L Write mask Valid data 

Write operation with persistent write-per-bit L L L Don' care Valid data 

Load-write mask on either the first failing edge of CASxorthe 
failing edge of WE, whichever occurrs later. * H L H Don' care Write mask 

* Load-write-mask-reglstercycle will setthe device to the persistent wrlte-per-bit mode. Column address at the falling edge of CASx Is a don' care 
during this cycle. 

"!11 TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

---rf tw(RL)P JIr1\... 
, 041111----fcl(RLCH) ~, 14- fcI{CLRH) -J ~I tw(RH) 

OSF 

-+t H:. fcI{CHRL) ,4 tc(ROWP) , I~, . 
~J.-.l-~.~==-:::~T:' . fcI{RLCL) , tw(CH) fcI{CHRL) 1~:=~--

~ I+- th(RA) 'l1li tw(CL) ----.r , I 
I 'l1li' ~, fcI<SJ..CA\ , I I , , 

, I I ' ~ ~ i.;U(CA) I: I 1 ' 0 t.t1~~H) I ~I 
-+i ~ teu(RA) I I'" ~I th(CLCA)' I ':'(fACH) ~I I 

~~=..~:: C-7; ~ 
!...+ I4- th(SFR) I ",l1li ~ 

-01 I I ",,,FA) I,. !~ t I: . ': : I I " 

~ ~~'l"'9~:; :;; .. -~ 
u '--rr' ~ ~, , tau(rd) , I , , teu(WCH) -.r 1+1 , ,I I ,r+-- fcI{CLWL) -+I I I -+J 104+ fcI{DCL) I I 

I I, lilli' , fcI{CAWL) 4 I I ',-.!, I+- fcI{CLGH) ,I , 
, 'l1li, , 'fcI{RLWL) ~ , " I , 

th(TRG) ~r... , ~: I '4 ~, fcI{CLGH) , I ,I I teu(WRH) ~ 
-.I taU(TRG)' ' .... " "I , W ' N'llllr I ~lIf' :w(TRG) 'I I, , I' " II' , I ,I , ,"!\ 1.r.Il""----i-, ----

"'" I"" 'j"-J" , ~! teu(WMR) II , tau(WCH) ~ r.t I ~ 14- tw(TRG) I 

AO-AB 

~J ~: : j+- th(RWEM) I i tw(WL) 14 I ~I I II I I 
WE ~3 7 1/ U ~ta(C)t I N i VI I:, N. ~ 

i- ~I ta(CA) t I r-;--- I 'I , ~ J...+ teu(OWL) 
-.I I4l- t8u(DQR) I I th(WLO) '4 I ~, I II I Ih(WLO) I... ~I , _ ! I+-+j- fcI{DCL) , I I', I, I ... t ~'I fcI(GHO) I 

I ~ 1+ th(ROQ) tau(DWL~ I+- ta(CP) I I I 
I I OQO-OQ16 

'I fcI(OGL) -.r I 1 valid Out 

fcI{DGL) -+I r...- I, -+I I+- fcl18(G) 
I+- ta(R) t --+I -.II+- ta(C) t 

t Output can go from the high-impedance to an Invalld-data state prior to the specified access time. 
NOTE A: Aread or a write cycle can be Intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 

Figure 36. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 

Table 10. Enhanced-Page-Mode Read-Modlfy-Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (nonmasked) L L H Don't cere 
Write operation with nonpersistent write-par-bit L L L Write mask 

Write operation with persistent wrlte-per-blt L L L Don't care 

Load write mask on either the first falling edge ofCASx or the 
falling edge of WE". whichever occurs later.* H L H Don't cere 

S 

valid data 

Valid data 

valid data 

Write mask 

-wrl as I wi I n - . I Lead te-m k cye e II set the dev ce to the perslste t write per bit mode. Co uml1 addreas at the failing edge of l5A§i Is a don't care during 
this cycle. 
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PARAMETER MEASUREMENT INFORMATION 

tw(RH)~ I+-
I~ tw(RL)P ~, I I 

RAS ~ rf"--
I _!. tct(RLCL) I+-- tct(CLRH) -ii ! 

-+t ~ tct(CHRL) I +- tt 

I !+- tct(RLCA) -.I I I I" 
, I I , I 
I _ !~ tct(RLCH) , ,~ tc(p) I I ~I , 

tau(RA) -+j j4L tau(CA)'~ ~I, I I+- tct(CACH) ~ I I 
I I ~ lt1(RA) ~ I I I~ ~i th(CLCA) I I I, 

I:~ ~~)A) i 'I ~ 1 I~ I I tct(CARH) ~ 
.. -.. ~:"- ~ C7"~' ~ i~"m. ~ 

~ I _ I~ ~I th(SFR) I I I I~ ~I tct(CLGH) 

DSF&l T"~Fffl_ 
I~ ~I lt1(TRG) I I I+- tau(WCL) ~ , I 
'taU(TRG) I , ,I I ' ~ th(CLW) 

I' 'II , II' 1;-----
I I 

TRG 

-+j ~ tau(WMRI I I •• ,1 I I I 
I~ I tau(rd) r'j , , I 

f I , ,I ,...------
WE W', :1 I, -.I 1+ ta(C\!) ~----tw(WL) -TI-+--'.y 

L.o t ... 1 I 'I I I I, ~ta(CA)?I I I 
tct(DGL): I~ ~I I+- ta(G) +--+l I~ ~I tctIS(WL), I~ ~: th(CLD) 

I~ I ta(R)* I ~~I I!+-.;- tau(DCL) I 
DQO-~~ , ~~ ~ 
DQ15 Data In f I 1 Data Out .t-"'X Data In :)>--------

!+-- tct(DCL) ~ 

t Access time is ta(CA) dependent. * Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 37. Enhanced-Page-Mode Read/Write-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

I... tc(W) .1 
___ -.;1 I'" twIRL) .1 I 

i't hi Y~tW(RH)~'-
I'" td(RLCH) ... -+I I+- tt I 

tt -+'1 ~ I... tcI(CLRH) 1 .11 I 
I+- tcI(RLCL) --.! I 

tcI(CHRL) -+I !4t I... tw(CL) • ..1 ,!+t- tcI(CHRL) ----.I 
~II N'" ~I I 

CASx ~ I I ~ 1 if, I I\-t: ~ th(RA) I 1 ~ i tw(CH) .: 

I I 1 I I . I 1 
-+I ~ tBu(RA) I 1 I 1 

~~ AO-AS 

I I I I I th(SFC) 1 1 
I I'" th(RSF) 1--+1 1 1 

tau(SFR) +'1 ~ ~ ~ tau(SFC) 1 1 

~jlllll-th(SFR)11 _II 
~IIWII~ 

TRG~ii_~ 
I I 

~ :.+ tau(WMR) I... I I tBU(WCH) .1 I 
I I I... I I tau(WRH) .1 
I I... 1 1 I th(RLW) .1 

th(RWM) ~ I+- 1 1 I... th(CLW) .1 

~ I I -+i ~ tau(WCL) 1 
WE I"\?OOOJ I I _ 

:~I: ~ 
I I... I I tW(WL) ., 

i -.: ~ tBu(DCL) 

I 1 I11III th(CLD) ---.~I 
I... 1 th(RLD) -----+1.1 

1 1 

~~~-; ~ Valid Color Input ~ 

5-236 

Figure 38. Load-Color-Reglster-Cycle Timing (Early-Write Load) 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
1 I~ tw(RL) .,1 1 

RAS ---.iN VI L 
_ i i~ lc!(RLCH) .: -+t I:=-~(RH) -+J 

tt ~ ~ I~ lci(CLRH) I ~ , 
~ I I . j+-lci(RLCL) -.I 1 !+t-lc!(CHRL) ~ 

lci(CH~RL) -?: rt 1 1 I 1 N"- tw .1 llo--i-j ---~~ 
CASx I I I (CL) 1: 1 : '--

1 I+- th(RSF) , I .1 1 I~ 1 tw(CH) .1 
t " I , I 1 1 

~1)i!1 tl ===-=----=-
AO-A8 

tsu(SFR) +! ~ I'~ ., th(SFC) " 
lh(SFR) +--t.I ~ ~ ~ tsu(SFC) , , 

DSF~!!W!_ 
-+l "-+ tsu(TRG) , 1 I 

TRG ~! ! :~ I~ th(CLW) tsu(WRH) .:: .:~ 
~ lci(GHD) -+1 I~ tsu(WCH) .1 , 

1 I~ 1 th(RLW) .,' 

~ ~ tsu(WMR) 1 '... " 1 1 1 I" th(WLG) , ., 

WE ~ ! ! N~ tw(wL) ~~ 
I I !~I 
, ~ ~ tsu(DWL) 

1 I: I+-- th(WLD) ~ 
I~ 1 ,th(RLD) .' 

~~~5 ~ Valid Color Input 

Figure 39. Load-Color-Reglster-Cycle Timing (Late-Write Load) 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

1111 tc(W) .1 
---.il 1111 twIRL) .1 I 

RAS Ii yt L 
, ~ leI(RLCH) ., '::=- tw(RH) ~ 

tt -.I I+- 1111 lei ,1i tt , 
leI(RLCL) "III .j (CLRH) , i+1- leI(CHRL) -+I 

CASx W F: leI(CHRL) ~ r tw(CL) 0 I ~ 
leI(RLCA) ~ .1 i 1 , i.-!-- tw(CH) -+l 

I r th(RLCA) ~ i I 
lei (RLCA), ,III ·'111' , , leI(CARH) I 1>1 

tsu(RA) ~ I4t 'III' , I leI(CACH) --+i I 
"(RA) I >oJ I<- -.: &~h{CLCA) I I 

AO-AS ~,..,. y.. 

_ I I ~ th(RSF) -+i Block Address , , 
tsu(SFR) i i4" -.!' I I A2.-AS 'I 

th(SFR), 1..: I+- I ~ tsu(SFC) I I 

i,l, 'i~ 
DSF ~IIYIlI1,: _ 

tsu(TRG) -+i l!+ I+- th(TRG) , 

xxxxxr" 
'i'RG lO:,V " I , 

~ , .. , , tsu(WCH) .1, 
th(RW~ I 'i _ :111' , tsu(WRH) .1 

tsu(WMR) I i4t , -.., I.tl- tsu(WCL) I , , 
, I I I, ,~111-- th(CLW) ., 

~ ~ " th(RLW) ----+I., 
WE ~Ii tw(WL) ~ 

I ~ , : th(RLD) ., 

tsu(OQR) -+i 14!- ~ ~ tsu(OCL) i 
th(RDQ) '-.1 I+- 1 jill-- th(CLO) i 

DQO-DQ1S ~ 3 ~ 
Figure 40. Block-Wrlte-Cycle Timing (Early Write) 

Table 11. Block-Write-Cycle State Table 

CYCLE 
1 

STATE 

2 3 

Block-write operation (non masked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Wnte-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data OOi - OOi + 3 0: column write disable 
(i = 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (address A 1 = 0, AO = 0) 
001- column 1 (address A1 = 0, AO = 1) 
002 - column 2 (address A 1 = 1, AO = 0) 
003 - column 3 (address A 1 = 1, AO = 1) 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
__ -.j' I~ tw(RL) ~I , 

N 0 tw L 
I ~ IcI(RLCH) ~I . I ~ t. (RH) +I, 

It -.I ~ I~ IcI(CLRH) I 11 I ~.. , 

I "'1cI(RLCL) ~ I i4-!--IcI(CHRL)-.I 

~~ ~ Iw(c~ '}1: 
CASx .. ....,.,! !. ~Jt "-'" ~ i.LL(CH) -.l ~ II+-ttt(RLCA) ---.j I ,-

AO-AS 

OSF 

OQO-OQ15 

th(RA) ~ I+- I~' I I IcI(CARH) I ~I 
I I I -+r ~ tsu(CA) I I 

tsu~RA) II~ _::: 
,Row, ~ ~ __ 

th(RSF) ~ Block Addr ... 
tsu(SFR) ~ I4t -.I /4t tsu(SFC) A2-AS I I 

ttt(SFR) +l W r+-+!-:: 
~II~:-

I 1 , m et tsu(TRG) ! I 1 
(II i~ ttt(CLW) ~II I~ 
r4i-IcI(GHO) -+i r tsu(WCH) ----tI I I 

I I~ I ttt(RLW) ~I 1 I 
-+I 14 tsu(WMR) 1 ,~ tsu(WRH) -j---+I I 

I -+j. I+- ttt(RWM) 1 :01 th(WLG) I ·1 

11 1 N~tw(WL)~~~~~~~. ~ I I 

I I ""I -----....... ~~~~~~~~-
-+! j4j- tsu(OQR) ..t.f 1+ tsu(DWL) 

I -+l j4- ttt(ROQ) I: I+- ttt(WLO) -+I 
. ',011 . I I th(RLD) ~I 
~3_ 

Figure 41. Block-Write-Cycle nmlng (Late Write) 

Table 12. Block-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Block-write operation (non masked) H Oon'tcare Column mask 

Block-write operation with nonpersistent write·per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: va write disable 
1: I/O write enable 

Column-mask data oal - Oai +3 0: column write disable 
Q = 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Oon'tcare Column mask 

Example: 
000 - column 0 (address A 1 = 0, AO = 0) 
001 - column 1 (address A 1 = 0, AO = 1) 
002 - column 2 (address A 1 = 1, AO = 0) 
003 -column 3 (address A1 = 1, AO = 1) 
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1OOIII1~!-----------tw(RL)P .1 

~ tct(RLCH) .1 I~ tc(P) .1 ~tw(RH) ! _ :~ tct(RLCL) --.I I :+- tw(CH) ~ ~ tct(CL~H) --+l I 

AO-AS 

OSF 

OQO
DQ111 

w-tol iT tct(CHRL) iOIIl~--~~I-i1 tw(CL) I tct(CHRL) I~ I ~I 

I NY- I i',' ~ / II . I I+- tct(RLCA) -+I 111'---.... r ! \ -
I I taU(CA) +-.: I I j+- tct(CACH) -.l I 

th(RA) I .~ . .1 1 I I~ I th(CLCA) i I I I 
.-I ! -~ I th(RLCA) I I I~ I I tct(C.JH) --..J 
~I ..... tau(RA) I I><~ ~I~~~ 

Row Block Addre .. 
A2-AS 

t Referenced to the first felling edge of CASx or the falling edge of WE, whichever occurs later. 
NOTE A: To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late-write feature is used. 

If the early-write cycle timing is used, the state of TRG is a don't care after the minimum period ih(TRG) from the falling edge of RAS. 

Figure 42. Enhanced-Page-Mode Block-Write-Cycle Timing 

Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table 

CYCLE 

Block-write operation (nonmasked) 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: 1/0 write enable 

Column-mask data 001- 001 + 3 0: column write disable 
(I = 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 

5-240 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 

STATE 

2 3 
Don't care Column mask 

Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (address Al .. 0, AO .. 0) 
001 - column 1 (address Al .. 0, AO .. 1) 
002 - column 2 (address A 1 .. 1, AO = 0) 
003 - column 3 (address Al .. 1, AO .. 1) 
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PARAMETER MEASUREMENT INFORMATION 
114 ... -----tc(rd) ., 

RAS------------------------,}i:r:==~_~_(_R~ ____ _J~11 ~ 

DQO
DQ15 

-+l ~ tt ~ ~(RH) ---., 
lcI(CHRL) --+1"''--''.' I lcI(RHC~ -j+-+j ~ i+- lcI(CHR~ 

~II I 'wi 

I I 

Figure 43. RAS-Only Refresh-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

I'" tc(rd} ---------l.~1 
14--- tw(RH) ---+I 114 ... 1----lw(RL) ----.~I lo"'l ______ _ 

iT N 1: 
--...I I'" .1 Ict(RHCL) I I --.1 ~ II 
'""~_Ict .. (C_LR_L ...... ) I'" ·1 i+-1ct(RLCH) ~ 

CASx &! \!. I I Y 
1 i I 
~ Ict(CHRL) -----+I I 

I I 
lau(RA) -I<I1"'t---1.~II!'IIII"'r--"'.'l-1 - Ih(RA) 

AO-A8~ II 

1 1 
lau(SFR) -;1 ...... ---1.~i JoIIi"'t---.~1 - Ih(SFR) 

DOF~:2:~ 

DQO-DQ15 

Figure 44. CBR.Refresh·Cycle Timing 

CYCLE 

CBR refresh with option reset 

CBR refresh with no reset 

CBR refresh with stop point set and no reset 

5-242 

Table 14. CBR·Cycle State Table 

-!!1TEXAS 
INSTRUMENTS 

1 

Don't care 

Don't care 

Stop address 

POST OFFICE BOX 1443 • HOUSTON, TEXAS mS1-1443 

STATE 

2 3 

L H 

H H 

H L 
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PARAMETER MEASUREMENT INFORMATION 

j+- Memory Read Cycle ~ Refreeh Cycle .1.. Refreeh Cycle ~ 
1 I -, 

1 L... t- "'1 I 
~ tc{rd) .~ ... {rd) JI" I 
1 tw{RH) ,.. ~ tw{RH) ,.. .:+-- tc{rd) ·1 

~ }t"~N ~V ~ !~ 
! _ I ,..~ lei(CARH) I : I lei(RLCH): II.. .1 ;x;.rr lei{CHRL) I I I ~ :.- tt I I I 

~ : I I~~ I 'I tw(CL) Ii II ,,'): I r 
1 1 ... 1 I ); I I lei{RLCA) I I I I I 
II I I : I I I I --.I ~I tau{RA) I I I 

I I J.~ I ~~(CLCA) I : I I -+i I'IIIIIttaU{RA), 

I: I r-+++taU{CA) : : I I ~ ~(RA) :: ~ th{RA) 
-j+j I4ti th(RA) --.I ~ tau{RA) I I I I I I I I I 

-+I ~ tau{RA) II : I ~ th(RA) I I I I I I I I I 

~:': ~1,1 ~~~~~~ 
I I I I I I -+l ~ tau(SFR) ~ ~ ';fSFR) -+::;F tau{SFR) 

~ ,~th(SFR) I I, ~I ~(SFR)~I' , ~~ 
~~~2~~~mmx 

I I I I I :.-.I- th{RHrd) I , I I I .... 

-.: ~ tau(TRG). I:: I leil~(CH) --.I r-
I -+j ~I ~(TRG) I I I I I leila(G) ~ 

XlF I '\~ ~ lei(GLRH~: : : II 1 I ! I 
1/ I II I 'I I I I 'j) I:' I 
tau(rd) ~ I ~ JIIIII+ tau(WMR) ~ ~ tau(WMR) --.! ~ tau(WMR) I vvvvvU:: W'-~ ~ I~ th{RW~~ !!-+t- ~(RWM) 

WE ~ ~ta(G)·~ 3 ~ 3 ~ ~ 3 __ 

I -.I I+- ta(C) ~ * ~ 
OQO
OQ15 

~~~ I 
-----1~ Data Out ~~ r-

Figure 45. Hldden-Refresh-Cycle Timing 

Table 15. Hldden-Refresh-Cycle State Table 

CYCLE 
1 

CBR refresh with option reset Don't care 

CBR refresh with no reset Don't care 

CBR refresh with stop point set and no option reset Stop address 

~TEXAS 
INSTRUMENTS 
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STATE 

2 3 

L H 

H H 

H L 
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AO-AS 

DSF 

DQO
DQ15 

SC 

SQ 

QSF 

PARAMETER MEASUREMENT INFORMATION 

~ ~~R~----------------~~ 
I 14 tw(RL) ~ I ------.iNI4 tct(RLCL) ~ ~I 

_ I ~ /4f----- tw(RH) ---..1\ -i4----...J I tct(RLCH) I I ~ '-----
tct(CHRL) 14 I I 14-+ tct(CARH) ~ I 
~ II II I Zl:ll7 I j4- tct(RLCA) ---.I i\tt- tw(CL) -tV 

I i th(RA) -+J -.l!.-l= 'su(CA) 

=~~I~f---+l~: ~ t~R~)!: 14 ~~ 
~ :7- ~,*t."'~ 

tau(SFR) -+14"-~i r .: ~ 
~II I 
-II 

'su(TRG} -+I .. ..--..~ !.---.I-- th(TRG} 1 1 

~ II ,:1 lfI///IP$!Iff~tW(GH)~~ 
.. ~ th(RWM) fL I 

iWI·!!~ 
I I 
I I 1 HI-Z+I--_~I--__ -------

io4- tct(SCTR) ~ !..-- tct(6LSH) --.I 
tw(SCH) 14 .1 I I J'II .' tw(SCL) 

I 104 tct(RLSH) I ., 

---J!: :\\\\\\\\\\\\)\\\$ ~~tw(SCH)~''I..----J;j 
r-- ta(SQ) ~ I 1 I'll ~(SC) ~ 
I~ , 1 I I 14- ta(SQ) ~ 

th(SHSQ) '" ~, I :! th(SHSQ) 14 : ~it-I _____ _ 

Old Data * . Old Da~ ~"'~ __ N_8_w_D_ata __ _ 

:

1 ~ ~ tct(GHQSF) ~~I 
Tap Point Bit A7 

~---------------tct(CLQSF) J 
141 .. ------tct(RLQSF) -----~" 

H 

L --------------------------------~--
NOTES: A. DO outputs remain In the high-Impedance state for the entire memory-to-data-reglster-transfer cycle. The 

memory-to-dala-register-transfercycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written Into from the 256 corresponding columns of the selected row. 

5-244 

B. Once data is transferred Into the data registers, the SAM is in the serial read mode Q.e., SO Is enabled), allowing data to ba shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must ba activated by a positive transition 
ofSC. 

C. AO - A7: register tap point; AS: identifies the half of the transferred row 
D. Early-load operation Is defined as th(TRG) min < th(TRG) < Id(RLTH) min. 

Figure 46, Full-Reglster-Transfer Read Timing, Early-Load Operations 

~TEXAS 
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OQO-OQ1S 

SC 

SQ 

QSF 
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PARAMETER MEASUREMENT INFORMATION 
i.I te(TRO) .,I 
I 14 twIRL) ~I I 

------,i~ IcI(RLCL) ---: U tw(RH) ~ 
I I I I I "'-----

IcI(CHRL) -I!+'III --~"Ilil IcI(RLCH) I ~ I 
II I -H I 

X)QQQ<T I :'--1cI(RLCA) -.! ~ tw(CL) I Y i 
~ I 14- -+I II - I - I 

I th(RA) -+i j4T tau(CA) I I 
tau(RA) ~ I.-- th(~LCA) I I II! I I 

I I I I i ~th(CLCA) I 

~ :~_ ~T~~~'~ 
tau(SFR) ~ 14 ~ th(SFR) I I I 

mW !! 
tau(TRG) ~ I IcI(CLTH) ~ 14 I IcI(THRL) ~I 

I I I IcI(CAGH) 1111 i : ~ td(!HRH! 

~ I 1111 IcI(RLTH) ~ Y*-I tw(GH) ----.:~ 
I L I 

taU(WMR)~ r ~~'h(RWM) I I 

§0W' I 
I IcI(SCTRl\II 

I I I 1111 ~ IcI(THSC) 

I I I HI-Z -+1---.. 1 ----------
tw(SCH) ~ ~I I I I I 

_--II! :" ) I \! 11: \\-_..Jr:-
!'-ta ~ ~ I I I 14 te(SC) ~ 
1- (SQ) 1111 lit tw(SCL) I 14- ta(SQ) -+j 

'h(SHSQ) ~14--~~ I : :: th(SHSQ) .14 : ~ 
Old Data ]( Old Data . X . Old Data ~ .... ___ Ne_w_o_a_ta __ 

I : ~ IcI(GHQSF) ~ 
: Y!' Tap Point Bit A7 

H-------------r-----------;;~ .. ====~IcI:(~CL~Q=S;F)~==~~~.~i-------------
SE I.. IcI(RLQSF) .1 

L-------------------------~--~-----------------------------
NOTES: A OQ outputs remain In the high-impedance state for the entire memory-to-data-register-transfer cycle. The 

memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations 
in each data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., SQ is enabled), allowing data to be shifted 
out of the registers. Also, thE! first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. AO-A7: register tap point; AS: identifies the half of the transferred row 
O. Late load operation is defined as Id(THRH) < 0 ns. 

Figure 47. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 

~TEXAS 
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AO-AS 

OSF 

PARAMETER MEASUREMENT INFORMATION 

10lIl tc(TRO) ~ 
1 ,0lIl tw(RL) ., !.-- tw(RH) -.! 

___ --,jl j4--1cI(RLCL) ~ ! ~ ~I 

1'1 ' y( \ 
IcI(CHRL) ~ I ' , '-------

1 1 0lIl IcI(RLCH) .1 11040lIl1--1-'-- tw(CH) ----I.~I 

~LC' 10lIl . ~ ~tw(CLJ:} i ~ 
<tllll_ 1 I teu(CA) 14 ~ ¥ 1 ~ 

Iti(RA) ~ lOIII- 1 1 ' 
t_ -!++! 1 1 , 1 I ' 
.. u(RA) I ! :.1 1 .0lIl ._:: 
~ R~.D®< TapPolntAO-AS_~ _ 

tsu(TRG) -.! ~ See Note A 1 

I ~ lOIII-yrma> 
~'II 
~I' ~ i4- th(SFR) 1 

teu(SFR)+j l0III+_1 ~ 

mwl!. 
~ 1+ th(RWM) 1 

teU(WMR)+j iOIII-_1 

wEW5YI. 
OQO-' I 
OQ15 1 HI-Z--.l------------

, 1 

IcI(MSRL) -liII--I.~, .... 1 IcI(RHMS) -.! 1l0III-
i4---tc(SC) --~... - I 

I : ~ tc(SC)--+I 

SC 
1 ~-~ 

Bit 127 or TapPolntM Bit 255 SQ 

.1 IcI(SCQSF) 1 
1 IcI(SCQSF) 10lIl 

X MSB Old:~ QSF 

H 

rt 
JJ 

SE L ________________ ~ 

NOTE A: AO-A6: tap point of the given half; A7: don't care; AS: identifies the DRAM row half 

Figure 48_ Split-Register-Transfer Read TIming 
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PARAMETER MEASUREMENT INFORMATION 

tsu(TRG) -.: ~~~~::::~-~~-~-t-h(TR--G-)---------------------

1e14---- tc(SC) ~ 
!4:111---- tc(SC) ~ jill ~ 'wISCH) 

I !IiI~ 'wISCH) I I 
~1111--__ "oI-l - 'wISCH) I I I I 
I <\ ~ I :\ r- 'w(SCL) ---+I I J. 

____ If""; ----;l\L~ 'w(SCL) -+'.0 ~ .lIf "\.\-. __ 
jill ~ ts(SQ) !III ~ I • 
I I I ts(SQ) jill ~ts(SQ) 

--.I i4tth(SHSQ) th(SHSQ) --lOI1IIIJ--~~ : th(SHSQ) 1111 ~ : 

---.... ,..i----'Il-a-lId-Ou-t----* Valid Out * Valid Out 

~ l1li- ts(SE) 
I 

~~I __________________________________ __ 

NOTE A; While the data is being read through the serial-data register, TRG is a don't care, except "fAG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data transfer operation. 

Figure 49. Serial-Read-Cycle Timing (SE = VIL) 
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PARAMETER MEASUREMENT INFORMATION 

tau(TRG) ---., ~~~-----~----t-------------------------

SC 

141'4---- tc(SC) ~ 

141111----tc(SC) .1 : 
- 114-__ ~~ ~ ~I' Iw(SCH) 1e1'4---t~~ tw(SCH) 

Iw(SCH) 14 .. I 
~ ~ ~ 1 ~ j4-1w(SCL) ~ I -l ---J/i .\J. *-1w(SCL) ~.vi \l vrr;---""",\\,..-__ 

14 ~ ta(SQ) I.! I 
1 I r- I ta(SQ) !4~-"'- ta(SQ) 
~ ~ th(SHSQ) ~I 1_ I 

I I ---"1 ~I ta(SE) ~_I -'1-+-
____________ ~ I 1 ~ l-_t_h(_SH_S_Q_) __ _ 

SQ YalidOut Valid Out Valid Out 

1 

I I 
I 1 

I11II---+I- idls(SE) 1 

----------------~) ~~I ________________________ ____ 

NOTE A: While the data is being read through the serial-data register, TRG is a don~ care except TRG must be held high when RAS goes low. 
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This is to avoid the initiation of a register-data transfer operation. 

Figure 50. Serlal-Read-Cycle Timing (SE-Controlled Read) 
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PARAMETER MEASUREMENT INFORMATION 

'--i~\'-_---.J~rj 1 \ r.~r--I 

~~r__ 

==::t=:~~~ \F ::x::::x:::x 
RowTap1 

(low) (high) 1 (low) 1 (high) 

-----t~\.....I r/~~r__ 
1 1 

'--I 
____ ....;-...J{\'-_---',r/~~r--

1 1 
1 1 
1 1 
1 1 

~~~ 
1271 (high) If 1 255 (low) 127 

\ If !J II 1 \ r' r 
--------~-----+--------------~/r__T 1 I~ 

1 1 
1 1 
1 1 
1 1 

--------------~--------~~~~ 
(low) 1271 (high) r 1 255 (low) 127 

--~\--~---------------',~r{ )~~ 
1 1 
1 1 
1 1 

--------------~--------~~~~~ 
(low) 1271 (high) 1 255 (low) 127 r--r II 1 

---------\:Io....-----t--------------'l' JJ \ e r 1 I 1 I~ 
1 Split Register to the 1 Split Register to the 1 Split Register to the 

Full-Register -Transfer Read 1 High Half of the 1 Low Half of the 1 High Half of the 
1 Data Register 1 Data Register 1 Data Register 

NOTES: A. In order to achieve proper split-register operation. a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer read cycle (CASE I). during the first split-register-transfer cycle (CASE II). or even after 
the first split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register-transfer read 
cycle and the first split-register cycle. 

B. A split-register-transfer Into the Inactive half is not allowed until Id(MSRL) Is met. Id~RL) is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 127 or 255) and the falling edge of RAS of the split-register-transfer cycle into the 
inactive half. After the Id(MSRL) requirement is met. the split-register-transfer into the inactive half must also satisfy the minimum 
Id(RHMS) requlrement.Id(RHMS) is the minimum delay time between the rising edge of RAS ofthe split-register-transfer cycle into 
the inactive half and the rising edge of the serial clock of the last bit (bit 127 or 255). 

Figure 51. Split-Register Operating Sequence 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 5-249 



TMS55161 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS161 B - OCTOBER 1993 - REVISED JUNE 1995 

device symbolization 

"¥ 
TMS55161~ 
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Date Code 

ySlteCode 
vlalonCode 
r Fab Code 

Aeeembi 
DleRe 

Wafe 
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• Organization: 
- DRAM: 262144 Words x 16 Bits 
- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Blt On-Chip Color Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM I/O. Two Wrlte-Per-Blt Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial Register Starting 
Locations 

• SE-Controlled Register Status QSF 
• Split Register-Transfer Read for Simplified 

Real-Time Register Load 
• Programmable Split-Register Stop Point 
• 3-State Serial Outputs Allow Easy 

Multiplexing of Video Data Streams 
• Alllnputs/Outputs and Clocks TTL 

Compatible 
• Compatible With JEDEC Standards 
• Texas Instruments EPIC'" CMOS Process 
• Designed to Work With the 

Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 
ACCESS TIME ACCESS TIME DRAM DRAM 
ROW ENABLE SERIAL DATA CYCLE TIME PAGE MODE 

la(R) Ia(SQ) te(W) te(P) 
(MAX) (MAX) (MIN) (MIN) 

TMS55166-60 60ns 15 ns 110 ns 30 ns 
TMS55166-70 70ns 20ns 130 ns 30 ns 
TMS55166-80 BOns 25ns 150 ns 35 ns 

EPIC is a trademark of Texas Instruments Incorporated. 

AO-A8 
CAS 
000-0015 
OSF 
NC/GNO 

OSF 
RAS 
SC 
SE 
SOO-S015 
TRG 
VCC 

~
WEI.. WEU 

SERIAL 
CYCLE TIME 

te(SC) 
(MIN) 
18 ns 
22ns 
30 ns 
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Vcc 
TRG 
vss 
sao 
DQO 

S01 
001 
Vcc 
SC2 
002 
SQ3 

DC3 
Vss 
SC4 
DQ4 

SOS 
005 
Vee 
sce 
DQ6 

S07 
007 
Vss 
WEL 
WeU 
RAS 

AS 
A7 
AS 
AS 
M 

Vee 

DGHPACKAGE 
(TOP VIEW) 

~~o V 
=B 3 52 

4 81 
5 80 
8 58 
7 58 
8 57 

~ 8 58!;! 
10 55 
11 54 
12 53 
13 52 
14 51 
15 80 
18 49 
17 49 
18 47 
19 49 
20 45 
21 44 
22 43 

~ 
23 42 
24 41 g 
25 40 
28 39 
27 38 
28 37 
28 38 
30 35 
31 34 
32 33 

PIN NOMENCLATURE 

Address Inputs 
Column-Address Strobe 

sc 
fiE 
Vss 
S015 
0015 
S014 
0014 
Vee 
S013 
0013 
S012 
0012 
Vss 
S011 
0011 
S010 
0010 
Vee 
see 
ace 
sce 
008 
Vss 
DSF 
NC/GND 
CAS 
OSF 
AO 
A1 
A2 
A3 
Vss 

DRAM Oate I/O, Write Mask Date 
Special Function Select 
No Connect/Ground 
(Important: not connected Internally to VSS) 
SpeCial Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial Date Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Byte Write Enable Selects 

OPERATING CURRENT OPERATING CURRENT 
SERIAL PORT STANDBY SERIAL PORT ACTIVE 

icc1 icC1A 
(MAX) (MAX) 

180mA 225mA 
165mA 205mA 
150mA 185mA 

Copyright C 1995, Texas Instruments Incorporated 
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description 

5·252 

The TMS55166 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262144 words of 16 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS55166 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS55166 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55166 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-chip color data register) to be written to any combination of four adjacent column address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any cpmbination of the 16 inputs/outputs on any write 
cycle. The persistentwrite-per-bitfeature uses a mask register which, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55166 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The TMS55166 also 
offers extended output mode. The extended output mode is effective in both the page-mode and standard 
DRAM cycles. 

The TMS55166 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out ofthe SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock Signals on the TMS55166 are compatible with Series 74 TIL. All address lines 
and data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater 
system flexibility. 

The TMS55166 employs state-of-the-art Texas Instruments EPICTM scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55166 is offered in a 64-pin small-outline gull-wing-Ieaded package (DGH suffix) for direct surface 
mounting. 

The TMS55166 and other TI multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 

OSF 

OQO
OQ15 

Input 9E:ITI!]. 
Buffer I" 

16 Serlal-
SQO-SQ15 Output 

Timing 
Generetor 

Buffer 
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r--------, 

mmmm~~1 I 
I ~~~ 

rn;z~_DlEjI 1 of 4 Sub-Blocks I 
k! (see next page) !4;J~. 

I I L ________ .I 

r--------, 
I I 

mgii::l j"l.DG.!tPD~i=lcolumn r' Buffer 

1 of 4 Sub-Blocks I MH 
(see next page) 

I 
I I L ________ .I 

r--------, 
I I 

~fil:t I 

1 of 4 Sub-Blocks 
(see next page) 

I 
I I L ________ .I 

r--------, 
I I 

~fil:t I 

1 of 4 Sub-Blocks 
(see next page) 

I 
I I L ________ .I 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

---. 
9 

AO-AB 

5-253 



TMS55166 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SMVS166B - OCTOBER 1993 - REVISED JUNE 1995 

functional block diagram (continued) 

SQI---""'~---' 

SQI+1 
SQI+2 
SQI + 3 -_"""'__---' 

512 x 512 
Memory 
Array 

1 ot 4 Sub-Blocka 
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Table 1. Function Table 

RASFALL 
CAS 

ADDRESS DQO-DQ1St 
FALL 

FUNCTION 
CAS TRG WEx* DSF DSF RAS CAS§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop point 
L X L H X 

Stop 
X X set 11 Point' 

CBR refresh (option reset) II L X H L X X X X 

CBR refresh (no reset):/< L X H H X X X X 

Full-register-transfer read H L H L X 
Row Tap 

X Addr Point 

Split-register-transfer read H L H H X 
Row Tap 

X Addr Point 

DRAM write (nonmasked) H H H L L 
Row Col 

X Addr Addr 

DRAM write (nonpersistent write-per-bit) H H L L L 
Row Col Write 
Addr Addr Mask 

DRAM write (persistent write-per-bit) H H L L L 
Row Col 

X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2-AS 

DRAM block write Row Block Write 
(nonpersistent write-per-bit) H H L L H Addr Addr Mask 

A2-A8 

DRAM block write Row Block 

(persistent write-per-bit) H H L L H Addr Addr X 
A2-A8 

Load write mask register Cl H H H H L 
Refresh 

X X Addr 

Load color register H H H H H 
Refresh 

X X Addr 

Legend: 
X = Don'tcare 
Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

t DQO-DQ15 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. 
* Logic L is selected when either or both WEL and WEU are low. 
§ The column address and block address are latched on the felling edge of CAS. 
11 CBRS cycle should be performed immediately after the power-up initialization cycle. 
, AO-A3, AS: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent write-per-blt mode and stop-point mode. 
*CBR refresh (no reset) mode will not end persistent write-per-bit mode or stop-point mode. 

WEL 
WEU 
CAS 

X 

X 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-

CBRS 

CBR 

CBRN 

RT 

SRT 

RW 

RWM 

RWM 

BW 

BWM 

BWM 

LMR 

LCR 

Cl Load-write-mask-reglster cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 

PIN DRAM TRANSFER 

AO-AS Row, column address Row address, tap point 

~ Column-address strobe, DO output enable Tap-address strobe 

DO DRAM data 110, Write mask 

DSF Block-write enable Split-register-transferenable 
Wrlte-mask-reglster-Ioad enable 
Color-register-Ioad enable 
CBR (option reset) 

RAS Row-address strobe Row-address strobe 

SE 

SC 

SO 

TRG DO output enable Transfer enable 

WEL Write enable, Write-per-bit enable 
WEU 

OSF 

NC/GND Make no external connection or tie to system GND 

Vcct 5-V supply 

vsst Ground 

SAM 

SO output enable, 
OSF output enable 

Serial clock 

Serial data output 

Serial-register status 

t For proper device operation, all VCC pins must be connected to a 5-V supply and all VSS pins must be tied to ground. 

pin definitions 

address (AO-AS) 

Eighteen address bits are required to decode one of 262 144 storage cell locations. Nine row-address bits are 
set up on pins AO-AS and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-AS and latched onto the chip on the falling edge of CAS. All addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of AO-AS are latched on the falling edge of RAS to 
select one of the 512 rows where the transfer occurs. At the falling edge of CAS, the column-address bits AO-AS 
are latched. The most significant column-address bit (AS) selects which half of the row is transferred to the SAM. 
The appropriate S-bit column address (AO-A7) selects one of 256 tap points (starting positions) for the serial 
data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (AS) selects the 
DRAM half row. The remaining seven address bits (AO-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 127 and 255 are not valid tap points. 

row·address strobe (RAS) 

5-256 

RAS is similar to a chip enable, so that all DRAM cycles and transfer cycles are initiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the TMS55166. 
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column-address strobe (CAS) 

CAS is a control input that latches the states of the column address and DSF to control DRAM and transfer 
functions of the TMS55166. CAS also acts as output enable for the DRAM output pins, 000-0015. 

In transfer operations, address bits AO-AS are latched at the falling edge of CAS as the start position (tap) for 
the serial data output (SOO-S015). 

output enable/transfer select (TRG) 

The TRG pin selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM output pins, 
000-0015. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In DRAM operation, WEL enables data to be written to the lower byte (000-007) and WEU enables data to 
be written to the upper byte (DOS-D015) of the DRAM. Both WEL and WEU have to be held high together to 
select the read mode. Bringing either or both WEL and WEU low selects the write mode. 

WELand WEU are also used to select the DRAM write-per-bit mode of operation. If either or both WEL and WEU 
are brought low on the falling edge of RAS, the write-per-bit operation is invoked. The TMS55166 supports both 
the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (OSF) 

The DSF input is latched on the falling edge of RAS or CAS similar to an address. DSF determines which of 
the following functions are invoked on a particular cycle: 

• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop-point set (CBRS) 
• Block write (BW, BWM) 
• Loading write-mask register for the persistent write-per-bit mode (LMR) 
• Loading write-color register for the block-write mode (LCR) 
• Split-register-transfer read (SRT) 

ORAM data I/O, write mask data (000-0015) 

DRAM data is written or read through the common I/O DO pins. The 3-state DO output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 74 TTL load. Data out is the same polarity 
as data in. The outputs are in the high-impedance (floating) state as long as either TRG or CAS is held high. 
Data does not appear at the outputs until after both CAS and TRG have been brought low. The write mask is 
latched into the device via the random DO pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DO outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SOO-S015) 

Serial data is read from the SO pins. The SO output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS55166 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the sa outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin aSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial clock scheme minimizes access time 
of serial output from SE low because the serial clock input buffer and the serial"address counter are not disabled 
bySE. 

special function output (aSF) 

aSF is an output pin that indicates which half of the SAM is being accessed. When aSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When aSF is high, the 

, pointer is accessing the higher (most significant) 128 bits of the SAM. aSF changes state upon crossing a 
boundary between the two SAM halves. 

During full-register-transfer operations, aSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The aSF output is enabled by SE. If SE is high, 
the aSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

5-258 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 

random access operation 

Table 3. DRAM Function Table 

RASFALL 
CAS 

ADDRESS DQO-DQ1St 
FALL 

FUNCTION 
CAS fiiG WEx* DSF DSF RAS CASI RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) end stop point 
set'll L X L H X 

Stop 
Point' X X 

CBR refresh (option reset) II L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

DRAM write (nonmasked) H H H L L 
Row Col 

X Addr Addr 

DRAM write (nonpersistent write·per-bit) H H L L L 
Row Col Write 
Addr Addr Mask 

DRAM write (persistent wrlte-per-bit) H H L L L 
Row . Col 

X Addr Addr 

Row 
Block 

DRAM block write (nonmasked) H H H L H Addr Addr X 
~-A8 

DRAM block write Row Block Write 
(nonpersistent write-per-blt) H H L L H Addr Addr Mask 

~-A8 

DRAM block wrlta Row Block 

(persistent write-Par-bit) H H L L H Addr Addr X 
~-A8 

Load write-mask register c H H H H L 
Refresh X X Addr 

Load color register H H H H H 
Refresh 

X X Addr 

Legend: 
X • Don'tcare 
Col Mask • H: Write to address/column enabled 
Write Mask • H: Write to I/O enabled 

t OQO-DQ15are latched on either the first failing edge of WEi or the failing edge ofeAS, whichever occurs later. 
* Logic L is selected when either or both WEL and WEU are low. 
I The column address end block address are latched on the falling edge of CAS. 
'II CBRS cycle should be performed Immediately afterllle power-up Initialization cycle. 
, AO-A3, A8: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent wrlte-per-bit mode end stop-polnt mode. 
*CBR refresh (no reset) mode will not end persistent write-per-bit mode or stop-point mode. 

WEL 
WEU 
CAS 

X 

X 

X 

X 

Valid 
Data 

Valid 
Data 

Valid 
Data 

Col 
Mask 

Col 
Mask 

Col 
Mask 

Write 
Mask 

Color 
Data 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

PM! 

PMIM 

PMIM 

BW 

BWM 

BWM 

LMR 

LOR 

cLoad-write-mask-reglster cycle sets the persistent wrlte-per-blt mode. The persistent wrlte-per-blt mode Is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page"mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This .. mode eliminates the time required for row-address setup, 
row-address hold, and address multiplex. The maximum RAS low time and minimum CAS page cycle time are 
used to determine the number of columns that can be accessed. ' 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55166 to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be presented immediately after the row-address hold time has been 
satisfied, usually well in advance of the failing edge of CAS. In this case, data is obtained afterta(c) max (access 
time from CAS low) if ta(CA) max (access time from column address) has been satisfied. 

refresh 

C4S-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CBR refresh cycles are available. The CBR 

,refresh (option reset) ends the persistent write-per-bit mode and .the stop-point mode. The CBRN and CBRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 512 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf(MA)' The output buffers remain in the high-impedance state during the CBR refresh 
cycles regardless of the state Of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is being carried out. Uke the CBR refresh, the refreshed 
row addresses are generated internally during the hidden refresh. 

RAB-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CAS and i'RG are low, the 
output buffers remain in the high-impedance state to conserve power. Externall~erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row 
to J:)e refreshed. 

extended data output 

5-260 

The TMS55166 features extended data output during DRAM accesses. While RAS and TRG are low, the DRAM 
output remains valid even when CAS returns high. The output remains valid until WE>< is low, 'fAG is high, or 
both CAS and RAS are high. The extended-data-output mode functions in all read cycles including DRAM-read, 
page-mode-read, and read-modify-wrlte cycles. 

RAS \ Ii I 
I 

CAS \ / !4 ~I ldls(RH) 

I 
DQO-DQ15 ( valid Output ~ 

14 ~I ldls(G) 

TRG \ I 
Figure 1. DRAM-Read Cycle With RAS-Controlled Output 
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extended data output (continued) 

\'-----------'/ 
\'-_________ ..J;r~~-__ ~+_, - tcIls(CH) 

I 

OQO-0015 ------------« .... ___ Vi_a_lId_o_u_tP_ut ___ }>------
114 .. --~~I- tcIls(G) 

TRG \ ___ ---J1 
Figure 2. DRAM-Read Cycle With CAS-Controlled Output 

\~----------------------~I 
\_~Ji \ __ ---'1 

1 I 1 

AO-AS ~ C~lumn ~ ~olumn ~ 
I 1 ~1"-----4I~I----~~ ~I ta(Cp) 

ta(C) I I.. ~I 141 .. -II-----+!--
ta(CA) --+oI1 .. 1---~~1 ~I .. !---*-

I th(CLO) ---Io1"f--~ 

~I ta(CA) 
~I ta(C) I 

~I I 

000-0015 ------------<~ Valid Output M Valid Output 

\~------------------~I 
Figure 3. DRAM-Page-Read Cycle With Extended Output 
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byte-write operation 

Byte-write operations can be applied in ORAM-write cycles, block-write cycles,load-write-mask-register cycles, 
and load-color-register cycles. Holding either or both WEL and WEU low selects the write mode. In normal write 
cycles, WEL enables data to be written to the lower byte (000-007) and WEU enables data to be written to 
the upper byte (008-0015). For early-write cycles, one WEx is brought low before CAS falls. The other WEx 
can be brought low before or after CAS falls. The data is strobed in with data setup and hold times for 
000-0015 referenced to CAS (see Figure 4). 

\'--______ ---'1 

~~i -------------1 
I I 

WELt \~------~I~I------------~I 
I I 

~~~~ 
tSU(DCL)-~I"I-__ --~·1 I 

I I 
II 14 .. ----~.I-- th(CLD) 

I 

DQO-DQtS ~ Valid Input ~ 

t Enher WEx can be brought low prior to CAS to inniate an early-write cycle. 

5-262 

Figure 4. Example of an Early-Write Cycle 
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For late-write ~d-modify-write cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WEU are brought low to select the corresponding byte or bytes to be written. Data Is 
strobed In by WEL and/or WEU with data setup and hold times for 000-0015 referenced to whichever WEx 
falls earlier (see Figure 5). 

\~----------------~I 
\'--_______ 1 

!\ .... ___ --I 
I I 
I I 
I I 
I I 

tau(DWL) --II~~-----~.I I 
I I 

\ I 
I 141~-----1.~I-- IJ1(WLD) 

DQO-DQ15~ Valid Input ~ 

Figure 5. Example of a late-Write Cycle 
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wrlte-per-blt 

The write-per-bit feature allows maskin~ combination of the 16 OOs on any write cycle. The write-per-bit 
operation is invoked when either or both WEL and WEU are held low on the falling edge of RAS. Either individual 
WEx allows entry of the entire 16-bit mask on 000-0015. Byte control of the mask input is not allowed. 

If both WEL and WEU are held high on the falling edge of RAS, the write operation is performed without any 
masking. The TMS55166 offers two write-per-bit modes: the nonpersistent write-per-bit and the persistent 
write-per -bit. 

nonpersistent wrlte-per-blt 

5-264 

When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary 
code (the write-per-bit mask) is input to the device via the random 00 pins and latched on the falling edge of 
RAS. The write-per-bit mask selects which of the 16 random I/Os are to be written and which are not. After RAS 
has latched the on-chip write-per-bit mask, input data is driven onto the 00 pins and is latched on either the 
first falling edge of WEx or the falling edge of CAS, whichever occurs later. WEL enables the lower byte 
(000-007) to be written through the mask and WEU enables the upper byte (008-0015) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the falling edge of RAS, 
data is not written to that I/O. If a data high (write mask = 1) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that I/O (see Figure 6). 

~~------------------I 
1 I 

\'--________ 1 1 I 
I I 
1 I 
I I 

\ ! I I ~,... ____ A@@~~~ 
1 1 I I 

--~ 1 1 ,......-----~I I 

\ i I I N,...I ____ A@@~~~ 
tsu(OQR) I~ .1 I I 1 

I ~I~--I"~: - th(ROQ) I 1 
1 1 I I tSU(OWL)-!<Il~l---.!.1 1 

I I I 141~--+l"I'- th(WLO) 

OQO-OQ15 ~;'I-w-r-lte-M-a-8-k""""""l~--w-rlt-e-ln-pu-t-"'i~ 

Figure 6. Example of a Nonpersistent Write-Per-Blt (Late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register cycle first. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-write-mask-register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the falling edge of CAS. A bina~de is input to the write-mask register 
via the random I/O pins and latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in exactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBRrefresh with option reset cycle 
(see Figure 7). 

L Load Write-Mask Register Persistent Wrlte-Per-Blt CBR Refresh (option reset) I 

RASI \ I \ I \ rl 
I I 

CAS I \ I I \ I 1\ rl 
I I I I 

AO-AS 
Refresh 'Row Column ~ 

I Address I I I 

DSFP~~ A~~ 
WEXP~ ~~ ~~ 
~~~~~ ~ ~ 

I Write-Mask I Valid I 
Data Input 

Mask Data .. 1: Write to 1/0 enabled 
• 0: Write to VO disabled 

Figure 7. Example of a Persistent Write-Per-Bit Operation 
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block write 

5-266 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row ofthe memory array. 
This function is implemented as (4 columns x 4 DOs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DOs per 
column (see Figure 8). 

DQ15ITIO 

DQ14ITIO 

DQ13ITIO 

DQ12ITIO 

DQ11ITIO 

DQ10ITIO 

One Row of 0-511 

DQ9ITIO 

DQSITIO 

DQ7ITIO 

DQSITIO 

DQ5ITIO 

DQ4ITIO 

DQ3ITIO 

DQ2ITIO 

DQ1ITIO 

~~ 
4 Consecutive Columns of 0-511 

Figure 8. Block-Write Operaton 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-par-bit functions can be applied to the block-write 
operation to provide write-masking options. The DO data is provided by four bits from the on-chip color register. 
Bits 0 -3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register, and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 -11, and 12 -15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 9). 
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block write (continued) 

.lIC 
</I .. 
:E 
c e .a a 

.lIC 

:I 
:E 

i 

DQ11 [OJ 

~~ [OJ (j>tI DQ10 

4 DQ9[OJ 

One Row of 0-511 

DQ7[OJ 

()/ DQ6[OJ, 

"b [OJ DQ5 

DQ4 r--, 
[OJ 

...1_, I 
;- DQ3 _, I I 

fil DQ2 [OJ 4 r-I-I-Hi-I I I I 
~ I J 

[OJ 
5 I. 

DQ1 6 ... 
7-t++-h~ J 

DQO 

0 
1 
2 
3 

7 

1 2 3 4 5 6 7 

DQSOl] r--' 
~, ...1_, I 
~ -, I I 

I I I 
I rl J 

~ J 
11 -H--t-hCl. J 

8 9 10 11 

DQ12 M"T"'IJ 
~ r--' 

...1_, I 
-, I I 

r+++t-. I I I 
12 t1I I! J 
13~;\ ~: 
14 -.!~ ! ... 
15 J 

\ 0 12 13 14 15 I 
~--------------------~v~---------------------J 

Color Register 

Figure 9. Block Write With Masks 
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block write (continued) 

5·268 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 10. 

Block 0 Block 1 ••.•.•••..••••••••••.• Block 127 
/r-----/\'----.y,---.-J/\ I /\'---___ , 

One Row of 0-511 I I I I 
o 2 3 4 5 6 7 .......................... . 511 

\'-____ ~ _______ ""'\y,...--------------J/ 

Columns 

Figure 10. Block Columns Organization 

During block-write cycles, only the seven most significant column addresses (A2 -A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits AO -A 1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block-write ~ is entered in a manner similar to a DRAM write cycle except DSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DO bytes to be written, respectively. The column-mask data is input via the DOs and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (AO -A8 from left to right) 

bit 0 
color-data register = 1011 

write-mask register = 1110 
column-mask register = 1111 

1011 
1111 
0000 

1100 
1111 
0111 

bit 15 
0111 
1011 
1010 

1 st 2nd 3rd 4th 
Ouad Ouad Ouad Ouad 

.Column-address bits AO and A 1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has 000 -002 written with bits 0 -2 from the color-data register (101) to all four columns 
of block O. 003 is not written and retains its previous data due to the write-mask register bit 3 being a O. 

The second quadrant (004-007) has all four columns masked off due to the column mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (008-'0011) has its four DOs written with bits 8 -11 from the color-data register (1100) to 
columns 1-3 of its block O. Column 0 is not written and retains its previous data on all four DOs due to the 
column-mask-register bit 8 being O. 

The fourth quadrant (0012-0015) has 0012, 0014, and 0015 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its Block O. 0013 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DOs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 15 after 
the block-write operation shown in the previous example. 
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block wrIte (contInued) 

DQ'SI, I 011 I 0 I 
DQ1411 I 0 11 I 0 I 

DQ131 0 I 0 I 0 I 0 I 
~.~ 

Columna 0 1 2 3 

Figure 11. Example of Fourth Quadrant After Block-Write Operation 

load color regIster 

The load-color-register ~e is performed using normal DRAM write-cycle timing except that OSF is held high 
on the falling edges of RAS and~. The color register is loaded from pins OQO-0015, which are latched 
on either the first falling edge of Wex or the falling edge of~, whichever occurs later. If only one W§ ia low, 
only the corresponding byte of the color register is loaded. When the color register is loaded, It retelns data until 
power is lost or until another load-color-register cycle is performed (see Figure 12 and Figure 13). 

I . Load-Color-Re"l8ter Cycl. 
I 
I 

RAS r\., 

CAS 

Block-wrtte CycI. 
(no write mull) 

Block-WrIte Cycle 
(!oed and u .. write milk) 

DSF ~:;;;~~~~~~::~~~~~~~~::::~~:JC)::~~::::::::= DQO-DQ1S ~ 
Legend: 

1. Refresh address 
2. Row address . 
3. Block address (A2-AB) Is latched on the felling edge of~. 
4. Color-reglster date 
5. Write-mask data: 000-0015 are latched on the felling edge RAS. 
8. Column-mask date: OQi-OOi+3 0 • O. 4. 8. 12) are latchad on either the first failing edge of wee or the felnn" edge of liAi. wh~ 

occurs later. 
4!ccclcc!cal:UI:C!U=I:'I:ntto • don't care 

Figure 12. Example of Block Write. 
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load color register (continued) 

I Load-Maak-Reglster Cycle I Load-Color-Register Cycle I Persistent Block-Write Cycle I 
I I I (use loaded write mask) I 
I I I I 

~_RA ~~~====~ __ ~~I ~------~~-++~==~----/I 
CAS I 'I 'I ,"--_---J/-1 
AO-A8~~~~2 ~ WEx 

TRG 

OSF~~~~~= OQO-OQts ~ 4 6 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-AS) Is latched on the falling edge of CAS. 
4. Color-register data 
5. Write-mask data: 000-0015 are latched on the falling edge RAS. 
6. Column-mask data: 001-001.+3 (I = 0, 4, 8, 12) are latched on either t,he first falling edge of wex or the failing edge of CAS, whichever 

occurs later. 
_=don'teare 

Figure 13. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low.and 
holding WEx high 0/1 the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 

Table 4. SAM Function Table 

RASFALL CAS 

FUNCTION 
FALL 

CAS TRG wext OSF DSF 

Full-register-transfer read H L H L X 

Split-register-transfer read H L H H X 

t LogiC L IS selected when either or both WEL and WEU are low. 
X = don~care 

~TEXAS 
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full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRC3 
Is brought low and latched at the falling edge of RAS. Nine row-address bits (AO -AS) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO -AS) are latched atthe falling edge of CAS, where address bit AS selects which half of the row Is transferred. 
Address bits AO-A7 select one of the SAM's 256 available tap pOints from which the serial data is read out 
(see Figure 14). 

o 
AS.O AS=1 

255 256 

o 255 

511 

512lC 512 
Memory Alray 

256-BIt 
Data Register 

Figure 14. Full-Reglster-Transfer Read 

A full-register-transfer read can be performed in three wa~earlY load, real-time load (or midline load), or late 
load. Each of these.offers the flexibility of controlling the TR trailing edge In the full-register-transfer read cycle 
(see Figure 15). . 

Early Load Real-Time Load , , Let. Load 

RA! n 1"1\ 1"1\ I . , , , , , , ' , , 
CAS: \ II \ II. '--./. : 

, ' I , 

AD-AS, Row Tap Row Tap ~ Row Tap , 
Point , Point , Point 

TRG!V I \ I I \ II , I , , 

WEi~~~'~ 
, I 

. I ,---;-1 _...J 

Figure 15. Example of Fuil-Reglster-Transfer Read Operations 
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spllt-reglster-transf.r relld 

In the split-register-transfer read operation. the serial-data register is split into halves. The low half contains bits 
0-127. and the high half contains bits 12S-255. While one half is being read out of the SAM port. the other 
half can be loaded from the memory array. 

o 511 

512 x 512 
Memory Array 

256-Bft 
Data Register 

Figure 16. Spllt-Reglster-Transfer Read 

To invoke a split-register-transfer read cycle. DSF is brought high. TRG is brought low. and both are latched at 
the falling edge of RAS. Nine row-address bits (AO -AS) are also latched at the falling edge of RAS to select 
one of the 512 rows available for the transfer. Eight ofthe nine column-address bits (AO -AS and AS) are latched 
at the falling edge of 'OAS. Column-address bit AS selects which half of the row Is to be transferred. 
Column-address bits AO-AS select one of the 127 tap pOints in the specified half of the SAM. Column-address 
bit A7 is ignored. and the split-register-transfer is internally controlled to select the inactive register half. 

AB-1 AB .. O 
,..-A-... r"'---... 

SO 

O~~......,r--o;511 

DRAM 

SAM 

o A7 _ ot 511 

m 
'It I i ~ 

SO 

o A7.0t 511 

m 
'~EII~ 

SO 
t A7 shown Is Internally controlled. 

5-272 

Figure 17. Example of a Spllt-Reglster-Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle. the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-register·transfer read (continued) 

aSF indicates which half of the register is being accessed during serial-access operation. When aSF Is low, 
the serial-address pOinter is accessing the lower (least significant) 128 bits of the SAM. When aSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. aSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
aSF. aSF also changes state when a boundary between two register halves Is reached. 

Full-Reglster-Transfer Read Split-Register 
With Tap Point N Transfer Read 

RAS \ I \ I 
CAS \ I \ I 

1 

fRG \ I Ii \ I I 
1 1 

DSF 
1 1 1\ I I 
1 1 
1 1 I:;:;\,.. SC 
14 I ld(CLQSF) ~ 

PolntN 

14 X ld(GHQSF) 

QSF 

Figure 18. Example of a Spllt-Reglster-Transfer Read After a Full-Reglster-Transfer Read 

Split-Register 
Trenlfer Read Split-Register 

With Tap Point N Trensfer Read 

RAS \ Ii i\ I 
1 1 

CAS \ ~ 
1 

\ I 1 
I I 

TRG~ I 1 \1 I 1 
1 1 

DSF~ I Ih 1 
ld(RHMS) 14 .1 ld(MSRL) 

SC 

14---.,.*1- ld(SCQSF) 

QSF ------------------------------~){~I __________________ __ 
Figure 19. Example of Successive Spllt-Reglster-Transfer Read Operations 
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serial-read operation 

The. serial-read operation can be perlormed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap pOint loaded by the preceding transfer cycle, proceeding sequentially to the most Significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 20. 

o 1 1 1 2 1 ..... 1 Tap 1-. • •• 1 254 1 255 I 
I 

, Figure 20. Serial Pointer Direction for Serial Read 

For split-register operation, serial data can be read out from the active half of the SAM by clocking SC starting 
at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 127 or bit 255. If tnere is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer(see Figure 21). 

Figure 21. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half (bit 128 or bit 0) (see Figure 22). 

Figure 22. Serial Pointer for Split-Register Read - Case" 

split-register programmable stop point 

5-274 

The TMS55166 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing perlormance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 23). 

0 

I I 
Partition I .. { Length 

127 128 

I· • ·1 I I 

L .. I I 
Figure 23. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row address Inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 

Table 5. Programming Code for Stop-Point Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF PARTITION STOP-POINT LOCATIONS 
LENGTH A8 A7 A8 AS A4 AO-A3 PARTITIONS 

18 X L L L L X 18 15.31.47.83.79.95.111.127.143.159.175. 
191.207.223.239.255 

32 X L L L H X 8 31.83.95.127,159.191.223.255 

84 X L L H H X 4 83.127.191.255 

128 X L H H H X 2 127.255 (default) 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 24). 

". Full .. / 
RAS ~ead XFEr 

\! Split Y ReadXFER \! SplH Y ReadXFER 

Tap.H1 Tap .. L1 Tap. H2 Tap. L2 

H1 191 L1 63 H2 255 L2 
sc ________ ..... A../\.... ••• ~ ••• ..f\./V"\... •••••• J\./\... 

0 
SAM Low Half SAM High Half 

L1 63 L2 127 128 H1 191 H2 255 

t 1 t : ; f 1 : • 
4 

4 • • 
Figure 24. Example of Split-Register Operation With Programmable Stop Points 
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256-/512-blt compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 andAY8 are internally swapped to assure the compatibility (see Figure 25). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit Aya is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because this ends the stop-point mode and restores address bits AY7 and Aya to 
their normal functions. Consistent use of CBR cycles ensures that the TMS55166 remains in nomal mode. 

NON STOP-POINT MODE 

512)( 512 
Memory Array 

256-Blt 
Data Register 

STOP-POINT MODE 

5.12)( 512 
Memory Array 

256-Blt 
Data Reglater 

Figure 25. DRAM-to-SAMMapplng, Non Stop Point Versus Stop Point 

IMPORTANT: For proper device operation in the split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 

power up 

5-276 

To achieve proper device operation, an initial pause of 200 !IS is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS55166 is as follows: 

OSF 
Write mode 
Write mask register 
Color register 
Serial-register tap paint 
SAM port 

STATE AFTER INITIALIZATION 

Defined by the transfer cycle during Initialization 
Nonpersistent mode 
Undefined 
Undefined 
Defined by the transfer cycle during Initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ............................................... -1 Vto 7V 
Voltage range on any pin .•.........•........•..........•...................•.•.•.•.• -1 V to 7 V 
Short-circuit output current ...................................•..........•................. 50 mA 
Power dissipation •..•...•.............................•.....•.•.......................... 1.1 W 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voHage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level Input voHage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. . . NOTE 2: The algebraic convention, where the more negative Qess positive) limit IS deSignated as minimUm, Is used for logic-voltage levels only • 
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electrical characteristics over recommended ranges of supply voltage and operating free·alr 
temperature (unless otherwise noted) 

TEST CONDlTlONSt 
SAM '55166-60 

PARAMETER PORT MIN MAX 

VOH 
High-level output 

IOH,,-1mA 2.4 voltage 

VOL 
Low-level output 

IOL=2mA 0.4 voltage 

Input current VCC .. 5.5V, 
II Qeakage) VI" OVto 5.8 V, ",10 

All other pins at 0 V to VCC 

10 
Output current VCC" 5.5 V, VO" 0 Vto VCC ",10 
(leakage) See Note 3 

ICC1 Operating current * See Note 4 Standby 180 

ICC1A Operating current * !c(SC) .MIN Active 225 

ICC2 Standby current All clocks .. VCC Standby 5 

ICC2A Standby current !c(SC) =MIN Active 70 

ICC3 
FiAS-only refresh 

See Note 4 Standby 180 current 

ICC3A 
RAS-only refresh 

!c(SC) .. MIN, See Note 4 Active 225 current ' 

ICC4 Page-mode current * !c(P) -MIN, See Note 5 Standby 140 

ICC4A Page-mode current * !c(SC) .. MIN, See Note 5 Active 185 

ICC5 CBRcurrent See Note 4 Standby 180 

ICCSA CBR current !cISC) .. MIN, See Note 4 Active 225 

ICC6 Data-transfer current See Note 4 Standby 200 

ICC6A Data-transfer current !c(SC) = MIN Active 250 

t For conditions shown as MIN/MAX, use the appropriate value specified In the timing requirements. * Measured with outputs open 
NOTES: 3. m: is disabled for sa output leakage tests. 

4. Measured with one address change while RAS = VIL'!c(rd).!c(W).!c(TRD) .. MIN. 
5. Measured with one address change while CAS .. VIH 

'55166-70 '55186-80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

",10 ",10 JIA 

",10 ",10 JIA 

165 150 mA 

205 185 mA 

5 5 mA 

65 60 mA 

165 150 mA 

205 185 mA 

140 120 mA 

185 165 mA 

185 150 mA 

205 185 mA 

180 180 mA 

225 200 mA 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER 

CiIA) Input capacitance. address Inputs 

CiIRC) Input capacitance. address strobe Inputs 

Citwl Input capacRance. write enable Input 

CI(SC) Input capacitance. serial clock 

CI(SE) Input capacHance. serial enable 

CiIDSF) Input capacitance. special function 

Ci(TRG) Input capecitance. transfer register Input 

ColO) Output capacRance. sa and Da 

Co(aSF) Output capacHance. aSF 

NOTE 6: VCC" 5 V '" 0.5 V. and the bias on pins under test Is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

TEST ALT. '55166-60 '55166-70 '55166-80 
UNIT PARAMETER CONDITIONSt SYMBOL MIN MAX MIN MAX MIN MAX 

talC) Access time from CAS Id(RLCL) = MAX teAC 17 20 20 n8 

ta(CA) Access time from column address Id(RLCL) = MAX tM 30 35 40 ns 

ta(CP) Access time from CAS high Id(RLCL) .. MAX tePA 35 40 45 n8 

ta(R) Access time from RAS Id(RLCL) = MAX !RAC 60 70 80 ns 

ta(G) Access time of DQ from TRG low toEA 15 20 20 n8 

ta(SQ) Access time of SQ from SC high CL=30 pF tSCA 15 20 25 n8 

ta(SE) Access time of SQ from SE low CL=30pF !sEA 12 15 20 n8 

ldis(CH) 
Disable time, random output from 

CL=50pF toFF 0 15 0 20 0 20 n8 CAS high (see Note 8) 

ldis(RH) 
Disable time. random output from 

CL=50 pF 0 15 0 20 0 20 n8 
RAS high (see Note 8) 

ldis(G) 
Disable time, random output from 

CL=50pF toez 0 15 0 20 0 20 ns TRG high (see Note 8) 

ldis(WL) 
Disable time, random output from 

CL=30pF twez 0 15 0 20 0 20 ns WE low (see Note 8) 

ldis(SE) 
Disable time, serial output from 

CL=30pF !sez 0 10 0 15 0 20 ns SE high (see Note 8) 

t Measured with outputs open. For conditions shown as MINIMAX. use the appropriate value specified In the timing requirements. 
NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 

VOH /VOL = 2 V/0.8 V. Switching times for SAM port output are measured with a load equlvalentto 1 TTL load and 30 pF. Serial data 
out reference level: VOH I VOL = 2 VlO.8 V. 

8. Idls(CH), Idls(RH).ldis(G), Idls(WL)' and Idls(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

telrdl Cycle tIme. read 

te(W) Cycle time. write 

telrdWl Cycle tIme. read-modify-write 

te(P) Cycle time. page-mode read, write 

telROWPI Cycle lIme, page-mode read-modify-write 

te(TRO) Cycle time, transfer read 

telSCI Cycle time, serial clock (see Note 9) 

tw/CH) Pulse duration, CAS high 

tw/CL) Pulse duration, CAS low (see Note 10) 

twlRHI Pulse duration. RAS high 

twiRL) Pulse duration, RAS low (see Note 11) 

twIWLI Pulse duration, WEx low 

tw(TRG) Pulse duration, TRG low 

tw/SCH) Pulse duration, SC high (see Note 9) 

tw(SCL) Pulse duration, SC low (see Note 9) 

IwIGHI Pulse duration, TRG high 

tw(RLIP Pulse duration, RAS low (page mode) 

isu(CA) Setup time, column address before CAS low 

isu/SFCI Setup time, DSF before CAS low 

tsu/RAI Setup time, row address before RAS low 

isulWMRI Setup time, WEx before RAS low 

isu/DORI Setup time, DO before RAS low 

isu([RGJ_ Setup time, TRG high before RAS low 

isu/SFRI Setup time, DSF low before RAS low 

isu/DeL) Setup time, date valid before CAS low 

tsu(OWL) Setup time, date valid before WEx low 

Isu(rd) 
Setup time, read command, WEx high before 
~Iow 

tsu(WCL) 
Setup time. early write command. 
WEi low before ~ low 

tsu(WCH) Setup time, WEx low before CAS high, write 

isulWRHI Setup time. WEx low before RAS high, write 

th/CLCAI Hold time, column address after CAS low 

th/SFC) Hold time, DSF after CAS low 

t llming measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

ALT. '66166-60 '66166-70 '66166-60 
SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX 

tRC 110 130 150 ns 

twc 110 130 150 ns 

tRMW 150 175 200 ns 

tpc 30 30 35 ns 

IpRMW 80 90 100 ns 

tRC 110 130 150 ns 

tscc 18 22 30 ns 

tcPN 10 10 10 ns 

tCAS 10 10000 10 10000 20 10000 ns 

tRP 40 50 60 ns 

tRAS 60 10000 70 10000 80 10000 ns 

twp 10 10 15 ns 

15 20 20 ns 

Isc 5 8 10 ns 

tscp 5 8 10 ns 

trp 20 20 20 ns 

tRASP 60 100000 70 100000 80 100000 ns 

tASC 0 0 0 ns 

tFSC 0 0 0 ns 

tASR 0 0 0 ns 

twSR 0 0 0 n8 

tMS 0 0 0 n8 

trHS 0 0 0 n8 

tFSR 0 0 0 n8 

tosc 0 0 0 n8 

tosw 0 0 0 n8 

tRCS 0 0 0 ns 

twcs 0 0 0 n8 

tcWL 15 15 20 n8 

tRWL 15 15 20 n8 

tCAH 10 10 15 n8 

tCFH 10 10 15 n8 

1 O.ln a read-modify-write cycle.Id(CLWL) and isu(WCH) must be observed. Depending on the user's transition times. this may require 
additional CAS low time [tw(CL»)' 

11. In a read-modify-write cycle, Id(RLWL) and isu(WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time [tw(RL»)' 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

ALT. '55166-60 '55166-70 
SYMBOL MIN MAX MIN MAX 

th(RA) Hold time. row address after RAS low tRAH 10 10 

th(TRG) Hold time. TRG after RAS low trHH 10 10 

th(RWM) Hold time. write mask after RAS low tRWH 10 10 

th(RDO) Hold time. DO after RAS low (write-mask operation) tMH 10 10 

th(SFR) Hold time. DSF after RAS low tRFH 10 10 

th(RLCA) 
Hold time. column address valid after RAS low 

tAR 30 30 (see Note 12) 

th(CLD) Hold time. data valid after CAS low tDH 15 15 

th(RLD) Hold time. data valid after RAS low (see Note 12) tDHR 35 35 

th(WLD) Hold time. data valid after WEx low tDH 15 15 

th(CHrd) 
Hold time. read. WEx high after CAS high 

tRCH 0 0 (see Note 13) 

th(RHrd) 
Hold time. read. WEx high after RAS high 

tRRH 0 0 (see Note 13) 

th(CLw) Hold time. write. WEx low after CAS low twCH 10 15 

th(RLW) Hold time. write. WEx low after RAS low (see Note 12) twCR 30 35 

th(WLG) Hold time. TRG high after WEx low (see Note 14) toEH 10 10 

th(SHSO) Hold time. SO after SC high tSOH 4 5 

th(RSF) Hold time. DSF after RAS low tFHR 30 30 

th(CLO) Hold time. output valid after CAS low tDHC 4 5 

I tCSH 53 60 
ld(RLCH) Delay time. RAS low to CAS high I See Note 15 teHR 10 10 

ld(CHRLl Delay time. CAS high to RAS low tCRP 0 0 

td(CLRH) Delay time. CAS low to RAS high tRSH 17 20 

ld(CLWL) 
Delay time. CAS low to WEx low 

teWD 37 45 (see Notes 16 and 17) 

ld(RLCL) Delay time. RAS low to CAS low (see Note 18) tRCD 20 43 20 50 

ld{CARH) Delay time. column address valid to RAS high tRAL 30 35 

ld{CACH). Delay time. column address valid to CAS high teAL 30 35 

ld(RLWLl Delay time. RAS low to WEx low (see Note 16) tRWD 80 95 

ld(CAWL) 
Delay time. column address valid to WEx low 

tAWD 50 60 (see Note 16) 

ld(CLRL) Delay time. CAS low to RAS low (see Note 15) teSR 0 0 

ld(RHCL) Delay time. RAS high to CAS low (see Note 15) tRPC 0 0 

td(CLGH) Delay time. CAS low to TRG high for DRAM read cycles 17 20 

ld(GHD) Delay time. TRG high before data applied at DO toED 10 15 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 12. The minimum value is measured when ldlRLCL) is set to ld(RLCL) min as a reference. 

13. Eltherth(RHrd) orth(CHrd) must be satis ied for a read cycle. 
14. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 
15. CAS-before-RAS refresh operation only 
16. Read-modify-write operation only 
17. TRG must disable the output buffers prior to applying data to the DO pins. 
18. The maximum value is specified only to assure RAS access time. 
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'55166-80 
UNIT 

MIN MAX 
10 ns 

10 ns 

10 ns 

10 ns 

10 ns 

35 ns 

15 ns 

35 ns 

15 ns 

0 ns 

0 ns 

15 ns 

35 ns 

10 ns 

5 ns 

35 ns 

5 ns 

80 
ns 

15 

0 ns 

20 ns 

45 ns 

20 60 ns 

40 ns 

40 ns 

105 ns 

65 ns 

0 ns 

0 ns 

20 ns 

15 ns 
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timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (contlnued)t 

ALT. '55166-60 '55166-70 '55166-60 
SYMBOL 

UNrr 
MIN MAX MIN MAX MIN MAX 

IcICRLTH) Delay lime, RAS low to 'i'RG high (see Note 19) IRTH 50 55 60 ns 

IcI(RLSH) 
Delay lime, RAS low 10 first SC high after'i'RG high 

!RSD 65 70 80 ns (see Note 19) 

IcICRLCA) Delay time, RAS low to column address valid IRAD 15 30 15 35 15 40 ns 

lcIiGLRHI Delay time, 'i'RG low 10 RAS high IROH 10 15 15 ns 

IcI(CLSH) 
Delay time, ~ low to firsl SC high after'i'RG high 

teSD 20 20 25 ns (see Note 20) 

IcI(SCTR) 
Delay time, SC high to 'i'RG high 

ITsL 5 5 5 ns (see Noles 19 and 20) 

IcIrrHRHI Delay time, 'i'RG high 10 RAS high (see Note 19) trRD -10 -10 -10 ns 

IcI(rHRI..} Delay time, TRG high to RAS low (see Nole 21) trRP 40 50 60 ns 

IcIITHSCI Delay lime, TRG high to SC high (see Note 19) trSD 10 10 15 ns 

Delay time, RAS high 10 last (most significanl) rising 
IcI(RHMS) edge of SC before boundary switch during 15 20 20 ns 

spllt-reglster-transter r~d cycles 

IcI(CLTH) 
Delay time, CAS, low 10 TRG high In real-lime transfer 

teTH 15 15 15 ns read cycles 

IcI(CASH) 
Delay time, column address to first SC In early-load 

tASD 25 25 30 . ns 
transfer read cycles 

IcI(CAGH) 
Delay time, column address to 'i'RG high In real-time 

lATH 20 20 20 ns transfer read cycles 

tcICOCLI Delay time, dala 10 ~ lOw IDZC 0 0 0 ns 

IcI(DGL) Delay lime, data to TRG low tozo 0 0 0 ns 

Delay lime, last (mostslgnlflcanl) rising edge of SC 10 

IcI(MSRL) RAS low before boundary switch during spIlt-transfer 15 20 20 ns 
read cycles 

Delay time, last (127 or 255) rising adge of SC 10 OSF 
IcI(SCOSF) switching althe boundary during spllt-reglster-transfer tSOD 20 25 30 ns 

read cycles (see Note 2222) 

IcI(CLOSF) 
Delay time, CAS low 10 OSF switching In transfer read 

teOD 25 30 35 ns cycles (see Note 2222) 

IcI(GHOSF) 
Delayllme, TRG high 10 OSF switching In transfer read 

trOD 20 25 30 ns cycles (see Nole 2222) 

IcI(RLOSF) 
Delay time, RAS low 10 OSF switching In transfer read 

!ROD 65 70 75 ns cycles (see Note 2222) 

Irf(MA) Refresh time inlerval, memory IREF 8 8 8 ms 

II Transition lime tr 3 50 ·3 50 3 50 ns 

tllmlng measurements are referenced 10 VIL max. and VIH min. 
NOTES: 19. Real-time load transfer read or lat.load transfer read eycll! only 

20. Early-load transt&r read cycle only 
21. Full-register (read) transfer cycles only 
22. Switching times for OSF oulput are measured with a load equivalenl 10 1 TTL load and 30 pF and output reference leval Is 

VOH /VOL· 2VIO.8 V. 
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PARAMETER MEASUREMENT INFORMATION 

~ ~" ~ 
1 ~ ~~ ~ I 
I I~ lcI(RLCH) 1 .1 I 

----~~ 1 1 I 

RAS I r (14- tw(RH) --.1\'----
I 1_ 1 1 1 

It ~ ~ I+-lcI(CLRH) --.I 1 1 I i+-lcI(RLCL) --.I 1 1 1 
-+I /4t-lcI(CHRL) I~ ~(CL) --ti+l 

CAS W !: N··: I V~~(CtQ~\ 
b 1 L .. II~ ~-+I lcI(CACH) ::~ r ~-
... (RLCA) I r' ... I ~ 1 1 I 

th(RA) ~ ~ I~ I I lcI(CARH) ~ 1 1 
1 I~ I th(RLCA) ---.! 1 1 I 

tau(RAl -+l i+- I ,,~ .' th(CLCA)' 1 , 
II tau(CA)-+! ~ I II I 

~I~~ 
AD-AS ~ iC~lumn 

----i+i I+-th(SFR) 1 I I 1 
tau(SFR) +I I4+- 1 

~II~ OSF ~II , _'I 

WEx~1 I I lcIls(CtQ I!~ ~ ~IIIII 
lcI(DGL) I~.: ., I I i+" ta(G) ~ 1+ lcIls(G) -+i 

OQO-~Q15 Data In ~ I !! < Data Out 2>------
: I ~ta(C)-+I 
I I~ ta(CA) .: 

I~ ta(R) ., 

Figure 26. Read-Cycle TIming With CAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~" ~ 
I I~ twIRL) .1 I 
I II1II IcI(RLCH) .\ I I __ """'~! \ I I 

RAS l\t I Y: i''-----
I I \ I I+-tw(RH) ~ 

tt -+: l+- I+-IcI(CLRH) '---.! I 
I I4-IcI(RLCL) ~ I I I 

-+I ~ IcI(CHRL) '+-1 tw(CL) -+'\ I I 
~II I 

CAS iii I: N 0:r-~-+:-I!:"'--tw-(C-H)----""'lIL~\~_ 
IcI(RLCA) ~ ~~ I I IcI(CARH) -+--t-J : 
th(RA) ~ I+- 1 1 I I I I I 

I I~ I th(RLCA) --.I I I I 

tsu(RA) -+I 14: I ~ I : I .1 IcI(CACH) 

I I I t_ ...! I~~ .1 th(CLCA) I I 
I ... u(CA)-r. ~ ~ 

"-Aa~:+'~ * 1+ th(SFR) I I I \ 

DSF~II I 

tSU(SFR)-+!~ _: 

~II 
I I 1 I ~ IcI(CLGH) -+-+II 

tsu{TRG) +I ~ 1 I I I~ I .1 II IcI(GLRH) 

~ ~~tW{TRG)~1 
TRG 7fllI i I~ i ~ 

tsu(rd) ~ \ 1 k ~ .!.I+- th(RHrd) 

~
I I 1 th(CHrd) r- 11 

WEx_11 I II~ 
I \ I \ 1+ IcIls(G) -+j 

IcI(DGL) I~ I .1 I I 1+ ta(G) +I 1+ IcIls(RH) ~ 

DQO-DQ1S Data In) I !! < Data Out j>-~ -----
I I I+-ta(C) ---+I 
I I~ ta(CA) .: 

I~ ta(R) ~I 

Figure 27. Read-Cycle Timing With RAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ ---.il I.. twIRL) ~I I 

RAS N .0 L 
I I.. tct(RLCH) ~I I I I 

tt ~ I+- I" tct(CLRH) I ~I I+- tw(RH) -1 
I ~ tct(RLCL) -+I I ~ I+- tt I 

~ 1* tct(CHRL) ~ tw(CL) .J t tct(CHRL) -.I 

CAS ~ I I N l!~tw(CH)-+l'--
I I+- Ih(RLCA) ---+I I I 

1h(RA) ~ I+- I", tct(CACH) ~I I 
I I .~!4t tau(CA) I I 

tct(RLCA) 1"1 ~I I I+--+f- th(CLCA) I I 

tau~~Jm.)t,. ~. 
AO-AS ~~umn 

tau(SFR) -,.I ~ -+I;; tau(SFC)· . I 1 
~ I I+- th(RSF) ---+I I I 

Ih(SFR)tI r- : I I" ~:~ 
OSF~II1@J,I: ~ 

I I I I 
~ I+- Ih{TRG) I I I 

tau~(TRGr+! ~ 1 I 
- I I 
TRG II 

II I .. I I tau(WCH) ~I I 
tau(WMR) -.I 14- I .. I I tau(WRH) ~I 

: I I". : I I th(RLW) ~I 
Ih(RWM)~ I+- I I I" th(CLW) ~I 
~ Qt tau(WCL) I ~~~~~~~ 

WEx ~ rt tw(WL) ~ 
1 I I I 

tau(DQR) --J!.f I i+-1h(CLD)--+I 

Ih(RDQr+!. I+- -.I 14- tau(OCL) I 
I "" I I th(RLO) ~I 

OQO-OQ15 ~ 3 _ 

Figure 28. Early-Write-Cycle Timing 

Table 6. Early-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

WrRe operation (non masked) H Don't care Valid data 
WrRe operation with nonpersistent wrRe-per-bR 

Write operation with persistent wrRe-per-bR 

~TEXAS 
INSTRUMENTS 

L 

L 
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WrRemask Valid data 

Don't care Valid data 
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TRG ~ 1 1 : I I~ tsu(WRH) I.; ~ 
-+j ~ tsu(TRG) I ' ,~ tsu(WCH) --.I , 

1 , 1 '4 , th(CLW) ., 1 4+ tcI(GHD) h I 'I 
I _I~ " ,th(RLW) ., , 

~J~t tsu(WMR) , , 'I 
~ I I~ th(WLG) J~ 

WEx ~. : ~tW(WL) ~~ 
I_I tsu(DWL) t.j i4i" 

tsu(DQR) +! 'l 'I!+-th(WLO) -.I 
, -+j. j4- th(ROO) I I 1 
"~I 1 I th(RLO) .1 

000-0015 ~ 3 ~ 
Figure 29. Late-Wrlte-Cycle Timing (Output-Enable-Controlled Write) 

Table 7. Late-Wrlte-Cycle State Table 

CYCLE 
1 

Write operation (non masked) H 

Write operation with nonpersistent write-per-blt L 

Write operation with persistent wrlte-per-blt 

5-286 
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STATE 

2 

Don't care 

Write mask 

Don't care 

3 

Valid data 

Valid data 

Valid data 



AO-AB 

OSF 

OQO-OQ15 
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PARAMETER MEASUREMENT INFORMATION 

~14~-----------------~~------------------~ 

__ --.;1 1144-------tw(RL) ---------.t 
N I 1~4----------------------------~ 

tt ~ i+ 1oII1"'I--_lcI_(R_lC_H_) lcI(CLRH) ---1--+1 

I I+-lcI(RlCl)-+I 

I lcI(CHRl) 1 
~~~rt~-~~I ~41----

1+---~--1--th(RlW) .1 
14---- th(ClW) .: 

tsu(WCl) 1 
.-t-+---tw(WL)-----~ 

I0Il---- th(ClO) -.I 
i4------!-- th(RlO) .1 

~~~~~~~ Write Maskt _ 

t Load-write-mask-reglster cycle will put the device Into the persistent write-per-bit mode. 

Figure 30. Load-Wrlte-Mask-Reglster-Cycle Timing (Early-Write Load) 

~ThxAs 
INSTRUMENTS 
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AO-M 

DSF 

PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ .... ' I~ twIRL) ., , 

N lIT L 
, ,~ fcI(RLCH) ., ,14-, tw(RH) -.: 

It -+I ~ I~ fcI(CLRH) 1 -+I : , 
-., I4t fcI(CHRL) 1 1 IiH fcI(cHRL) ~ , I I+- fcI(RLcL) -.: 1 !+i 14- It 

~ I .! 1'+' ~ tw(CL) 1AIP-+I------.... J\..-
II t... ., 1 I+r-tw(CH) --+I 

1h(RA) ~ -- " . 1 , 

, ~ lh(RsF) 1--+1· 1 1 
teu(SFR) -+I j4t -+! I4t teu(SFC) 1 1 

1h(sFR)H!! ~ I i~ .. _~ . . 
~~~-~ , II ... . . 
~!!!,~ teurNRH)!.1 ~ 

-.: .. 14-1- teu(TRG) , I~ teUrNCH)--+j I. 
ill I~ I th(CLW) ·1 1 
~ fcI(GHD) -tot ,I 
W~ . I th(RLW) • I 

teurNMR)i r-bth(RWM)~N~: .. lfIrNLQ).~1 ~ 
'NW'\fT r-- 1 '. twlWL) ~ 

WElt ~ I I I I ,n 
1 teu(DWL) -f.! .~~, _____ .J:i,/.~~~~~~~~ 

DQO-DQ15 

I '. I, ~thrNLD)~ 
" I I~' I lh(RLD) .: 

.~ WritaMaskt ~ 
t Load-wrlte-mask-register cycle will put the device Into the persistent wrlte-per-bit mode. 
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Figure 31. Load-Wrlte-Mask-Reglster-Cycle TIming (late-Write Load) 

~1EXAs 
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PARAMETER MEASUREMENT INFORMATION 

I L I44!--i-~u(rd) ~ ~I I teUrt/CH) 
-lh(I'RO) ~ I+- teu(WRH) -+f 

I I I I~ I II teI(CAWL) ~I I 

I I I I I~ ~I ~tw.;;.:· (T~R.;.;;O~-;-I t--,~ro~ro~~~ 
III 1II1 II ~I~w~~w~ I II I I I .. 
I I I lh(RLW) ~I 

-+I '* teu(I'RO) I~ I I lh(CLW) I I ~: 
~ teuIWMR) 14 I teI(CLWL)~, I I 

\.. ~*-+I+-I teI(DCL) I I I 
1:0lil ~I 10lil I ~I I teI(CLOH) I I I 

i4--H-...-te(CA) I l~~tw~(W~L)~-.I~~~~~~ 
I ... L.,----;---i+-I-I-- teI(RLWL) -----'I 1+ th(WLD) ~ 
-ta(R) I I 
~ teu(DQR) !41~-"~I,-: -HI I teI(DOL) i4 ~I I teI(OHD) I 

1+-*2 . ',nm lh(RDQ), 10lil Li talC) .: "nh 14- "'(DWll. I . . 
7&tI . ~ ~~:. ~ 3 ~ 

II I.t+I-
tacO) +II+- telll(O) . 

Figure 32. Read·Wrlte/Read·Modlfy·Wrlte·Cycle nmlng 

Table 8. Read·Wrlte/Read-Modlfy-Wrlte·Cycle State Table 

CYCLE 
1 

STATE 

2 3 

Write operation (nonmasked) H Don't care V8liddata 

Write operation with nonpersistent write-per-blt L Write mask Valid data 

Write operation with persistem write-per-blt L Don't care valid data 

~TEXAS ...•. 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 
1w(RH) :-+I I+-

1II1II . " 1w(RL)p ~I I I 

RB~ If\-. I. !. IcI(RLCL) ~I *-1cI(cLRH) ~ I 
-+! I4f-IcI(CHRL) I4-Iw(CL) +I ~tw(CH) --.! II. -t.! 1+ It 

~ I I I I I j+-1cI(RLCA) -+! I I I I I 
!JIIIII IcI(RLCH) I tc(p) II ~ I I 

fau(RA) i I I....L 1h(RA) ~(CA) ~ ~I 1II1II ~I Ih(CLCA) ~ IcI(CACH) --.t I I 
I I ~ ~ ~L;A) I ~~}~ I IcI(CARH) --+I I 

.. -.. ~:: ... ~ +7-~ ~.- ~ 
~ ~I IhCSFR) I I I I 1II1II ~: IcI(CLGH) I 

-.: rT faUCSFR)_11 
DSF&l • 

,II1II ~tlh(TRG) II I I I I I 
~~-+-fa_u..;.(TR_O..;.)~1 I I I I I I I __ -+-1 __ _ 

TiRI II I I II I II I I I 

1 .. ~ fau(WMRl ~U(~ ~I I I I "'~Hrd) -./ !+-
wex'MT I II I II I I I I Ip 

U I I I I. ~ f+fa(C) I I I I 
I 'I ~ fa(CA) -.I th(CLQ) !+-+! I 1c118(WL) I rIIIII-

IcI(DGL) I ,II1II ~I I+-fa(O) t---.l ~ fa(CA) t ~ IlcIls(RH) ~ 
I11III' fa(R)* I ~I fa(cP) t I I+-lcIls(G) -.! 

000 ... 
DQ15 

----~ I 
Data In I}--.-----....,..--< 

I 
I+--IcI(DCL) ~ 

Data Out 

t Acce66 time Is Ia(CP) or Ia(CA) dependent . , . * Output can go from the hlgh.Jmpedance state to an Invalid data state prior to the specified access time. 

Data Out 

NOTE A: A write cycle or a read-modify-wrlte cycle can be mixed with the read cycles as long as the write and read-modify.wrfte timing 
specifications are not violated and the proper polarity of OSF Is selected on the failing edge of RAS and ~ to select the desired write 
mode (normal, block write, etc.). . 

5-290 

Figure 33. Enhanced-Page-Mode Read-Cycle Timing 

-!I11EXAS 
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PARAMETER MEASUREMENT INFORMATION 

~ r tw(RL)P } ...r-\.I I 
RAS 1 )~ ________ ~ ______________ ~ __________________________ ~~: i~ 

1 I: IcI(RLCH) ~: 10IIII tc(P) ~I lw(RH) i 10IIII ~I 
I IcI(RLCL) ~I /+---lw(CH) --+! ~ IcI(CLRH) -+! I 

-+I Ii IcI(CHRL) :0IIII ~: lw(CL) l ! j.'+- IcI(C~RL) --.J 
CAS~ i i+-1cI(RLCA)-+\ j\.1 '/ i'LJ I 
tBu(RA) +l l+t tsu(CA),~ ~ ~ ,*- IcI(CACH) ---+11 I' 

I , ~ th(RA) ~ I lh(CLCA) ,0IIII I ~I 
I I '0IIII I th(RLCA) I I . I~: 10IIII I IcI(CARH) ~I 

AD .. ~ 1 : Row }0( Hom.: ~ ~.~: _~~ 
-+I jOIIIIi tsu(SFR) 'I I I ' 

II I ,~ ~ I IcI(RSF) I I ,~II ,...' .. , t , , !+- th(SFR) -PI ,jOllll j ~i th(SFC) ".. , .. h(SFC) 

DSF~U t ~XM .: ~ : ~ ., 2~O- _ 

~ PI tsu(TRG) I I I , , I r= th(TRG) ~ I 

YR02§! H~rNM~ \ ~ : i .: ~"C>Q ... :~~ ~ ; 

, : :00- "(RW", ~ :.- .... ~ ->l f4- ~"~R"!'iH)~-+I~~~~ 
WEx~ .. 3 ~I' ~~ 

"'~I' ~ 10IIII-+ tsu(OQR) ~ IOIIIIt tsu(OWL) t 
,II tsu(OCL) t ,~ , ~I :.- th(CLO) t ~ 
I I , ' , 
I 1+ th(ROQ) ~ , jOIIII--- th(WLO) t ~I 
I 10IIII " th(RLO) ~, 

~~5~ 4}0( 5 ~ 5 ~ 
t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 
NOTE A: A read cycle or a read-modify-write cycle can be intermixed with wrHe cycles, observing read and read-modify-wrHe timing 

specifications. To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation if the late write 
feature is used. lithe early-write-cycle timing is used, the state ofTRG is a don't care after the minimum period th(TRG) from the falling 
edgeofRAS. 

Figure 34. Enhanced-Page-Mode Write-Cycle Timing 

Table 9. Enhanced-Page-Mode Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (non masked) L L H Don't care 

WrHe operation with nonpersistent write-per-blt L L L Write mask 

Write operation with persistent write-per-bit L L L Don't care 

Load-write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later':!: H L H Don't care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

-wr" - - - - r I 
, 

Load Ite mask register cycle will set the deVice to the persistent write per bit mode. Column address at the fallng edge of CAS s a don t care 
during this cycle. 

~1EXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION N .. : tw(RL)P ----------+.~ 

1- lcI{RLCH) ~I I+-lcI(CLRH) --.I I+-t tw(RH) 
-+I i4 lcI(CHRL) I.. tc(ROWP) I I~ I , 

~ ~ ~I lcI{RLCL) tw(CH) lcI(CHRL) 1t~~-
t'I I+- th(RA) I I+-- tw(CL) -+I I 1 

AO-AS 

OSF 

lcI(RLC~~ I'" -:: 4 tau(CA) I .. ! I I: lcI(CARH) I ~I 
rr tau(RA) I ," ~I th(CLCA). I 1 I b(CACH) I I 

th RLCA ----+I og 

1+-1H--~-;- tsu(SFC) 

'4--I~O!-: th(SFC) 

1+--+-1 -+!-I-+-I tsu(rd) tau(WCH) -+I I I tau(WCH) -+I 1+1 
I I j+- lcI(CLWL) -:II -+I I4t lcI(OCL) I I 

I ~ lcI(CAWL) I I I I 1- I 
I I" I I I lcI{RLWL) ~i I I ~ ~ lcI(CLGH) I I 

th(TRG) : .. I ~l I:.. ~I lcI{CLGH). I I I tau(WRH) H 
W.., i4t taU(TRGN) I" I ~I ~tw(TRG) I I I 1 I 

TRG II 1 I II I .YI"-'--':'I-1I~--+I""~ I/.~I --..,....---
II I II I 1 ,I I 1'j\.J1 

144' tau(WMR) II I I I I I I fI \4} tw(TRG) 
I I I j+" th(RWM)1 I tw(WL) m I II I 

3 ~ta(C)t 1 II I I II 10~~~ 
I""'II""! ta(CA) t I I d ~ ~ tau (OWL) 

I~I tsu(OQR) I I th(WLO) ~ II I lh(WLO)-!+--.I 
w.....a....lcI{DCL) I I I I II I.. ~I .~ I 

-.II+- th(~O~) tau(DWL) -to! 14- 14--1i--H*" ta(CP) tj I og(GHO)1 
I I DQO-OQ15 

I I II 
I I ~ j+- ta(G) t 1 , lcI(OGL) -+I "t I' valid Out 

lcI(OGL) -.l I+- 1 lcI(GHO) ~ II -+I I+- lcIls(G) 
~ta(R)t -.t --+II+- ta(c)t 

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

Figure 35. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 

Table 10. Enhanced Page-Mode Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operetlon (nonmasked) L L H Don't care 

Write operation with nonpersistent write-per-bit L L L Write mask 

Write operation with persistent write-per-blt L L L Don't care 

Load-write-mask register on either the first falling edge of H L H Don't care WEx or the failing edge of CAS. whichever occurs later.* 

5 

Valid data 

Valid data 

Valid data 

Write mask 

* Load-Write-mask-reglstercycle will set the deVice to the persistent wrlte-per-blt mode. Column address at the failing edge ofCAS' IS a don't care 
during this cycle. 
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PARAMETER MEASUREMENT INFORMATION 

1w(RH)-+/ ~ 
,~ Iw(RL)P .1' , 

RAS ~ If\-
-+! ~ tcI(CHRL)tcI(RLCL) :+- tcI(CLRH) --::I' It 

I I 
1 ;+- tcI(RLCA) -+i 1 ' , 1'01 ---r 
I~I~ tcI(RLCH) I I~ tc(p) , .' tsu(RA)'" , 1_ . 1 

~ I I _ teu(CA) I~ .1 I~ .' th(CLCA) ~ tcI(CACH) ~ 1 
1 1 ~ th(RA) +! I I 1 1 1 ---------..J 

1 ~ t ~L;A) I ~ ~ ~~ I, tcI(CARH)_ 

-.. ~: :- w.; ~+. -~- I~'- ~ , _ r- ., th(SFR) 1 1 1 I~ .: tcI(CLGH) -+! ~teU(SFR) _I 

DSF&lII 
I I~ ., lh{rRG) 1 I teu(WCL) I~ ., I 1 

-+I !.f tsU{rRG)' I I I I 1 I I 

-wi I 1\ I I i i -i r 1 Y -+:~tsU(WMR\II! II I II I 
'~I tsu(rd) I ··1 I ! _ !..J 

WEx N<T 1 I 1 I . I ~ ~~Iw(WL)~JI 
g I !! I.-- ts(~A) t ~ ta(C) r I !~ -.1 th(CLD) 

tcI(DGL) I:~ .1 ~ te(G) ~ . tsu(DCL)-.I:'- I 

DQO
DQ15 

___ I~~' ~(A)' I ~ - -*I . ~I~ II I 

Data In ~ ! < Data Out H. Data In }>-------
i+-tcI(DCL) --+i 

t Access time is ta(CAl dependent. . . * Output can go from the high-impedance state to an invalid-data state prior to the specified eccess time. 

Figure 36. Enhanced-Page-Mode Read/Write-Cycle Timing 

.1EXAS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 
__ ~I 14 'w(RL) ., I 

i't hi Yl- tw(RH) ~'----+I I" tcI(RLCH) .... -.I ~ tt I 
tt I j+- 14 tcI(CLRH) '.11 I 

14- tcI(RLCL) ~ I 
tcI(~ ~ ~ t .' :+-r- tcI(CHRL) -.I 

CAS gjjjj i : } r w(CL) Iii i ~ 
i+: r- th(RA) i 17 :... : tw(CH) .I 
I I 1 I , I I 

-.J !.L tsu(RA) 1 I I I 

~~I 11'1 ===== 
AD-AS 

I I I 14 .: th(SFC) 1 I 
I 14 ih(RSF) ~ 1 I 

tsu(SFR) +I ~ -+I!4+ tsu(SFC) 1 1 
~~. th(SFR) 1 I _I 1 
~IIII~ 

TRGmr::_. 
I I . 

~ :.t tsu(WMR) 14 I I tsu(WCH) .1 I 
I I 14 I I tsu(WRH) .1 
I I~ I I I th(RLW) ~ 

th(RWM) -+--+! I+- I I I~ . th(CLW) .1 

~ I I -+i 1* tsu(WCL) , 

WEx I~II ~ 
:~II ~ 
I I~ I I tw(WL) .' 

I -+j ~ tsu(DCL) 

I 1 I~ th(CLO) ---1.~1 
I~ 1 th(RLO) _____ +'.1 

1 1 

~~~5~ ~~~~~~~ 11(., ___ Vi_a_lId_C_o_IO_rl_"p_u_t __ ...:I~ 
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Figure 37. Load-Color-Register-Cycle Timing (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
, ,~ tw(RL) ., , 

RAS ----.i.N lIT L 
I 14 .. I r ~ tw(RH) -+I 

... IcI(RLCH) .. ----"'oJ ~ t I 
tt -.! !+- I~ IcI(CLRH) 1 -;; ...-- t I 
_I ! !.--1cI(RLCL) -+I I ~ IcI(CHRL) --+I 

IcI(C~ /4t 1 J ~lt-il~ _____ ...", 

CAS <tlU : : Nt.. tw(CL) -:VI I T\-
I *-- th(RSF) I I .1 1 I~' tw(CH) .1 

IhA..!..!14- II 1 II 

AD-AS 

tau(SFR) +i j4t 1 ,~ ., th(SFC) I 1 
th(SFR) +-t.I I+- -+I I+t tau(SFC) I I 

DSF~!!~!_ 
-.j ~ ~'(rRG) ! I ! 

TRG ~: : I~,~ th(CLW) tau(WRH) .:: .,~ 
~ IcI(GHO) -+1 i~ tau(WCH) .' I 

1 I~ 1 th(RLW) .1 I 
-+j ~ tau(WMR) 1 I I I 

1 I I I~ th(WLG) I .1 

WEx wr ! ! N~ tw(WL) ~~ 
I I !~ 1 
I -tt1 ~ tau (OWL) 

I 'I ~th(WLO)~ 
I~ I 1 th(RLO) .: 

~~~ ~ Valid Color Input ~ 
Figure 38. Load-Color-Reglster-Cycle Timing (Late-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ ----.i.' 14 tw(RL) ~ , 

N, '.. VI+- tw(RH) -.1'----i t tcI(RLCH) ., -.! I+- tt ' 
tt"'! I+- ,~ b , .' , 

tcI(RLCL) "III • ...(CLRH) ~ I -+I fli) ~
tcI(CHRL) , , ~ tcI(CHRL) - '6 tw(CL) ~~, 

CAS I N YI' ~ 
tcI(RLCA) ~ .1 I I th(CLCA) , !+I- tw(CH) --+I 

, ~ th(RLCA) -.! I , , 

tcI(RLCA) I ,III .'111 1 1 I tcI(CARH) I '., 
tsU(RA) ~ 14!- 1111 1 1 I tcI(CACH) ---.I 1 1 

th(RA) w.I I+- ~ ~ tsu(CA) , 1 

AO-AS ~ rT' '!.. 

-.I ' j+- tcI(RSF) ---+I Block Address , 1 
tsu(SFR) I ~ I I I I A2-AS " 

th(SFR)'.w I+- -+j I4t tsu(SFC) 1 1 
I I I I I I ~ th(SFC) 1 1 
II'II~ 

DSF ~111I!ll11: _ 
t (TRG) ~ I+- th(TRG) I 
su -+i 14" 
TRG~I'~ , , 

-!.I 1111 , 1 tsu(WCH) .1 I 
th(RWM) , 1 i 1111 , , tsu(WRH) .1 

tsu(WMR) -+I ~ , -+' I4L tsu(WCL) 

I : 1 I 11111 th(CLW) --~·I 

~' III, I,' th(RLW) .1 
WEx I 1 I ~, I tw(WL) ~,.,~,~,..,.,.~~~~~ 

~, ~, ------------~~~~~~~~ 
1 14,111---1-1 .&..., th(RLO) ----.r., 

tsu(OQR) +f i+. -+j '4- tsu(OCL) : 

th(RDQ) 1-.11+- 1 j4- th(CLO) i 
DQO-OQ15 ~ 3 ~ 

Figure 39. Block·Write·Cycle Timing (Early Write) 

Table 11. Block.Write·Cycle State Table 

CYCLE 
1 

Block-write operation (non masked) H 

Block-write operation with nonpersistent write-per-bit L 

Block-write operation with persistent wrlte-per-bit L 

Example: 

STATE 

2 

Don't care 

Write mask 

Don't care 

3 

Column mask 

Column mask 

Column mask 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data OOi - OOi + 3 0: column write disable 
(i = 0, 4, 8, 12) 1: column write enable 

000 - column 0 (address A 1 = 0, AD = 0) 
001 - column 1 (address A1 .. 0, AO .. 1) 
002 - column 2 (address A 1 .. 1, AD .. 0) 
OQ3 - column 3 (address A1 = 1, AO = 1) 
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~ ~~ ~ 
__ -oil I" tw(RL) .1 I 

N,~ lIT L 
tt -.I i!= I.. IcI(RLCH) IcI(CLRH) ~ -:I ::=-:(RH) i 

1 14- tcI(RLCL) ~ J1 *1 tcI(CHRL) -+I 
eAS IcI(C~ I~I 1.. r tw(CL) 1 J 

<JlilI ! ! i )-f ~ tw(CH) ~'-
tcI(RLCA) 1 I.. .:.. 1 I IcI(CACH) ~I 

1 I+-- th(RLCA) ~ 1 1 . 
th(RA) ~ I+- I" Ll I IcI(CARH) 1 .: 

1 1 1 -+j f" I tau(CA) 1 1 
taU(~A) II" _:::.> . 

AO-AS I Row I ~ ~ __ 

th(RSF) ---+I Block Address 
tau(SFR).... 14- -.. I4t tsu(SFC) A2-A8 I I 

th(SFR) -ri fI:J :.. • :: 
~II~I-
........:!I. H tau(TRG) 1 1 1 

~II :.. ih(CLW) .11 I~ 

DSF 

DQO-DQ15 

~ IcI(GHD) --+I ~ tau(WCH) -r II 
1 I.. I th(RLW) ., .' 1 

-+I 14 tau(WMR) I I" tau(WRH) ~ 1 

,~ I+- th(RWM)' ," ih(WLG) I .1 

~ I 1 11 'N.l+--tW(WL)~~~~~~~~ 
1 ' .... 1 ------~~~~~~~,QQj~ +: ~ tau(DQR) ~ ,+ tau(DWL) . 

I -+l J+- th(RDQ) I: I.- th(WLD) --.I 
: I'" 1 , th(RLD) .: 

~3~ 
Figure 40. Block-Wrlte-Cycle Timing (Late Write) 

Table 12. Block-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 

Block-write operation (nonmasked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data 001 - 001 + 3 0: CQlumn write disable 
(I .. 0, 4, 8, 12) 1: column write enable 

~1EXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (address A 1 ,,0, AO " 0) 
001 - column 1 (address A1 = 0, AO .1) 
002 - column 2 (address A 1 = 1, AO .. 0) 
003 - column 3 (address A1 " 1, AO .. 1) 
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AO-AS 

DSF 

-+i 14+ tsu(WMR) I~I I .1 lsu(WCH) -.!I ~ lsu(WCH) 
I I I I I I I 

th(RWM) II: ':~ "i rl i ": IwIWll 1-"1 toulWRlO 

~ .. 1 MOON/I -. ~ 
'~~II 

I 1 tsu(DWL) t -.I ~ I I+- th(CLD) t ---+I 
-.I ~ lsu(DQR) I I4j--- th(WLD) t ----.I 

I 1 ~I I 1 I j+ ih(RDQ) -1Ij j+-*- tsu(DCL) t I 

DQO
DQ1& 

I 14 ~ th(RLD) . ~ 

~ 2 ~ 3 ~3~ 
t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 
NOTE A: To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late write feature Is used. 

If the early write cycle timing is used, the state of TRG is a don~care after the minimum period th(TRG) from the falling edge of RAS. 

Figure 41. Enhanced-Page-Mode Block-Write-Cycle Timing 

Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table 

CYCLE 

Block-write operation (non masked) 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data 001- 001 + 3 0: column write disable 
(I = 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 3 

Oon~care Column mask 

Write mask Column mask 

Oon~care Column mask 

Example: 
000 - column 0 (address A 1 = 0, AO = 0) 
001 - column 1 (address A1 = 0, AO = 1) 
OQ2 - column 2 (address A 1 = 1, AO = 0) 
003 - column 3 (address A1 " 1, AO" 1) 
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IIIIII~----- tc(rd) ~ 

N:r~~_-_tw_(R_L) ___ ~Yr L 
-+l ~ tt f4- tw(RH) ~ 

tcJ(CHRL) -+I~------...I I tcJ(RHCL) --]+-+I -+' :.- tcJ(CHRL) 

I I I I Vi I 

~II 

I I DS'_ 
t- I~ ~ I~ .' th(TRG) .. u(TRG) , 

000-. 
OQ15. 

Figure 42. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I+-- tw(RH) ~'\ ~I Li,' 

RAS __ .J1i ! '\ ... :~.~~~~~~~_tw_(_RL_)~~~~~~: • .,;jf~ i 
!~ .: IcI(RHCL) I I -.1 I+- tt 

~~~~IcI~(C_LR_L",,) I~ ., r..-1cI(RLCH)-.r 

CASW; ~ II V 
I I I 
I+-- IcI(CHRL) ---.., I 

I I 
tau(RA) ---+oIIi~J---1.~' !OIIII1~1--"".*"1 - th(RA) 

AO-A8~ II 

I i 
tsu(SFR) -ll"~--I.~I 1OIIII1~1--"".*I- th(SFR) 

"F~:':~ 

OQO-OQ15 

Figure 43. CBR-Refresh-Cycle Timing 

CYCLE 

CBR refresh with option reset 

CBR refresh with no reset 

CBR refresh with stop point set and no reset 

5-300 

Table 14. CBR-Cycle State Table 

~1ExAs 
INSTRUMENTS 

1 

Don't care 

Don't care 

Stop address 
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STATE 

2 3 

L H 

H H 

H L 
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DQO
DQ15 

TMS55166 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SMVS166B - OCTOBER 1993 - REVISED JUNE 1995 

. PARAMETER MEASUREMENT INFORMATION 

i+- Memory Read Cycle ~ Refresh Cycle .I~ Refresh Cycle -+j 
I :.- .1 I ~ tc(rd) .1 tc(rd) ~ .1 
I tw(RH) I~ .1 tw(RH) I~ .1 tc(rd)j 

~r 11 "~N ~y ~ I~ 
1 ) I~ II i I td(CARH) I I I I I 
I • I I I td(RLCH) I~ ~ ;#rt td(CHRl) I I I -., I+- tt I I I 

»' I: 11\1! ! ! tw(CL) i II sr, I I ~ 
I II~ .11 I I I I td(RLCA) I I II I I 
I I I I I 1-+1 ~I tau(RA) I I 
I I -J. ~ I i+- th(CLCA)1 I I I "1 i4t tau(RA) I 

I: I ~ tau(CA) 1 I I I 1.-.1- th(RA) I I ~ th(RA) 
-y.; I4ii th(RA) -+I ~ tau(RA) I I I I I I I I I 

-+I I4W tau(RA) II I I ~ th(RA) I I I I I I I I I 

~ :,: ~ 1,1 ~~ ~.~~"""' 
I I I I I I ~I ~ taU(SFR)-+j 11. ';fSFR) -+j If tau(SFR) 

~ th(SFR) th(SFR) I th(SFR) 

~lt.-I-'.I~C=--.il. I I 1 ~I. ~~~2~ 
I I I I I :.---.I- th(RHrd) I I I !+--+l ~ taurRG) I I 1 I tdlj(CH) -+I I 

vJ -+j ~I t~(I"RG). ···11 I I I tdls(G) *+I 

fJ' I \.1.11 ~ td(GLRH) 1 I I "11 1 ! II 
I h r 1 I I ----"'oJ I I,; I 

tau(rd) ~ I ~ ~ tau(WMR) I ~ tau(WMR) ~ ~ tau(WMR) I 
vvwJJ 1 1 W ~"(RWM) 1 ~"(RW~~ !+-!t- th(RWM) 

~ ~ ta(G)·~ 3 ~ 3 ~ ~ 3 ¥mll>. 

I ~ i+-ta(C) ~ *~ 
~~(R)~ \~: 

------« Dsta Out s~ >-
Figure 44. Hldden-Refresh-Cycle Timing 

Table 15. Hldden-Refresh-Cycle State Table 

STATE 
CYCLE 

1 2 3 

CBR refresh with option reset Don't care L H 

CBR refresh with no reset 

CBR refresh with stop point set and no option reset 

Don't care 

Stop address 

~TEXAS 
INSTRUMENTS 
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H H 

H L 
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AO-AS 

OSF 

OQO
OQ15 

SC 

SQ 

QSF 

PARAMETER MEASUREMENT INFORMATION 

14 • tc(TRD) ---------....~ 
I 1111 twIRL) ~ , ------oi I+--IcI(RLCL)~ , ~------~ 
N° I ~ 1w(RH) J\ 

-t4----.!~1 F IcI(RLCH) 1 0' "'----
IcI(CHRL) l1li 1 1 IIII-l- IcI(CARH) ~ . II 
vvvvvJ. 1 I 1 1 
~ 1 jlll-1cI(RLCA) --.I N-- tw(CL) -y 

I r-'h(RA) 1 -':!III-F lsu(CA) 

lsu(RA)~1 'hI 'ir ~-~ 
~ :f- ~~~~"~ 

lsu(SFR) ~ l1li ~ th(SFR) I 

~ 11m.~~~~~~~~~~~~~~~ 
-11-

lsu(TRG) ~ H- 'h(TRG) I I 

~ Il ~~14..,.,~":"'~~~,-,L:$,-r1!,-rm~r--tw-(GH)--.j-_=~~~~~ 
IsU(wMR)~. 1 I _~ 
mwll~ 

1 I 
l 1 ' HI-Z+I---o!-I ----------

14-- lcI(sCTI;1) -"*I r-: 1cI(~LSH) 4 
tw(SCH) r = IcI(RLSH) I 1111 :1 Iw(SCL) 

--JJ: !\\\\\\\\\\\)\\\\~ ~~Iw(SCH)~\,----.J~ 
t- ta(SQ) ~ I I l1li tc(SC) ~ 

th(SHSQ) l1li till I: '; "'(SH.., :;-"(90)0 __ , ____ _ 
Old Data * . Old oa~ JX New Data 

I ~------

: ~ -- ~~HOSry ~ Tap POint Bit A7 

H IcI(CLQSF) 

1~4-----IcI(RLQSF) ~ 
L -----------------------------------------------------

NOTES: A. 00 outputs remain In the high-impedance stste for the entire memory-to-data-reglster-transfer cycle. The 
memory-to-data-reglster-transfer cycle Is used to load the data registers In parellel from the memory array. The 256 locations 
In each data register are written Into from the 256 corresponding columns of the selected row. 

5-302 

B. Once data Is transferred Into the data registers. the SAM Is In the serial-read mode O.e •• SO Is enabled). allowing data to be 
shifted out of the registers. Also. the first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of se. 

C. AO-A7: register tap point; AS: which half of the transferred row 
O. Early-load operation Is defined as th(TRGl min < th(TRQ) < Id(RLTH) min. 

Figure 45_ Full-Reglster-Transfer Read Timing, Early-Load Operations 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION r te(TRO) • ~I 
I 14 tw(RL).1 I 

-----...~ lcI(RLCL) I 111 tw(RH) ~"'--__ 

lcI(CHRL) -iofll .. --~J II" lcI(RLCH) I ~I I 
I I -H I ~ I I+--lcI(RLCA) --.! ~ tw(CL) I V I 
I I+-t -+I I I I I 
I I h(RA) I --+j j+t tau(CA) I I 

taU(RA)~:1 ~~~LC>O i ~~ 
@@X ~Ow ~T~~~~t 

tau(SFR) ~ 14 ~I th(SFR) I I I 

~!! 
ta -!+------../ I lcI(CLTH) ~ I.. I lcI(THRL) . ~ 

u(TRG) I I I lcI(CAGH) '" I ~I rl4......;~~..;;lcI.(T.;.;H;.;;RH~)......,~~~~~~~~ 
~ I:" lcI(RLTH) i y;'~tW(GH)---':~ 

L ~ ~I ~ th(RWM) I I I 
... u(WMR),.---.... _I 

m§W' I ~ 
I 
I lcI(SCTR) 14 I ~I I . I 

I II I fII ~ lcI(THSC) 
I • I HI·Z.,..... -+1 ___ .. 1 ----------

tw(SCH) '.. ~, I I I 
I II ) I I 

__ ;T' 1"\ I \1 Vi \,,---t] 
I ta ~ l I I I fII te(SC) ~ 
j4- (SQ) I I.. ~ tw(SCL) I I+-- te(SQ) -+I 

th(SHSQ) 14 ~ II :: th(SHSQ) 14 ~ ~jr-I ____ _ 

Old Data * Old Data . X . Old Data _* .... '. __ N_Iw_o_a_ta __ 

:

1 : I4--lcI(GHQSF) -+! 
V. Tap Point Bit A7 

H------------T-----------,~;·====~lcI;,~;LQ;S;F)~===~~~:i--------------
14 lcI(RLQSF) ~I 

L --------------~-~----------------------------
NOTES: A. Da outputs remain in the high·impedance state for the entire memory·to·data·reglster·transfer cycle. The memory to data 

register·transfer cycle Is used to load the data registers in parallel from the memory array. The 256 locations In each data register 
are written Into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial·read mode ~.e., sa is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
otSC. 

C. AO-A7: register tap point; AS: identifies the DRAM half of the row 
D. Late load operation is defined as Id(THRH) < 0 ns. 

Figure 46. Full·Register-Transfer Read Timing, Real-Time Load Operation/late-Load Operation 

'~TEXAS 
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AO-AS 

DSF 

DQO
DQ16 

SC 

SQ 

QSF 

. . 

PARANi~ER MEASUREMENT INFORMATION . 

~ ~~~ ~ 
'I~ . tw(RQ ---~., I+- tw(RH) -..! 

___ ..,.' ~ IcI(RLCL,) ---+I ! ~ ~ 1 

N I yf.· \ 
IcI(CHRL,) -I++!, I I I 1 --"'1-"---. 1 IcI(RLCH) .I~ tw(CH) ----.! .... 

IcI(RLCA) . i+- tw(CL,) ~ ,Jrl -t-
' 
______ ~~~~ 

fV,"""V'Vf 1 I tau(CA) ~---t~, I I 
th(RA) ~ ~ "'_ ___ .I' 

tau(RA) 1 1 I 
I Tap PoInt AO-AS 1~VV'VV\./V\.IV\uf\/\J'VVVV'VV\VV\./V\.IV\uf\/\J'VVV 

1 1 SHNoteA 1 . 

~ I+-~. . .. 
I 1 1 . . 

1 I 
~ r+- Ih(SFR) I 

lsu(SFR) -+I ~ 1 . 11-~ll~ i!l1+ Ih(RWM) . 1 . r_'_ 
1 . 

tau(WMR) -+I 
§W' 

1 HI-Z---J1i.-----------
I 1 

IcI(MSRL,) -14--"., ~(SC) IcI(RHMS) -+II+-

H 

L 

BH 128 or 
BH254 

I~ 

I I 
BH1270r Tap Point M Bit 255 

., IcI(SCQSF) 
I IcI(SCQSF) 

X MSBOld:~ 

r,~ 

: '+- ~(SC) --+I 
I .-.....". 

BIt 127 or Tap 
Bit 255 I PolntN 

I I~ .1 ta(SQ) 
I~ ~ 

X NewMSB 

NOTE A: AD-AS: tap point of the given half; A7: don't care: AS: identifies the DRAM haH of the raN 

Flg..,.re 47. Spllt-Reglster-Transfer Read TIming 

~I ~ .. ThxAs' 
NSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

'tau(TRG) -+: ~~~-----~----t----------------------
1414---- tc(SC) ~ 

~ tc(SC).1 ~14--_-t.,,""1 - tw(SCH) 

I ~ ~ tw(SCH) I I 
~ ~ tw(SCH) I I I I 
I ~ ~ 1 ~ttW(SCL)~ I i -----II!' ~\L~ tw(SCL) ~.v1 ~ lt1,..I-----of.~\. .... __ 
~ ~ ta(SQ) 14 ~ I_ 
I I I ta(SQ) r' ~ ta(SQ) 

--.I I4i- th(SHSQ) th(SHSQ) ~ I th(SHSQ) 14 ~ I ----4. Valid Out M Valid Out :M Valid Out 

~ 14- ta(SE) 

~~I ________________________________________________ _ 

NOTE A: While reading data through the serial-data register, TRG is a don't care, except TRG must be held high when RAS goes low. This Is 
to avoid the initiation of a register-data transfer operation. 

Figure 48. Serlal·Read Timing (SE = Vld 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

RAS '1\ 
tau(TRG) ~ :.t"'IIIIIIOIII::::~.;' :-th-(T-R-G)----------

TRG 

1'IIr.---- tc(SC) ---~.I 

r.---- tc(SC) ~ I 
__ ----.~ ~~--~~I- tw(SCH) I'll II1II-----1 ...... , - tw(SCH) 

.L ~ I .L t tw(SCL) --.I I ~ 
~--'""\L *- tw(SCL) ~.0 \l .vr", ----.01.\\0.-__ 

~ ta(SQ) I.! ' 
, AlII ~ ta(SQ) L.. L !++--- th(SHSQ) 1- Ir !41--~- ... (SQ) 

I ' 1 \4- ta(SE) ~~--I-+- lh(SHSQ) 

14 
I 

tw(SCH) loiii 

SC ) 
~ 
~ 

-----"'" I SQ Valid Out Valid Out Valid Out 
I 

, I 
, I 

10III--+I- ldls(SE) I 

SE _________________ 
J

" \J~I _____________________ _ 
NOTE A: While reading data through the serial-data register, 'fAG is a don't care except 'fAG must be held high when RAS goes low. This 

is to avoid the initiation of a register-data transfer operation. 
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Figure 49. Serlal·Read Timing (SE·Controlied Read) 

~1ExAs 
INSTRUMENTS 
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RAS 

CAS 

ADDR 

TRG 

DSF 

CASE I 

SC 

QSF 

CASE" 

SC 

QSF 

CASElli 

SC 

QSF 

, 
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PARAMETER MEASUREMENT INFORMATION 

,----+----,\.. __ ..Jr,'j I' ~~T--I 

~~T--

...... --+--~~~ ~F :x::::x:::) 
RowTap1 

(low) (hIgh) I (low) I (hIgh) 

__ --+---..\....1 r,~~r--"'--I 

----;,..-...Jf\ r,~~r--
I I 
I I 
I I 
I I 

Tap1 1 ~~Q-
(low) I 127 (hIgh) I( 255 (low) 127 

\ I( !J II I \ r' r ----... ---+I-------~,r_r 1 ,'I"'-' 
1 I 1 
I I I 
I I I 
I I· I 

-------~:----~~~Q-
I (low) 1271 (hIgh) rr I 255 (low) 127 

----J.\----fl----~r,r_{ II I \ Sr---r 
I I I 
1 I I 
I I I 

-------~I-----~~~~~ 
1 (low) 1271 (high) 1 255 (lOw) 127 
I r---r I( I 

\ , IJ \ r~ r ----... ---+I-------~, 1 ,'I"'-' 
I Split Register to the I Split Register to the I Split Register to the 

Full-Reglstar-Transfer Raad I High Half of the I Low Half of the I High Half of the 
I Data Register I Data Register I Data Register 

NOTES: A. In order to achieve proper spilt-register operation. a full-reglster-transfer read should be performed before the first 
spllt-reglster-transfer cycle. This Is necessary to Initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer read cycle (CASE I), during the first spllt-reglster-transfer cycle (CASE II). or even after 
the first split-register-transfer cycle (CASE III). There Is no minimum requirement of SC clock between the full-reglster-transfer read 
cycle and the first split-register cycle. 

B. A split-register-transfer into the Inactive half Is not allowed until Id(MSRL} Is met. Id(MSRL) Is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 127 or 255) and the falling edge of RAS of the spllt-reglster-transfer cycle Into the 
inactive half. After the Id(MSRL} is met, the split-register-transfer into the inactive half must also satisfy the minimum Id(RHMS} 
requirement.Id(RHMS} is the minimum delay time between the rising edge of RAS olthe split-register-transfer cycle into the Inactive 
half and the rising edge of the serial clock of the last bit (bit 127 or 255). 

Figure 50. Spllt·Reglster Operating Sequence 
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device symbolization 

~ 
TMS55166~. 
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I 
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CHAPTER 6. 

Contents 
SINGLE-IN-LINE MEMORY MODULES (SIMMS) 

TM4100GAD8 4 Mbyte 
TM497GU8 4 Mbyte 
TM4100EAD9 4 Mbyte 
TM497EU9 4 Mbyte 
TM124BBK32 4 Mbyte 
TM124BBK32S 4 Mbyte 

TM248CBK32 8 Mbyte 
TM248CBK32S 8 Mbyte 
TM124BBK32F 4 Mbyte 
TM124BBK32U 4 Mbyte 

TM248CBK32F 8 Mbyte 
TM248CBK32U 8 Mbyte 
TM497BBK32 16 Mbyte 
TM497BBK32S 16 Mbyte 
TM893CBK32 32 Mbyte 
TM893CBK32S 32 Mbyte 
TM124MBK36B 4 Mbyte 

TM124MBK36R 4 Mbyte 
TM248NBK36B 8 Mbyte 

• TM248NBK36R 8 Mbyte 
TM124MBK36F 4 Mbyte 
TM124MBK36U 4 Mbyte 
TM248NBK36F 8 Mbyte 
TM248NBK36U 8 Mbyte 
TM124MBK36C 4 Mbyte 

TM124MBK36S 4 Mbyte 

TM248NBK36C 8 Mbyt8 

TM248NBK36S 8 Mbyte 
TM124MBK36G 4 Mbyte 
TM124MBK36V 4 Mbyte 

TM248NBK36G 8 Mbyte 
TM248NBK36V 8 Mbyte 
TM497MBK36A 16 Mbyte 
TM497MBK36Q 16 Mbyte 
TM497MBM36A 16 Mbyte 
TM497MBM36Q 16 Mbyte 
TM893NBM36A 32 Mbyte 
TM893NBM36Q 32 Mbyte 
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• Organization ••• 4194304 x 8 
• Single S-V Power Supply (±10% Tolerance) 
• 3O-Pln Single In-Line Memory Module 

(SIMM) for Use With Sockets 

• Utilizes Eight 4-Megablt DRAMs In Plastic 
Smail-Outline J-Lead Packages (SOJs) 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Performance Ranges: 

ACCESS ACCESS ACCESS' READ 
TIME TIME TIME OR 

tRAC tAA teAC WRITE 
CYCLE 

(MAX) (MAX) (MAX) (MIN) 
'4100GAD8-BO BOns 30 ns 15ns 110 ns 
'4100GAD8-70 70ns 35ns 18 ns 130ns 
'4100GAD8-80 80 ns 40 ns 20 ns 150 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Low Power Dissipation 
• Operating Free-Air Temperature Range 

O·Cto 70·C 

description 

The TM4100GAD8 is a dynamic random-access 
memory (DRAM) module organized as 4194304 
x 8 bits in a 30-pin leadless single in-line memory 
module (SIMM). 

The SIMM is composed of eight TMS44100DJ 
4194304 x 1-bit DRAMs in 20/26-lead plastic 
small-outline J-Iead packages (SOJ) mounted on 
a substrate with decoupling capacitors. 

The TM4100GAD8 is available in the AD 
single-sided, leadless module for use with 
sockets. 

The TM41 00GAD8 is characterized for operation 
from O·G to 70·G. 

operation 

TM4100GAD8 
4194304 BY 8·BIT DRAM MODULE 

SMMS50BC - MARCH 

SINGLE IN-LINE MODULE 
(TOP VIEW) 

VCC 1 
CAS 2 
DQ1 3 

AD 4 
A1 5 

DQ2 6 
A2 7 
A3 6 

VSS 9 
DQ3 10 

A4 11 
AS 12 

DQ4 13 
AS 14 
A7 15 

DQ5 16 
AS 17 
A9 18 

A10 19 
D06 20 

W 21 
VSS 22 
DQ7 23 
NC 24 

DQ8 25 
NC 26 

RAS 27 
NC 28 
NC 29 

VCC 30 

o 

D 
D 
D 
D 
D 
D 
D 
D 

o 

PIN NOMENCLATURE 

AO-A10 Address Inputs 
CAS Column-Address Strobe 
DQ1-DQ8 
NC 
RAS 

VCC 
VSS 
W 

Data In I Data Out 
No Internal Connection 
Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 

The TM41 00GAD8 operates as eight TMS441 OODJs connected as shown in the functional block diagram. Refer 
to the TMS441 00 data sheet for details of its operation. The common I/O feature of the TM41 00GAD8 dictates 
the use of early-write cycles to prevent contention on D and Q. 

~TEXAS 
INSTRUMENTS 
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TM4100GAD8 
4194304 BY 8·BIT DRAM MODULE 

SMMS508C- MARCH 1992 - REViseD JUNE 1995 

single In-line memory module and components 

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate over copper 

functional block diagram 

AO-A10 
RAS 
eAS 

W 

DQ1 

~ 
" " 

1 

~ 
"-

4096 x 1 
AO-A10 
RAS 
CAS 
W 

VSS Ql 
DQ1 DQ5 

Vee 

4096 x 1 
AO-A10 
RAS 
CAS 

~ 
.. r-, 

" 

1 
~ 

"-

4096 x 1 
AO-A10 
RAS 
CAS 
w 

vssQ] 
DQ5 

Vce 

4096 x 1 
AO-A10 
RAS 
CAS 

" W 

VSS Ql 

" w 
Vss Ql 

DQ2 

DQ3 

DQ4 

Vec 

VSS 
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1 
DQ2 DQ6 

Vcc 

11\ 
4096 x 1 

AO-A10 
RAS 

" CAS 

" W 
Vss Q

l 1 
DQ3 DQ7 

Vce 

~ 
4096 x 1 

AO-A10 
RAS 

" CAS 
" W 

Vss Ql 1 
DQ4 DQ6 

Vcc 

1 
-:~ 1 
;>:-;; c .... c T 
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1 
DQ6 

Vcc 

~ 
4096 x 1 

AO-A10 
RAS 

" CAS 

" w 
Vss Ql 1 

DQ7 

I 
Vcc 

~ 
4096 x 1 

AO-A10 
RAS 

" CAS 
"- w 

Vss Ql 1 
DQ8 

Vce 

J 



TM4100GAD8 
4194304 BY 8·BIT DRAM MODULE 

SMMS508C- MARCH 1992 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range on any pin (see Note 1) .......................... :. .. .. . . .. . . .... -1 V to 7 V 
Supply voltage range on Vee •••.•••.•.••••..••••••.•••••••••••••.••..•.....•...••••• - 1 V to 7 V 
Short-circuit output current •••••..•..•.•••.....•.•...•.•••.•••.••.••.••••.•.•...••••••••••• 50 rnA 
Power dissipation ••••••••••••••.••.•......••...•..••..••••••.••.••••••..........•••••••.•• .- 8 W 
Operating free-air temperature range, TA .............................................. ooe to 700e 
Storage temperature range •••••••••.••••••••••••••.••..•••••.•••••••••••••••••••• - 55°e to 125°e 

t Stresses beyond those listed under "absolu1e maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNrr 

VCC Supply voltage 4.S S S.S V 

VIH High-level Input voltage 2.4 6.S V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-alr temperature 0 70 'C 

NOTE 2: The algebraic convention, where the more negative Oass positive) limit is designated as minimum, is used for logIC voltage levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDrrlONS 
'41000AD8-60 

MIN MAX 

VOH High-level output voltage IOH--SrnA 2.4 

VOL Low-level output voltage IOL= 4.2mA 0.4 

II Input current Oeakage) 
VCC .. S•SV, VI = OVto 6.S V, 

:0:10 
All other pins .. 0 V to VCC 

10 Output current Oeakage) 
Vo =OVtoVCC, 

:0:10 
VCC· S•SV, CAS high 

ICCl 
Reed- or write-cycle current 

Vcc = 5.SV, Minimum cycle 640 (see Note 3) 

VIH =2.4 V (TTL), 
After 1 memory cycle, 16 

ICC2 Standby current 
RAS and CAS high, 

VIH .. VCC - 0.2 V (CMOS), 
After 1 memory cycle, 8 
RAS arid CAS high 

Average refresh current 
VCC- S•SV, Minimum cycle, 

ICC3 (RAS only or CBR*> 
RAS cycling, 

640 CAS high (RAS only); (see Note 3) 
FiA!i low after CAS low (CBR*> 

ICC4 
Average page current VCC=S.SV, tpc = minimum, 

720 (see Note 4) RASIow, CAS cycling 

* eA$·before-FiA!i (CBR) refresh 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while CAS = VIH 

~TEXAS 
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'4100GAD8-70 '4100GAD8-80 
UNrr 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:0:10 :0:10 t&A 

:0:10 :0:10 t&A 

720 640 rnA 

16 16 rnA 

8 8 rnA 

720 640 rnA 

640 580 rnA 
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TM4100GAD8 
4194304 BY 8-B11 DRAM MODULE 

SMMS508C- MARCH 1892- REVISED JUNE 1985 

capacltanc.· ov.r recomm.nd.d rang.s of supply voltage and op.ratlng fr ..... lr t.mperature, 
f= 1 MHz ,. .' 

PARAMETER MIN MAX UNIT 

CIlAI Input capacitance, AO-A10 40 pF 

CltRCI Input capacitance, CAS and RAS 56 pF 

CI/Wl Input capacitance, W 56 pF 

Co Output capacitanca (pins OQ1-DQS) 12 pF 

NOTE 5: Vee" 5 V :t 0.5 V and the bias on the pin under test is 0 V. 

switching charact.rlstlcs ov.r r.comm.nded ranges of supply voltag. and op.ratlng fre ... lr 
temp.ratur. 

'4100GAD8-80 '4100GAD8-70 '4100GAD8-80 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tAA Access time from column address 30 35 40 n8 

teAC Access time from CAS low 15 18 20 n8 

tePA AcC888 time from column precharge 35 40 45 n8 

tRAC AcC888 time from RAS low 80 70 SO n8 

teL2 CAS to output In low Impedance 0 0 0 n8 

toFF Output disable time after CAS high (see Note 8) 0 15 0 18 0 20 ns 
NOTE 8: toFF is 8peclfled when the output is no longer driven. 

timing r.qulrem.nts over recommended ranges of supply voltage and operating free-air 
t.mp.ratur. 

'4100GAD8-80 

MIN MAX 

tRc Cycle time, random rea~ or write (see Note 7) 110 

tpc Cycle time, page-mode read or write (see Note 8) 40 

teHR Delay time, RAS low to CAS high (CBR refresh only) 15 

teRP Delay time, CAS high to RAS low 0 

teSH Delay time, RAS low to CAS high SO 

teSR Delay time, CAS low to RAS low (CBR refresh only) 10 

tRAO Delay time, RAS low to column address (see Note 10) 15 30 

tRAL Delay time, column address to RAS high 30 

teAL Delay time, column address to CAS high 30 

tRCO Delay time, RAS low to CAS low (8ee Note 10) 20 45 

tRPC Delay time, RAS high to pAS low 0 

tRSH Delay time, CAS low to RAS high, 15 

teAH Hold time, column address after CAS low 10 

toHR Hold time, date after RAS low (see Note 9) 50 

toH H.old time, data 10 

tAR Hold time, column address after RAS low (see Note 9) 50 

NOTES: 7. All cycle times assume tr • 5 n8. 

8-8 

8. To assure tpC min, tASC should be II tep. 
9. The minimum value i8 measured when tRCO is 8et to tRco min as a reference. 

10. The maximum value II 8peclfied only to assure access time. 

~TEXAS 
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'4100GAD8-70 '4100GAD8-80 
UNIT 

MIN MAX MIN MAX 

130 150 n8 

45 50 n8 

15 20 n8 

0 0 n8 

70 SO n8 

10 10 n8 

15 35 15 40 n8 

35 40 n8 

35 40 ns 
20 52 20 SO n8 

0 0 n8 

18 20 ns 
15 15 ns 

65 SO n8 

15 15 n8 

55 80 ns 



TM4100GAD8 
4194304 BY 8-BIT DRAM MODULE 

SMMS508C - MARCH 1992 - REVISED JUNE 1995 

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

'4100GAD8-60 '4100GAD8-70 '4100GAD8-80 

MIN MAX 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 11) 0 

tRRH Hold time, W high after RAS high (see Note 11) 0 

twCH Hold time, write after CAS low 15 

twCR Hold time, W low after RAS low (see Note 9) 50 

twRH Hold time, W high after RAS low (CBR refresh only) 10 

twTH Hold time, W low (test mode only) 10 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

tCAS Pulse duration. CAS low 15 10000 

tcp Pulse duration. CAS high 10 

tRP Pulse duration. RAS high (precharge) 40 

twP Pulse duration. write 15 

tASC Setup time. column address before CAS low 0 

tASR Setup time. row address before RAS low 0 

tos Setup time. data before CAS low 0 

tRCS Setup time. W high before CAS low 0 

tcWL Setup time. W low before CAS high 15 

tRWL Setup time. W low before RAS high 15 

twcs Setup time. W low before CAS low 0 

twRP Setup time. W high before RAS low (CBR refresh only) 10 

twTs Setup time. W low (test mode only) 10 

!TAA Access time from address (test mode) 35 

!TCPA Access time from column precharge (test mode) 40 

!TRAC Access time from RAS (test mode) 65 

tREF Refresh time Interval 16 

!T Transition time 2 50 
. . 

NOTES: 9: The minimum value IS measured when tRCO is set to tRCO min as a reference . 
11. Either tRRH or tRCH must be satisfied for a read cycle. 

device symbolization 

MIN MAX MIN 

10 10 

0 0 

0 0 

15 15 

55 60 

10 10 

10 10 

70 100000 80 

70 10000 80 

18 10000 20 

10 10 

50 60 

15 15 

0 0 

0 0 

0 0 

0 0 

18 20 

18 20 

0 0 

10 10 

10 10 

40 45 

45 50 

75 85 

16 

2 50 2 

I 
TM4100GAD8 ~ o -SS VYMMT 0 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
VY = Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS = Speed 

NOTE A: The location of symbolization may vary. 
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MAX 

100000 

10000 

10000 

16 

50 

UINT 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 
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• Organization ••• 4194304 x 8 
• Single S-V Power Supply (:1:10% Tolerance) 

• 30-Pln Slngle-ln-Llne Memory Module 
(SIMM) for Use With Sockets 

• Utilizes Two 16-Megablt Dynamic RAMs In 
Plastic Smail-Outline J-Lead (SOJ) 
Packages 

• Long Refresh Period 
32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TIL 
Compatible 

• 3-State Output 
• Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 

tRAC tAA tCAC 
(MAX) (MAX) (MAX) 

READ OR 
WRITE 
CYCLE 
(MIN) 

'497GU8-60 60 ns 30 ns 15 ns 110 ns 
'497GU8-70 70ns 35ns 18ns 130ns 
'497GU8-80 80 ns 40 ns 20 ns 150 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 
O°Cto 70°C 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

The TM497GU8 is a 4M-byte dynamic 
random-access memory module organized as 
4194304 x 8 bits in a 30-pin leadless single-in-line 
memory module (SIMM). 

The SIMM is composed of two TMS417400DJ, 
4194304 x 4-bit dynamic RAMs in 24/26-lead 
plastic small-outline J-Iead (SOJ) packages 
mounted on a substrate with decoupling capaci
tors. 

The TM497GU8 is available in the U single-sided, 
leadless module for use with sockets and is 
characterized for operation from O°C to 70°C. 

~TEXAS 
INSTRUMENTS 

TM497GU8 
4194304·WORD BY 8·BIT 
DYNAMIC RAM MODULE 

U SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VCC 1 
CAS 2 
DOl 3 

AO 4 
Al 5 

D02 6 
A2 7 
A3 8 

VSS 9 
D03 10 

A4 11 
A5 12 

D04 13 
A6 14 
A7 15 

005 16 
A6 17 
A9 18 

Al0 19 
006 20 

W 21 
VSS 22 
007 23 

NC 24 
008 25 

NC 26 
RAS 27 

NC 28 
NC 29 

VCC 30 

o 

o 

PIN NOMENCLATURE 

AO-Al0 
CAS 
001-008 
NC 
RAS 

VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data In/Data Out 
No Internal Connection 
Row-Address Strobe 
5-VSupply 
Ground 
Write Enable 

Copyright C> 1995. Texas Instruments Incorporated 
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TM497GU8 
4194304-WORD BY 8.-BIT 
DYNAMIC RAM. MODULE 
SMMS498A-APRIL 1994- REVISED JUNE 1995 

operation 

The TM497GU8 operates as two TMS417400DJs connected as shown in the functional block diagram. Refer 
to the TMS417400 data sheet for details of its operation. The common I/O feature of the TM497GU8 dictates 
the use of early-write cycles to prevent contention on 0 and Q. 

power up 

To achieve proper operation, an initial pause of 200 !lS followed by a minimum of eight initialization cycles is 
required after full Vee level is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only orCBR) cycle. 

singie-in-line memory module and components 

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate over copper 

functional block diagram 

6·10 

AO-A10 
RAS 
CAS 

W 

.:L. 

-1 

11 
4Mx4 

AO-A10 DQ1 
r-.. RAS DQ2 
r-- CAS DQ3 
r-- W DQ4 

OE 

4 
4Mx4 

AO-A10 DQ1 
RAS DQ2 

r-- CAS DQ3 
"- W DQ4 

OE 
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DQ2 
DQ3 
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TM497GU8 
4194304-WORD BY 8-BIT 
DYNAMIC RAM MODULE 

SMMS498A-APRIL 1994 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 
Supply voltage range. Vee .......................................................... -1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. -1 V to 7 V 
Short-circuit output current ...............................................................• 50 mA 
Power dissipation ......................................................................•... 2 W 
Operating free-air temperature range. TA .............................................. O°C to 70°C 
Storage temperature range. Tstg .................................................. - 55°C to 125°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. . . 

NOTE 2: The algebraiC convention, where the more negallVe (less positive) limit IS designated as minimUm, Is used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
'497GU8-60 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage 10L= 4.2 rnA 0.4 

II Input current (leakage) VCC=5V, VI = 0 V to 6.5 V, 
:1:10 

All other pins = 0 V to VCC 

10 Output current (leakage) 
VCC = 5.5 V, VO=OVtoVCC, :1:10 
CAS high 

ICCI 
Read- or write-cycle current 

VCC=5.5V, Minimum cycle 220 (see Note 3) 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 4 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS), 
After 1 memory cycle, 2 
RAS and CAS high 

ICC3 
Average refresh current (RAS- VCC = 5.5 V, Minimum cycle, 

220 
only or CBR) (see Note 3) RAS cycling, CAS high 

ICC4 
Average page current VCC = 5.5 V, tpC=MIN, 

140 (see Note 4) RASlow, CAS cycling 

NOTES: 3. Measured With a maximum of one address change while RAS = VIL 
4. Measured with a maximum of one address change while CAS = VIH 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

'497GU8-70 '497GU8-80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 ~ 

:1:10 :1:10 ~ 

200 180 rnA 

4 4 rnA 

2 2 rnA 

200 180 rnA 

120 100 rnA 
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TM497GU8 
4194304-WORD BY 8-BIT 
DYNAMIC RAM MODULE 
SMMS498A-APRIL 1994 - REVISED JUNE 1995 

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

PARAMETER MIN MAX UNIT 

CI(A) Input capacitanca, AO-A 10 10 pF 

CI(RC) Input capacitance, CAS and RAS 14 pF 

CIIWl Input capacHance, W 14 pF 

Co Output capacHance, D01-D08 7 pF 

NOTE 5: VCC. 5 V '" 0.5 V, and the bias on the pin under test is 0 V. 

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

'497GU8-60 
PARAMETER 

MIN MAX 

tM Access time from column address 30 

tCAC Access time from CAS low 15 

tePA Access time from column precharge 35 

tRAC Access time from RAS low 60 

teLZ CAS to output In low-Impadance state 0 

toH Output disable time from start of CAS high 3 

tOFF O,utput disable time after CAS high (see Note 6) 0 15 
.. 

NOTE 6: toFF IS specified when the output Is no longer driven. 

6-12 

~TEXAS 
INSTRUMENTS 
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'497GU8-70 '497GU8-80 
UNIT 

MIN MAX MIN MAX 

35 40 ns 

18 20 ns 

40 45 ns 

70 80 ns 

0 0 ns 

3 3 ns 

0 18 0 20 ns 



TM497GU8 
4194304-WORD BY 8·BIT 
DYNAMIC RAM MODULE 

SMMS498A-APRIL 1994 - REVISED JUNE 1995 

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

'497GU8-60 

MIN MAX 

tRC Cycle time, random raad or write (see Note 7) 110 

tpc Cycle time, page-mode raad or write (see Notes 7 and 8) 40 

tRASP Pulse duration, RAS low, page mode 60 100000 

tRAS Pulse duration, RAS low, nonpage mode 60 10000 

teAS Pulse duration, CAS low 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column addrass before CAS low 0 

tASR Satup time, row address before RAS low 0 

tDS Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 15 

tRWL Satup time, W low before RAS high 15 

twcs Satup time, W low befora CAS low 0 

twRP Setup time, W high befora RAS low (CBR refresh only) 10 

teAH Hold time, column address after CAS low 10 

tDH Hold time, data after CAS low 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

twCH Hold time, W low after CAS low 10 

twRH Hold time, W high after RAS low (CBR refresh only) 10 

tRHCP Hold time, RAS high from CAS precharge 35 

teHR Delay time, AAS low to CAS high (CBR refresh only) 10 

teRP Delay time, CAS high to RAS low 5 

teSH Delay time, RAS iow to CAS high 60 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 

tRAL Delay time, column address to RAS high 30 

teAL Delay time, coiumn address to CAS high 30 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 

tRPC Delay time, RAS high to CAS low 0 

tRSH Delay time, CAS low to RAS high 15 

tREF Refresh time interval 32 

IT TransHion time 3 30 

NOTES: 7. All cycle times assume IT = 5 ns. 
8. To assure tpc min, tASC should be .. tep. 
9. EHher tRRH or tRCH must be satisfied for a read cycle. 

10. The maximum value is speCified only to assure access time 

~TEXAS 
INSTRUMENTS 
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'497GU8-70 '497GU8-60 
UNIT 

MIN MAX MIN MAX 

130 150 ns 
45 50 ns 
70 100000 80 100000 ns 

70 10000 60 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 
10 10 ns 

0 0 ns 
0 0 ns 
0 0 ns 

0 0 ns 
18 20 ns 
18 20 ns 

0 0 ns 

10 10 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

10 10 ns 
40 45 ns 

10 10 ns 

5 5 ns 
70 60 ns 
5 5 ns 

15 35 15 40 ns 
35 40 ns 

35 40 ns 
20 52 20 60 ns 

0 0 ns 

18 20 ns 

32 32 ms 

3 30 3 30 ns 
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TM497GU8 
4194304-WORD BY 8·BIT 
DYNAMIC RAM MODULE 
SMMS498A-APRIL 1994 - REVISED JUNE 1995 

device symbolization 

I 
TM497GU8 ~ 

o oooononnoonno:nD~~:nnooonoonno '( 

6-14 

YV = Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS = Speed 

NOTE: The location of the part number may vary. 
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INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 



• Organization ••• 4194304 x 9 

• Single 5-V Power Supply (:t10% Tolerance) 

• 30-Pln Single In-Line Memory Module 
(SIMM) for Use With Sockets 

• Utilizes Nine 4-Megablt Dynamic RAMs In 
Plastic Smail-Outline J-Lead Packages. 
(SOJs) 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, and Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ 

TIME TIME TIME OR 

(tRAC) (leAC) (tM) WRITE 
CYCLE 

(MAX) (MAX) (MAX) (MIN) 
'4100EAD9-60 60ns 15 ns 30ns 110 ns 
'4100EAD9-70 70 ns 18 ns 35 ns 130 ns 
'4100EAD9-80 80 ns 20 ns 40 ns 150 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate 
Pair of Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 
O°C to 70°C 

description 

The TM4100EAD9 is a dynamic random-access 
memory module organized as 4194304 x 9 [bit 
nine (D9, 09) is generally used for parity and is 
controlled by CAS9] in a 30-pin leadless single 
in-line memory module (SIMM). 

This module is composed of nine TMS44100DJ, 
4194304 x 1-bit dynamic RAMs (DRAMs) each in 
a 20/26-lead plastic small-outline J-Iead package 
(SOJ) mounted on a substrate with decoupling 
capacitors. 

The TM4100EAD9 is characterized for operation 
from O°C to 70°C and is available in the AD 
single-sided, leadless module for use with 
sockets. 

~TEXAS 
INSTRUMENTS 

TM4100EAD9 
4194304 BY 9·BIT 

DYNAMIC RAM MODULE 

SINGLE IN-LINE MODULE 
(TOP VIEW) 

VCC 1 
CAS 2 
001 3 

AO 4 
A1 5 

002 6 
A2 7 
A3 8 

Vas 9 
003 10 

A4 11 
A5 12 

004 13 
A6 14 
A7 15 

005 16 
AB 17 
A9 18 

A10 19 
006 20 

W 21 
Vss 22 
007 23 

NC 24 
DOB 25 

09 26 
RAS 27 

CAS9 28 
09 29 

VCC 30 

o 

D 
D 
D 
D 
D 
D 
D 
D 
D 

o 

PIN NOMENCLATURE 

AO-Al0 Address Inputs 

CAS,CAS9 Column-Address Strobe 

001-008 Data In/Data Out 

09 Data In 

NC No Internal Connection 

09 Data Out 
RAS Row-Address Strobe 

VCC 5-VSupply 

VSS Ground 

W Write Enable 

Copyright C 1995, Texas Instruments Incorporated 
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TM4100EAD9 
4194304 BY 9-BIT 
DYNAMIC RAM MODULE 
SMMS419C - NOVEMBER 1991 - REVISED JUNE 1995 

functional block diagram 

AO-A10 
RAS 
CAS 

Vi 

DQ1 

DQ2 

DQ3 

DQ4 

VCC 

VSS 
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Vi 
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operation 

TM4100EAD9 
4194304 BY 9-BIT 

DYNAMIC RAM MODULE 
SMMS419C- NOVEMBER 1991 - REVISED JUNE 1995 

The TM41 OOEAD9 operates as nine TMS441 OODJs connected as shown in the functional block diagram. Refer 
to the TMS441 00 data sheet for details of its operation. The common 1/0 feature of the TM41 OOEAD9 dictates 
the use of early-write cycles to prevent contention on 0 and Q. 

single In-line memory module and components 

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate over copper 

~TEXAS 
INSTRUMENTS . 
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TM4100EAD9 
4194304 BY9-BIT 
DYNAMIC RAM MODULE 
SMMS418C- NOVEMBER 1.881 .,.. REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Voltage range 0f'I any pin (see Note 1) .......................................... _ .. .. •. - 1 V to 7 V 
Voltage range on Vee (see Note 1) .................. .. .. .. .. .. . .. . . . .. . .. .. .. .. .. .. .. -1 V to 7 V 
Short-c1rcuH output current • _.' • • • • . . . . . . • • • • • . . . . . . • . . . . • • • . • . . • • • • . • • • • . • • • • • • • • • • • • • • • • •. 50 rnA 
Power dissipation •••••.••••••..•...•.•.••.••.••.•••.••••••...•.....••..••.••••••••••••••.•• 9 W 
Operating free-air temperature range, TA ........................ ~ . .. • .. • .. .. .. .. • .. ... O·C to 70°C 
Storage temperature range, Tatg .••......••••......•..•..•.•••••••••••••.•••••••.• - 55°C to 125°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" is not 
Implied. Exposure to absolute-maxlmum-rated.condltions for extended periods may IIffect device relillbility. 

NOTE 1: All volblge VIIlues are with respect to VSS. . 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply volblge 4.5 5 5.5 V 

VIH High-level Input volblge 2.4 6.5 V 

VIL Low-level Input volblge (see Note 2) -1 0.8 V 

TA Operating free-alr temperature 0 70 ·C 

NOTE 2: The algebraic convention, where the more neglltlve (less positive) limit Is designated as minimum, Is used for logic-volblge levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST eONDmONS 
'4100EADlMlO 

MIN MAX 

VOH High-level output volblge 10H --5mA 2.4 

VOL Low-leVIIl output voItIlge IOL=4.2mA 0.4 

II Input current Oeakage) VCC-5.5V, VI-OVto6.5V, :1:10 
All others .. 0 V to Vcc 

10 Output current (leullge) Vec-5.5V, Vo -OVtoVCC, :1:10 
CAS high 

ICC1 
Read- or wrlte-cycle current 

VCC .. 5.5V, Minimum cycle 945 (see Note 3) 

After 1 memory cycle, 
RAS and m high, 18 

IC02 Standby current 
VIH .. 2.4 V (TTL) 

After 1 memory cycle, 
~ and CAS high, 9 
VII·! • VCC - 0.2 V (CMOS) 

Average refresh current 
VCC· 5•5V, Minimum cycle, 
RAScycling, 

1CC3 (RAS only or CBR) CAS high (AAS only), 
945 

(see Note 3) 
RAS low after cAS low (CBR) 

1CC4 
Average page' current VCC = 5.5 V, tpc .. minimum, 

810 (see Note 4) RASIow, CAS cycling 

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

~1ExAs 
INSTRUMENTS 
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'4100EAD9-70 '4100EAD9-80 
UNrr 

MIN MAX MIN MAX 

2.4 ' 2.4 V 

0.4 0.4 V 

:1:10 :1:10 (IA 

:1:10 :1:10 (IA 

810 720 mA 

18 18 mA 

9 9 mA 

810 720 mA 

720 630 mA 



TM4100EAD9 
4194304 BY9·BIT 

DYNAMIC RAM MODULE 
SMMS419C- NOVEMBER 1991 - REVISED JUNE 1995 

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

PARAMETER MIN MAX UNIT 

el(A) Input capacitance, AO-A 10 45 pF 

ClIO) Input capacitance, data Input (pIn 09) 5 pF 

Ci(RC) Input capacitance, CAS and RAS 63 pF 

Ci(Vll) Input capacitance, W 63 pF 

Co (DO) Output capacitance, 001 -08 12 pF 

Co Output capacitance, 09 7 pF 

NOTE 5: VCC = 5 V :t 0.5 V and the bias on pins under test is 0 V. 

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

'4100EAD9-60 
PARAMETER 

MIN MAX 

tM Access time from column address 30 

teAC Access time from CAS low 15 

tePA Access time from column precharge 35 

tRAC Access time from RAS low 60 

teLZ CAS to output In low-Impedance 0 

!oFF Output disable time after CAS high (see Note 6) 0 15 

NOTE 6: !oFF IS specified when the output IS no longer drIVen. 

~TEXAS 
INSTRUMENTS 
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'4100EAD9-70 '4100EAD9-80 
UNIT 

MIN MAX MIN MAX 

35 40 ns 
18 20 ns 
40 45 ns 

70 80 ns 
0 0 ns 

0 18 0 20 ns 
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TM4100EAD9 
4194304 BY 9-BIT 
DYNAMIC RAM MODULE 
SMMS419C- NOVEMBER 1991 - REVISED JUNE 1995 

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

'41ooEA09-60 

MIN MAX 

tRC Cycle time, random raad or write (see Note 7) 110 

tpc Cycle time, page-mode read or write (see Note B) 40 

tRASP Pulse duration, page mode RAS low (see Note 9) 60 100000 

tRAS Pulse duration, nonpage mode, RAS low (see Note 9) 60 10000 

teAS Pulse duration, CAS low (see Note 10) 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, write 15 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 11) 0 

tRCS Setup time, read before CAS low 0 

teWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low (early-write operation only) 0 

twSR Setup time, W high (CBR refresh only) 10 

twrs Setup time, W low (test mode only) 10 

teAH Hold time, column address after CAS low 10 

tOHR Hold lime, data after RAS low (see Note 12) 50 

tOH Hold time, data (see Note 10) 10 

tAR Hold lime, column address after RAS low (see Note 12) 50 

tRAH Hold time, row address after RAS low 10 

tRCH Hold lime, read after CAS high (see Note 13) 0 

tRRH Hold time, read after RAS high (see Note 13) 0 

twCH Hold lime, write after CAS low (early-write operation only) 15 

twCR Hold time, write after RAS low (see Note 12) 50 

IWHR Hold lime, W high (CBR refresh only) 10 

twrH Hold lime, W low (test mode only) 10 

teHR Delay time, RAS low to CAS high (CBR refresh only) 15 

teRP Delay lime, CAS high to RAS low 0 

tCSH Delay time, RAS low to CAS high 60 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 10 

NOTES: 7. All cycle times essume IT = 5 ns. 

6-20 

B. To assure tpc min, tASC should be :t 5 ns. 
9. In a read-write cycle, tRWO and tRWL must be observed. 

10. In a read-write cycle, tcw~d ~L must be observed. 
11. Referenced to the later of CAS or W in write operations 
12. The minimum value is measured when tRCO is set to tRCO min as a reference. 
13. Either tRRH or tRCH must be satisfied for a read cycle. 

~1ExAs 
INSTRUMENTS 
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'41ooEAD9-70 '41OOEA09-80 
UNIT 

MIN MAX MIN MAX 

130 150 ns 
45 50 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 80 ns 

15 15 ns 

0 0 ns 
0 0 n8 

0 0 n8 

0 0 n8 

lB 20 n8 

18 20 ns 

0 0 n8 

10 10 ns 
10 10 ns 

15 15 ns 

55 80 ns 

15 15 ns 

55 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 

55 60 ns 

10 10 ns 

10 10 ns 

15 20 ns 
0 0 ns 

70 80 ns 

10 10 ns 



TM4100EAD9 
4194304 BY9-BIT 

DYNAMIC RAM MODULE 
SMMS419C - NOVEMBER 1991 - REVISED JUNE 1995 

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

'4100EAD9-60 '4100EAD9-70 '4100EAD9-80 

MIN MAX MIN MAX MIN MAX 

tRAO Delay time, AAS low to column address (see Note 14) 15 30 15 35 15 40 

lRAl Delay time, column address to AAS high 30 35 40 

teAL Delay time, column address to CAS high 30 35 40 

tRCD Delay time, AAS low to CAS low (see Note 14) 20 45 20 52 20 60 

tRPC Delay time, RAS high to CAS low 0 0 0 

tRSH Delay time, CAS low to RAS high 15 18 20 

trAA Access time from address (test mode) 35 40 45 

trCPA Access time from column precharge (test mode) 40 45 50 

trRAC Access time from RAS (test mode) 65 75 85 

tREF Refresh time interval 16 16 16 

tr Transition time 2 50 2 50 2 50 

NOTE 14: The maximum value is specified only to essure access tIme. 

device symbolization 

I 
TM4100EAD9 ~ o -SS YVMMT 0 

000000000000000000000000000000 
YV • Year Code 

MM = Month Code 
T = Assembly Site Code 

-SS = Speed 

NOTE: The location of symbolization may vary. 

~TEXAS 
INSTRUMENTS 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 
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• Organization ••. 4194304 x 9 

• Single S-V Power Supply (:1:10% Tolerance) 

• 3D-Pin Slngle-ln-Llne Memory Module 
(SIMM) for Use With Sockets 

• Utilizes One 4-Megablt and Two 16-Megabit 
Dynamic RAMs In Plastic Smail-Outline 
J-Lead (SOJ) Packages 

• Long Refresh Period 
32 mst (2048 Cycles) 

• All Inputs, Outputs, and Clocks Fully TIL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ OR 

TIME TIME TIME WRITE 
(tRAc) t(AA) (tCAC) CYCLE 
(MAX) (MAX) (MAX) (MIN) 

'497EU9-60 60 ns 30 ns 15 ns 110 ns 
'497EU9-70 70 ns 35 ns 18 ns 130 ns 
'497EU9-80 80 ns 40 ns 20 ns 150 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate 
Pair of Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 
O°C to 70°C 

• Enhanced Page Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

The TM497EU9 is a 4M-byte dynamic 
random-access memory (RAM) organized as 
4194304 x 9 bits [bit nine (09, 09) is generally 
used for parity and is controlled by CAS9] in a 
30-pin leadless single-in-line memory module 
(SIMM). The SIMM is composed of two 
TMS4174000J, 4194304 x 4-bit dynamic RAMs, 
each in a 24/26-lead plastiC small-outline J-Iead 
(SOJ) package, and one TMS441 OOOJ, 4194304 
x 1-bit dynamic RAM in a 20/26-lead plastic SOJ 
package, mounted on a substrate with decoupling 
capacitors. 

TM497EU9 
4194304-WORD BY9·BIT 
DYNAMIC RAM MODULE 

U SINGLE-IN-UNE PACKAGE 
(TOP VIEW) 

Vee 1 
eAS 2 
001 3 

AO 4 
A1 5 

002 6 
A2 7 
A3 8 

VSS 9 
003 10 

A4 11 
AS 12 

004 13 
A6 14 
A7 15 

005 16 
AS 17 
A9 18 

A10 19 
006 20 

W 21 
VSS 22 
007 23 
NC 24 

008 25 
09 26 

RAS 27 
CAS9 28 

09 29 
Vce 30 

o 

o 

PIN NOMENCLATURE 

AO-A10 
CAS,CAS9 

Address Inputs 
Column-Address Strobe 
Data In/Data Out 001-008 

09 
NC 
09 

VCC 
VSS 
W 

Data In 
No Connection 
Data Out 
Row-Address Strobe 
5-VSupply 
Ground 
Write Enable 

The TM497EU9 is available in the U single-sided, leadless module for use with sockets and is characterized 
for operation from O°C to 70°C. 

t AO-A9 address lines must be refreshed every 16 ms. 

~ThXAS 
INSTRUMENTS 
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operation 

The TM497EU9 operates as two TMS417 400DJs and one TMS441 OODJ connected as shown in the functional 
block diagram (refer to the TMS417 400 and TMS441 00 data sheets for details of their operation). The common 
I/O feature of the TM497EU9 dictates the use of early write cycles to prevent contention on D and a. 

refresh 

The refresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. In addition, 
the ten least significant row addresses (AO-A9) must be refreshed every 16 ms as required by the TMS441 00. 

power up 

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

singie-in-line memory module and components 

PC substrate: 1,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate over copper 

functional block diagram 
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TM497EU9 
4194304-WORD BY9·BIT 
DYNAMIC RAM MODULE 

SMMS499A- FEBRUARY 1994 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ............................................... - 1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Short-circuit output current .....................•..............................•........... 50 mA 
Power dissipation ...............................................................•..••.•..•• 3 W 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. - 55°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 

NOTE 2: The algebraic convention. where the more negative Qess positive) limit is designated as minimum. Is used for logic-voltage levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'497EU9-60 
PARAMETER TEST CONDITIONS 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL = 4.2 rnA 0.4 

II Input current Oeakage) VCC=5V. VI = 0 V to 6.5 V. :010 
All other pins = 0 V to VCC 

10 Output current (leakage) ~=5.5V. Vo = OVtoVCC. :010 CAS high 

ICC1 
Read- or write-cycle current 

Vcc= 5.5V. Minimum cycle 325 (see Note 3) 

VIH = 2.4 V (TTL). 
After 1 memory cycle. 6 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle. 3 
RAS and CAS high 

Average refresh current 
VCC =5.5V. Minimum cycle. 

ICC3 (RAS-only or CBR) RAScycling. 
325 

(see Note 3) CAS high (RAS-only); 
RAS low after CAS low (CBR) 

ICC4 
Average page current VCC=5.5V. tpc = MIN. 210 (see Note 4) RASlow. CAS cycling 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

'497EU9-70 '497EU9080 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:010 :010 J4A 

:010 :010 J4A 

290 280 rnA 

6 6 

mA 

3 3 

290 260 mA 

180 150 mA 
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capacitance over recommended ranges of supply voltage and operating free-air· temperature. 
f = 1 MHz (see Note 5) 

PARAMETER MIN MAX UNIT 
CilAl Input capacitance, AO-A 10 15 pF 

CiIO) Input capacitance, data input (09) 5 pF 

CiIR) Input capacitance, strobe Input (RAS) 21 pF 

CI(C) 
I CAS 14 

Input capacitance, strobe Inputs 
1CAS9" 7 

pF 

CI(W) Input capacitance, W 21 pF 

CoIOO) Output capacitance (001-008) 7 pF 

Cola) Output capacitance (09) 7 pF 

NOTE 5: VCC = 5 V:t 0.5 V, and the bias on pin under test is 0 V. 

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

PARAMETER 

tM Access time from column address 

teAC Access time from CAS low 

tePA Access time from column precharge 

tRAC Access time from RAS low 

teLZ CAS to output In low-impedance state 

tOH Output disable time, start of CAS high 

tOFF Output disable time after CAS high (see Note 6) 

NOTE 6: tOFF Is spscified when the output IS no longer dnven. 

-!!1 TEXAS 
INSTRUMENTS 
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MIN MAX 
30 

15 

35 

60 

0 

3 

0 15 

6-26 POST OFFICE BOX 1443' HOUSTON. TEXAS n2S1-1443 

'497EU9-70 '497EU9-80 

MIN MAX MIN MAX 
UNIT 

35 40 ns 
18 20 ns 

40 45 ns 

70 80 ns 
0 0 ns 

3 3 ns 

0 18 0 20 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

'497EU9-60 
PARAMETER 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc Cycle time, page mode read or write (see Notes 7 and 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tDS Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

tCWl Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

teAH Hold time, column address after CAS low 10 

tDH Hold time, data after CAS low 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

twCH Hold time,W low after CAS low 10 

twRH Hold time, W high after RAS low (eBR refresh only) 10 

tRHCP Hold time, RAS high from CAS precharge 35 

tCHR Delay time, RAS low to CAS high (CBR refresh only) 10 

tCRP Delay time, CAS high to RAS low 5 

teSH Delay time, RAS low to CAS high 60 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 5 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 

tRAl Delay time, column address to RAS high 30 

teAL Delay time, column address to CAS high 30 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 

tRPC Delay time, RAS high to CAS low 0 

tRSH Delay time, CAS low to RAS high 15 

tREF Refresh time Interval 32 

·IT Transition time 3 30 

NOTES: 7. All cycle times ass.ume IT = 5 ns. 
8. To assure tpc min, tASC should be ;0 tep. 
9. Either tRRH or IRCH must be satisfied for a read cycle. 

10. The maximum value is specified only to assure access time. 

~TEXAS 
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'497EU9-70 '497EU9-80 
UNIT 

MIN MAX MIN MAX 

130 150 ns 

45 50 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 

15 15 ns 

15 15 n8 

10 10 n8 

0 0 ns 

0 0 ns 

15 15 ns 

10 10 ns 

40 45 ns 

10 10 ns 

5 5 ns 

70 80 n8 

5 5 ns 

15 35 15 40 ns 

35 40 ns 

35 40 ns 

20 52 20 60 ns 

0 0 ns 

18 20 ns 

32 32 ms 

3 30 3 30 ns 
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device symbolization 

o 
TM497EU9 
-SS VYMMT 

VY = Vear Code 
MM .. Month Code 

T .. Aeaembly Site Code 
-SS = Sp .. d 

NOTE: The location of the part number may vary. 
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TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32·BIT 

DYNAMIC RAM MODULE 

• Organization 
TM124BBK32 ••• 1 048 576 x 32 
TM248CBK32 ••• 2097152 x 32 

• Single 5-V Power Supply (:k10 '" Tolerance) 

• 72-pln Single In-Line Memory Module 
(SIMM) for Use With Sockets 

• TM124BBK32-Utlllus Eight 4-Megablt 
DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages 

• TM248CBK32-Utlllzes Sixteen 4-Megablt 
DRAMs In Plastic Small-Outline J-Lead 
(SOJ) Packages 

SMMS132D-

• Performance Ranges: 
ACCESS 

TIME 
tRAC 

(MAX) 
TM124BBK32-80 50ns 
TM124BBK32-70 70n8 
TM124BBK32-80 80ns 
TM248CBK32-80 50ns 
TM248CBK32-70 70118 
TM248CBK32-80 50ns 

• Low Power Dissipation 

ACCESS READ 
TIME OR 

'CAC WRITE 
CYCLE 

(MAX) (MIN) 
15 n8 110ns 
18 ns 130118 
20118 150n8 
15 n8 110n8 
18 n8 130ns 
20ns 150118 

• Distributed RefreSh Period 
16 ms (1024 Cycles) 

• Operating Free-Alr-Temperature Range 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines, In Four Blocks 

• Presence Detect 

description 

TM124BBK32 

O°C to 70°C , 
• Gold-Tabbed Versions Avallable:t 

- TM124BBK32 
- TM248CBK32 

• Tin-Lead (Solder) Tabbed Versions 
Available: 
- TM124BBK32S 
- TM248CBK32S 

The TM124BBK32 is a dynamic random-access memory (DRAM) organized as four times 1048576 x 8 in a 
72-pin lead less single in-line memory module (SIMM). The SIMM is composed of eight TMS44400, 1048576 
x 4-bit DRAMs, each in 20/26-lead plastic SOJ packages, mounted on a substrate together with decoupling 
capacitors. Each TMS44400 is described in the TMS44400 data sheet. 

The TM124BBK32 is available in the single-sided BK lead less module for use with sockets. 

The TM124BBK32 features RAS access times of 60 ns, 70 ns and 80 ns. This device is rated for operation from 
0°Ct070°C 

TM248CBK32 

The TM248CBK32 is a dynamic random-access memory organized as four times 2097152 x 8 in a 72-pin 
leadless SIMM. The SIMM is composed of sixteen TMS44400, 1048576 x 4-bit dynamic RAMs, each in 
20/26-lead plastic SOJ packages SOJs, mounted on a substrate together with decoupling capacitors. Each 
TMS44400 is described in the TMS44400 data sheet. 

The TM248CBK32 is available in the double-sided BK leadless module for use with sockets. 

The TM248CBK32 features RAS access times of 60 ns, 70 ns and 80 ns. This device is rated for operation from 
0°Ct070°C 

operation 

TM124BBK32 

The TM124BBK32 operates as eight TMS44400DJs connected as shown in the functional block diagram. Refer 
to the TMS44400 data sheet for details of operation. The common I/O feature of the TM124BBK32 dictates the 
use of early write cycles to prevent contention on D and a. 

t Part numbers in this data sheet are for the gold-tabbed version; the Information applies to both gold-tabbed and solder-tabbed versions. 
PRODUCTION DATA _ 10 cumnt • 01 IHlblIcotIGn _. Copyright C 1995. Tsxaslnstruments IncotpOI'8Ied __ 10 ...................... _011'___ ~ . 
_wolllJlly._..-...._noI_lylncludo I. liEXAS 
...... oIlIIpII'IIIIIIIIt. 

INSTRUMENTS 
POS1' OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32·BIT 
DYNAMIC RAM MODULE 
SMMS132D - JANUARY 1991 - REVISED JUNE 1995 

TM248CBK32 

The TM248CBK32 operates as sixteen TMS44400DJs connected as shown in the functional block diagram. 
Refer to the TMS44400 data sheet for details of operation. The common I/O feature of the TM248CBK32 
dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

Refresh period is extended to 16 ms and. during this period. each of the 1024 rows must be strobed with RAS 
in order to retain data. AO-A9 address lines must be refreshed every 16 ms as required by the TMS44400 DRAM. 
CAS can remain high during the refresh sequence to conserve power. 

single In-line memory module and components 

6-30 

PC substrate: 1.27 :1: 0.1 mm (0.05 inch) nominal thickness; 0.005 incMnch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM124BBK32 AND TM248CBK32: Nickel plate and gold plate over copper. 
Contact area for TM124BBK32S AND TM248CBK32S: Nickel plate and tin-lead over copper. 
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BK SINGLE IN-LINE MEMORY MODULE 

(TOP VIEW) 
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t The packages shown here are not drawn to scale. 

TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32·BIT 

DYNAMIC RAM MODULE 
SMMS132D - JANUARY 1991 - REVISED JUNE 1995 

TM124BBK32T 

(SIDE VIEW) 

TM248CBK32T 

(SIDE VIEW) 

PIN NOMENCLATURE 

AO-AIJ 
CAS<l-CAS3 
DQ~Q31 

NC 
PD1-PD4 
RASO-RAS3 

VCC 
Vss 
IN 

Address Inputs 
Column-Address Strobe 
Data In/Data C;>ut 
No Connection 
Presence Detects 
Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL POi PD2 P03 P04 
(PIN) (67) (68) (69) (70) 

80ns Vss Vss NC Vss 
TMi24BBK32 70ns Vss Vss Vss NC 

60ns Vss Vss NC NC 

80ns NC NC NC VSS 
TM248CBK32 70ns NC NC VSS NC 

60ns NC NC NC NC 

~TEXAS 
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~ I functional block diagram (for TM124BBK32 and TM248CBK32. Side 1) 
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functional block diagram (for TM248CBK32, Side 2) 
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TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152. BY 32·BIT 
DYNAMIC RAM MODULE 
SMMS132D - JANUARY 1991 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Voltage range on Vee (see Note 1) .................................................. -1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power disSipation .........................................................................• 8 W 
Operating free-air temperature range, TA .............................••.•........•..•. ooe to 700 e 
Storage temperature range, Tstg .................................................. - 55°e to 125°e 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated cond~ions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 

NOTE 2: The algebr;aic convention. where the more negative (less positive) limit is designated as minimum. Is used for logic-voltage levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
'124BBK32-60 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL=4.2mA 0.4 

II Input current (leakage) VCC=5V, VI = 0 V to 6.5 V. .,10 
All other pins = 0 V to V CC 

10 Output current (leakage) ~=5.5V. Vo = OVto VCC. .,10 
CAS high 

ICC1 
Read- or wrlte-cycle current 

VCC= 5.5V. Minimum cycle 840 (see Note 3) 

After 1 memory cycle. 
RAS and CAS high. 16 

ICC2 Standby current 
VIH=2.4 V (TTL) 

After 1 memory cycle. 
RAS and CAS high. 8 
VIH = VCC - 0.2 V (CMOS) 

Average refresh current VCC=5.5V. Minimum cycle. 

ICC3 (RAS only or CBR) RAScycling. 
840 

CAS high (RAS only). (see Note 3) 
RAS low after CAS low (CBR) 

ICC4 
Average page current ~=5.5V. !EQ..=minimum. 

720 (see Note 4) RASlow. CAS cycling 

NOTES: 3. Measured With a maximum of one address change while RAS = VIL 
4. Measured with a maximum of one address change while CAS = VIH 
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'124BBK32-70 '124BBK32-80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

.,10 .,10 JAA 

.,10 .,10 JAA 

720 640 mA 

16 16 

mA 

8 8 

720 640 mA 

640 560 mA 
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DYNAMIC RAM MODULE 
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electrical characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) 

'248CBK32.eG 
PARAMETER TEST CONDITIONS 

VOH High-level output voltage IOH--5mA 

VOL Low-level output voltage IOL=4.2mA 

II Input current (leakage) VCC=5V, VI = 0 Vto 6.5 V, 
All other pins. 0 V to VCC 

10 Output current (leakage) 
VCC-5.5V, Vo .. OVtoVcc, 
CAS high 

ICC1 
Read- or wrlte-cycle current 

VCC = 5.5 V, Minimum cycle (see Note 3) 

After 1 memory cycle, 
RAS and CAS high, 

ICC2 Standby current 
VIH=2.4 V (TTL) 

After 1 memory cycle, 
RAS and CAS high, 
VIH = VCC - 0.2 V (CMOS) 

Average refresh current 
VCC = 5.5 V, Minimum cycle, 

ICC3 (RAS only or CBR) 
RAScycling, 
CAS high (RAS only), (see Note 3) 
RAS low ailer CAS low (CBR) 

1CC4 
Average page current VCC=5.5V, tpc = minimum, 
(see Note 4) .. RASlow, CAS cycling 

NOTES: 3. Measured with a maximum of one address change while RAS • VIL 
4. Measured with a maximum of one address change while CAS = VIH 

MIN MAX 

2.4 

0.4 

:t2O 

:t2O 

656 

32 

16 

1660 

736 

'248CBK32.70 '248CBK32-80 
UNrr 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:t20 :t2O !iA 

:t2O :t2O !iA 

736 656 mA 

32 32 

mA 

16 16 

1440 1260 mA 

656 576 mA 

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

'124BBK32 '248CBK32 
UNrr 

MIN MAX MIN MAX 

CiIA) Input capacitance, address inputs 40 60 pF 

CiIR) Input capacitance, RAS 28 28 pF 

CIIC) Input capacitance, CAS 14 28 pF 

CI/Wl Input capacitance, W 56 112 pF 

CoIDQ) Output capacitance on DQ pins 7 14 pF 

NOTE 5: VCC = 5 V :I: 0.5 V and the bias on pins under test is 0 V. 

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

'124BBK32.e0 '124BBK32·70 '124BBK32-80 

PARAMETER '248CBK32.e0 '248CBK32·70 '248CBK32-80 UNrr 
MIN MAX MIN MAX MIN MAX 

tM Access time from column-address 30 35 40 ns 

teAC Access time from CAS low 15 18 20 ns 

tePA Access time from column precharge 35 40 45 ns 

tRAe Access time from RAS low 60 70 60 ns 

teu CAS to output in low Z 0 0 0 ns 

toFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: toFF is specified when the output is no longer dnven. 

-!/} 1ExAs 
INSTRUMENTS 
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TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32·BIT 
DYNAMIC RAM MODULE 
SMMSl32D- JANUARY 1991 .. REVISED JUNE 1995 

timing requirements over recommended range of supply voltage and operating free .. lr 
temperature 

'124BBK32-60 
'248CBK32-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc CycI8 time, page-mode read or write (see Note 8) 40 

tep Pulse duration, 'OAS high 10 

teAS Pulse duration, 'OAS low 15 10000 

tRP Pulse duration, AAS high (precharge) 40 

tRASP Pulae duration, page mode, AAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

twp Pulse duration, write 15 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tDS Setup time, data 0 

tRCS Setup time, read before CAS low 0 

twcs Setup time, W low before CAS low 0 

twSR Setup time, W high (CBR refresh only) 10 

tcwL Setup time, W low before CAS high 15 

tRWL Setup time, W !ow before RAS high 15 

twTs Setup time, W low (test mode only) 10 

tCAH Hold time, column address after'OAS low 10 

tRAH Hold time, row address after AAS low 10 

tAR Hold time, column address after RAS low (see Note 9) 50 

tDHR Hold time, data after RAS low (see Note 9) 50 

tDH Hold time,data 10 

tRCH Hold time, read after'OAS high (see Note 10) 0 

tRRH Hold time, read after RAS high (see Note 10) 0 

twCH Hold time, write after CAS low 15 

twHR Hold time, W high (CBR refresh only) 10 

twCR Hold time, write after AAS low ' 50 

twTH Hold time, W low (test mode only) 10 

teSH Delay time, RAS low to CAS high 60 

teRP Delay time, 'OAS high to RAS low 0 

tRCD Delay time, AAS low to 'OAS low (see Note 11) 20 45 

teHR Delay time, AAS low to CAS high (CBR refresh only) 15 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 10 

tRAD Delay time, RAS low to column addresS (see Note 11) 15 30 

tRAL Delay time, column address to RAS high 30 

NOTES: 7. All cycle tlmea assume ty • 5 na. 
8. To assure tpLmln, tASC ahould be :t 5 na. 
9. The minimum value is measured when IRCD is set to IRCD min as a reference. 

10. Either IRRH or tRCH must be aatlsfled for a read cycle. 
11. Maximum value specified only to assure access time. 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. 'TEXAS 77251-1443 

'124BBK32-70 '124BBK32-60 
'248CBK32-70 '248CBK32-60 UNIT 

MIN MAx MIN MAX 

130 150 ns 

45 50 ns 

10 10 ns 
18 10000 20 10000 ns 

50 60 na 

70 100000 60 100000 na 

70 10000 60 10000 na 

15 15 na 

0 0 na 

0 0 na 

0 0 ns 

0 0 na 

0 0 na 

10 10 na 

18 20 na 

18 20 na 

10 10 na 

15 15 na 

10 10 na 

55 60 na 

55 60 na 

15 15 na 

0 0 na 

0 0 na 

15 15 ns 

10 10 na 

55 60 na 

10 10 ns 

70 60 na 

0 0 na 

20 52 20 60 na 

15 20 n. 

10 10 n. 

15 35 15 40 na 

35 40 na 



TM124BBK32, TM124BBK32S 1048576 BY 32·BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32·BIT . 

DYNAMIC RAM MODULE 
SMMSl32D - JANUARY 1991 - REVISED JUNE 1985 

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

'124BBI<32.Q) '124BBI<32-70 
'248CBI<32.Q) '248CBK32-70 

MIN MAX MIN MAX 

teAL Delay time, column address to Ci.S high 30 35 

tAPC Delay time, RAS high to Ci.S low (CBR refresh only) 0 0 

tRSH Delay time, Ci.S low to RAS high 15 18 

ITAA Access time from address (test mode) 35 40 

trRAc Access time from RAS (test mode) 65 75 

ITCPA Access time from column precharge (test mode) 40 45 

tREF Refresh time Interval 16 16 

IT Transltlon time 2 50 2 50 

device symbolization (TM124BBK32 Illustrated) 

oDDDD DDDDo 
TM124BBK36B 

YY • Ve.rCode 
MM • Month Code 

T .. Aa.embly Site Code 
-ss .. Speed Code 

NOTE: Location of symbolization may vary. 

~1ExAs 
INSTRUMENTS 

-SS VYMMT 

POST OFFICE sox 14<13· HOUSTON. TEXAS 77251-14<13 

'124BBK32080 
'248CBI<32080 UNIT 

MIN MAX 

40 ns 
0 ns 

20 nl 

45 ns 
85 nl 

50 ns 
18 ml 

2 50 ns 

8-37 



TM124BBK32, TM124BBK32S 1048576 BY 32-BIT 
TM248CBK32, TM248CBK32S 2097152 BY 32-BIT 
DYNAMIC RAM MODULE 
SMMS132D- JANUARY 1991 - REVISED JUNE 1995 

. ~1ExAs 
INSTRUMENTS 
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TM124BBK32F, TM124BBK32U 1048576 BY 32-BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32-BIT DYNAMIC RAM MODULE 

• Organization 
TM124BBK32F ••• 1 048 576 x 32 
TM248CBK32F ••• 2 097 152 x 32 

• Single 5N Power Supply (:10% Tolerance) 

• 72-Pln Single·ln-Une Memory Module 
(SIMM) for Use With Socket 

• TM124BBK32F - Utilizes Two 16-Megablt 
DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages 

• TM248CBK32F - Utilizes Four 16-Megablt 
DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines In Four Blocks 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

TM124BBK32F 

SMMS649A- DECEMBER 1994 - REVISED JUNE 1995 

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 
IRAC tAA teAC WRITE 

CYCLE 
(MAX) (MAX) (MAX) (MIN) 

'124BBK32F-60 60 ns 30 ns 15 ns 110 ns 
'124BBK32F·70 70ns 35 ns 18 ns 130 ns 
'124BBK32F-8O 80 ns 40 ns 20 ns 150 ns 
'248CBK32F-60 60 ns 30 ns 15 ns 110 ns 
'248CBK32F-70 70 ns 35 ns 18 ns 130 ns 
'248CBK32F-8O 80 ns 40 ns 20 ns 150 ns 

• Low Power Dissipation 
• Operating Free-Air Temperature Range 

O·Cto 70·C 

• Gold-Tabbed Versions Avallable:t 
- TM124BBK32F 
- TM248CBK32F 

• TIn-Lead (Solder) Tabbed Versions 
Available: 
- TM124BBK32U 
- TM248CBK32U 

The TM124BBK32F is a 32-megabit dynamic random-access memory (DRAM) organized as four times 
1048576 x 8 in a 72-pin SIMM. The SIMM is composed of two TMS418160DZ, 1 048576 x 16-bit DRAMs, each 
in a 42-lead plastic SOJ package mounted on a substrate with decoupling capacitors. The TMS418160DZ is 
described in the TMS418160 data sheet. The TM124BBK32F SIMM is available in the single-sided BK-Ieadless 
module for use with sockets. 

TM248CBK32F 

The TM248CBK32F is a 64-megabit DRAM organized as four times 2 097 152 x 8 in a 72-pin SIMM. The SIMM 
is composed of four TMS418160DZ, 1 048576 x 16-bit DRAMs, each in a 42-lead plastic SOJ package 
mounted on a substrate with decoupling capacitors. The TMS418160DZ is described in the TMS418160 data 
sheet. The TM248CBK32F SIMM is available in the double-sided BK-Ieadless module for use with sockets. 

operation 

The TM 124BBK32F operates as two TMS418160DZs connected as shown in the functional block diagram and 
Table 1. The TM248CBK32F operates as four TMS418160DZs connected as shown in the functional block 
diagram and Table 1. The common I/O feature dictates the use of early-write cycles to prevent contention on 
Dand Q. 

t Part numbers In this data sheet are for the gold-tabbed version; the information applies to both gold·tabbed and solder-tabbed versions. 

PRODUCTION DATA Informotlon Ia current. 01 publlCltlon d.... Copyright C> 1995. Texas Instruments Incorporated 
__ conform to I"clftcatl ... PI' the" .... 01 T ... llnltrumenll ~ 
_dord wornnty. Production procOlllng _not noCHllrily Incl"do 'l UEXAS 
IIIUng 01111 "rmot ..... 

INSTRUMENTS 
POST OFFICE BOX 1443' HOUSTON. TEXAS n251-1443 6·39 



TM124BBK32F, TM124BBK32U 1048576 BY 32-BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32 .. BITDYNAMICRAM MODULE 

SMMS849A-OECEMBER 1994 - REVISED JUNE 1995 

BK SINGLE-IN-UNE MEMORY MODULE 
(TOP VIEW) 

TM124BBK32F 
(SIDE VIEW) 

TM248CBK32F 
(SIDE VIEW) 

Ves c:::> 1 CD 
DQO c:::> 2 

DOl. c:::> 3 
DOl c:::> 4 

D017 c:::> 5 
DQ2 c:::> • 

DOl. c:::> 7 
DQa c:::> 8 

D018 c:::> 8 
Veo c:::> 10 

NO c:::> 11 
NI c:::> 12 
AI c:::> 13 
AI c:::> 14 
A3 c:::> 15 
A4 c:::> I' 
AS c:::> 17 
AS c:::> I. 
NO c:::> 18 

DQ4 c:::> 20 
DOlO c:::> 21 

DQ5 c:::> 22 
0021 c:::> 23 
DQ8 c:::> 24 

DQ22 c:::> 25 
DQ7 c:::> 28 

DQ23 c:::> ~ 
A7 c:::> 28 
NC c:::> 28 

Veo c:::> 30 
AS c:::> 31 
AS c:::> 32 

ilAS3 c:::> 33 
RAS2 c:::> 34 

NC c:::> 36 
NC c:::> 38 

NC c:::> 37 
NC c:::> 38 

VSS c:::> 38 
CABO c:::> 40 
CAS2 c:::> 41 
CASi c:::> 42 
CAS1 c:::> 43 
~ c:::> 44 
RASI c:::> 45 

NC c:::> 48 
Vi c:::> 47 

NC c:::> 48 
DQ5 c:::> 48 

DQ24 c:::> 60 
DOlI c::::> 51 

D025 c:::> 62 
DOlO c:::> 53 
DQ28 c:::> 54 
DOl1 c:::> 55 
DQ27 c:::> 58 
D012 c:::> 57 
DQ28 c:::> 58 
VCC c:::> 611 

DQ28 c:::> 80 
D013 c:::> 81 
DQ30 c:::> 62 
D014 c:::> 83 
DQ31 c:::> 84 
D015 c:::> 86 n NC c:::> 88 

PDl c:::> 87 
POI c:::> 58 
PD3 c:::> 118 
P04 c:::> 70 CD NC c:::> 71 
VSS c:::> 72 

~ 
~ 

o ~ 

PIN NOMENCLATURE 

AO-A9 
CASO-CAS3 
OQO-OQ31 
NC 
P01- P04 
RASO-RAS3 

VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data InIOata Out 
No Connection 
Presence Detects 
Row-Address Strobe 
5-V Supply 
Ground 
Writs Enable 

PRESENCE DETECT 

SIGNAL 
. (PIN) 

TM124BBK32F 

TM24SCBK32F 

~/;a . 
~1ExAs .. 
INSTRUMENTS 

80ns 

70ns 

80ns 

80ns 

70ns 

60ns 

PD1 
(67) 

VSS 

Vss 

. Vss 
NC 

NC 

NC 

PD2 PD3 
(68) (69) 

VSS NC 

VSS Vss 

Vss NC 

NC NC 

NC Vss 

NC NC 

POST OFRCE sox 1443 • HOUSTON; TEXAS 77251-1443 

PD4 
(70) 

VSS 
NC 

NC 

Vss 
NC 

NC 



TM124BBK32F, TM124BBK32U 1048576 BY 32·BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32·BIT DYNAMIC RAM MODULE 

SMMS649A- DECEMBER 1994 - REVISED JUNE 1885 

Table 1. Connection Table 

RASx 
CASx OATABLOCK 

SIOE2t SIDE 1 

DQO-007 RASO RASl CASO 

008-0015 RASO RASl CASf 
ooI8-DQ23 RAS2 AAS3 CAS2 

DQ24-DQ31 RAS2 RAS3 CAS3 
t Side 2 applies to the TM248CBK32F only. 

slngl.ln.llne memory module and components 

PC substrate: 1,27 z 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM124BBK32F and TM248CBK32F: Nickel plate and gold plate over copper 
Contact area for TM124BBK32U and TM248CBK32U: Nickel plate and tin/lead over copper 

functional block diagram (TM124BBK32F and TM248CBK32F, side 1) 
AD_AS __ 1-_1~O~ ________________________ --, 

fiDO 

w~+-----------------~--------~ 

00-07 

08-015 

functl9nal block diagram (TM248CBK32F, side 2) 
AD-AS __ 1-.... 1~O~ ________________________ ----. 

RAS1 

W~;-----------------------------. 

08-015 

DO-07 

~TEXAS . 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 

018-023 

024-031 

024-031 

016-023 

6-41 



TM124BBK32F, TM124BBK32U 1048.576 BY 32.;BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32·BIT DYNAMIC RAM MODULE 

SMMS849A- DECEMBER 1884 - REVISED JUNE 1995 

absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) •.•..•.•••••..•.•.•...••••••••••••••.••..••••• - 1 V to 7 V 
Voltage range on any pin (see Note 1) ............................... ;................. - 1 V to 7 V 
Short-circuit output currer'lt ..•••••••.•.••••••••.•.....•••.••••••••.•••.••..••••••••••••••.• 50 mA 
Power dissipation: TM124BBK32F, TM124BBK32U .... ; .................................... 2W 

TM248CBK32F, TM248CBK32U ..•.....•.••.••••••••••••••••••••••.••••• 4 W 
Operating free-air temperature range, TA ................................... , .. .. .. .... O°C to 70·C 
Storage temperature range, Tstg ••••••••••.•.••••••••••••• ~ • . • • • • • • • • • • • • • • • • • • • •• - 55°C to 125°C 

t StreaMs beyond those listed under "absolute maxlmum ratings" may cause permanent damage to the dilvlce. These ere stress ratinge only, and 
functional operallon of the devlce at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect devlce reliability. 
N~ 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vcc Supply voltage 4.5 5 5.5 V 

VIH High-levallnput voltage 2.4 8.5 V 

VIL Low-Ieval input voltage (sea Note 2) -1 0.8 V 

TA Operallng fres-alr temperalure 0 70 OC 
. .. NOTE 2: The algebraic convantion, where the more negatIVe (less positive) limit IS deSignated as minimum, Is used for logic-voltage levels only • 

electrical characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) 

PARAMETER 

VOH High-level output voltage 

VOL Low-Ieval output voltage . 

II Input currant ~eakage) 

10 Output currant Oeakage) 

ICC1 
Read- or write-cycle 
current 

ICC2 Standby current 

1CC3 
Average refresh current 
~ only or CBR) 

1CC4 Avarage page currant 

TEST CONDITIONS 
'124BBK32F·60 

MIN 

IOH=-5mA 2.4 

IOL-4.2mA 

VCC = 5.5 V, VI =OVto8.5V, 
All other pins = 0 V to VCC 

VCC.- 5•5V, 
VO·OVtciVCC, 
CAS high 

VCC-5.5V, Minimum cycle' 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 
RAS and CAS high 

VIH • VCC - 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 

VCC=5.5V, Minimum cycle, 
RAScycllng, 
CAS high (RAS only); 
RAS loW after CAS low (CBR) 

VCC-5.5V, tpC" MIN, 
AASlow, CAS cycling 

~TEXAS' 
INSTRUMENTS 

MAX 

0.4 

:010 

:010 

180 

4 

2 

180 

180 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

'124BBK32F· 70 '124BBK32F·80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:010 :010 

"'" 
:010 :010 

"'" 
180 140 mA 

4 4 mA 

2 2 mA 

160 140 mA 

160 140 mA 



TM124BBK32F, TM124BBK32U 1048576 BY 32-BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32-BIT DYNAMIC RAM MODULE 

SMMS649A - DECEMBER 1994 - REVISED JUNE 1995 

electrical characteristics over recommended ranges 01 supply voltage and operating free-air 
temperature (unless otherwise noted)t 

'248CBK32F ·60 '248CBK32F·70 '248CBK32F·80 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN 

VOH 
High-level output 

IOH=-5mA 2.4 2.4 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 0.4 voltage 

II 
Input current (leak- Vee = 5.5 V, VI = OVto 6.5 V, :1:10 :1:10 age) All other pins = 0 V to Vee 

10 
Output current Vec = 5.5 V, :1:20 :1:20 (leakage) Vo = 0 V to VCC, CAS high 

ICC1 
Read· or wrlte-cycle 

VCC=5.5V, Minimum cycle 184 164 current (see Note 3) 

VIH = 2.4 V (TTL), 
After 1 memory cycle. 8 8 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle, 4 4 
RAS and CAS high 

Average refresh 
VCC = 5.5 V, Minimum cycle, 
RAScycling. 

ICC3 current (RAS only or 
CAS high (RAS only); 

360 320 
CBR) (see Note 3) 

RAS low after CAS low (CBR) 

ICC4 
Average page current VCC=5.5V. tPC= MIN. 184 164 (see Note 4) RASlow. CAS cycling 

.. .. t For test conditions shown as MINIMAX, use the appropnate value specified under recommended operating conditions . 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while CAS = VIH 

MAX 

0.4 

:1:10 

:1:20 

144 

8 

4 

280 

144 

UNIT 

V 

V 

"'" 
"'" 
mA 

mA 

mA 

mA 

mA 

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

PARAMETER 

CIIA) Input capacitance, AO-AS 

CI(R) Input capacitance. RAS inputs 

CIIC) Input capacitance, CAS inputs 

Ci(W) Input capacitance. W 

Co(OO) Output capacitance on 000-0031 

NOTE 5: VCC = 5 V:I: 0.5 V. and the bias on pins under test is 0 V. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS n251-1443 

'124BBK32F '248CBK32F 
UNIT 

MIN MAX MIN MAX 

10 20 pF 

7 7 pF 

7 14 pF 

14 28 pF 

7 14 pF 

6-43 



TM124BBK32F, TM124BBK32U 1048576 BY 32-BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32·BIT DYNAMIC RAM MODULE 

SMMS849A- DECEMBER 1994 - REVISED JUNE 1995 

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

'124BBK32F-60 '124BBK32F-70 '124BBK32F-60 
PARAMETER '248CBK32F-60 '248CBK32F -70 '248CBK32F-60 UNIT 

MIN MAX MIN MAX MIN MAX 

tAA Access time from column address 30 35 40 ns 

teAC Access time from CAS low 15 18 20 ns 

tRAC Access time from RAS low 60 70 80 ns 

tePA Access time from column precharge 35 40 45 ns 

teLZ CAS to output In low-Impedance state 0 0 0 ns 

!oH Output disable time from start of CAS high 3 3 3 ns 

!oFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: !oFF Is specified when the output Is no longer driven. 

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

'124BBK32F-60 
'248CBK32F-60 

MIN MAX 

IRc Cycle time, random read or write (see Note 7) 110 

tRWC Cycle time, read-write 155 

tpc Cycle time, page-mode read or write (see Notes 7 and 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

tCAS Pulse duration, CAS low 15 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

tOWl Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

teAH Hold time, column address after CAS low 10 

tRHCP Hold time, RAS high from CAS precharge 35 

tOH Hold time, data after CAS low 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

NOTES: 7. All cycles assume IT = 5 ns. 

6-44 

8. To assure tpc min, tASC should be :. tcp. 
9. Either tRRH or tRCH must be satisfied for a read cycle. 

~1ExAS 
INSTRUMENTS 
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'124BBK32F -70 '124BBK32F-60 
'248CBK32F -70 '248CBK32F-60 UNIT 

MIN MAX MIN MAX 

130 150 ns 

181 205 ns 

45 50 ns 

70 100000 80 100000 ns 

70 10000 60 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 
10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 

15 15 ns 

40 45 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 0 ns 



TM124BBK32F, TM124BBK32U 1048576 BY 32·BIT DYNAMIC RAM MODULE 
TM248CBK32F, TM248CBK32U 2097152 BY 32·BIT DYNAMIC RAM MODULE 

SMMS649A- DECEMBER 1994 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature (continued) 

'124BBK32F-60 '124BBK32F-70 
'248CBK32F-60 '248CBK32F -70 

MIN MAX MIN MAX 

twCH Hold time, W low after CAS low 10 15 

twRH Hold time, W high after RAS low (CBR refresh only) 10 10 

leHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 

leRP Delay time, CAS high to RAS low 5 5 

leSH Delay time,RAS low to CAS high 60 70 

leSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 15 35 

tRAL Delay time, column address to RAS high 30 35 

leAL Delay time, column address to CAS high 30 35 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 20 52 

tRPC Delay time, RAS high to CAS low (CBR only) 0 0 

tRSH Delay time, CAS low to RAS high 15 18 

tREF Refresh time interval 16 16 

IT Transition time 3 30 3 30 

NOTE 10: The maximum value IS specified only to assure access time. 

device symbolization (TM124BBK32F Illustrated) 

o [:::::::~::::] [::::::::::::::] 0 

YY = Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS = Speed Code 

NOTE: Location of symbolization may vary. 

~TEXAS 
INSTRUMENTS 
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'124BBK32F-80 
'248CBK32F -80 UNIT 

MIN MAX 

15 n8 

10 n8 

10 n8 

5 n8 

80 n8 

5 ns 
15 40 ns 
40 ns 
40 ns 
20 60 n8 

0 n8 

20 na 

16 ma 

3 30 na 
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• Organization ••. 4194304 x 32 
• Single 5-V Power Supply (:t10% Tolerance) 

• 72-Pln Slngle-ln-Llne Memory Module 
(SIMM) for Use With Sockets 

• Utilizes Eight 16-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages 

• Long Refresh Period 
32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines In Four Blocks 

• Enhanced Page Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

TM497BBK32, TM497BBK32S 
4194304 BY 32·BIT 

DYNAMIC RAM MODULE 
SMMS433B - JANUARY 1993 JUNE 1995 

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 
TIME TIME TIME WRITE 
tRAC tAA teAC CYCLE 

(MAX) . (MAX) (MAX) (MIN) 

'497BBK32-60 60 ns 30 ns 15 ns 110 ns 
'497BBK32-70 70 ns 35 ns 18 ns 130 ns 
'497BBK32-80 80 ns 40 ns 20 ns 150 ns 

• Low Power Dissipation 
• Operating Free-Alr-Temperature Range 

O°C to 70°C 

• Gold-Tabbed Version Avallable: t 
TM497BBK32 

• Tin-Lead (Solder) Tabbed Version 
Available: TM497BBK32S 

The TM497BBK32 is a 16M-byte dynamic random-access memory (DRAM) organized as four times 4194304 
x 8 in a 72-pin leadless single-in-line memory module (SIMM). The SIMM is composed of eight TMS417400DJ, 
4194304 x 4-bit DRAMs, each in 24/26-lead plastic small-outline J-Iead (SOJ) packages mounted on a 
substrate with decoupling capacitors. The TMS417400DJ is described in the TM$417400 data sheet. 

The TM497BBK32 SIMM is available in the single-sided BK leadless module for use with sockets. The 
TM497BBK32 SIMM features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for 
operation from O°C to 70°C. 

operation 

The TM497BBK32 operates as eight TMS417 400DJs connected as shown in the functional block diagram and 
Table 1. The common I/O feature dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

The refresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

power up 

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

t Part numbers in this data sheet are for the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 

PRODUC11ON DATA .lnfonnaa .. 10 currtlll II of pubilCla .. _ Copyright C> 1995. Texas Instruments Incorporated 
Proclucll ccnform to opeclftCllIo .. ptI tht Itrm. of T,_lnolrum,ntt ~ 
I1Indani .. mnty. ProdUCllon proctIIIng - not _~Iy Include II T.EXAS 
ttoang of III 111- IJ 

INSTRUMENTS 
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TM497BBK32, TM497BBK32S 
4194304 BY 32-BIT 
DYNAMIC RAM MODULE 
SMMS433B- JANUARY 1993 - REVISED JUNE 1995 

VSS 
DQO 

0018 
001 

0017 
002 

0018 
003 

0018 
VCC 

NC 
AD 
Al 
A2 
A3 
A4 
AS 
AS 

Al0 
DQ4 

0020 
DQ5 

0021 
Doe 

DQ22 
007 

DQ23 

A7 
NC 

VCC 
AS 
AS 
NC 

RAS2 
NC 
NO 

NO 
NC 

Vss 
CASO 
CAS2 
CAS3 
CASI 
RASO 

NO 
NO 
iN 

NC 
008 

D024 
DQg 

D025 
DQ10 
DQ28 
DQ11 
D027 
DQ12 
D028 
Vee 

DQ28 

0013 
DQ30 

0014 
0031 
0015 

NO 
PDl 
PD2 
PD3 
PD4 
NO 

Vss 

BK SINGLE-IN-UNE PACKAGE 

(TOP VIEW) 

~1 
~2 
~3 
~4 
~5 
~8 
~7 
~8 
~8 
~10 
~ 11 
~12 
~13 
~ 14 
~ 15 
~18 
~ 17 
~18 
~19 
~20 
~21 
~ 22 
~23 
~24 
~25 
~·28 

~27 
~28 
~28 
~30 
~31 
~32 
~33 
~34 
~35 
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~37 
~38 
~ 39 
~40 
~41 
~ 42 
~ 43 
~ 44 
~45 
~48 
~47 
~48 
~48 
~ 50 
~51 
~52 
~53 
~54 
~ 65 
~ 68 
~ 57 
~ 68 
~ 68 
~ 80 
~ 81 
~ 82 
~ 83 
~ 84 
~66 
~ae 
~87 
~ae 
~ae 
~ 70 
~71 
~ 72 

e 

D 
D 
D 
D 

D 
D 
D 
D 

(SIDE VIEW) 

PIN NOMENCLATURE 

AO-A10 
CASO-CAS3 
000-0031 
NC 
P01-P04 
RASO, RAS2 

VCC 
VSS 
Vi 

Address Inputs 
Column-Address Strobe 
Data In/Data Out 
No Connection 
Presence Detects 
Row-Address Strobe 
5-VSupply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

80 ns 

TM497BBK32 70ns 

60 ns 

~TEXAS 
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PD1 
(67) 

VSS 

VSS 

Vss 

PD2 PD3 
(68) (69) 

NC NC 

NC VSS 

NC NC 
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PD4 
(70) 

VSS 

NC 

NC 



TM497BBK32,TM497BBK32S 
4194304 BY 32·BIT 

DYNAMIC RAM MODULE 
SMM&I33B- JANUARY 1893 - REVISED JUNE 1885 

Table 1. Connection Table 

DATA BLOCK RASX CASx 
000-DQ7 RASa ~ 

008-0015 RASa CAS1 

0016-0023 RAS2 CAS2 
oo24-DQ31 RAS2 CAS! 

slngl"'n ... lne memory module and components 

PC substrate: 1 ,27 :t 0,1 mm (0.05 Inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM497BBK32: Nickel plate and gold plate over copper 
Contact area for TM497BBK32S: Nickel plate and tin-lead over copper 

-!!11ExAs 
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; I functional block diagram 
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TM497BBK32, TM497BBK32S 
4194304 BY 32·BIT 

DYNAMIC RAM MODULE 
SMMS433B - JANUARY 1993 -,REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Short-circuit output current .......................................•..•...•.••.•..•......... SO rnA 
Power dissipation ..•........................................•.........•.................... 8 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - SS·C to 12S·C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operatlng conditions" Is not 
Implied. Exposura to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. NOTE 2: The algebraiC convention. where the more negative Oess positive) limit IS designated as minimum. IS used for logIC-voltage levels only • 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'497BBK32-60 '497BBK32-70 '497BBK32-80 
PARAMETER TEST CONDITIONS; 

MIN MAX MIN MAX MIN 
VOH High-level output voltage IOH=-5mA 2.4 2.4 2.4 

VOL Low-level output voltage IOL=4.2mA 0.4 0.4 

II Input current (leakage) VCC=5.5V, VI = 0 V to 6.5 V, ",SO ",SO 
All others = 0 V to VCC 

10 Output current (leakage) ~=5.5V, Vo = OVtoVCC, ",10 ",10 
CAS high 

ICC1 
Read- or write-cycle current 

VCC = 5.5 V, Minimum cycle 880 800 (see Note 3) 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 16 16 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle, 8 8 
RAS and CAS high 

Average refresh current ~=5.5V, Minimum cycle, 

ICC3 (RAS only or CBR) RAScycling, CAS high 880 800 (RASonly); RAS low after (see Note 3) 
CAS low (CBR) 

ICC4 
Average page current ~=5.5V, tpc = MIN, 

560 480 (see Note 4) RASlow, CAS cycling * For test conditions shown as MIN/MAX. use the appropriate value specified under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while ~ = VIH 

~TEXAS 
INSTRUMENTS 
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MAX 

0.4 

",SO 

",10 

720 

16 

8 

720 

400 

UNIT 

V 

V 

JIA 

JIA 

mA 

rnA 

rnA 

mA 

mA 

6-51 



TM497BBK32, TM497BBK32S 
4194304 BY 32·BIT 
DYNAMIC·RAM MODULE 
SMMS433B- JANUARY' 1993 - REVISED JUNE 1995 

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

, PARAMETER MIN MAX UNIT 

CiIA) Input capacHance, address Inputs 40 pF 

CICR) Input capacitance, RAS Inputs 28 pF 

C1(C) Input capacHance, CAS Inputs 14 pF 

Clcw) Input capacHance, write-enable Input 56 pF 

CoCOa) Output capacitance on DO pins 7 pF 

NOTE 5: VCC = 5 V :t 0.5 V, and the bias on pins under test is 0 V. 

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

'497BBK32-60 '497BBK32·70 '497BBK32-80 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tAA Access time from column address 30 35 40 ns 

teAC Access time from CAS low 15 18 20 ns 

tePA Access time from column precharge 35 40 45 ns 

tRAC Access time from RAS low 80 70 80 ns 

tCLZ CAS to output in low-impedance state 0 0 0 ns 

tOH Output disable time from start of CAS high 3 3 3 ns 

tOFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: toFF IS specified when the output IS no longer driven. 

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

'497BBK32-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc Cycle time, page-mode read or wrHe (see Notes 7 and 8) 40 

tRASP Pulse duration, page-mode, RAS low 60 100000 

tRAS Pulse duration, non-page-mode, RAS low 60 10000 

tCAS Pulse duration, CAS low 15 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data .before CAS low 0 

tRCS Setup time, W high before CAS low 0 

tCWL Setup time, W-Iow before CAS high 15 

tRWL Setup time, W-I.owbefore RAS high 15 

twcs . Setup time, W-Iow before CAS low 0 

twRP Setup time, W-high before RAS low (CBR refresh only) 10 

NOTES: 7. All cycles assume IT = 5 ns. 

6-52 

8. To assure tpc min, tASC should be :. tCp. 
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'497BBK32·70 '497BBK32-80 
UNIT 

MIN MAX MIN MAX 

130 150 ns 

45 50 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 



TM497BBK32, TM497BBK32S 
4194304 BY 32-BIT 

DYNAMIC RAM MODULE 
SMMS433B - JANUARY 1993 - REVISED JUNE 1995 

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

'497BBK32-60 '497BBK32·70 

MIN MAX MIN MAX 

teAH Hold time, column address after CAS low 10 15 

tRHCP Hold time, RAS high from CAS precharge 35 40 

tDH Hold time, data after CAS low 10 15 

tRAH Hold time, row address after RAS low 10 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 0 

twCH Hold time, W low after CAS low 10 15 

twRH Hold time, W high after RAS low (CBR refresh only) 10 10 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 

teRP Delay time, CAS high to RAS low 5 5 

teSH Delay time, RAS low to CAS high 60 70 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 15 35 

tRAL Delay time, column address to RAS high 30 35 

teAL Delay time, column address to CAS high 30 35 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 20 52 

tRPC Delay time, RAS high to CAS low (CBR only) 0 0 

tRSH Delay time, CAS low to RAS high 15 18 

tREF Refresh time interval 32 32 

lIT Transition time 3 30 3 30 

9. Either tRRH or IRCH must be satisfied for a read cycle. 
10. The maximum value is specified only to assure access time. 

device symbolization 

00000 00000 
TM497BBK32 

yy VearCode 

MM Month Code 

T Assembly Site Code 

-SS Speed Code 

NOTE: The location of the part number may vary. 

~TEXAS 
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'497BBK32-80 
UNIT 

MIN MAX 
15 ns 

45 ns 

15 ns 

10 ns 

0 ns 

0 n8 

15 ns 

10 n8 

10 n8 

5 n8 

80 ns 

5 ns 

15 40 ns 

40 ns 

40 ns 

20 60 n8 

0 n8 

20 ns 

32 ms 

3 30 ns 
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• Organization 
TM893CBK32 ••. 8388608 )( 32 Bit 

• Single S-V Power Supply (:1:10% Tolerance) 
• 72-Pln, Leadless Single In-Line Memory 

Module (SIMM) for Use With Sockets 

• TM893CBK32 - Utilizes Sixteen 16-Megablt 
Dynamic RAMs In Plastic Smail-Outline 
J-Lead (SOJ) Packages 

• Long Refresh Period 
32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Eight Common 

Data-In and Data-Out Unes In Four Blocks 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

TM893CBK32, TM893CBK32S 
8388608 BY 32·BIT 

DYNAMIC RAM MODULE 
SMMS652A-

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ 
TIME TIME nME OR 

'RAC tAA tcAC WRITE 
CYCLE 

(MAX) (MAX) (MAX) (MIN) 

'893CBK32-60 60 ns 30 ns 15 ns lIOns 
'893CBK32-70 70 ns 35 ns 18 ns 130 ns 
'893CBK32-80 80 ns 40 ns 20 ns 150ns 

• Low Power Dissipation 
• Operating Free-Alr-Temperature Range 

O°C to 70°C 

• Gold-Tabbed Versions Avallable: t 
TM893CBK32 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

TM893CBK32S 

The TM893CBK32 is a 32-megabyte, dynamic random-access memory organized as four times 8388608 )( 8 
bits in a 72-pin,leadless single in-line memory module (SIMM). The SIMM is composed of 16 TMS417400DJ, 
4194304 )( 4-bit dynamic RAMs, each in 24/26-lead plastic small-outline J-Iead (SOJ) packages mounted on 
a substrate with decoupling capacitors. The TMS417400DJ is described in the TMS417400 data sheet. The 
TM893GBK32 SIMM is available in the double-sided BK leadless module for use with sockets. 

operation 

The TM893GBK32 operates as sixteen TMS417400DJs connected as shown in the functional block diagram 
and Table 1. The common I/O feature dictates the use of early-write cycles to prevent contention on 0 and a. 

refresh 

The refresh period is extended to 32 ms, and during this period each of the 2048 rows must be strobed with RAS 
to retain data. To conserve power, CAS can remain high during the refresh sequence. 

power up 

To achieve proper operation, an initial pause of 200 !lS followed by a minimum of eight initialization cycles is 
required after full Vee level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or GBR) cycle. 

t Part numbers in this data sheet are for the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 

~TEXAS 
INSTRUMENTS 
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8388608 BY 32-BIT 
DYNAMIC RAM MODULE 
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BK SINGLE-IN-LlNE PACKAGE 

(TOP VIEW) 

~ 
0018 
001 

0017 
002 

0018 
DOG 

0018 

V28 
AO 
AI 
A:l 
/<OJ 
A4 
A6 
AS 

Al0 
D04 

DQ20 
DQ5 

0021 
DQ5 

DQ22 
007 

DQ23 
A7 
NC 

VCC 
AS 

~ 
NC 
NC 

NC 

Is~ 

1& 
~ 
BA§Q 
RASI 

~ 
NC 

008 
0024 
DQ8 

0Cl2$ 
0010 
0Q28 
0011 
D027 
0012 
DQ28 
VCC 

0Q28 
0013 
0Q30 
OQ14 
DOGI 
0015 

NC 
POI 
PD2 
PD3 
PD4 
NC 

VSS 

D 
D 
D 
D 
D 
D 
D 
D 

TM893CBK32 

(SIDE VIEW) 

PIN NOMENCLATURE 

AO-Al0 
CASO-CAS3 
000-0031 
NC 
P01-P04 
RASO-RAS3 

VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data InJData Out 
No Connection 
Presence Detects 
Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL (PIN) 
POl PD2 PD3 
(67) (68) (69) 

80 ns 

TM893CBK32 70 ns 

60ns 
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NC VSS NC 

NC VSS VSS 

NC VSS NC 
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PD4 
(70) 

VSS 

NC 

NC 



TM893CBK32, TM893CBK32S 
8388608 BY 32·BIT 

DYNAMIC RAM MODULE 
SMMS652A- FEBRUARY 1995 - REVISED JUNE 1995 

Table 1. Connection Table 

RASx 
CASi DATA BLOCK 

SIDE 1 SIDE 2 

000-007 RASO RAS1. CASO 

008-0015 RASO RAS1 CAS1 

0016-0023 RAS2 RAS3 CAS2 
0024-0031 RAS2 RAS3 CAS3 

single In-line memory module and components 

PC substrate: 1,27 :i: 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM893CBK32: Nickel plate and gold plate over copper 
Contact area for TM893CBK32S: Nickel plate and tin-lead over copper 

~TEXAS 
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functional block diagram (side 1) 
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functional block diagram (side 2) 
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TM893CBK32, TM893CBK32S 
8388608 BY 32-BIT 

DYNAMIC RAM MODULE 
SMMS652A- FEBRUARY 1995 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Voltage range on Vee (see Note 1) .................................................. -1 Vto 7V 
Voltage range on any pin (see Note 1) ..................... ,........................... - 1 V to 7 V 
Short-circuit output current ...•............................................................ 50 mA 
Power dissipation (TM893CBK32) .......................................................... 16 W 
Operating free-air temperature range, TA .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - 55·C to 125·C 

t Stresses beyond those listed under "absolute meximum ratings' may cause permanent damage to the device. These are strass ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-meximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-l#IVellnput voltage (see Note 2) -1 0.6 V 

TA Operating free-air temperature 0 70 ·C 

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

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'S93BBK32-60 
PARAMETER TEST CONDITIONS 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage 10L= 4.2 mA 0.4 

II Input current (leakage) VCC = 5.5 V, VI =OVt06.5V, 
:020 

All others = 0 V to VCC 

10 Output current (leakage) 
VCC = 5.5 V, Vo = OVtoVCC, 

:020 
CAS high 

ICC1 
Read or write cycle current 

VCC=5.5V, Minimum cycle 896 (see Note 3) 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 32 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS), 
After 1 memory cycle, 16 
RAS and CAS high 

Average refresh current 
VCC = 5.5 V, Minimum cycle, 

ICC3 (RAS only or CBR) 
RAScycling, 

1760 
(see Note 3) CAS high (RAS only); 

RAS low after CAS low (CBR) 

ICC4 
Average page current VCC=5.5V, tpc = Minimum, 

576 (see Note 4) RAS low, CAS cycling 

NOTES: 3. Measured With a mexlmum of one address change while RAS = VIL 
4. Measured with a meximum of one address change while CAS = VIH 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 

'893BBK32-70 'S93BBK32-80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:020 :020 I1A 

:020 :020 I1A 

816 736 mA 

32 32 mA 

16 16 mA 

1600 1440 mA 

496 416 mA 

6-59 



TM893CBK32, TM893CBK32S 
8388608 BY 32·BIT 
DYNAMIC RAM MODULE 
SMMS652A- FEBRUARY 1995 - REVISED JUNE 1995 

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

'893CBK32 
PARAMETER UNIT 

MIN MAX 

CIIA} Input capacitance, AO-A 10 80 pF 

CI(R) Input capacitance, RAS Inputs 28 pF 

CIIC} Input capacitance, CAS inputs 28 pF 

CiCWl Input capacitance, W 112 pF 

Co(OO) Output cepacitance on DQ pins 14 pF 

NOTE 5: VCC = 5 V:I: 0.5 V and the bias on pins under test is 0 V. 

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

'893CBK32-60 '893CBK32-70 '893CBK32-60 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tM Access time from column-address 30 35 .40 ns 

teAC Access time from CAS low 15 18 20 ns 

tCPA Access time from column precharge 35 40 45 ns 

tRAC Access time from RAS low 60 70 80 ns 

tCLZ CAS to output In the low-impedance state 0 0 0 ns 

tOH Output disable from start of CAS high 3 3 3 ns 

tOFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: tOFF IS speCIfied when the output IS no longer driven. 

timing requirements over recommended ranges of supply voltage and operatln.g free-air 
temperature 

'893CBK32-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc Cycle time, page-mode read or write (see Notes 7 and 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, non page mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tcp Pulse duration, CAS high (precharge) 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before (precharge) CAS low 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

NOTES: 7. All cycles assume IT = 5 ns. 

6-60 

8. To assure tpc min, tASC should be ,. tep. 

~lExAs 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 

'893CBK32-70 '893CBK32-80 
UNIT 

MIN MAX MIN MAX 

130 150 ns 

45 50 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 
10 10 ns 

0 0 ns 

0 0 ns 
0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 



TM893CBK32, TM893CBK32S 
8388608 BY 32-BIT 

DYNAMIC RAM MODULE 
SMMS852A- FEBRUARY 1995 - REVISED JUNE 1995 

tImIng requIrements over recommended ranges of supply voltage and operatIng free-aIr 
temperature (Concluded) 

'893CBK32-80 

MIN MAX 

leAH Hold time, column address after CAS low 10 

tDH Hold time, data after CAS and W low 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

tRHCP Hold time, RAS high from CAS precharge 35 

twCH Hold time, W low after CAS low 10 

!wAH Hold time, W high after RAS low (CBR refresh only) 10 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 

teRP Delay time, CAS high to RAS low 5 

teSH Delay time, RAS low to CAS high 60 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 

tRAD Deiay time, RAS low to column address (see Note 10) 15 30 

tRAl Delay time, column address to RAS high 30 

teAL Delay time, column address to CAS high 30 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 

tRPC Delay time, RAS high to CAS low (CBR refresh only) 0 

tRSH Delay time, CAS low to RAS high 15 

tREF Refresh time interval 32 

IT Transition time 3 30 

NOTES: 9. Either IRRH or tRCH must be satisfied for a read cycle. 
10. The maximum value is spacified only to assure access time. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

'893CBK32·70 '893CBK32-80 
UNIT 

MIN MAX MIN MAX 
15 15 ns 
15 15 ns 
10 10 ns 

0 0 nB 

0 0 ns 
40 45 ns 
15 15 ns 
10 10 ns 
10 10 ns 
5 5 ns 

70 80 ns 
5 5 nB 

15 35 15 40 ns 
35 40 ns 
35 40 ns 
20 52 20 60 ns 
0 0 ns 

18 20 ns 
32 32 ms 

3 30 3 30 ns 

6-81 



TM893CBK32, TM893CBK32S 
8388608 BY 32·BIT 
DYNAMIC RAM MODULE 
SMMS652A- FEBRUARY 1995 - REVISED JUNE 1995 

6·62 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n2S1-1443 



TM124MBK36B, TM124MBK36R 1048576 BY 36-BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 

• Organization 
TM124MBK36B ••• 1 048 576 x 36 
TM248NBK36B ••• 2 097152 x 36 

• Single SOV Power Supply (:t10% Tolerance) 

• 72-pln Leadless Single In-Line Memory 
Module (SIMM) for Use With Sockets 

• TM124MBK36B-Utll1zes Eight 4-Megablt 
DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages and One 4-Megablt 
Quad-CAS DRAM In a Plastic Smail-Outline 
J-Lead (SOJ) Package 

• Presence Detect 

• Performance Ranges: 
ACCESS ACCESS ACCESS 

TIME TIME TIME 
'RAC tAA teAC 

(MAX) (MAX) (MAX) 

'124MBK36B-60 60 ns 30 ns 15 ns 

'124MBK36B-70 70 ns 35 ns 1808 
'124MBK36B-60 60 ns 40 n8 20 n8 

'248NBK36B-60 60ns 30 n8 1508 

'248NBK36B-70 70 ns 35 ns 18 n8 

'248NBK36B-60 80 ns 40 ns 2008 

• Low Power Dissipation 

READ 
OR 

wRrrE 
CYCLE 
(MIN) 

110 ns 

130 08 
150 n8 

11008 

130 n8 
150 08 • TM248NBK36B-Utll1zes Sixteen 4-Megablt 

DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages and Two 4-Megablt 
Quad-CAS DRAMs In Plastic Smail-Outline 
J-Lead (SOJ) Packages 

• Operating Free-Air Temperature Range 
O·Cto 70·C 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TIL 
Compatible 

• 3-State Output 
• Common CAS Control for Nine Common 

Data-In and Data-Out Lines, In Four Blocks 

• Enhanced Page Mode Operation with 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

TM124MBK36B 

• Gold-Tabbed Versions Avallable:t 
- TM124MBK36B 
- TM248NBK36B 

• Tin-Lead (Solder) Tabbed Versions 
Available: 
- TM124MBK36R 
- TM248NBK36R 

The TM124MBK36B is a dynamic random-access memory (DRAM) organized as four times 1 048 576 x 9 
(bit 9 is generally used for parity) in a 72-pin leadless single in-line memory module (SIMM). The SIMM is 
composed of eight TMS44400DJ, 1 048 576 x 4-bit DRAMs, each in 20/26-lead plastic small-outline J-Iead 
packages (SOJs), and one TMS44460DJ, 1 048576 x 4-bit Quad-CAS DRAM in a 24/26-lead plastic 
small-outline J-Iead package (SOJ), mounted on a substrate with decoupling capacitors. Each TMS44400DJ 
and TMS44460DJ is described in the TMS44400 or TMS44460 data sheet, respectively. 

The TM124MBK36B is available in the single-sided BK leadless module for use with sockets. 

The TM124MBK36B features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation 
from O·C to 70·C. 

TM248NBK36B 

The TM248NBK36B is a DRAM organized as four times 2 097 152 x 9 (bit 9 is generally used for parity) in a 
72-pin lead less SIMM. The SIMM is composed of sixteen TMS44400DJ, 1 048576 x 4-bit DRAMs, each in 
20/26-lead plastic small-outline J-Iead packages (SOJs), and two TMS44460DJ, 1 048 576 x 4-bit Quad-CAS 
DRAMs, each in a 24/26-lead plastic small-outline J-Iead package (SOJ) , mounted on a substrate with 
decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described in the TMS44400 and TMS44460 
data sheet, respectively. 

t Part numbers in this data sheet are for the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 

PRODUCTION DATA I_on 10 cumnt • of publlcotlon _ Copyright C 1995, Texas Instrumen1lllncorporated 
__ conform to lpecltlcatIonI par till" .... 01 __ nil ~ 

1IIndIrdMmnty. _uotIonprocllllng_not ....... rllylnclucil '1 llEXAS IHIIng 01111 ,, __ 

INSTRUMENTS 
POST OFFICE BOX 1443' HOUSTON. TEXAS n251-1443 6-63 



TM124MBK36B, TM124MBK36R 1048576 BY 36·BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36·BIT 
DYNAMIC RAM MODULE 
SMMS137E- JANUARY 1991 - REVISEDJUNE 1995 

TM248NBK36B (continued) 

The TM124NBK36B is available in the double-sided BK leadless module for use with sockets. 

The TM124NBK36B features RAS access times of 60 nS,70 ns, and 80.ns. This device is rated for operation 
from O·C to 70·C 

operation 

TM124MBK36B 

The TM124MBK36B operates as eight TMS44400DJs and one iMS44460DJ connected as shown in the 
functional block diagram and Table 1. The parity bits are provided by the TM$44460DJ and are controlled by 
RAS2. To ensure proper parity bit operation all memory accesses should include a RAS2 pulse. Refer to the 
TMS44400 and TMS44460 data sheets for details of operation. The common I/O feature dictates the use of 
early write cycles to prevent contention on 0 and Q. 

TM248NBK36B 

6-64 

The TM248NBK36B operates as sixteen TMS44400DJs and two TMS44460DJs connected as shown in the 
functional block diagram and Table 1. The parity bits are provided by the TMS44460DJ and are controlled by 
RAS2 on side 1 and RAS3 on side 2. To ensure proper parity bit operation, all memory accesses should include 
a RAS2 or RAS3 pulse. Refer to the TMS44400 and TMS44460 data sheets for details of operation. The 
common I/O feature dictates the use of early write cycles to prevent contention on 0 and Q. 

~lExAs 
INSTRUMENTS 
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BK SINGLE IN·LINE MEMORY MODULE 
(TOP VIEW) 

VSS c:::::> 1 e 
oao c:::::> 2 

D 
0018 c:::::> 3 
001 c:::::> 4 

0019 c:::::> 5 
002 c:::::> 8 

0020 c:::::> 7 
DQ3 c:::::> 8 

0021 c:::::> 9 

D Vcc c:::::> 10 
NC c:::::> 11 
AD c:::::> 12 
Al c:::::> 13 
A2 c:::::> 14 
AS c:::::> 15 
A4 c:::::> 18 

D AS c:::::> 17 
AS c:::::> 18 
NC c:::::> 18 

DQ4 c:::::> 20 
D022 c:::::> 21 
005 c:::::> 22 

0023 c:::::> 23 

D DQ8 c:::::> 24 
0Q24 c:::::> 25 
007 c:::::> 28 

0025 c:::::> 27 
A7 c:::::> 28 
NC c:::::> 29 

VCC c:::::> 30 

D AS c:::::> 31 
AS c:::::> 32 

RAS3 c:::::> 33 
RAS2 c:::::> 34 
0026 c:::::> 35 
008 c:::::> 38 

0017 c:::::> 37 
OQ35 c:::::> 38 
VSS c:::::> 39 

CABO c:::::> 40 
CA52 c:::::> 41 
CAS3 c:::::> 42 

D CAs1 c:::::> 43 
RASO c:::::> 44 
RASl c:::::> 45 

NC c:::::> 48 
Vi c:::::> 47 

NC c:::::> 46 
009 c:::::> 46 

D OQ27 c:::::> so 
0010 c:::::> 51 
0026 c:::::> 52 
0011 c:::::> 53 
OQ29 c:::::> 54 
0012 c:::::> 55 
0030 c:::::> 56 

D 0013 c:::::> 57 
OQ31 c:::::> 56 
VCC c:::::> 58 

0Q32 c:::::> 60 
0014 c:::::> 61 
OQ33 c:::::> 52 
0015 c:::::> 83 

D 0Q34 c:::::> 54 
0016 c:::::> 85 

NC c:::::> 86 
POl c:::::> 57 
P02 c:::::> 86 
PD3 c:::::> 69 
P04 c:::::> 70 e NC c:::::> 71 
VSS c:::::> 72 

TM124MBK36B, TM124MBK36R 1048576 BY 36·BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36·BIT 

DYNAMIC RAM MODULE 
SMMS137E - JANUARY 1991 - REVISEDJUNE 1995 

TM124MBK36B 
(SIDE VIEW) 

TM248NBK36B 
(SIDE VIEW) 

PIN NOMENCLATURE 

AO-A9 
CASO-CAS3 
DQO-DQ35 
NC 
PD1- PD4 
RASO-RAS3 

VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data In/Data Out 
No Connection 
Presence Detects 
Row-Address Strobe 
5-VSupply 
Ground 
Wr~eEnable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM124MBK36B 

TM248NBK36B 

~TEXAS 
INSTRUMENTS 

PD1 
(67) 

80ns VSS 

70 ns VSS 

60 ns VSS 

80 ns NC 

70 ns NC 

60 ns NC 

PD2 PD3 
(68) (69) 

VSS NC 

VSS VSS 

VSS NC 

NC NC 

NC VSS 

NC NC 

PD4 
(70) 

VSS 

NC 

NC 

VSS 

NC 

NC 

POST OFFICE BOX 1443' HOUSTON, TEXAS n251'-1443 6-65 



TM124MBK36B, TM124MBK36R 1048576 BY 36-BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 
DYNAMIC RAM MODULE 
SMMS137E-JANUARY 1991-REVISEDJUNE 1995 

Table 1. Connection Table 

RASx 
DATA BLOCK 

SlDE2t SIDE 1 

OQO-007 RASO RASt 
008 RAS2 RAS3 

009-0016 RASO RASl 
0017 RAS2 RAS3 

0018-0025 RAS2 RAS3 
0026 RAS2 RAS3 

0027-0034 RAS2 RAS3 
0035 RAS2 RAS3 

t Side 2 applies to the TM248NBK36B only. 

singie-in-line memory module and components 

CASx 

CASO 
CASO 

CASl 
CASf 
CAS2 
CAS2 

CAS3 
CAS3 

PC substrate: 1,27:to 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

6-66 

Contact area for TM124MBK36B and TM248NBK36B: Nickel plate and gold plate over copper 
Contact area forTM124MBK36R and TM248NBK36R: Nickel plate and tin-lead over copper 

~1ExAs 
INSTRUMENTS 
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functional block diagram (TM124MBK36B and TM248NBK36B, side 1) 
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functional block diagram (TM248NBK36B, side 2) 
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TM124MBK36B, TM124MBK36R 1048576 BY 36-BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36·BIT 

DYNAMIC RAM MODULE 
SMMS137E - JANUARY 1991 - REVISEDJUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Voltage range on Vee (see Note 1) .................................................. -1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation ....•.•....•...........•....•............................•................ 9 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .........................................•........ - 55·C to 125·C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are strese ratings only. and 
functional operetlon of the device at these or any other conditions beyond those Indiceted under "reccmmended operating conditions' Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.S S S.S V 

VIH High-level input voltage 2.4 6.S V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 

NOTE 2: The algebraic convention, where the more negative Oess positive) limit is designated as minimum, Is used for logic-voltage levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'124MBK36B-60 
PARAMETER TEST CONDITIONS 

MIN 

VOH 
High-level output 

10H=-SmA 2.4 voltage 

VOL 
Low-level output 

10L = 4.2 rnA voltage 

II Input current (leakage) 
VCC=S.SV, VI = 0 V to 6.S V, 
All other pins = 0 V to VCC 

10 
Output current VCC = 5.5 V, Vo = OVtoVCC, 
Oeakage) CAS high 

ICCI 
Read or write cycle 

VCC = S.SV, Minimum cycle current (see Note 3) 

After 1 memory cycle, 
RAS and CAS high, 

ICC2 Standby current 
VIH = 2.4 V (TTL) 

After 1 memory cycle, 
RAS and CAS high, 
VIH = VCC - 0.2 V (CMOS) 

Average refresh current 
VCC = 5.5 V, Minimum cycle, 
RAScycling, 

ICC3 (RAS only or CBR) 
CAS high (RA'S only), (see Note 3) 
RAS low after CAS low (CBR) 

ICC4 
Average page current VCC = 5.SV, tpc = minimum, 
(see Note 4) RASlow, CAS cycling 

NOTES: 3. Measured With a maximum of one addrese change while RAS = VIL 
4. Measured with a maximum of one address change while CAS = VIH 

~TEXAS 
INSTRUMENTS 

MAX 

0.4 

",10 

",10 

945 

18 

9 

945 

810 

'124MBK36B-70 

MIN MAX 

2.4 

0.4 

",10 

",10 

810 

18 

9 

810 

720 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

'124MBK36B-80 
UNrr 

MIN MAX 

2.4 V 

0.4 V 

",10 j.aA 

",10 j.aA 

720 rnA 

18 rnA 

9 rnA 

720 rnA 

630 rnA 
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TM124MBK36B, TM124MBK36R·1 048576 BY 36-BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 
DYNAMIC .RAM MODULE 
SMMS137E - JANUARY 1981 - REVISEDJUNE 1985 

electrical characteristics over .recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
'248NBK36B-60 

MIN 

VOH 
High-level output 

IOH--5mA 2.4 voltage 

VOL 
Low-level output 

IOL-4.2mA voltage 

II Input current Oeakage) 
VCC=5.5V. VI'" 0 Vto 6.5 V. 
All other pins ~ 0 V to VCC 

10 
Output current VCC .. 5.5V, VO" 0 Vto VCC. 
Oeakage) CAS high 

Read or write cycle 
, 

ICC1 current (see Note 3) VCC- 5•5V, Minimum cycle 

After 1 memory cycle. 
RAS and c::AS high. 

ICC2 Standby current 
VIH .. 2.4 V (lTl) 

After 1 memory cycle. 
RAS and c::AS high. 
VIH .. VCC - 0.2 V (CMOS) 

Average refresh current 
VCC=5.5V, Minimum cycle. 

ICC3 (RAS only or CBR) 
RAScycllng. 

(see Note 3) c::AS high (AAS only). 
RAS low after c::AS low (CBR) 

ICC4 
Average page current VCC-5.5V. tpC" minimum. 
(see Note 4) RAS low. c::AS cycling 

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

MAX 

0.4 

:020 

:020 

963 

36 

18 

1890 

628 

.... 

'248NBK36B-70 '248NBK36B-80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:020 :020 iAA 

:020 :1:20 iAA 

628 738 rnA 

36 36 mA 

18 18 rnA 

1620. 1440 rnA 

738 648 mA 

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

PARAMETER 

ClfA) Input capacitance. AO-AS 

CI(R) Input capacitance. RAS 
CUC) Input eapacltance. c::AS 
CI(W) Input capacitance. W 

Co(OO) Output capacitance on DO pins 

NOTE 5: VCC = 5 V :0 0.5 V and the bias on pins under test is 0 V • 

6-70 
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'124MBK36B '248NBK36B 
UNIT 

MIN MAX MIN MAX 

45 90 pF 

35 35 pF 

21 42 pF 

63 126 pF 

7 14 pF 



TM124MBK36B, TM124MBK36R 1048576 BY 36-BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 
SMMS137E-JANUARY 1991-REVISEOJUNE 1995 

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

'124MBK36B-60 '124MBK36B·70 '124MBK36B-80 

PARAMETER '248NBK36B-60 '248NBK36B·70 '248NBK36B-80 UNIT 
MIN MAX MIN MAX MIN MAX 

teAC Access time from CAS low 15 18 20 ns 

tAA Access time from column address 30 35 40 ns 

tRAC Access time from RAS low 60 70 80 ns 

tePA Access time from column precharge 35 40 45 ns 

teLZ CAS to output In low Impedance 0 0 0 ns 

toFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: toFF Is specified when the output Is no longer dnven. 

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

'124MBK36B-60 
'248NBK36B-60 

MIN MAX 

tAC Cycle time, random read or write (see Note 7) 110 

tRWC Cycle time, read write 130 

tpc Cycle time, page-mode read or write (see Note 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100 000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (pl'echarge) 40 

twp Pulse duration, write 15 

tASC Setup time, column address .before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data 0 

tRCS SEltup time, read before CAS low 0 

ICWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twSR Setup time, W high (see Note 9) 10 

NOTES: 7. All cycles assume IT = 5 ns. 
8. To assure tpC min, tASC should be :. 5 ns. 
9. CBR refresh only 

~TEXAS 
INSTRUMENTS 

'124MBK36B·70 
'248NBK36B·70 

MIN MAX 

130 

153 

45 

70 100000 

70 10000 

18 10000 

10 

50 

15 

0 

0 

0 

0 

18 

18 

0 

10 
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'124MBK36B-80 
'248NBK36B-80 UNIT 

MIN MAX 

150 ns 

175 ns 

50 ns 

80 100000 ns 

80 10000 ns 

20 10000 ns 

10 ns 

60 ns 

15 ns 

0 ns 

0 ns 

0 ns 

0 ns 

20 ns 

20 ns 

0 ns 

10 ns 
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TM124MBK36B, TM124MBK36R 1048576 BY 36·BIT 
TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 
DYNAMIC RAM MODULE 
SMMS137E-JANUARY1991-REVISEDJUNE 1995 

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

'124MBK36B-eG '124MBK36B-70 
'248NBK36B-eG '248NBK36B-70 

MIN MAX MIN MAX 

teAH Hold time, column address after CAS low 10 15 

tOHR Hold time, data after RAS low (see Note 10) 50 55 

tOH Hold time, data 10 15 

tAR Hold time, column addrass after RAS low (see Note 10) 50 55 

tcLCH Hold time, CAS low to CAS high 5 5 

tRAH Hold time, row addrass after RAS low 10 10 

tRCH Hold time, read after CAS high (see Note 11) 0 0 

tRRH Hold time, read after RAS high (see Note 11) 0 0 

twCH Hold time, write after CAS low 15 15 

twCR Hold time, write after ~ low (see Note 10) 50 55 

twHR Hold time, W high (see Note 9) 10 10 

tcHR Delay time, ~ low to CAS high (see Note 9) 15 15 

leRP Delay time, CAS high to RAS low 0 0 

leSH Delay time, ~ low to CAS high 60 70 

leSR Delay time, CAS low to ~ low (see Note 9) 10 10 

tRAO Delay time, ~ low to column address (see Note 12) 15 30 15 35 

tRAL Delay time, column address to ~ high 30 35 

teAL Delay time, column address to CAS high 30 35 

tRCO Delay time, m low to CAS low (see Note 12) 20 45 20 52 

tRPC Delay time, RAS high to CAS low (see Note. 9) 0 0 

tRSH Delay time, CAS low to RAS high 15 18 

tREF Refresh time interval 16 16 

tr Transition time 2 50 2 50 

NOTES: 9. CBR refresh only 
10. The minimum value Is measured when IRco is set to tRCD min as a reference. 
11. Either IRRH or tRCH must be satisfied for a read cycle. 
12. The maximum value Is specified only to assure access time. 

device symbolization (TM124MBK36B Illustrated) 

000000 00000 
TM124MBK36B 

YY .. Year Code 
MM .. Month Code 

T .. Assembly Site Code 
-SS = Speed Code 

NOTE: Location of symbolization may vary. 

~1ExAs 
INSTRUMENTS 
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'124MBK36B-80 
'248NBK36B-80 UNIT 

MIN MAX 

15 ns 
60 ns 

15 ns 

60 ns 

5 ns 

10 ns 

0 ns 

0 ns 
15 ns 

60 ns 

10 ns 

20 ns 

0 ns 

80 ns 

10 ns 

15 40 ns 

40 ns 

40 ns 

20 60 ns 

0 ns 

20 ns 

16 ms 

2 50 ns 



TM124MBK36F, TM124MBK36U 1048576' BY 36-BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36-BIT DRAM MODULE 

• Organization 
TM124MBK36F ••• 1 048 576 x 36 
TM248NBK36F ••• 2 097 152 x 36 

• Single SOY Power Supply (:1:10% Tolerance) 

• 72-Pln Slngle-ln-Llne Memory Module 
(SIMM) for Use With Socket 

• TM124MBK36F - Utilizes 'TWo 16-Megablt 
and One 4-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages 

• TM248NBK36F - Utilizes Four 16-Megablt 
and 'TWo 4-Megablt DRAMs In Plastic 
Small-Outllne J-Lead (SOJ) Packages 

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 
'RAc lAA tcAC 

(MAX) (MAX) (MAX) 
'124MBK36F-80 60 n8 30 ns 15 ns 

'124MBK36F-70 70 ns 35 ns 18 ns 

'124MBK36F-80 60 ns 40 ns 20ns 
'246NBK36F-80 60 ns 30 ns 15 ns 

'246NBK36F-70 70n8 35 ns 18 ns 

'246NBK36F-80 60 118 40 ns 20ns 

• Low Power Dissipation 

READ 
OR 

WRITE 
CYCLE 
(MIN) 
110 ns 

130 ns 

150 ns 
110 ns 

130 ns 

150 ns 

• Long Refresh Period ••• 16 ms 
(1024 Cycles) • Operating Free-Air Temperature Range: 

• All Inputs. Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Nine Common 

Data-In and Data-Out Lines In Four Blocks 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR). RAS-Only. and 
Hidden Refresh 

description 

TM124MBK36F 

O°C to 70°C 

• Gold-Tabbed Versions Avallable:t 
- TM124MBK36F 
- TM248NBK36F 

• TIn-lead (Solder) Tabbed Versions 
Available: 
- TM124MBK36U 
- TM248NBK36U 

The TM124MBK36F is a 4-MByte dynamic random-access memory (DRAM) organized as fQur times 
1 048576 x 9 in a 72-pin single-in-line memory module (SIMM). The SIMM is composed of two TMS418160DZ, 
1 048576 x 16-bit dynamic RAMs, each in a 42-lead plastic small-outline J-Iead (SOJ) package and one 
TMS44460DJ, 1 048576 x 4-bit DRAM in a 24/26-lead plastic small-outline J-Iead (SOJ) package mounted on 
a substrate with decoupling capacitors. The TMS418160DZ and TMS44460DJ are described In the 
TMS418160 and TMS44460 data sheets, respectively. The TM124MBK36F SIMM is available In the 
single-sided BK leadless module for use with sockets. 

TM248NBK36F 

The TM248NBK36F is an 8-MByte DRAM organized as four times 2097152 x 9 in a 72-pin single-In-line 
memory module (SIMM). The SIMM is composed of four TMS418160DZ,1 048576 x 16-bit dynamic RAMs, 
each in a 42-lead plastiC small-outline J-Iead (SOJ) package and two TMS44460DJ, 1048576 x 4-bit DRAMs, 
each in a 24/26-lead plastic small-outline (SOJ) package mounted on a substrate with decoupling capacitors. 
The TMS418160DZ and TMS44460DJ are described in the TMS418160 and TMS44460 data sheets, 
respectively. The TM248NBK36F SIMM is available in the double-sided BK lead less module for use with 
sockets. 

operation 

The TM124MBK36F operates as two TMS418160DZs and one TMS44460DJ connected as shown in the 
functional block diagram and Table 1. The TM248NBK36F operates 'as four TMS418160DZs and two 
TMS44460DJs connected as shown in the functional block diagram and Table 1. The common I/O feature 
dictates the use of early write cycles to prevent contention on D and Q. 

t Part numbers in this data she~ are for the gold-tabbed version; the informationaeelies to both gold-tabbed and solder-tabbed versions. 

~TEXAS 
INSTRUMENTS . 

POST OFFICE BOX 1443· HOUSlON. TEXAS 77251-1443 

Copyright C 1995, Texas Instruments Incorporated 
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TM124MBK36F, TM124MBK36U 1048576 BY 36·BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36·BIT DRAM MODULE 

SMMS65OA- APRIL 1995 - REVISED JUNE 1995 

BK SINGLE-IN-UNE MEMORY MODULE 

(TOP VIEW) 

TM124MBK36F 

(SIDE VIEW) 

TM248NBK36F 

(SIDE VIEW) 

Vss c:::> I 
DQO c:::> 2 

DQ18 c:::> 3 
DQl c:::> 4 

DQ19 c:::> 5 
002 c:::> 8 

DQ20 c:::> 7 
DQ3 c:::> 8 

0021 c:::> 9 
VOO c:::> 10 

NO c:::> II 
AO c:::> 12 
AI c:::> 13 
A2 c:::> 14 
AS c:::> 15 
A4 c:::> 18 
AS c:::> 17 
AS c:::> 18 
NO c:::> 19 

DQ4 c:::> 20 
DQ22 c:::> 21 

DQ5 c:::> 22 
DQ23 c:::> 23 

DQ8 c:::> 24 
0024 c:::> 25 
007 c:::> 25 

0025 c:::> 27 
A7 c:::> 28 
NO c:::> 29 

VOO c:::> 30 
AS c:::> 31 
A9 c:::> 32 

RAS3 c:::> 33 
RAS2 c:::> 34 
DQ28 c:::> 35 

DQ8 c:::> 38 

DQ17 c:::> 37 
DQ35 c:::> 38 
VSS c:::> 38 

CASO c:::> 40 
OAS2 c:::> 41 
CAS3 c:::> 42 
OASI c:::> 43 
RASO c:::> 44 
RASI c:::> 4S 

NC c:::> 48 
W c:::> 47 

NC c:::> 48 
DQ8 c:::> 48 

0027 c:::> 50 
DQl0 c:::> 51 
D028 c:::> 52 
DQll c:::> 53 
DQ29 c:::> 54 
DQ12 c:::> 65 
OQ30 c:::> 58 
DQ13 c:::> 67 
DQ31 c:::> 58 
VCO c:::> 59 

DQ32 c:::> 50 
DQ14 c:::> 81 
DQ33 c:::> 82 
DQ15 c:::> 53 
DQ34 c:::> 84 
DQ18 c:::> 85 

NC c:::> 85 
POI c:::> 87 
P02 c:::> 88 
P03 c:::> 88 
PD4 c:::> 70 
NO c:::> 71 

VSS c:::> 72 
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PIN NOMENCLATURE 

AO-A9 
CASO-CAS3 
000-0035 
NC 
PD1- P04 
RASO-RAS3 
VCC 
VSS 
W 

Address ,Inputs 
Column-Address Strobe 
Data In/Data Out 
No Connection 
Presence Detects 
Row-Address Strobe 
5-VSupply 
Ground 
WrlteEnable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM124MBK36F 

TM248NBK36F 

~TEXAS 
INSTRUMENTS 

PD1 
(67) 

80ns VSS 
70 ns VSS 
60ns VSS 
80ns NC 

70ns NC 

SOns NC 

PD2 PD3 
(68) (69) 

VSS NC 

VSS VSS 

VSS NC 

NC NC 

NC VSS 
NC NC 

POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 

PD4 
(70) 

VSS 
NC 

NC 

VSS 
NC 

NC 



TM124MBK36F, TM124MBK36U 1048576 BY 36·BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36·BIT DRAM MODULE 

SMMS650A- APRIL 1995 - REVISED JUNE 1995 

Table 1. Connection Table 

RASx 
CASx DATA BLOCK 

SIDE2t SIDE 1 

000-007 RASO RASl CASO 
DOS RAS2 RAS3 CASO 

009-0016 RASO RAS1 CAS1 
0017 RAS2 RAS3 CASl 

001S-0025 RAS2 RAS3 CAS2 
0026 RAS2 RAS3 CAS2 

0027-0034 RAS2 RAS3 Cii.S3 
0035 RAS2 RAS3 CAS3 

t Side 2 applies to the TM24SNBK36F only. 

single In·llne memory module and components 

PC substrate: 1,27 :I: 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM124MBK36F and TM248NBK36F: Nickel plate and gold plate over copper 
Contact area for TM124MBK36U and TM248NBK36U: Nickel plate and tin/lead over copper 

-!!1TEXAS 
INSTRUMENTS 
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TM124MBK36F, TM124MBK36U 1048576 BY 36·BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36·BIT DRAM MODULE 

SMMS650A- APRIL 1995 - REVISED JUNE 1995 

functional block diagram [TM124MBK36F and TM248NBK36F, side 1] 

AO-A9--1-~0~--------------------------~ 
RASO RAS2 

W~~----------------------------~ 

8 

OQ8-
OQ15 

DO-
07 

09-
016 

10 

CAS2 
CAS3 

CASO ----""I 
CAS1 ----""'I 
CAS2 ----'-"'I 

OQ1 
OQ2 
OQ3 
OQ4 

CAS3----'-~~L-____ ~ 

functional block diagram [TM248NBK36F, side 2] 

AO-A9 
RAS1 

W 

10 

CAS1 
CASO 

6-76 

10 

1Mx16 
AO-A9 OQO- 09-
RAS 
W 
LCAS 
UCAS 

OQ7 016 

00-
07 

~TEXAS 
INSTRUMENTS 

POST OFfiCE BOX 1443 • HOUSTON, TEXAS n251-1443 

OQ1 
0Q2 
OQ3 
OQ4 

018-
025 

027-
034 

OQ8 
OQ17 
0Q26 
OQ35 

027-
035 

018-
025 

OQ8 
OQ17 
OQ26 
OQ35 



TM124MBK36F, TM124MBK36U 1048576 BY 36-BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36·BIT DRAM MODULE 

SMMS65OA- APRIL 1995 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .....•.•.......•...•.•.•.•..•....••••.••••.••• - 1 V to 7 V 
Voltage range on any pin (see Note 1) .•.•.•.•••.............•......•....•.•...•••••••• -1 V to 7 V 
Short-circuit output current ..•...•.......•..•...•...•.•.•...••••.•..•...•.•................ 50 rnA 
Power dissipation TM124MBK36F, TM124MBK36U ............•..•...••.•.•.•••.•.••.•.•.• 3 W 

TM248NBK36F, TM248NBK36U .....•...•.•.•.......•.•.•.•.•.•.•.•..••• 6 W 
Operating free-air temperature range, T A ..........•.....••....•.•.•.....•...•...•••... O°C to 70°C 
Storage temperature range, Tstg ....•.•.•.••••••.•.....•.•.........•.•.•.•.••.••.• - 55°C to 125°C 

t Stresses beyond th088llsted under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond th088 indicated under "recommended operatlng condltlons" is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vcc Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage , 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
. . NOTE 2: The algebraic convention, where the more negative (less positive) limit IS designated as minimum. Is used for logIC-voltage levels only • 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) . 

'124MBK36F-60 '124MBK36F-70 '124MBK36F·80 
UNIT PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 2.4 2.4 V 

VOL Low-level output voltage IOL,,4.2mA 0.4 0:4 0.4 V 

II Input Current Oeakage) VCC = 5.5 V, VI = OVto 6.5 V, :i:10 :i:10 :i:10 J.&A All other pins = 0 V to VCC 

VCC = 5.5 V, 
io Output current (leakage) VO=OVtoVCC, :i:10 :i:10 :i:10 J.&A 

. CAS high 

ICC1 
Read- or wrlte-cycle 

VCC-5.5V, Minimum cycle 285 250 220 mA 
current 

VIH .. 2.4 V (TTL), 
After 1 memory cycle, 6 6 6 rnA 

ICC2 Slandby current 
RAS and CAS high 

VIH .. VCC-0.2V (CMOS), 
After 1 memory cycle, 3 3 3 mA 
RAS and CAS high 

YQQ=5.5V. Minimum cycle, 

ICC3 
Average refrash current RAScycllng, 285 250 220 mA (RAS only or CBR) CAS high (RAS only); 

RAS low after CAS low (CBR) 

ICC4 Average page current VCC = 5.5 V, tpC= MIN, 
250 220 190 rnA 

RASlow, CAS cycling 

-!!11ExAs 
INSTRUMENTS 
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TM124MBK36F, TM124MBK36U 1048576 BY 36-BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36-BIT DRAM MODULE 

SMMS650A- APRIL 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted)t 

'248NBK36F-60 '248NBK36F-70 '248NBK36F-80 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN 

VOH 
High-level output 

IOH=-5mA 2.4 2.4 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 0.4 voltage 

II 
Input current VCC=5.5V, VI =OVto 6.5 V, ",10 ",10 
(leakage) All other pins = 0 V to VCC 

10 
Output current VCC=5.5V, ",20 ",20 (leakage) Vo = 0 V to VCC, CAS high 

ICCl 
Read- or write-cycle 

VCC=5.5V, Minimum cycle 391 256 current (see Note 3) 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 12 12 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS), 
After 1 memory cycle, 6 6 
RAS and CAS high 

Average refresh 
VCC = 5.5 V, Minimum cycle, 
RAScycling, 

ICC3 current (RAS only or 
CAS high (RAS only); 

570 500 
CBR) (see Note 3) 

AAS low after CAS low (CBR) 

ICC4 
Average page current VCC = 5.5 V, tpc = MIN, 

256 226 (see Note 4) RASlow, CAS cycling 

t For test conditions shown as MINIMAX, use the appropriate value specified under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while CAS = VIH 

MAX 

0.4 

",10 

",20 

226 

12 

6 

440 

196 

UNIT 

V 

V 

!.LA 

!.LA 

mA 

mA 

mA 

mA 

mA 

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

PARAMETER 

CI(A) Input capacitance, address Inputs 

!RAS2, RAS3 
CI(R) Input capacitance, RAS inputs 

! RASO, RASl 

CUC) Input capacitance, CAS inputs 

Ci/Wl Input capacitance, write-enable input 

CoIDO) Output capacitance on DO pins 

NOTE 5: Bias on pins under test is 0 V. 
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'124MBK36F '248NBK36F 
UNIT 

MIN MAX MIN MAX 

15 30 pF 

14 14 

7 7 
pF 

14 28 pF 

21 42 pF 

7 14 pF 



TM124MBK36F, TM124MBK36U 1048576 BY 36-BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36·BIT DRAM MODULE 

SMMS850A- APRIL 1995 - REVISED JUNE 1995 

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

'124MBK36F-60 '124MBK36F-70 '124MBK36F-60 
PARAMETER '248NBK38F-60 '248NBK36F-70 '248NBK38F-80 UNrr 

MIN MAX MIN MAX MIN MAX 

1M Access time from column address 30 35 40 na 
teAC Access time from ~ low 15 18 20 na 

!RAc Access time from RAS low 60 70 80 na 

tePA Access time from column precharge 35 40 45 na 

teu CAS to output In Iow-Impedence state 0 0 0 na 
toH Output disable time from start of CAS high 3 3 3 na 
toFF Output disable time after ~ high (see Note 8) 0 15 0 18 0 20 ns 

NOTE 6: toFF Is specified when the output IS no longer driven. 

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

'124MBK36F-60 '124MBK38F-70 '124MBK36F-80 
'248NBK36F-60 '248NBK36F-70 '248NBK38F-80 UNrr 

MIN MAX MIN MAX MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 130 150 ns 

tpc Cycle time, page-mode read or write (see Notes 7 and 8) 40 45 50 ns 

tRASP Pulse duration, page mode, RAS low 60 100000 70 .100000 80 100000 ns 
lRAS Pulse duration, nonpage mode, RAS low 60 10000 70 10000 60 10000 ns 

teAS Pulse duration, ~ low 15 10000 18 10000 20 10000 ns 
tep Pulse duration, ~ high (precharge) 10 10 10 ns 

lAp Pulse duretion, RAS high (precharge) 40 50 80 na 

twp Pulse duration, W low 10 10 10 na 

tASC Satup time, column address before ~ low 0 0 0 na 
tASR Satup time, row addresa before RAS low 0 0 0 na 
tos Satup time, data before m low 0 0 0 na 
tRCs Satup time, W high before ~ low 0 0 0 na 

tcwL Satup time, W low before m high 15 18 20 na 

tAWL Satup time, W low before RAS high 15 18 20 ns 

twcs Satup time, W low before CAS low 0 0 0 ns 

twRP Satup time, W high before RAS low (CBR refresh only) 10 10 10 na 

tcAH Hold time, column address after m low 10 15 15 na 

tAHCP Hold time, RAS high from m precharge 35 40 45 ns 
tOH Hold time, date after CAS low 10 15 15 na 
tRAH Hold time, row address after RAS low 10 10 10 ns 
tACH Hold time, W high after CAS high (see Note 9) 0 0 0 ns 

tRRH Hold time, W high after RAS high (see Note 9) 0 0 0 ns 

twCH Hold time, W low after CAS low 10 15 15 ns 

twRH Hold time, W high after RAS low (CBR refresh only) 10 10 10 ns 
NOTES: 7. All cycles essume IT • 5 na. 

8. To essure tpC mln,lAsc should be :t tep. 
9. Either tRRH or tACH must be satisfied for a read cycle. 

-!!IlExAs 
INSTRUMENTS 
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TM124MBK38F, TM124MBK36U 1848576 BY 36·BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36-BIT DRAM MODULE 

,\ 

SMMS85OA-APRIL 1895- REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (continued) i ",' 

'124MBK36F·60 '124MBK38F·70 
'248NBK36F·60 '248NBl<38,F-70 

MIN MAX MIN MAX 

teHR Delay time, RAS low to ~ high (CBR refresh only) 10 10 

teRP Delay time, CAS high to RAS low 5 5 

tcsH Delay time, RAS low to ~ high 60 70 

teSR Delay time, ~ low to RAS low (CBR refresh only) 5 5 

tRAD Delay time, m low to cOlumn address (see Note 10) 15 30 15 35 

IRAL Delay time" column address to RAS high 30 35 

teAL Delay time, column address to ~ high 30 35 

tRCD Delay time, RAS low to ~ low (see Note 10) 20 45 20 52 

tRPC Delay time, RAS high to CAS low (CBR only) 0 0 

tRSH Delay time, ~ low to RAS high 15 18 

tREF Refresh Ume interval 18 18 

tr Tran81tion time 3 30 3 30 

NOTE 10: The maximum value is specified only to assure access time. 

device symbolization (TM124MBK36F Illustrated) 

[::::::::::] 0 

YV • Ve.r Code 
MM • Month Code 

-SS 

T .. As8embly Site Code 
-SS • Speed Code 

NOTE: Location of symbolization may vary. 

~TEXAS 
INSTRUMENTS 

POST OFFICE sox 1443 • HOUSTON. leXAS 7726H443 

YVMMT 

'124MBK38F-80 
'248NBK36F-80 UNrr 

MIN MAX 

10 n8 

5 n8 

80 n8 

5 ns 

15 40 ns 

40 n8 

40 n8 

20 80 ns 

0 ns 

20 n8 

18 ' ms 

3 30 ns 



TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 

• Organization 
TM124MBK36C ••• 1048576 x 36 
TM248NBK36C ••• 2097152 x 36 

• Single S-V Power Supply (:10% Tolerance) 
• 72-pln Leadless Single In-Line Memory 

Module (SIMM) 

• TM124MBK36C - Utilizes Eight 4-Megablt 
DRAMs In Plastic Smail-Outline J-Lead 
(SOJ) Packages and Two 4-Megablt 
Quad-CAS DRAMs In Plastic SOJ Packages 

• TM248NBK36C - Utilizes Sixteen 4-Megablt 
DRAMs In Plastic SOJ Packages and Four 
4-Megablt Quad-CAS DRAMs In Plastic SOJ 
Packages 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Nine Common 

Data-In and Data-Out Lines, In Four Blocks 

description 

TM124MBK36C 

• Enhanced Page Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ 

TIME TIME TIME OR 

tRAC tAA 'cAC WRITE 

CYCLE 

(MAX) (MAX) (MAX) (MIN) 

'124MBK36C-60 60 ns 30 ns 15 ns 110 ns 

'124MBK36C-70 70 ns 35 ns 18 ns 130 ns 

'124MBK36C-SO so ns 40 ns 20ns 150 ns 

'248NBK36C-60 SOns 30 ns 15 ns 110 ns 

'248NBK36C-70 70 ns 35 ns 18 ns 130 ns 

'248NBK36C-SO SO ns 40 ns 20 ns 150 ns 

• Low Power Dissipation 
• Operating Free-Air-Temperature Range 

O·Cto 70·C 

• Gold-Tabbed Versions Avallable:t 
- TM124MBK36C 
- TM248NBK36C 

• Tin-lead (Solder) Tabbed Versions 
- TM124MBK36S 
- TM248NBK36S 

The TM124MBK36C is a dynamic random-access memory (DRAM) organized as four times 1 048576 x 9 (bit 
9 is generally used for parity) in a 72-pin lead less single in-line memory module (SIMM). The SIMM is composed 
of eight TMS44400DJ, 1 048 576 x 4-bit DRAMs, each in 20/26-lead plastic small-outline J-Iead packages 
(SOJs), and two TMS44460DJ, 1048576 x 4-bit Quad-CAS DRAMs, in 24/26-lead plastic SOJs mounted on 
a substrate with decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described in the TMS44400 
and TM~44460 data sheets, respectively. 

The TM124MBK36C is available in the single-sided BK leadless module for use with sockets. 

The TM124MBK36C features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for 
operation from O·C to 70·C. 

t Part numbers in this data sheet are for the gOld-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 

PRODUCllON DATA InIonnotIon 10 •• rrol1l • 01 publlClllon _ Copyright C 1995. Texas Instruments Incorporated 
--oonfonnlv ..... m_ porthotormo oIT_lnatrumtnto -!!J --only. Procluctl.npi"OCllllng - not_1y IncIudl ,. liEXAS 
_ngollll .............. 

INSTRUMENTS 
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TM124MBK36C, TM124MBK36S 1048576 BY 36·BIT 
. TM248NBK36C, TM248NBK36S 2097152 BY 36·BIT 
DYNAMIC RAM MODULE 
SMMS138B - MARCH 1992 - REVISED JUNE 1995 

TM248NBK36C 

The TM248NBK36C is a DRAM organized as four times 2 097 152 x 9 (bit 9 is generally used for parity) in a 
72-pin leadless SIMM) The SIMM is composed of sixteen TMS44400DJ, 1048576 x 4-bit DRAMs, each in 
20/26-lead plastic SOJs, and four TMS44460DJ, 1 048 576 x 4-bit Quad-CAS DRAMs, in 24/26-lead plastic 
SOJs mounted on a substrate with decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described 
in the TMS44400 or TMS44460 data sheet, respectively. 

The TM248NBK36C is available in the double-sided BK leadless module for use with sockets. 

The TM248NBK36C features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation 
from O°C to 70°C. 

operation 

TM124MBK36C 

The TM124MBK36C operates as eight TMS44400DJs and two TMS44460DJs connected as shown in the 
functional block diagram and Table 1. The common I/O feature dictates the use of early write cycles to prevent 
contention on D and Q. 

TM248NBK36C 

6-82 

The TM248NBK36C operates as sixteen TMS44400DJs and four TMS44460DJs connected as shown in the 
functional block diagram and Table 1. The common I/O feature dictates the use of early write cycles to prevent 
contention on D and Q. 

~TEXAS 
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vss 
DQO 

0018 
001 

oo1e 
002 

DQ20 
003 

0021 
VCC 

NC 
AO 
A1 
A2 
A3 
M 
AS 
AS 
NC 

DQ4 

0022 
DQ5 

0023 
DQ5 

DQ24 

007 
0025 

A7 
NC 

VCC 
AS 
AS 

RASS 
RAS2 
0026 

DQ6 

0017 
0035 
Vss 

CASO 
CAS2 
CASS 
CAS1 
RASO 
RAS1 

NC 
iN 

NC 
DQ8 

DQ27 
0010 
0028 
0011 
0028 
0012 
DQ30 

0013 
0031 
Vee 

DQ32 

0014 
0033 
0015 
DQ34 
0018 

NC 
PD1 
PD2 
PD3 
Po. 
NC 

Vss 

BK SINGLE IN-UNE MODULE 
(TOP VIEW) 

~1 e 
~2 

D ~3 
~. 
~5 
~8 
~7 
~8 
~8 

D ~10 
~11 
~12 
~ 13 
~1. 
~15 
~18 

D ~17 
~18 
~18 
~20 
~21 
~22 
~23 

D ~24 
~ 25 
~26 
~27 
~·28 

~28 
~ 30 

D ~31 
~32 
~33 
~ 34 
~ 35 
~36 

~ 37 D ~ 36 
~38 
~ 40 
~41 
~42 

D ~43 
~ 44 
~ 45 
~ 45 
~.7 
~48 
~ 48 

D ~50 
~61 
~52 
~53 
~ 54 
~55 
~58 

D ~57 
~ 58 
~68 
~50 
~81 
~ 82 
~ 63 

D ~84 
~ 65 
~ 88 
~ 87 
~88 
~ 88 
~ 70 e ~71 
~72 

TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 
SMMS138B-MARCH 1992-REVISEOJUNE 1995 

TM124MBK36C 
(SIDE VIEW) 

TM248NBK36C 

(SIDE VIEW) 

PIN NOMENCLATURE 

AO-A9 
CASO-CAS3 
000-0035 
NC 
P01- P04 
RASO-RAS3 
VCC 
Vss 
W 

Address Inputs 
Column-Address Strobe 
Data In/OataOut 
No Connection 
Presence Detects 
Row-Address Strobe 
5-VSupply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM124MBK36C 

TM248NBK36C 

~TEXAS 
INSTRUMENTS 

POl 
(67) 

80 ns Vss 
70ns Vss 
SOns VSS 
80 ns NC 

70ns NC 

60ns NC 

PD2 PD3 
(68) (69) 

Vss NC 

Vss Vss 

VSS NC 

NC NC 

NC VSS 

NC NC 

PD4 
(70) 

VSS 
NC 

NC 

VSS 
NC 

NC 
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TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 
DYNAMIC RAM MODULE 
SMMSl38B - MARCH 1992 - REVISED JUNE 1996 

Table 1. Connection Table 

RASx 
DATA BLOCK 

SIDE2t SIDE 1 

DQO-DQ7 RASO RAS1 
DQB RASO RAS1 

DQ9-DQ18 RASO RAS1 
DQ17 RASO RAS1 

DQ1B-DQ25 RAS2 RAS3 
OQ28 AAS2 RAS3 

DQ27-DQ34 RAS2 RAS3 
DQ35 RAS2 RAS3 

t Side 2 applies to the TM24BNBK36C only. 

singie-in-llne memory module and components 

CASx 

CASO 
CASO 

CAS1 
CAS1 

CAS2 
CAS2 

CAS3 
CAS3 

PC substrate: 1,27 :t 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

6-84 

Contact area for TM124MBK36C and TM248NBK36C: Nickel plate and gold plate over copper 
Contact area for TM124MBK36S and TM248NBK36S: Nickel plate and tin-lead over copper 
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functional block diagram (for TM124MBK36C and TM248NBK36C, Side 1) 
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functional block diagram (for TM248NBK36C, Side 2) 
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. TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 
SMMS138B - MARCH 1992 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range on Vee (see Note 1) ............................................ - 1 V to 7 V 
Supply voltage range on any pin (see Note 1) .................................. . .. .. ... - 1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation ..•...•.................................................................. 10 W 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. - 55°C to 125°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the devlca. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. . 

NOTE 1: All vol1age values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voHage 4.5 5 5.5 V 

VIH High-level Input voHage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air tern perature 0 70 ·C 
. .. . . NOTE 2: The algebraic convention. where the more negative (less positive) limit IS deSignated as minimum. is used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'124MBK36C-60 
PARAMETER TEST CONDITIONS 

MIN MAX 

VOH High-level output vol1age IOH=-5mA 2.4 

VOL Low-level output vol1age IOL= 4.2 rnA 0.4 

II Input current Oeakage) 
VCC=5.5V. VI = 0 V to 6.5 V. 

:tl0 
All other pins = 0 V to VCC 

10 Output current (leakage) VCC=5.5V. Vo = 0 Vto Vcc. :tl0 CAS high 

ICCI 
Read· or write-cycle 

VCC=5.5V. Minimum cycle 1050 current (see Note 3) 

VIH = 2.4 V (TTL). 
after 1 memory cycle. 20 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
after 1 memory cycle. 10 
RAS and CAS high 

Average refresh current 
VCC= 5.5V. Minimum cycle. 

ICC3 (RAS only or CBR) RAScycling. 
1050 

(see Note 3) CAS high (RAS only). 
RAS low after CAS low (CBR) 

ICC4 
Average page current Vcc= 5.5V. tpc = Minimum. 

900 (see Note 4) RASlow. CAS cycling 

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

~TEXAS 
.INSTRUMENTS 

• POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 

'124MBK36C·70 '124MBK36C-60 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:tl0 :tl0 tAA 

:tl0 :tl0 tAA 

900 800 rnA 

20 20 rnA 

:10 10 rnA 

900 800 rnA 

800 700 rnA 
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TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 
DYNAMIC RAM MODULE 
SMMS138B- MARCH 1992 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER 
'248NBK36C-60 

TEST CONDITIONS 
MIN 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL=4.2mA 

II Input current Qeakage) 
VCC=5.5V, VI = 0 V to 6.5 V, 
All other pins = 0 V to VCC 

10 Output current (leakage) 
VCC=5.5V, Va =OVtoVCC, 
CAS high 

ICCl 
Read or write cycle 

VCC = 5.5 V, Minimum cycle current (see Note 3) 

VIH = 2.4 V (TTL), 
after 1 memory cycle, 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS), 
after 1 memory cycle, 
RAS and CAS high 

Average refresh current 
VCC=5.5V, Minimum cycle, 

ICC3 (RAS only or CBR) 
RAScycling, 

(see Note 3) CAS high (RAS only), 
RAS low after CAS low (CBR) 

ICC4 
Average page current VCC=5.5V, tpc = Minimum, 
(see Note 4) RASlow, CAS cycling 

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

MAX 

0.4 

:020 

:020 

1070 

40 

20 

2100 

920 

'248NBK36C-70 '248NBK36C-80 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:020 :020 I4A 

:020 :020 I4A 

920 820 rnA 

40 40 rnA 

20 20 rnA 

1800 1600 rnA 

820 720 rnA 

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

PARAMETER 

CI(A) Input capacitance, AO-AS 

Ci(R) Input capacitance, RAS inputs p 

CIIC) Input capacitance, CAS Inputs 

Ci(W) Input capacitance, W 

Co (DO) Output capacitance on DO pins 

NOTE 5: VCC equal to 5 V:o 0.5 V and the bias on pins under test is 0 V. 

6-88 
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'124MBK36C '248NBK36C 
UNIT 

MIN MAX MIN MAX 

50 100 pF 

35 35 pF 

21 42 pF 

70 140 pF 

7 14 pF 



TM124MBK36C, TM124MBK36S 1048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 
SMMS138B - MARCH 1992 - REVISED JUNE 1995 

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

'124MBK36C-60 '124MBK36C-70 '124MBK36C-ao 

PARAMETER '248NBK36C-80 '248NBK36C-70 '248NBK36C-80 UNIT 

MIN MAX MIN MAX MIN MAX 

teAC Access time from CAS low 15 18 20 ns 

tM Access time from column-address 30 35 40 ns 

tRAC Access time from RAS low 80 70 80 ns 

tCPA Access time from column precharge 35 40 45 ns 

teLZ CAS to output In low Z 0 0 0 ns 

toFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

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

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

'124MBK36C-a0 
'248NBK36C-a0 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tRWC Cycle time, read-write 130 

tpc Cycle time, page-mode read or write (see Note 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, write 15 

tASC Satup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Satup time, data 0 

tRCS Setup time, read before CAS low 0 

teWL Satup time, W time before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twSR Setup time, W high (CBR refresh only) 10 

tCAH Hold time, column address after CAS low 10 

tOHR Hold time, data after RAS low (see Note 9) 50 

tOH Hold time, data 10 

tAR Hold time, column address after RAS low (see Note 99) 50 

teLCH Hold time, CAS low to CAS high 5 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, read after CAS high (see Note 10) 0 

tRRH Hold time, read after RAS high (see Note 10) 0 

NOTES: 7. All cycles assume IT = 5 ns. 
8. To assure tpc min, tASC should be '" 5 ns. 
9. The minimum value is measured when tRCO is set to tRCO min as a reference. 

10. Either tRRH or tRCH must be satisfied for a read cycle. 

~TEXAS 
INSTRUMENTS 

'124MBK36C-70 
'246NBK36C-70 

MIN MAX 

130 

153 

45 

70 100000 

70 10000 

18 10000 

10 

50 

15 

0 

0 

0 

0 

18 

18 

0 

10 

15 

55 

15 

55 

5 

10 

0 

0 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 

'124MBK36C-ao 
'248NBK36C-ao UNIT 

MIN MAX 

150 ns 

175 ns 

50 ns 
80 100000 ns 

80 10000 ns 
20 10000 ns 

10 ns 

60 ns 

15 ns 
0 ns 

0 ns 

0 ns 

0 ns 

20 ns 

20 ns 

0 ns 

10 ns 

15 ns 

60 ns 

15 ns 

60 ns 

5 ns 

10 ns 

0 ns 

0 ns 
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TM124MBK36C, TM124MBK36S 1048576 BY 36·BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36·BIT 
DYNAMIC RAM MODULE 
SMMSl38B - MARCH 1992 - REVISED JUNE 1995 

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

'124MBK36C-60 '124MBK36C-70 
'248NBK36c-&o '248NBK36C-70 

MIN MAX MIN MAX 

twCH Hold time, write after CAS low 15 15 

twCR Hold time, write after RAS low (see Note 9) 50 55 

twHR Hold time, W high (CBR refresh only) 10 10 

tcHR Delay time, ~ low to CAS high (CBR refresh only) 15 15 

tcRP Delay time, CAS high to ~ low 0 0 

tcSH Delay time, ~ low to CAS high 60 70 

tcSR Delay time, CAS low to RAS low (CBR refresh only) 10 10 

tRAD Delay time, ~ low to column address (see Note 11) 15 30 15 35 

tRAL Delay time, column address to RAS high 30 35 

tCAL Delay time, column address to CAS high 30 35 

tRCD Delay time, ~ low to CAS low (see Note 11) 20 45 20 52 

tRPC Delay time, RAS high to CAS low (CBR refresh only) 0 0 

tRSH Delay time, CAS low to RAS high 15 16 

tREF Refresh time interval 16 16 

tr Transition time 2 50 2 50 

NOTES: 9. The mlmmum value IS measured when tRCD IS set to tRCD min as a reference. 
10. Either tRRH or tRCH must be satisfied for a read cycle. 
11. The maximum value is specified only to assure access time. 

device symbolization (TM124MBK36C Illustrated) 

00000 0 0000 00 

6-90 

TMI24MBK36C 

YY = Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS = Speed Code 

NOTE: Location of symbolization may vary. 

-!!1TEXAS 
INSTRUMENTS 
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'124MBK36c-80 
'248NBK36c-80 UNIT 

MIN MAX 

15 ns 

60 ns 

10 ns 

20 ns 

0 ns 

60 ns 

10 ns 

15 40 ns 

40 ns 

40 ns 

20 60 ns 

0 ns 

20 ns 

16 ms 

2 50 ns 



TM124MBK36G, TM124MBK36V 1048576 BY 36·BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36·BIT DYNAMIC RAM MODULE 

• Organization 
TM124MBK36G ••• 1 048 576 x 36 
TM248NBK36G ••• 2097152 x 36 

• Single SoV Power Supply (:1:10% Tolerance) 
• 72-Pln Single-in-Une Memory Module 

(SIMM) for Use With Socket 

• TM124MBK36G - Utilizes Two 16-Megablt 
and Two 4-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages 

• TM248NBK36G - Utilizes Four 16-Megablt 
and Four 4-Megablt Dynamic RAMs In 
Plastic Smail-Outline J-Lead (SOJ) 
Packages 

• Long Refresh Period 
16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Nine Common 

Data-In and Data-Out Lines In Four Blocks 

• Enhanced Page-Mode Operation With 
CASx-Before-RAS (CBR), RASx-Only, and 
Hidden Refresh 

description 

TM124MBK36~ 

SMMS651A- MAY 1995-

• Presence Detect 
• Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 
lRAC tAA \cAC 

(MAX) (MAX) (MAX) 

'124MBK36G-60 60 ns 30 ns 15 ns 

'124MBK36G-70 70 ns 35 ns 18 ns 
'124MBK36G·80 80 ns 40 ns 20 ns 

'248NBK36G-60 60 ns 30 ns 15 ns 

'248NBK36G·70 70 ns . 35 ns 18 ns 

'248NBK36G·80 80 ns 40 ns 20ns 

• Low Power Dissipation 

JUNE 1995 

READ 
OR 

wRrrE 
CYCLE 

(MIN) 

110 n8 

130 n8 

150 ns 

110 ns 

130 ns 

150 ns 

• Operating Free-Air Temperature Range 
O·Cto 70·C 

• Gold-Tabbed Versions Avallable:t 
TM124MBK36G 
TM248NBK36G 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

TM124MBK36V 
TM248NBK36V 

The TM124MBK36G is a 4M-byte dynamic random-access memory (DRAM) organized as four times 
1048576 x 9 in a 72-pin SIMM. The SIMM is composed of two TMS418160DZ, 1 048576 x 16-bit DRAMs, each 
in a 42-lead plastiC SOJ package and two TMS44460DJ, 1 048576 x 4-bit DRAMs, in a 24/26-lead plastiC SOJ 
package mounted on a substrate with decoupling capacitors. The TMS418160DZ and TMS44460DJ are 
described in the TMS418160 and TMS44460 data sheets respectively. The TM124MBK36G SIMM is available 
in the single-sided BK lead less module for use with sockets. 

TM248NBK36G 

TheTM248NBK36G is an 8M-byte DRAM organized as four times 2097152 x 9 in a 72-pin SIMM. The SIMM 
is composed of four TMS418160DZ, 1 048 576 x 16-bit DRAMs, each in a 42-lead plastic SOJ package and 
four TMS44460DJ, 1 048576 x 4-bit DRAMs, each in a 24/26-lead plastic SOJ package mounted on a substrate 
with decoupling capacitors. The TMS418160DZ and TMS44460DJ are described in the TMS418160 and 
TMS44460 data sheets, respectively. The TM248NBK36G SIMM is available in the double-sided BK leadless 
module for use with sockets. 

operation 

The TM124MBK36G operates as two TMS418160DZs and two TMS44460DJs connected as shown in the 
functional block diagram and Table 1. The TM248NBK36G operates as four TMS418160DZs and four 
TMS44460DJs connected as shown in the functional block diagram and Table 1. The common I/O feature 
dictates the use of early-write cycles to prevent contention on D and Q. 

t Part numbers in this data sheet are for the gold·tabbed version; the information applies to both gold·tabbed and solder·tabbed versions. 

PRODUCTlOH DATA Information 10 .. ""III II ., publication dote. Copyright C 1995, Texas Instruments Incorporated 
Pred ..... confotm to ,,..l1Icatlon, PI' IhIllrm, 01 T, .. ,lntln" .. nto ~ 
-.rd wornnty. PI'ocluc1lon proctttIlIII- not""-Iy Include '1 UEXAS 
_l1li 01,. portmtltrl. 

INSTRUMENTS 
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TM124MBK36G, TM124r,11BK3&V 1048576 BY 36·BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36·BIT DYNAMIC RAM MODULE 

SMMSB51A.,.. MAY 1995.;. REVISED JUNE 1995 

BK SINGLE-IN-LINE MEMORY MODULEt 
(TOP VIEW) 

TM124MBK36G 
(SIDE VIEW) 

TM248NBK36G 
(SIDE VIEW) 

Vss C) 1 
DQO C) 2 

D018 C) 3 
DOl C) 4 

D018 C) 5 
o v 

DQ2 C) • 
DQ20 C) 7 
003 C) 8 

DQ21 c:J 8 
VCC C) 10 

NC c:J 11 
M C) 12 
Al C) 13 
A2 c:J 14 
M C) 15 
A4 C) 18 
AS C) 17 
AS C) I. 
NC C) 18 

DQ4 C) 20 
DQ22 C) 21 
D05 C) 22 

DQ23 C) 23 
DQ8 C) 24 

DQ24 C) 25 
D07 C) 28 

DQ25 C) 27 
A7 C) 28 
NC C) 28 

VCC C) 30 
AS C) 31 
AS C) 32 

RAS3 C) 33 
AAS2 C) 34 
DQ28 C) 35 

DQ8 C) 38 

D017 C) 37 
DQ35 C) 38 

VSS C) 38 
CASii C) 40 
CAS2 C) 41 
CAS3 C) 42 
CAS! C) 43 
IiASO C) 44 
RAel C) 45 

NC C) 48 
Vi C) 47 

NC C) 48 
DQ8 C) 4S 

DQ27 C) 50 
DOlO C) 51 
DQ28 C) 52 
DOll C) 53 
DQ29 C) 54 
D012 C) 55 
DQ30 C) 58 
D013 C) 57 
0031 C) 58 
Vee C) 58 

DQ32 C) 80 
D014 C) 81 
DQ33 C) 52 
D015 C) 53 
DQ34 C) 84 
D018 C) 85 

NC C) 88 
POI C) 57 
PD2 C) 88 
PD3 C) 88 
PD4 C) 70 
NO C) 71 

Vss C) 72 

t The packages shown here are not drewn to scale. 

PIN NOMENCLATURE 

AO-AS 
CASO-CAS3 
DQO-DQ35 
NC 
PD1- PD4 
RASO-RAS3 
VCC 
Vss 
W 

Address Inputs 
Column-Address Strobe 
Data In/Data Ou1 
No Connection 
Presence Detects 
Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM124MBK36G 

TM248NBK36G 

~TEXAS 
INSTRUMENTS 

PD1 
(67) 

80ns Vss 

70ns VSS 

80ns Vss 

80ns NC 

70ns NC 

80ns NC 

PD2 PD3 
(68) (69) 

Vss NC 

VSS Vss 

Vss NC 

NC NC 

NC Vss 

NC NC 
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PD4 
(70) 

Vss 

NC 

NC 

Vss 

'NC 

NC 



TM124MBK36G, TM124MBK36V 1048576 BY 36-BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36·BIT DYNAMIC RAM MODULE 

SMMS651A- MAY 1995 - REVISED JUNE 1995 

Table 1. Connection Table 

RASx 
CASx DATA BLOCK 

SIDE2t SIDE 1 

OQO-OQ7 RASO RASl CASO 
OQ8 RASO RASl CASO 

OQ9-0Q18 RASO RASl CASl 
OQ17 RASO RASl CASl 

OQ18-0Q25 RAS2 RAS3 CAS2 
0028 RAS2 RAS3 CAS2 

OQ27-0Q34 RAS2 RAS3 CAS3 
OQ35 RAS2 RAS3 CAS3 

t Side 2 applies to the TM248NBK36G only. 

single In·llne memory module and components 

PC substrate: 1,27 :t 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM124MBK36G and TM248NBK36G: Nickel plate and gold plate over copper 
Contact area for TM124MBK36V and TM248NBK36V: Nickel plate and tin/lead over copper 

~TEXAS 
INSTRUMENTS 
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TM124MBK36G, TM124MBK36V 1048576 BY 36·BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36-BIT DYNAMIC RAM MODULE 

SMMS851A- MAY 1995 - REVISED JUNE 1995 

functional block diagram [TM124MBK36G and TM248NBK36G, side 1 J 

10 
AO-A9--1-~~--------------------------~ 

RASO 

w~;------------------------------. 

1M x4 
AO-A9 OQ1 
RAS OQ2 
W OQ3 

CASO ----"=::.t CAS1 OQ4 
CAS1 CAS2 

N/C CAS3 
N/C CAS4 

00-07 

09-016 

OQ8 
OQ17 

CAS2-'C--...J:::>j 
CAS3 ----"=::.t 

OQ1 
OQ2 
OQ3 
OQ4 

N/C----""'I 
N/C--='l£8§L __ ...I 

functional block diagram [TM248NBK36G, side 2J 

6-94 

AO_A9 __ ~_1~0~ __________________________ ~ 

RAS1 
w....-t-t-------------------------------, 

10 

1M x4 
AO-A9 OQl 
RAS OQ2 
W OQ3 

CASO-----"~CAS1 OQ4 
CAS1 CAS2 

09-016 

00-07 

OQ8 
OQ17 

CASO ----""'I 
CAS1 -----""'I 

OQ1 
OQ2 
OQ3 
OQ4 

N/C CAS3 
N/C CAS4 

N/C -----""'I 
N/C---L.::~~ __ _...I 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON, TEXAS 77251-1443 

018-025 

027-034 

0Q26 
OQ35 
N/C 
N/C 

027-035 

018-025 

0Q26 
OQ35 
N/C 
N/C 



TM124MBK36G, TM124MBK36V 1048576 BY 36·BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36·BIT DYNAMIC RAM MODULE 

SMMS651A - MAY 1995 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Short-circuit output current ..............•.............................•............•...... 50 mA 
Power dissipation TM124MBK36G, TM124MBK36V ........................................ 4 W 

TM248NBK36G, TM248NBK36V ........••......................•...•... 8 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - 55·C to 125·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "racommended operating conditions" is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. . . NOTE 2: The algebraiC convention, where the more negative (less pOSitIVe) limit IS deSignated as mlmmum, Is used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER 

VOH 
High·level output 
voltage 

VOL 
Low-level output 
voltage 

II Input current (leakage) 

Output current 
10 (leakage) 

ICC1 
Read- or write-cycle 
current 

ICC2 Standby current 

ICC3 
Average refresh current 
(RASx only or CBR) 

ICC4 Average page current 

'124MBK36G-60 
TEST CONDITIONS 

MIN 

IOH=-5mA 2.4 

10L= 4.2 mA 

VCC=5.5V. VI = 0 V to 6.5 V, 
All other pins = 0 V to VCC 

VCC = 5.5 V, 
Vo = OVtoVCC, 
CASxhigh 

VCC=5.5V, Minimum cycle 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 
RASx and CASx high 

VIH = VCC - 0.2 V (CMOS), 
After 1 memory cycle, 
RASx and CASx high 

VCC = 5.5 V, Minimum cycle, 
RASx cycling, 
CASx high (RASx only), 
RASx low after CASx low (CBR) 

VCC = 5.5 V, tpC=MIN, 
RASxlow, CASxcycling 

-!II TEXAS 
INSTRUMENTS 

MAX 

0.4 

,.10 

,.10 

390 

8 

4 

390 

320 

'124MBK36G·70 

MIN MAX 

2.4 

0.4 

,.10 

,.10 

340 

8 

4 

340 

280 

POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 

'124MBK36G·80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

,.10 .,A 

,.10 .,A 

300 mA 

8 mA 

4 mA 

300 mA 

240 mA 

6-95 



TM124MBK36G, TM124MBK36V 1 048576 BY 36-BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36-BIT DYNAMIC RAM MODULE 

SMMS651A- MAY 1995-REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature {unless otherwise noted)t 

'248NBK36G -60 '248NBK36G-70 '248NBK36G-80 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN 

VOH 
High-level output 

IOH=-5mA 2.4 2.4 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 0.4 vottage 

II 
Input current VCC-5.5V, VI = 0 V to 6.5 V, .. 10 .. 10 (leakage) All other pins = 0 V to V CC 

10 
Output current VCC=5.5V, :1:20 :1:20 (leakage) Vo = 0 V to VCC. CAS high 

ICCl 
Read- or write-cycle 

VCC=5.5V. Minimum cycle 398 348 current (see Note 3) 

VIH = 2.4 V (TTL). 
After 1 memory cycle. 16 16 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle. 8 8 
RAS and CAS high 

Average refresh 
VCC .. 5.5V. Minimum cycle. 

ICC3 current (RAS only or 
RAScycling, 

780 680 
CBR) (see Note 3) CAS high (RA$, only). 

RAS low after CAS low (CBR) 

Average page VCC = 5.5 V, tPC= MIN. 
1CC4 current 

RASlow, CAS cycling 
328 288 

(see Note 4) 
" " t For test conditions shown as MIN/MAX. use the appropnate value specified under recommended operating conditions. 

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

MAX 

0.4 

.. 10 

:1:20 

308 

16 

8 

600 

248 

UNrr 

V 

V 

.J.iA 

J.iA 

mA 

rnA 

mA 

mA 

mA 

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

PARAMETER 

CI(A) Input capacitance. address inputs 

Ci(R) Input capacitance. RAS Inputs 

Ci(CI Input capacitance. CAS inputs 

Ci(W) Input capacitance. W 

CO(DQ) Output capacitance on DQ pins 

NOTE 5: VCC = 5 V :t 0.5 V. and the bias on pins under test is 0 V. 

6-96 
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'124MBK36G '248NBK36G 
UNIT 

MIN MAX MIN MAX 

20 40 pF 

14 14 pF 

14 28 pF 

28 56 pF 

7 14 pF 



TM124MBK36G, TM124MBK36V 1048576 BY 36-BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36-BIT DYNAMIC RAM MODULE 

SMMS651A- MAY 1995 - REVISED JUNE 1995 

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

'124MBK36G-60 '124MBK36G-70 '124MBK36G-80 
PARAMETER '248NBK36G-60 '248NBK36G-70 '248NBK36G-80 UNIT 

MIN MAX MIN MAX MIN MAX 

tM Access time from column address 30 35 40 ns 

teAC Access time from CAS low 15 18 20 ns 

tRAC Access time from RAS low 60 70 80 ns 

tePA Access time from column precharge 35 40 45 ns 

teLZ CAS to output In low-Impedance state 0 0 0 ns 

!oH Output disable time from start of CAS high 3 3 3 ns 

!oFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: !oFF Is specified when the output Is no longer driven. 

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

'124MBK36G-60 
'248NBK36G-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc Cycle time, page-mode read or write (SEl9 Notes 7 and 8) 40 

tRASP Pulse duration, page mode, RAS low 60 100000 

tRAS Pulse duration, nonpage mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tep Pulse duration, CAS high (precharge) 10 

tRP Pulse duration, RAS high (precharge) 40 

twP Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 15 

IRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

teAH Hold time, column address after CAS low 10 

tRHCP Hold time, RAS high from CAS precharge 35 

tOH Hold time, data after CAS low 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 

tRRH Hold time, W high after RAS high (see Note 9) 0 

twCH Hold time, iN low after ~ low 10 

!wAH Hold time, W high after RAS low (CBR refresh only) 10 

NOTES: 7. All cycles assume IT = 5 ns. 
8. To assure tpc min, tASC should be .. tep. 
9. Either tRRH or IRCH must be satisfied for a read cycle. 

~TEXAS 
INSTRUMENTS 

'124MBK36G-70 
'248NBK36G-70 

MIN MAX 

130 

45 

70 100000 

70 10000 

18 10000 

10 

50 

10 

0 

0 

0 

0 

18 

18 

0 

10 

15 

40 

15 

10 

0 

0 

15 

10 
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'124MBK36G-80 
'248NBK36G-80 UNIT 

MIN MAX 

150 ns 

50 ns 

80 100000 ns 

80 10000 ns 

20 10000 ns 

10 ns 

60 ns 

10 ns 

0 ns 

0 ns 

0 ns 

0 ns 

20 ns 

20 ns 

0 ns 

10 ns 

15 ns 

45 ns 

15 ns 
10 ns 

0 ns 

0 ns 
15 ns 

10 ns 
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TM124MBK36G, TM124MBK36V 1048576 BY 36-BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36-BIT DYNAMIC RAM MODULE 

SMMS651A- MAY 1995 - REVISED JUNE 1995 

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

'124MBK36G-60 '124MBK36G-70 '124MBK36G-60 
'248NBK36G-60 '248NBK36G -70 '248NBK36G-60 

MIN MAX MIN MAX MIN MAX 

teHR Delay time, AAS low to CAS high (CBR refresh only) 10 10 10 

teRP Delay time, CAS high to AAS low 5 5 5 

tCSH Delay time, RAS low to CAS high 60 70 80 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 5 

tRAD· Delay time, RAS low to column address (see Note 10) 15 30 15 35 15 40 

tRAL Delay time, column address to RAS high 30 35 40 

teAL Delay time, column address to CAS high 30 35 40 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 20 52 20 60 

tRPC Delay time, RAS high to CAS low (CBR only) 0 0 0 

tRSH Delay time, CAS low to RAS high 15 18 20 

tREF Refresh time Interval 16 16 16 

IT Transition time 3 30 3 30 3 30 

NOTE 10: The mllXlmum value IS specified only to assure access time. 

device symbolization (TM124MBK36G Illustrated) 

o [:::::::::::] 0 o [::::::::::::::] 0 
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YY = Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS = Speed Code 

NOTE: Location of symbolization may vary. 

~TEXAS 
INSTRUMENTS 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 



• Organization ••• 4 194 304 x 36 

• Single SOV Power Supply (:10% Tolerance) 

• 72-Pln Single-in-Line Memory Module 
(SIMM) for Use With Sockets 

• Utilizes Eight 16-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages and 
Four 4-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages 

• Long Refresh Period 
32 ms (2048 Cycles)t 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• Common CAS Control for Nine Common 
Data-In and Data-Out Lines In Four Blocks 

• Separate RAS Control for Eighteen Data-In 
and Data-Out Lines In TlNo Blocks 

• 3-State Output 

description 

TM497MBK36A, TM497MBK36Q 
4194304 BY 36·BIT 

DYNAMIC RAM MODULE 

• Performance Ranges: 
ACCESS ACCESS ACCESS 

TIME TIME TIME 
tRAC teAC tAA 

(MAX) (MAX) (MAX) 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

'497MBK36A-60 60 ns 15 ns 30 ns 110 ns 
'497MBK36A-70 70 ns 18 ns 35 ns 130 ns 
'497MBK36A-80 80 ns 20 ns 40 ns 150 ns 

• Low Power Dissipation 
• Operating Free-Air Temperature Range 

O·C to 70·C 

• Presence Detect 
• Gold-Tabbed Version Avallable:* 

TM497MBK36A 

• Tin-Lead (Solder) Tabbed Version 
Available: TM497MBK36Q 

The TM497MBK36A is a 16M-byte dynamic random-access memory (DRAM) organized as four times 
4194304 x 9 (bit 9 is generally used for parity) in a 72-pin leadless single-in-line memory module (SIMM). The 
SIMM is composed of eightTMS417 400DJ, 4194304 x 4-bit DRAMs, each in 24/26-lead plastic SOJ packages, 
and four TMS44100DJ, 4194304 x 1-bit DRAMs, each in 20/26-lead plastic SOJ packages mounted on a 

· substrate with decoupling capacitors. Each TMS417400DJ and TMS441 OODJ is described in the TMS417400 
and TMS44100 data sheets (respectively). 

The TM497MBK36A is available in a double-sided BK leadless module for use with sockets. The 
TM497MBK36A features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for operation 
from O·C to 70·C. 

operation 

The TM497MBK36A operates as eight TMS417400DJs and four TMS44100DJs connected as shown in the 
functional block diagram and Table 1. Refer to the TMS417400 and TMS44100 data sheets for details of 
operation. The common I/O feature dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

The refresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. Address line A 10 must be used as most significant refresh address line (lowest 
frequency) to assure correct refresh for both TMS417400 and TMS44100. AO-A9 address lines must be 
refreshed every 16 ms as required by the TMS441 00 DRAM. CAS can remain high during the refresh sequence 
to conserve power. . 

power up 

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

t AO-AB address lines must be refreshed every 16 ms. 
:I: Part numbers In this data sheet refer only to the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 
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TM497MBK36A, TM497MBK36Q 
4194304 BY 3600BIT 
DYNAMIC RAM MODULE 
SMMS446C- DECEMBER 1992-'- REVISED JUNE 1995 

Vss 
DQO 

0018 
001 

0018 
002 

0020 
003 

0021 
Vee 

NC 
III 
AI 
Ai 
AS 
A4 
AS 
AS 

Al0 
DQ4 

DQ22 
DQ5 

DQ23 
DQ8 

0024 
DQ7 

0025 
A7' 
NC 

Vee 
AS 
AS 
NC 

RAS2 
DQ28 

DQ8 

DQ17 
0035 
Vss 

CABO 
CAS2 
CAS3 
CAS1 
RASa 

NC 
NC 
W 

NC 
DQ8 

0027 
DQl0 
0028 
DQl1 
0028 
DQ12 
DQ30 
DQ13 
0031 
VCC 

DQ32 

DQ14 
DQ33 
DQ15 
DQ34 

DQ18 
NC 

POI 
P02 
PD3 
P04 

NC 
Vss 

BK SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

I=> 1 e 
I=> 2 
I=> 3 
I=> 4 

CJ I=> 5 
I=> 8 
I=> 7 
I=> 8 
I=> 8 
1=>10 
I=> 11 
I=> 12 

CJ I=> 13 
I=> 14 
I=> 15 
I=> 18 
I=> 17 
I=> 18 
I=> 18 

CJ I=> 20 
I=> 21 
I=> 22 
I=> 23 
I=> 24 
I=> 25 
I=> 25 
I=> 27 

CJ I=> 28 
I=> 28 
I=> 30 
I=> 31 
I=> 32 
I=> 33 
I=> 34 
I=> 35 
I=> 38 

I=> 37 
I=> 38 
I=> 38 
I=> 40 

CJ I=> 41 
I=> 42 
I=> 43 
I=> 44 
I=> 45 
I=> 48 
I=> 47 

CJ I=> 48 
I=> 48 
I=> 50 
I=> 51 
I=> 52 
I=> 53 
I=> 54 
I=> 55 

CJ I=> 68 
I=> 57 
I=> 58 
I=> 58 
I=> 50 
I=> 81 
I=> 82 

CJ I=> 83 
I=> 84 
I=> 55 
I=> 88 
I=> 87 
I=> 88 
I=> 88 
I=> 70 e I=> 71 
I=> 72 

(SIDE VIEW) 

PIN NOMENCLATURE 

AO-A10 
CASO-CAS3 
000-007,009-00;6, 
0018-0025,0027-0034 
008,0017,0026,0035 
NC 
P01-P04 
RASO, RAS2 

VCC 
VSS 
W 

Address Inputs 
Column-Address Strobe 
Data InJData Out 

Parity 
No Connection 
Presenca Detects 
Row-Address Strobe 
5-VSupply 
Ground 
WrReEnable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM497MBK36A 

~TEXAS 
INSTRUMENTS 

POt 
(67) 

SOns VSS 

70ns VSS 

60 ns VSS 

P02 PD3 
(68) (69) 

NC NC 

NC VSS 

NC NC 

6-100 POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

PD4 
(70) 

VSS 

NC 

NC 



TM497MBK36A, TM497MBK36Q 
4194304 BY 36·BIT 

DYNAMIC RAM MODULE 
SMMS446C - DECEMBER 1992 - REVISED JUNE 1995 

Table 1. Connection Table 

DATA BLOCK RASx CASx 

OQO-OQ7 AASli ~ OQ8 

0Q9-0Q16 
RASO CASl OQ17 

OQ18-0Q25 
RAS2 CAS2 DQ26 

OQ27-0Q34 RAS2 CAS3 
OQ35 

singie-in-llne memory module and components 

PC substrate: 1,27 :t 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM497MBK36A: Nickel plate and gold plate over Copper 
Contact area for TM497MBK36Q: Nickel plate and tin-lead over copper 

~TEXAS 
INSTRUMENTS 
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~ I functional block diagram 
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TM497MBK36A, TM497MBK36Q 
4194304 BY 36·BIT 

DYNAMIC RAM MODULE 
SMMS446C - DECEMBER 1992 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. - 1 V to 7 V 
Voltage range on any pin (see Note 1) ...........................•...............•...•. - 1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation ...................................................................•..... 12 W 
Operating free-air temperature range, T A .............................................. O·C to 70·C 
Storage temperature range, Tstg .................................................. - 55·C to 125·C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voRage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voRsge 4.5 5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voRage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 
.. . .. . . NOTE 2: The algebraiC convention. where the more negative (less poSitIVe) limit IS deSignated as minimum. Is used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
'497MBK36A-60 

MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 voRsge 

VOL 
Low-level output 

10L= 4.2 rnA 0.4 voRsge 

II 
Input current VCC= 5.5V. VI = 0 V to 6.5 V. : 120 (leakage) All other pins = 0 V to VCC 

10 
Output current YQ!;;=5.5V. Vo = 0 Vlo Vcc. :10 (leakage} CAS high 

ICCI 
Read- or wrtte-cycle 

Vcc= 5.5V. Minimum cycle 1300 current (see Note 3) 

VIH = 2.4 V (TTL). 
After 1 memory cycle. 24 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle. 12 
RAS and CAS high 

Average refresh VCC=5.5V. Minimum cycle. 

ICC3 
current (RAS only RAScycling. 

1300 orCBR) CAS high (RAS only); 
(see Note 3) RAS low after CAS low (CBR) 

ICC4 
Average page YQ!;;=5.5V. !EQ..= MIN 920 current (see Note 4) RASlow. CAS cycling 

NOTES: 3. Measured With a maximum of one address change while RAS = VIL 
4. Measured with a maximum of one address change while CAS = VIH 

~TEXAS 
INSTRUMENTS 

'497MBK36A-70 

MIN MAX 

2.4 

0.4 

: 120 

:10 

1160 

24 

12 

1160 

800 

I'OST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

'497MBK36A-80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

: 120 J.IA 

:10 J.IA 

1040 rnA 

24 rnA 

12 rnA 

1040 rnA 

680 rnA 
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TM497MBK36A, TM497MBK36Q 
4194304 BY 36-BIT 
DYNAMIC RAM MODULE 
SMMS446C- DECEMBER 1992 - REVISED JUNE 1995 

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

PARAMETER MIN MAX UNIT 

CICAI Input capacitanca, address Inputs 60 pF 

CICC) Input capacitance, aAS Inputs 21 pF 

CICRI Input capacitance, RAS inputs 42 pF 

CUWl Input capacitance, write-enable Input 84 pF 

Co Output capacitance 
IDQpins 7 

I Parity pins 12 
pF 

NOTE 5: VCC = 5 V :t 0.5 V, and the bias on pins under testis 0 V. 

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

'497MBK36A-60 '497MBK36A-70 '497MBK36A-80 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

lAA Access time from column address 30 35 40 ns 

teAC Access time from CAS low 15 18 20 ns 

tePA Access time from column precharge 35 40 45 ns 

tRAC Access time from RAS low 60 70 80 ns 

teL2 CAS to output In low-impedance stste 0 0 0 ns 

tOH Output disable time, start of CAS high 3 3 3 ns 

tOFF Output disable time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

NOTE 6: toFF Is sp9CIfied when the output Is no longer driven. 

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

'497MBK36A-60 

MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 

tpc Cycle time, page-mode read or write (see Notes 7 and 8) 40 

tRASP Pulse duration, page-mode, RAS low 60 100000 

tRAS Pulse duration, nonpage-mode, RAS low 60 10000 

teAS Pulse duration, CAS low 15 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before aAS low 0 

tASR Setup time, row address before RAS low 0 

tDS Setup time, data before CAS low 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before CAS low 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

NOTES: 7. All cycles assume IT = 5 ns. 

6-104 

8. To assure tpc min, tASC should be :t tCp. 
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'497MBK36A-70 '497MBK36A-80 
UNIT 

MIN MAX MIN MAX 

130 150 ns 

45 50 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

10 10 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

10 10 ns 



TM497MBK36A, TM497MBK36Q 
4194304 BY 36-BIT 

DYNAMIC RAM MODULE 
SMMS446C- DECEMBER 1992 - REVISED JUNE 1995 

tImIng requIrements over recommended ranges of supply voltage and operatIng free-&Ir 
temperature (contInued) 

'497MBK38A-60 '497MBK38A-70 '497MBK38A-60 

MIN MAX MIN MAX MIN MAX 

teAH Hold time, column address after CAS low 15 15 15 

tRHCP Hold time, RAS high from CAS precharge 35 40 45 

tDH Hold time, data after CAS low 15 15 15 

tRAH Hold time, row address after ~ low 10 10 10 

tRCH Hold time, W high after CAS high (see Note 9) 0 0 0 

IRRH Hold time, W high after RAS high (see Note 9) 0 0 0 

twCH Hold time, W low after CAS low 10 15 15 

twRH Hold time, W high after RAS low (CBR refresh only) 10 10 10 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 10 

teRP Deley time, CAS high to ~ low 5 5 5 

teSH Delay time, ~ low to CAS high 60 70 60 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 5 

tRAe Delay time, RAS low to column address (see Note 10) 15 30 15 35 15 40 

tRAL Delay time, column address to RAS high 30 35 40 

teAL Delay time, column address to CAS high 30 35 40 
tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 20 52 20 60 

IRpc Delay time, RAS high to CAS low 0 0 0 

tRSH Delay time, CAS low to RAS high 15 18 20 

tREF Refresh time Interval 32 32 32 

IT Trensitlon time 3 30 3 30 3 30 

NOTES: 9. Either IRRH or tRCH must be satisfied for a read cycle. 
10. The maximum value is specified only to assure access time. 

devIce symbolizatIon 

oDDDD DDDDo 
YY • Year Code 
MM = Month Code 

T = Assembly Site Code 
-SS .. Speed Code 

NOTE: location of symbolization may vary. 
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UNrr 

ns 
lIS 

lIS 

ns 
ns 
ns 

ns 

ns 

ns 

lIS 

lIS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 
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TM497MBM36A, TM497MBM36Q 4194304 BY 36-BIT 
TM893NBM36A, TM893NBM36Q 8388608 BY 36-BIT 
DYNAMIC RANDOM·ACCESS MEMORY MODULES 

• Organization 
TM497MBM36A ••• 4194304 x 36 
TM893NBM36A ••• 8388608 x 36 

• Single SOV Power Supply (:10% Tolerance) 

• 72-Pln Leadless Single-in-Une Memory 
Module (SIMM) for Use With Sockets 

• TM497MBM36A - Utilizes Eight 16-Megablt 
and Four 4-Megablt DRAMs In Plastic 
Smail-Outline J-Lead (SOJ) Packages 

• TM893NBM36A - Utilizes Sixteen 
16-Megablt and Eight 4-Megablt DRAMs In 
Plastic Small-Outline J-Lead (SOJ) 
Packages 

• Long Refresh Period 
32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 
• Common CAS Control for Nine Common 

Data-In and Data-Out Lines In Four Blocks 

• Enhanced Page-Mode Operation With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

TM497MBM36A 

• Present Detect 
• Operating Free-Alr-Temperature Range 

O°C to 70°C 

• Performance Ranges: 
ACCESS ACCESS ACCESS 

TIME TIME TIME 
'RAc tAA tcAC 

(MAX) 
'497MBM36A-60 60 ns 
'497MBM36A-70 70 ns 
'497MBM36A-60 80 ns 

(MAX) 
30 ns 
35 ns 
40 ns 

(MAX) 
15 ns 
18 ns 
20 ns 

'893NBM36A-60 60 ns 30 ns 15 ns 
'893NBM36A-70 70 ns 35 ns 18 ns 
'893NBM36A-60 60 ns 40 ns 20 ns 

• Gold-Tabbed Versions Avallable:t 
TM497MBM36A 
TM893NBM36A 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

TM497MBM36Q 
TM893NBM36Q 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

110 ns 
130 ns 
150 ns 
110 ns 
130 ns 
150 n8 

The TM497MBM36A is a 16-megabyte dynamic random-access memory (DRAM) organized as four times 
4194304 x 9 (bit 9 is generally used for parity) in a 72-pin,leadless single-in-line memory module (SIMM). The 
SIMM is composed of eightTMS417400DJ, 4194304 x 4-bit DRAMs, each in 24/26-lead plastic small;outline 
J-Iead (SOJ) packages and four TMS44100DJ, 4194304 x 1-bit DRAMs, each in 20/26-lead plastiC 
small-outline J-Iead (SOJ) packages mounted on a substrate with decoupling capacitors. The TMS417400DJ 
and TMS44100DJ are described in the TMS417400 and TMS44100 data sheets, respectively. The 
TM497MBM36A SIMM is available in the single-sided, BM leadless module for use with sockets. 

TM893NBM36A 

The TM893NBM36A is a 32-megabyte DRAM organized as four times 8388608 x 9 (bit 9 is generally used for 
parity) in a 72-pin, leadless single-in-line memory module (SIMM). The SIMM is composed of sixteen 
TMS417400DJ, 4194304 x 4-bit DRAMs, each in 24/26-lead plastic small-outline J-Iead (SOJ) packages and 
eight TMS441 OODJ, 4194304 x 1-bit DRAMs, each in 20/26-lead plastic small-outline J-Iead (SOJ) packages 
mounted on a substrate with decoupling capacitors. The TMS417 400DJ and TMS441 OODJ are described in the 
TMS417400 and TMS44100 data sheets, respectively. The TM893NBM36A SIMM is available in the 
double-sided, BM leadless module for use with sockets. 

operation 

TM497MBM36A 

The TM497MBM36A operates as eight TMS417400DJs and four TMS441 OODJs connected as shown in the 
functional block diagram and Table 1. The common I/O feature dictates the use of early-write cycles to prevent 
contention on D and Q. 

t Part numbers in this data sheet refer only to the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 
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TM497MBM36A, TM497MBM36Q 4194304 BY 36·BIT 
TM893NBM36A, TM893NBM36Q 8388608 BY 36·BIT 
DYNAMIC RANDOM·ACCESS MEMORY MODULES 
SMMS653A- MAY 1995 - REVISED JUNE 1995· 

TM893NBM36A 

The TM893NBM36A operates as sixteen TMS417400DJs and eight TMS441 OODJs connected as shown in the 
functional block diagram and Table 1. The common I/O feature dictates the use of early-write cycles to prevent 
contention on D and Q. 

refresh 

The refresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS In order to retain data. Address line A 10 must be used as the most significant refresh address line (lowest 
frequency) to ensure correct refresh for both TMS417400 and TMS44100. Address lines AO-A9 must be 
refreshed every 16 ms as required by the TMS441 00 DRAM. To conserve power, CAS can remain high during 
the refresh sequence. 

power up 

To achieve proper operation, an initial pause of 200 Jls followed by a minimum of eight initialization cycles is 
required after full Vee level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR-refresh) cycle. 

Table 1. Connection Table 

RASX 
DATA BLOCK 

SIDE2t 
CASX 

SIDE 1 

000-007 
RASO RAS1 CASO DaB 

009-0016 
RASO RAS1 CAS1 

0017 

001S-0025 
RAS2 RAS3 CAS2 0026 

0027-0034 
RAS2 RAS3 ' CAS3 

0035 

t Side 2 applies to the TMS93NBM36A. 

slngle-In-line-memory module and components 

6-10S 

PC substrate: 1, 27 :t 0,1 mm (0.05 inch) nominal thickness; inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 
Contact area for TM497MBM36A and TM893NBM36A: Nickel plate and gold plate over copper 
Contact area for TM497MBM36Q and TM893NBM36Q: Nickel plate and tin/lead over copper 
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Vss 
oao 

0018 
001 

0018 
002 

DQ20 
003 

0021 
VCC 

NC 
AO 
AI 
A2 
1>:5 
M 
AS 
AS 

Al0 
DQ4 

0022 
005 

0023 
DQ8 

0024 
007 

0025 
A7 
NC 

Vee 
M 
Ai 

RAsa 
RAS2 
DQ27 

008 

0017 
0035 
Vss 

CA50 
CAS2 
CAS3 
CAS1 
iiAsO 
RASI 

NC 
W 

NC 
DQ8 

0027 
0010 
DQ28 
0011 
0028 
0012 
DQ30 

0013 
0031 
Vee 

0Q32 

0014 
DQ33 
0015 
DQ34 

0018 
NC 

POI 
P02 
PD3 
PD4 
NC 

Vss 

BM SINGLE·IN-UNE PACKAGE 
(TOP VIEW) 

c::::> 1 C±) 
c::::> 2 
c::::> 3 
c::::> 4 

c=Jo c::::> 5 
c::::> 8 
c::::> 7 
c::::> 8 
c::::> 8 
c::::> 10 
c::::> 11 
c::::> 12 
c::::> 13 
c::::> 14 c=J c::::> 15 
c::::> 18 
c::::> 17 
c::::> 18 
c::::> 19 
c::::> 20 
c::::> 21 

c=Jo c::::> 22 
c::::> 23 
c::::> 24 
c::::> 25 
c::::> 28 
c::::> 27 
c::::> 28 
c::::> 28 
c::::> 30 
c::::> 31 c=J c::::> 32 
c::::> 33 
c::::> 34 
c::::> 35 
c::::> 38 

) 
c::::> 37 

c=Jo c::::> 38 
c::::> 38 
c::::> 40 
c::::> 41 
c::::> 42 
c::::> 43 
c::::> 44 
c::::> 45 
c::::> 45 
c::::> 47 c=J c::::> 48 
c::::> 48 
c::::> 50 
c::::> 51 
c::::> 52 
c::::> 83 
c::::> 54 

c=Jo c::::> 5& 
c::::> 58 
c::::> 87 
c::::> 58 
c::::> 58 
c::::> 50 
c::::> 81 
c::::> 52 
c::::> 83 
c::::> 54 c=J c::::> 5& 
c::::> 88 
c::::> 87 
c::::> 88 
c::::> 88 
c::::> 70 C±)' c::::> 71 
c::::> 72 
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TM497MBM36A 
(SIDE VIEW) 

TM893NBM36A 
(SIDE VIEW) 

PIN NOMENCLATURE 

AO-Al0 
CASO-CAS3 
DQO-DQ35 
NC 
PD1-PD5 
RASO-RAS3 

VCC 
VSS 
IN 

Address Inputs 
Column-Address Strobe 
Data In I Data Out 
No Connection 
Presence Detacts 
Row-Address Strobe 
frV Supply 
Ground 
Write Enable 

PRESENCE DETECT 

SIGNAL 
(PIN) 

TM497MBM36A 

TM893NBM36A 

~TEXAS 
INSTRUMENTS 

POl 
(67) 

80 ns VSS 

70 ns Vss 

60 ns VSS 

SOns NC 

70ns NC 

SOns NC 

PD2 PD3 
(68) (69) 

NC NC 

NC Vss 

NC NC 

VSS NC 

VSS VSS 

VSS NC 

PD4 
(70) 

VSS 

NC 

NC 

VSS 

NC 

NC 
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__ ~ I functional block diagram (TM497MBM36A and TM893NBM36A, side 1) 
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functional block diagram (TM893NBM36A, side 2) 
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TM497MBM36A, TM497MBM36Q 4194304 BY 36-BIT 
TM893NBM36A, TM893NBM36Q 8388608 BY 36-BIT 
DYNAMIC RANDOM·ACCESS MEMORY MODULES 
SMMS653A- MAY 1995 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .....•.......• . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . - 1 V to 7 V 
Voltage range on any pin (see Note 1) .•......•............. ,........................... - 1 V to 7 V 
Short-circuit output current ...................................••.••..•...•....•.....•...... 50 mA 
Power dissipation: TM497MBM36A, TM497MBM36Q .....•....•.....•.•...•...••••.••.•.•.•• 12 W 

TM893NBM36A, TM893NBM36Q ......••.........•.•..•..•..•••....•.•..• 24 W 
Operating free-air temperature range, T A .............................................. ooe to 700 e 
Storage temperature range, Tstg .................................................. - 55°e to 125°e 

t stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect devlca reliability. 

NOTE 1: All voltage values are with respect to V SS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 ·C 

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

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TEST CONDITIONS* 
'497MBM36A·60 '497MBM36A·70 

PARAMETER 
MIN MAX MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 2.4 voltage 

VOL 
Low-level output 

IOL=4.2mA 0.4 0.4 voltage 

II 
Input current VCC=5.5V. VI = 0 V to 6.5 V. 

:1:10 :1:10 (leakage) All other pins = 0 V to VCC 

10 
Output current VCC=5.5V, Vo = 0 Vto Vcc. 

:1:10 :1:10 (leakage) CAS high 

ICCI 
Read-or write-cycle 

VCC= 5.5V. Minimum cycle 1300 1160 current 

VIH = 2.4 V (lTL). 
After 1 memory cycle. 24 24 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.2 V (CMOS). 
After 1 memory cycle. 
RAS and CAS high 

12 12 

Averege refresh VCC=5.5V. Minimum cycle. 

ICC3 
current RAScycling, 

1300 1160 
(RAS-only refresh CAS high (RAS-only refresh); 
orCBR) RAS low·after ~ low (CBR) 

ICC4 
Averege page VCC = 5.5 V, tpC=MIN. 

920 800 current RASlow, CAS cycling 
.. . . * For test conditions shown as MINIMAX, use the appropriate value specified In the timing reqUirements . 

6-112 

~TEXAS 
INSTRUMENTS 
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'497MBM36A·80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

:1:10 I4A 

:1:10 I4A 

1040 mA 

24 mA 

12 mA 

1040 mA 

680 mA 



TM497MBM36A, TM497MBM36Q 4194304 BY 36-BIT 
TM893NBM36A, TM893NBM36Q 8388608 BY 36-BIT 
DYNAMIC RANDOM-ACCESS MEMORY MODULES 

SMMS653A- MAY 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 

PARAMETER TEST CONDITIONSt 
'893NBM36A-60 '893NBM36A-70 

MIN MAX MIN 

VOH 
High-level output 

IOH--5mA 2.4 2.4 voltage 

VOL 
Low-Javel output 

IOL=4.2mA 0.4 voltage 

II 
Input current VCC=5.5V, VI = 0 Vto 8.5 V, 

:20 Qeakage) All other pins = 0 V to VCC 

10 
Output current VCC=5.5V, Vo =OVtoVCC, 

:20 (leakage) CAS high 

Read- or write-cycle 
ICC1 current (one RAS VCC = 5.5 V, Minimum cycle 1324 

active, see Note 3) 

VIH • 2.4 V (TTL), 
After 1 memory cycle, . 48 

ICC2 Standby current 
RJiS and CAS high 

VIH .VCC-0.2V (CMOS), 
Atter 1 memory cycle, 24 
RAS and CAS high 

Average refresh VCC = 5.5 V, Minimum cycle. 

ICC3 
current RAScycling, 

1324 
(RAS only or CBR. CAS high (RAS-only refresh): 
see Note 3) RAS low after CAS low (CBR) 

Average page 

1CC4 
current VCC=5.5V, tPC= MIN. 

944 (one RAS active. RASlow, CAS cycling 
see Note 4) 

t For test conditions shown as MIN/MAX. use the appropriate value specified In the timing requirements. 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while CAS = VIH 

MAX 

0.4 

:20 

:20 

1184 

48 

24 

1184 

824 

'893NBM36A-80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

:20 j.iA 

:20 j.iA 

1084 mA 

48 rnA 

24 rnA 

1.084 mA 

704 mA 

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

PARAMETER 

Ci(A) Input capacitance, AO-A 10 

Cj(Rl Input capacitance. RAS inputs 

CI(Cl Input capacitance, CAS Inputs 

CI(Wl Input capacitance, write-enable Input 

Co(eQ) Output capacitance 
I DQpins 

I Parity pins 
NOTE 5: VCC = 5 V : 0.5 V. and the bias on pins under test IS 0 V. 

~TEXAS 
INSTRUMENTS 
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'497MBM36A '893NMB36A 
UNIT 

MIN MAX MIN MAX 

80 120 pF 

42 42 pF 

21 42 pF 

84 168 pF 

7 14 pF 

12 24 pF 

8-113 



TM497MBM36A, TM497MBM36Q 4194304 BY 36-BIT 
TM893NBM36A, TM893NBM36Q 8388608 BY 36-BIT 
DYNAMIC RANDOM·ACCESS MEMORY MODULES 
SMMS653A- MAY 1995 - REVISED JUNE 1995 . 

switching characteristics over recommended ranges of supply voltage and operating free-alr 
temperature . 

'497MBM38A·60 '497MBM38A· 70 '497MBM38A·80 
PARAMETER '893NBM38A·60 'a93NBM38A·70 '883NBM38A·80 UNIT 

MIN MAX MIN MAx MIN MAX 

tM Access time from column address 30 35 40 ri8 
teAc Access time from ~ low 15 18 20 ne 

tRAC Access time from RAS low 60 70 80 ne 

tePA Access time from column precharge 36 40 45 ns 

teLZ ~ low to output In low-Impedance stete 0 0 0 ns 

toFF Output dlsBble time after CAS high (see Note 6) 0 15 0 18 0 20 ns 

toH Output disable time, start of ~ high 3 3 3 n8 

NOTE 6: toFF is 8pecified when the output is no longer dnven. 

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

'497MBM38A·60 '497MBM38A· 70 '497MBM38A·80 
'893NBM38A·60 '893NBM38A·70 '893NBM38A·80 UNIT 

MIN MAX MIN MAX MIN MAX 

tRC Cycle time, random read or write (see Note 7) 110 130 160 n8 

tpc Cycle time, page-mode reed or write (see Notes 7 and 8) 40 45 60 ns 

{RASP Pulee duretlon, page mode, RAS low, 60 100000 70 100000 80 100000 ns 

tRAS Pulse duration, nonpege mode, RAS low 60 10000 70 10000 80 10000 ns 

teAs Pulse duration, CAS low 15 10000 18 10000 20 10000 n8 

tep . Pulse duration, ~ high 10 10 10 n8 

tRP Pulse duration, RAS high (precharge) . 40 50 . 60 n8 

twp Pulse duration, W low 10 10 10 ns 

IASC Setup time, column address before CAS low 0 0 0 ns 

IASR Setup time, row address before RAS low 0 0 0 ns 

tos Setup time, data before ~ low 0 0 0 ns 

IRCS Setup time, VI high before ~ low 0 0 0 n8 

tcwL Setup time, W low before CAS high 15 18 20 ns 

tRWL Setup time, W low before RAS high 15 18 20 n8 

twcs Setup time, W low before ~ low 0 0 0 n8 

twRP Setup time, W high before RAS low (CBR refresh only) 10 10 10 ns 

teAH Hold time, cOlumn address after ~ low 10 15 15 ns 

tRHCP Hold time, RAS high from ~ precharge 35 
, 40 45 ns 

tOH Hold time, data eftar ~ low 10 15 15 ns 
tRAH Hold time, row address after RAS low 10 10 10 ns 

tRCH Hold time, W high after CAS high (see NOte 9) 0 0 0 n8 

IRRH Hold time, W high after RAS high (see Note 9) 0 0 0 ns 

twCH Hold time, W low after ~ low 10 15 15 ns 

twRH Hold time, VI high after RAS low (CBR refresh only) 10 10 10 ns 
NOTES: 7. All cycle times assume IT = 5 ns. 

8. To assure tpc min, tASC should be 11: teP. 
9. Either tRRH or tRCH must be satisfied for a read cycle. 

~1ExAs 
INSTRUMENTS 

&:114 POST OFFICE BOX 1443 • HOUSTON. TeXAS 77261-1443 



TM497MBM36A, TM497MBM36Q 4194304 BY 36-BIT 
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DYNAMIC RANDOM·ACCESS MEMORY MODULES 
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timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature (continued) 

'497MBM36A·60 '497MBM36A·70 '497MBM36A·80 
'S93NBM36A·60 'S93NBM36A· 70 'S93NBM36A·80 

MIN MAX MIN MAX MIN MAX 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 10 

teRP Delay time, CAS high to RAS low 5 5 5 

teSH Delay time, RAS low to CAS high 60 70 80 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 5 

tRAD Delay time, RAS low to column address (see Note 10) 15 30 15 35 15 40 

tRAl Delay time, column address to RAS high 30 35 40 

teAL Delay time, column address to CAS high 30 35 40 

tRCD Delay time, RAS low to CAS low (see Note 10) 20 45 20 52 20 60 

tRPC Delay time, RAS high to CAS low (CBR refresh only) 0 0 0 

tRSH Delay time, ~ low to RAS high 15 18 20 

tREF Refresh time interval 32 32 32 

tT Transition time 3 30 3 30 3 30 

NOTE 10: The maximum value IS specified only to assure access time. 

device symbolization (TM497MBM36A Illustrated) 

D D D D 
~DDDDDDDDffi 

TM497MBM36A -ss YVMMT 
.llrlIn,Y'lIIrY'IIN,nll'Y1I1N,nIlY'lnfY', nlln, rmmmmro n 111111111111111111111111' 1111111111 

YV = Vear Code 
MM = Month Code 

T • Assembly Site Code 
-SS = Speed Code 

NOTE: location of symbolization may vary. 

-!!1 TEXAS 
INSTRUMENTS 
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UNIT 

na 

na 

na 

ns 

ns 

ns 

na 

ns 

ns 
na 

ma 

ns 
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CHAPTER 7. 

TMS28F512A 

TMS28F01QB 

TMS28F210 
TMS28F020 
TMS28F200 

TMS28F400 
TMS27C256 

TMS27PC256 
TMS27C510 

TMS27PC510 

TMS27C512 

TMS27PC512 

TMS27C010A 
TMS27PC010A 

TMS27C210A 
TMS27PC210A 

TMS27C020 

TMS27PC020 
TMS27C040 

TMS27PC040 

TMS27C240 
TMS27PC240 

7-2 
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FLASH MEMORY 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY (EPROM) 
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• Organization ••• 64K x 8-Blt Flash Memory 
• All Inputs/Outputs TTL Compatible 

• Vee Tolerance :1:10% 
• Maximum Access / Minimum Cycle Time 

'28F512A-10 100 ns 
'28F512A-12 120 ns 
'28F512A-15 150 ns 
'28F512A-17 170 ns 

• Industry-Standard Programming Algorithm 
• PEP4 Version Available With 168-Hour 

Burn-In and Choice of Operating 
Temperature Ranges 

• Chip Erase Before Reprogramming 
• 10000 and 1000 Program/Erase Cycles 
• Low Power Dissipation (Vee = 5.5 V) 

- Active Write •.• 55 mW 
- Active Read ••• 165 mW 
- Electrical Erase ••• 82.5 mW 
- Standby ••• 0.55 mW 

(CMOS-Input Levels) 

• Automotive Temperature Range 
- 40°C to 125°C 

description 

The TMS28F512A Flash memory is a 524 288-bit, 
programmable read-only memory that can be 
electrically bulk-erased and reprogrammed. It is 
available in 10000 and 1000 program/erase 
endurance cycle versions. 

The TMS28FS12A is offered in a dual-in-line 
plastic package (N suffix) designed for insertion in 
mounting-hole rows on 1S,2-mm (600-mil) 
centers, a 32-lead plastic leaded chip-carrier 
package with 1,2S-mm (SO-mil) lead spacing 
(FM suffix), a 32-lead thin small-outline package 
(DO suffix), and a reverse-pinout TSOP package 
(DU suffix). 

A1 

AO 

000 

TMS28F512A 
524288·8IT FLASH MEMORY 

A2. 
A1 

AO 

000 

001 

002 

VSS 

NPACKAGE 
(TOP VIEW) 
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iN 
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A14 
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004 
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FMPACKAGE 
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.- N C/) C? .r Il) co 
g g ~g g g g 

PIN NOMENCLATURE 

A14 

A13 

AS 

A9 
A11 

G 
A10 

E 
007 

The TMS28FS12A is characterized for operation 
in temperature ranges of O°C to 70°C (NL, FML, 
DOL, and DUL suffixes), -40°C to 8SoC (NE, 
FME, DOE, and DUE suffixes), and -40°C to 
12SoC (NO, FMO, 000, and DUO suffixes). All 
package types are offered with 168-hour burn-in 
(4 suffix). 

AO-A15 
OQO-OQ7 
E 

Address Inputs 
Inputs (programming)/Outputs 
Chip Enable 

G 
NC 

VCC 
Vpp 
VSS 
iN 

~TEXAS 
INSTRUMENTS 
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Output Enable 
No Internal Connection 
5-V Power Supply 
12-V Power Supply 
Ground 
Write Enable 

Copyright C 1995. Texas Instruments Incorporated 
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All 
A9 
AS 

A13 
A14 
NC 
iii 

Vee 
Vpp 
NC 

A15 
A12 

A7 
AS 
A5 
A4 

G 
Al0 

E 
OC7 
OCS 
OC5 
OC4 
OC3 
Vss 
OC2 
OCl 
OCO 

AO 
Al 
A2 
A3 

7·4 

1 0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

1 V 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

DDPACKAGE 
(TOPVJEW) 

DUPACKAGE 
REVERSE PINOUT 

(TOPVJEW) 
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32 G 
31 Al0 
30 E 
29 OC7 
28 OCS 
27 OC5 
26 OC4 
25 OC3 
24 Vss 
23 OC2 
22 OCl 
21 OCO 
20 AO 
19 Al 
18 A2 
17 A3 

32 All 
31 A9 
30 AS 
29 A13 
28 A14 
27 NC 
26 iii 
25 Vee 
24 Vpp 
23 NC 
22 A15 
21 A12 
20 A7 
19 AS 
18 A5 
17 A4 
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device symbol nomenclature 

TMS2&F512A ·12 C4 FM L' 4 L= PEP4Bum-ln 
4 • 188-Hour Burn"n 
(blank If no burn-ln) 

Temperatura Range Dealgnator 
L. O·C to 70·C 
E .. - 400C to 85·C 
Q .. -40·C to125·C 

'----------Package Deelgnator 
N.. Plastic Dual-ln·Une Package 

FM.. Plastic Laaded Chip Carrier 
DD.. Thin Small.()utllne Package 
DU.. Thin Small.()utllne Package, 

Reverae Pinout 

'----~------- Program/Eraae Endurance 
C4. 10000 Cycl.e 
C3 • 1000 Cycle. 

'-------------- Speed De.lgnator 
·10 • 100 na 
·12 .. 120 na 
·15 .. 150 na 
·17 .. 170 na 

-!llExAs 
INSTRUMENTS 
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logic symbolt 

AO 
Ai 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A10 
A11 
A12 
A13 
A14 
A15 

E 

G 
Vi 

OQO 

12 
11 
10 
9 
8 
7 
6 
5 
27 
26 
23 
25 
4 
28 
29 
3 

22 "-

24~ 
31 

L..t:, 

13 

FLASH 
o ... EEPROM 

65536x8 

0 
> A 65535 

15 

G1 
[PWROWN) 
G2 
1, 2 EN (REAO) 
1C3(WRITE) 

... r 
A,30 

l..:..+ V4 A,Z4--

OQ1 
OQ2 
OQ3 
OQ4 
OQ5 
OQ6 
OQ7 

14 
15 
17 
18 
19 
20 
21 

~ .. 

tThis symbol is In accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for the N package. 
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functional block diagram 

Vpp ______ +-___ ....., ...... 

W--+-t 

Program/Eraae 
Stop TImer 

Command Register i--+-t 

E-4------+----------~--...... 
G-----------~----------------_+--~ 

STB 

AO_A15 ________________ ~1-6------------.. ~ 

A 
d 
d 
r 
e 
a 
a 

L 
a 
t 
c 
h 
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STB 

Chip-Enable and 
Output-Enable 

logic 

Column Decoder 

Row Decoder 

000-007 

Column Gating 

524288-Blt 
Array Matrix 

~TEXAS 
INSTRUMENTS 
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Table 1. Operation Modes 

FUNCTIONt 

MODE Vpp* E G AD A9 W DQO-DQ7 
(1) (22) (24) (12) (26) (31) (13-15,17-21) 

Read VpPL VIL VIL X X VIH Data Out 

Output Disable VpPL VIL VIH X X VIH Hi-Z 

Read Standby and Write Inhibit VPPL VIH X X X X Hi-Z 

Algorithm-Selection Mode VpPL VIL VIL 
VIL 

VID ViH 
Mfr Equivalent Code 89h 

VIH Device Equivalent Code B8h 

Read VPPH ViL VIL X X VIH Data Out 

Read I Output Disable VPPH VIL VIH X X VIH HI-Z 
Write Standby and Write Inhibit VpPH VIH X X X X Hi-Z 

Write VPPH VIL VIH X X VIL Data In 

t X can be VIL or VIH. 
* VPPL " Vee + 2 V; VpPH is the programming voltage specified for the device. For more details, see recommended operating conditions. 

operation 

read/output disable 

When the outputs of two or more TMS28F512As are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F512A, a low-level signal is applied to the E and G pins. All other devices in the 
circuit should have their outputs disabled by applying a high-level signal to one of these pins. 

standby and write Inhibit 

Active Icc current can be reduced from 30 mA to 1 mA by applying a high TTL level on E or to 100 tJA with a 
high cMos level on E.ln this mode, all outputs are in the high-impedance state. The TMS28F512A draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to V,O' Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer equivalent code 89h, and AO high selects 
the device equivalent code B8h, as shown in the algorithm-selection mode table below: 

IDENTIFIER§ 
PINS 

AD DQ7 DQ6 DQS DQ4 DQ3 DQ2 DQ1 DQO HEX 
Manufacturer Equivalent Code VIL 1 0 0 0 1 0 0 1 89 

Device Equivalent Code VIH 1 0 

§ E = G = VIL. AI -AS = VIL. A9 = VID. Al0-A15 = VIL. Vpp = VpPL. 

programming and erasure 

1 1 1 0 0 0 B8 

In the erased state, all bits are at a logic 1. Before erasing the device, all memory bits must be programmed to 
a logic O. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed 
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail. 

7-8 
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command register 

The command register controls the program and erase functions of the TMS28F512A. The algorithm"selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents of the ~ommand r~ister and the function being performed can be changed. The command 
register is written to whe'l E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. 

power supply considerations 

Each device should have a O.1-I1F ceramic capacitor connected between Vee and V 88 to suppress circuit noise. 
Changes in current drain on Vpp requires it to have a bypass capacitor as well. Printed circuit traces for both 
power supplies should be appropriate to handle the current demand. 

Table 2. Command Definitions 

REQUIRED FIRST BUS CYCLE SECOND BUS CYCLE 
COMMAND BUS 

CYCLES OPERATIONt ADDRESS DATA OPERATIONt ADDRESS 

Read 1 Write 

Algorithm-Selection Mode 3 Write 

Set·Up·Erase / Erase 2 Write 

Erase Verify 2 Write 

Set·Up·Program/Program 2 Write 

Program Verify 2 Write 

Reset 2 Write 
t Modes of operation are defined in Table 1. 
Legend: 

Address of memory location to be read during erase verify 
Address of memory location to be read 

X OOh 

X 90h 

X 20h 

EA AOh 

X 40h 

X COh 

X FFh 

EA 
RA 
PA 
RD 
EVD 
PO 
PVD 

Address of memory location to be programmed. Address Is latched on the falling edge of W. 
Data read from location RA during the read operation 
Data read from location EA during erase verify 
Data to be programmed at location PA Data is latched on the rising edge of W. 
Data read from location PA during program verify 

-!I1TEXAS 
INSTRUMENTS 
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Read RA 

Read 
0000 
0001 

Write X 

Read X 

Write PA 

Read X 

Write X 

DATA 

RD 

89h 
Bah 

20h 

EVD 

PO 

PVC 

FFh 
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command definitions 

read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are ~Oh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection-mode command 

The algorithm-selection mode is activated by writing 90h into the command register. The manufacturer 
equivalent code (89h) is identified by the value read from address location OOOOh, and the device equivalent 
code (B8h) is identified by the value read from address location 0001 h. 

set-up-erase/erase commands 

The erase algorithm initiates with E = VIL, W=VIL, G =VIH, VPP=VPPH, and Vee =5V. To enter the erase mode, 
write the set-up-erase command, 20h, into the command register. After the TMS28F512A is in the erase mode, 
writing a second erase command, 20h, into the command register invokes the erase operation .. The erase 
operation begins on the rising edge of W and ends on the rising edge of the next W. The erase operation requires 
10 ms to complete before the erase-verify command, AOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stQP timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a valid erase-verify, read, or reset 
command is received. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete, an erased byte 
can be verified by writing the erase-verify command, AOh, into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a valid command is written to the 
command register. 

To determine whether or not all the bytes have been erased, the TMS28F512A applies a margin voltage to each 
byte. If FFh is read from the byte, all bits in the designated.byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte, an additional erase operation 
needs to be executed. Figure 2 shows the combination of commands and bus operations for electrically erasing 
the TMS28F512A. 

set-up-program/program commands 

7-10 

The programming algorithm initiates with E = VIL, W = VIL, G = VIH, Vpp = VpPH, and Vee = 5 V. To enter the 
programming mode, write the set-up-program command, 40h, into the command register. The programming 
operation is invoked by the next write-enable pulse. Addresses are latched internally on the falling edge of W, 
and data is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of Wand ends on the riSing edge of the next W pulse. The program operation requires 10 1'5 for completion 
before the program-verify command, COh, can be loaded. 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a valid program-verify, read, or reset 
command is received. 

~TEXAS 
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The TMS28F512A can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To Invoke the program-verify operation, COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 
While verifying a byte, the TMS28F512A applies an internal margin voltage to the deSignated byte. If the true 
data and programmed data match, programming continues to the next designated byte location; otherwise, the 
byte must be reprogrammed. Figure 1 shows how commands and bus operations are combined for byte 
programming. 

reset command 

To reset the TMS28F512A after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, a valid command must be written into the command register to change to a new state. 

Fastwrlte algorithm 

The TMS28F512A is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F512A is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash EEPROM can erase 
at a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finiShed (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOh) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all 
electrical signals with relays or other types of switches. 

~1ExAs 
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-T 
Setup 

Interactive 
Mode 

Power 
Down 

1 

Bue 
Operation 

Inltlsllze 
Add,.... 

Standby 

WrIte 

WrIte 

Standby 

WrIte 

Standby 

Read 

WrIte 

Standby 

NOTES: A. Refer to the recommended operating conditions for the value of VPPH. 
B. Refer to the recommended opereting conditions for the value of VPPL. 

Command 

Set·Up-
Program 

Write Data 

Program-
Verify 

Read 

Figure 1. Programming Flowchart: Fastwrite Algorithm 
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Commenta 

Walt for Vpp to ramp to 
VPPH Caee Nota A) 

Initialize pulse count 

Data.40h 

valid addreas/data 

Welt .. 10j18 

Data • COh; ends 
program operation 

Walt., jI8 

Read byte to verify 
programming; compere 
output to expected output 

Data. OOh; reaata raglater 
for read operations 

Walt for Vpp to ramp to 
VPPL Csee Note B) 
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-r 

Setup 

Interactive 
Mode 

Power 
Down 

Bua 
Operation 

Standby 

Write 

WrIte 

Standby 

Write 

Srandby 

Read 

wrlr. 

Stendby 

NOTES: A. Refer to the recommendedoperetlng conditions for the value of VPPH. 
B. Refer to the recommended operetlng conditions for the value of VPPL. 

Command 

SstoUp-
Era .. 

Eraaa 

Ere_ 
Varlfy 

Read 

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm 
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Commants 

Entire memory muat • OOh 
before eraaure 

UaeFaatwrlte 
programming algorithm 

Initialize addraaa .. 

Walt for Vpp to ramp to 
VPPH (a .. Note A) 

Initialize pul .. count 

Dats .20h 

Dats .. 20h 

Walt .. 10 me 

Addr • Byte to verify; 
Dats .. AOh; enda tha areaa 
operetlon 

WaH .. 81d! 

Raad byte to verify aruura; 
compere output to FFh 

Dats .. OOh; reaets register 
for read oparatlona 

WaH for Vpp to ramp to 
VPPL (aea Note B) 
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Give Read 
Command to 
All Devices 

t n = number of devices beinQ erased. 

GIve Erase 
Commsndto 
All Unmasked 

Devices 

No 

Give Read 
Command To 
All Devices 

Figure 3. Parallel·Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 
Supply voltage range, Vee (see Note 1) ............................................. - 0.6 V to 7 V 
Supply voltage range, Vpp ........................................................ - 0.6 V to 14 V 
Input voltage range (see Note 2): All inputs except A9 ..•........................ - 0.6 V to Vee + 1 V 

A9 ............................................... - 0.6 V to 13.5 V 
Output voltage range (see Note 3) ...........•..........................•...•. - 0.6 V to Vee + 1 V 
Operating free-air temperature range during read/erase/program, TA 

NL, FML, DDL, DUL ................................... O·C to 70·C 
NE, FME, DDE, DUE ............................... - 40·C to 85·C 
NQ, FMQ, DDQ, DUQ ............................ - 40· C to 125·C 

Storage temperature range, Tstg .................................................. - 65·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to VSS. 
2. The voltage on any input pin can undershoot to - 2.0 V for periods less than 20 ns. 
3. The voltage on any output pin can overshoot to 7.0 V for periods less than 20 ns. 

recommended operating conditions 

Vee 

Vpp 

VID 

VIH 

VIL 

TA 

Supply voltage During write/read/flash erase 

During read only (VppLl 
Supply voltage 

During write/read/flash erase (VPPH) 

Voltage leveLon A9 for algorithm-selection mode 

High-level dc input voltage 

LOW-level dc Input voltage 

Operating free-air temperature 

TTL 

CMOS 

TTL 

CMOS 

NL, FML, DDL, DUL suffix 

NE, FME, DDE, DUE suffix 

NO, FMO, DDO, DUO suffix 

~TEXAS 
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MIN TYP MAX UNIT 

4.5 5 5.5 V 

0 Vee+ 2 V 

11.4 12 12.6 V 

11.5 13 V 

2 Vec+0.5 
V 

VCC-0.5 VCC+0.5 

-0.5 0.8 
V 

GND-O.2 GND+0.2 

0 70 

-40 85 ·C 

-40 125 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

10H =-2.5mA 
VOH High-level output voltage 

10H = -100 f,IA 

10l= 5.8 mA 
VOL low-level output voltage 

10l = 100 f,IA 

110 A9 algorithm-selection-mode current A9=VIO max 

Input current (leakage) 
I All except A9 VI = OVto 5.5 V 

II 
1A9 VI=OVtoI3V 

10 Output current (leakage) VO=OVtoVCC 

VPP = VPPH, Read mode 
IpPI VPP supply current (read/standby) 

VPP =VPPl 

IPP2 
VPP supply current (during program pulse) 

VPP=VpPH (see Note 4) 

IPP3 
VPP supply current (during flash erase) 

VPP =VPPH {see Note 4) 

IpP4 
VPP supply current (during program/erase-

VpP=VpPH verify) (see Note 4) 

VCC supply current I TTL-Input level Vcc = 5.5 V, E=VIH 
ICCS (standby) I CMOS-input level VCC=5.5V, E=VCC 

ICCI Vee supply current (active read) 
VCC=5.5V, E=Vll, f=6MHz, 
Outputs open 

ICC2 
VCC average supply current (active write) VCC=5.5V, E=Vll, Programming in 
(see Note 4) progress 

ICC3 
VCC average supply current (flash erase) VCC=5.5V, E=Vll, Erasure in 
(see Note 4) progress 

ICC4 
VCC average supply current VCC=5.5V, E = Vll, VPP = VpPH, 
(program/erase-verify) (see Note 4) Program/erase-verify In progress 

NOTE 4: Not 100% tested; characterization data available 
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MIN TVP MAX UNIT 

2.4 
V 

VCC- 0.4 

0.45 
V 

0.1 

200 f,IA 

:tl 

:t200 
f,IA 

:tl0 f,IA 

200 f,IA 

:tl0 f,IA 

30 mA 

30 mA 

5.0 mA 

1 mA 

100 f,IA 

30 mA 

10 mA 

15 mA 

15 mA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 

PARAMETER TEST CONDITIONS MIN MAX UNrr 

CI Input capacitance VI=OV, f = 1 MHz 6 pF 

Co Output capacitance VO=OV, f=l MHz 12 pF 

t Capacitance measurements are made on sample basis only. 

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

TEST 
CONDrrlONS 

talA) 
Access time from 
address, A 

talE) 
Access time from 
E 

ien(G) 
Access time from 
G 

Ic(R) Cycle time, read 

IdlE) 
Delay time, E low 

CL .100 pF, to low-Z output 
1 Series 74 

!d(G) 
Delay time, Glow TIL Load, 
to low-Z output Input tr :s 20 ns, 

!dis(E) 
Chip disable time Input If :s 20 ns 
to Hi-Z output 

Output disable 

!dis (G) time to Hi-Z 
output 

Hold time, data 

th(D) valid from 
address, E, or G* 

trec(W) 
Write recovery 
time before read 

* Whichever occurs first 

ALTERNATE '28F512A-l0 '28F512A-12 

SYMBOL MIN MAX MIN 

tAvaV 100 

teLQV 100 

IGLQV 45 

tAVAV 100 

tELQX 0 

IGLOX 0 

tEHQZ 0 55 

IGHQZ 0 30 

tAXQX 0 

twHGL 6 

~TEXAS 
INSTRUMENTS 

120 

0 

0 

0 

0 

0 

6 

MAX 

120 

120 

50 

55 

30 

POST OFFICE SOX 1443· HOUSlON. TEXAS 77251-1443 

'28F512A-15 '28F512A-17 
UNrr 

MIN MAX MIN MAX 

150 170 ns 

150 170 ns 

55 60 ns 

150 170 ns 

0 0 ns 

0 0 ns 

0 55 0 55 ns 

0 35 0 35 ns 

0 0 ns 

6 6 J.IS 
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timing requlrements-wrlte/erase/program operations 

PARAMETER 

IclWl Cycle time, write using W 

IclWlPR Cycle time, programming operation 

Ic(W)ER Cycle time, erase operation 

thCAl Hold time, address 

th(E) Hold time, E 

th/WHDl Hold time, data valid after W high 

tsu(A) Setup time, address 

\sulDl Setup time, data 

\su(E) Setup time, E before W 

\su(EHVPP) Setup time, E high to Vpp ramp 

\suNPPELl Setup time, Vpp to E low 

treclWl Recovery time, W before read 

trec(R) Recovery time, read before W 

twlWl Pulse duration, W (see Note 5) 

tw(WHl Pulse duration, W high 

tr(Vpp) Rise time, Vpp 

tfNPPl Fall time, Vpp 

PARAMETER 

IclWl Cycle time, write using W 

IclWlPR Cycle time, programming operation 

Ic(W)ER Cycle time, erase operation 

thlAl Hold time, address 

th(E) Hold time, E 

th(WHD) Hold time, data valid after W high 

tsulAl Setup time, address 

\sulDl Setup time, data 

Isu(E) Setup time, E before W 

tsulEHVPPl Setup time, E high to Vpp ramp 

tsuNPPEL) Setup time, Vpp to E low 

trec(W) Recovery time, W before read 

trecii'll Recovery time, read before W 

twlWl Pulse duration, W (see Note 5) 

tw(WH) Pulse duration, W high 

Ir(vPPl Rise time, Vpp 

tf(vPPl Fall time, Vpp 

NOTE 5: Rise/fail time oS 10 ns 

ALTERNATE 
SYMBOL 

tAVAV 

twHWH1 

twHWH2 

twLAX 

twHEH 

twHOX 

tAVWL 

tOVWH 

tELWL 

tEHVP 

tyPEL 

twHGL 

IGHWL 

twLWH 

twHWL 

tyPPR 

tyPPF 

ALTERNATE 
SYMBOL 

tAVAV 

twHWH1 

twHWH2 

twLAX 

twHEH 

twHDX 

fAVWL 

tOVWH 

tELWL 

tEHVP 

tyPEL 

twHGL 

IGHWL 

twLWH 

twHWL 

tyPPR 

tyPPF 

~1ExAs 
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'28F512A-10 

MIN NOM MAX 

100 

10 

9.5 10 

55 

0 

10 

0 

50 

20 

100 

1.0 

6 

0 

60 

20 

1 

1 

'28F512A-15 

MIN NOM MAX 

150 

10 

9.5 10 

60 

0 

10 

0 

50 

20 

100 

1.0 

6 

0 

60 

20 

1 

1 
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'28F512A-12 
UNIT 

MIN NOM MAX 

120 ns 

10 1'1 
9.5 10 ms 

60 ns 

0 ns 

10 ns 

0 ns 

50 ns 

20 ns 

100 ns 

1.0 1'1 
6 1'1 
0 1'1 

60 ns 

20 ns 

1 1'1 
1 1'1 

'28F512A-17 

MIN NOM 
UNIT 

MAX 

170 ns 

10 1'1 
9.5 10 ms 

70 ns 

0 ns 

10 ns 

0 ns 

50 ns 

20 ns 

100 ns 

1.0 1'1 
6 1'1 
0 1'1 

60 ns 

20 ns 

1 1'1 
1 1'1 



TMS28F512A 
524288-81T FLASH MEMORY 

SMJS514A- FEBRUARY 1994 - REVISED JUNE 1995 

timing requirements - alternative 'E-controlled writes 

tctwl 

tc(E)PR 

th(EA) 

thlED) 

thtwl 

lsu(A) 

tsulD) 

tsutwl 

lsu(VPPEL) 

trec(E)R 

trec(E)W 

!w(E) 

twlEH) 

ALTERNATE '28F512A-10 '28F512A-12 '28F512A-15 
PARAMETER SYMBOL MIN MAX MIN MAX MIN 

Cycle time, write using E tAVAV 100 120 150 

Cycle time, programming 
tEHEH 10 10 10 operation 

Hold time, address tELAX 75 80 ao 
Hold time, data tEHDX 10 10 10 

Hold time, W tEHWH 0 0 0 

Setup time, address tAVEL 0 0 0 

Setup time, data tDVEH 50 50 50 

Setup time, W before E twLEL 0 0 0 

Setup time, Vpp to E low tyPEL 1.0 1.0 1.0 

Recovery time, write using E 
tEHGL 6 6 6 before read 

Recovery time, read before 
tGHEL 0 0 0 write using E 

Pulse duration, write using E tELEH 70 70 70 

Pulse duration, write, E high tEHEL 20 20 20 

PARAMETER MEASUREMENT INFORMATION 

Output 
Under Test 

2.08 V 

--1 RL =aooc 

CL= 100 pF I (see Note A) 

LOAD CIRCUIT 

NOTE A: CL Includes probe and fIXture capacitance. 

2.4V
J2V 

0.45 V o.av O.!~ X ...... __ 
VOLTAGE WAVEFORMS 

Figure 4. Load Circuit and Voltage Waveforms 

MAX 

'28F512A-17 
UNIT 

MIN MAX 

170 ns 

10 J1S 

90 ns 

10 ns 

0 ns 

0 ns 

50 ns 

0 ns 

1.0 J1S 

6 J1S 

0 J1S 

ao ns 

20 ns 

AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1-IlF ceramic 
capacitor connected between Vee and VSS as close as possible to the device pins. 
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7·20 

PARAMETER MEASUREMENT INFORMATION 

~~-----------~~)----------~~ 
I I 

M-A15--------~>t~ _________ A_dd_~_U_~_I_ld ________ .)('--------------

14 talA) ~I I 
------------~ I I~-------------

E ~~-------.rl------~~I I I i 
I I+-- ta(E) --+j I 14-1c118(E)--+j 

-------------1"'--" I I I 
0: I!," I ¥T I 

i trec(W) M ~ tan(G) -./ I I i 
-w I' I I I I I I 

----./ I I I II I 
I +j 14- IcI(G) I I I+-- 1c118(G) ---+j 

1cI(E) 14 ~ I I+- th(D) -+j I 

DQO-DQ7 HI-Z <<<<<<<{ Ouput Valid j»»»}- HI-Z -

Figure 5. Read-Cycle Timing 
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AO-A15 

PARAMETER MEASUREMENT INFORMATION 

Program 
Command 

Power Up Sat-Up- Latch Program-
and Program Addr... Verity Program Standbyl 

Standby Command and Data Programming Command Verification Power Down 

~I :~~.~~ ~ 
lc(W)" .~ lc(W) ---.! ilc(W) 4 I4--lc(R) ~ 

lsu{A) ~ I I -+I :'-lh(A) : 

th(A) ~ I+- ~ lsu(A) I 

I I ~~ ~ 
I lsu(E) ~ ~ I -+l j4" lsu(E) -.I j+" lsu(E) I i ~ I+- -
I I th(E) -+I J4" I -+j I+- lh(E) I --t I+- th(E) I I I I 

G ~I :1 ! ! I I', I I II 11,\ fi--'--\ -f-:--,(f I I I l+-lc(W)PR ...J........... I I I, II '-
treC(R) ~ j+- I. .1 lw(WH), II!.I trec(W) -.i.JJ1 II ~ J4"" ldls(G) 

I III ~lln 1'1. 
I I I 1"1 : I '-
I ,I I I I 1111 --tl-th(D) I th(WHD), til L r- th(WHD) I ~ I.- th(WHD): : : ~ lsn(G) 

: lw(W) -+I I I ...I I lw(W) lw(W) -.i I+- : I : I4--+t- ld(G) I 

w 

I tSU(~) I+- I+- lsu(D) ~U(D) I+- : I JJ. I ~ 
DQO-DQ7 --r-- HI-Z I [! {« It j~ 

I: Data In ld(E) ~: J T ~and Data-Out 
I I Data In = 40h Data In = COh talE) I. .1 
I I I' II 

VCc 5V y I ' 
OV I 

: -+j I+- lsu(VPPEL) 

VPP VpPH i I 
VpPL --j-....(! 

I I I 
I -.: 1+ tr(vpP) 

..I ~ lsu(EHVPP) 

II 

Figure 6. Write-Cycle Timing 
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7-22 

PARAMETER MEASUREMENT INFORMATION 

Program 
Command 

Power Up Set·Up- Latch Program-
and Program Addre.. Verify Program Standbyl 

AO-A15 ~ ~~:-~~~-~~ 
te(W) I· .14-- te(W) -.I I, ' ter 4 14-- te(R) --t+I 

teu(A) -k---+I I 1 ~ J+- lh(EA) I 

. lh(EA) 1 I+- ~ teu(A) r.'. : 
I ~ I \... 

teu(W) -.II+- I -+I j+" teu(W) -+i f teu(W) I tll+- Idla(G) 
th(W) --I j+- I ~ I+- th(W) I"" r+ th(W) I II 

I iTl I I 1 II ,I I I~ 
....... ---!.'+j ~ trac(E)w: I+- te(w)B +--1 -.II +.II 

E..fi M \r~~ 
r th ID .J I+- i'tl k- th(ED) 1 I I I II I -+i j4-1-lh(D) 
I (E ) r~ I I 1 f-+.I I.- th(ED) I II K ten(G) 

I 'weE) -+I r- I ...I r- tW(E) tw(E) -./1.- I I I ~ Id(G) I 

w 

DOO-DQ7 
I t8U~(D1+-teu(D) I+- 1 ~U(D) I.- I I LL I ~ 

..,fi-HI"z '. It! ~« It~ 

VCC 

I: Data In' 1d(E) ~: J T ~and Data..()ut 
I I Data In = 40h Data In • COh te(E) I. .1 

5V I I -Ii I 
OV I I ~ teu(vpPEL) 

~ 
I 1 I N 1+ tr(vpP) 

-.I I+- teu(EHVPP) 

II II 

II II 

Figure 7. Write-Cycle (Alternative E·Controlied Writes) Timing 
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~ 
I 1 

-+j I+- tf(vpP) 



AO-A15 

Vi 

DQO-DQ7 

Vee 
5V 

OV 
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PARAMETER MEASUREMENT INFORMATION 

Power Up Set-Up- Eraa8-
and Era.e Er... Verify Era.e Standby' 

~i<co~_".m~ 
14 .1 1:-- tc(W) -.t i.-- tc(R) -;-J 

tc(W) I+- tc(W) ~ I -.t .... th(A) I 
Y-taU(A) 1 

I ~~ 
I j4'" I 14" tau,(':') -.I J+ tau(E) I I I I I 

) ~ ..... .,>-- 1"'1 j'- "'" . I I -.. ~ "'" II ~,.. ....... 
~:!I II II I~ /! I 14 .1 tw(WH) I I I II II 

II I I I t4- trac(W) f-+i I I I 
trec(R) ,-+j j4- I :--- tc(E)B ~ I II I fi /4- ldls(G) 

~ r---"I I Ii I I " 
I I I I V I I II I ~ I+- th(D) "-
I I !Ii I 1-+1 I+-t III 1111 I 
I th(WHD) ++i I+- I I' I h(WHD) I t.J I+- lh(WHD) I II l-.r tan(G) 

I tw(W)..i I.. : ...I ~ tr'(W) tw(W) -.I I.. : I : ~ ld(G) 

I tau(D) i4- -.II. tau(D) ~U(D) ~i4- : I l.!. ~ ~ 
Jt-HI-Z I, Ii ~It~ 

I II Data In = 20h ld(E) ~ I ~alld Data-Out 
I I Data In = AOh talE) 14 .1 J ! I', II 

. I ~ /4- tau(vpPEL) 

IJj 
-;-j i 

4t j4-' tr(vpP) 
I I 
~ t+- tau(EHVPP) 

Figure 8_ Flash-Erase-Cycle TIming 
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• Organization ••. 128K x 8-Blt Flash Memory 
• Pin Compatible With Existing 1-Megablt 

EPROMs 

• Vee Tolerance %10% 
• All Inputs/Outputs TTL Compatible 
• Maximum Access/Minimum Cycle Time 

'28F010B-90 90 ns 
'28F010B-10 100 ns 
'28F010B-12 120 ns 
'28F010B-15 150 ns 

• Industry-Standard Programming Algorithm 
• PEP4 Version Available With 168-Hour 

Burn-In, and Choice of Operating 
Temperature Ranges 

• 100000 and 10000 Program/Erase-Cycle 
Versions Available 

A5 
A4 
A3 
A2. 
A1 11 

AO 
000 

TMS28F010B 
1 048576-BIT FLASH MEMORY 

SMJS824A- MAY 1995 - REVISED JUNE 1995 

FMPACKAGE 
(TOP VIEW) 

C\lU')CQa.O 0 

:;(:;( :;( ~ $'13: z 
4 3 2 1 3231 30 

0 29 A14 
28 A13 
27 AS 
26 A9 
25 A11 
24 G 
23 A10 
22 E 
21 007 

1415 16 17 18 19 20 

.-C\I (J)C?'ltU')U) 
oo~oogo CC CC C 

• Latchup Immunity of 250 mA on All Input 
and Output Lines PIN NOMENCLATURE 

• Low Power Dissipation (Vee = 5.5 V) 
-Active Write ••. 55 mW 
-Active Read .•• 165 mW 
-Electrical Erase ••• 82.5 mW 
-Standby ••• 0.55 mW 

(CMOS-Input Levels) 

• Automotive Temperature Range 
- 40·C to 125·C 

AO-A16 
OQO-OQ7 
E 
G 
NC 

vcc 
VPP 
vss 
W 

Address Inputs 
Inputs (programmlngl/Outputs 
Chip Enable 
Output Enable 
No Internal Connection 
5-V Power Supply 
12-V Power Supply 
Ground 
Write Enable 

description NOTE: Refer to page 2 for the DO and OU pinouts. 

The TMS28F010B is a 1048576-bit, programmable read-only memory that can be electrically bulk-erased and 
reprogrammed. It is available in 100000 and 10000 program/erase-endurance-cycle versions. 

The TMS28F01 OB Flash Memory is offered in a 32-lead plastic leaded chip-carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix), a 32-lead thin small-outline package (DD suffix), and a reverse pinout TSOP 
package (DU suffix). 

~TExAs 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

Copyright C> 1995, Texas Instrumems Incorporated 

7-25 



TMS28F010B 
1 048576·BIT FLASH MEMORY 

SMJS824A - MAY 1995 - REVISED JUNE 1995 

A11 1 0 
A9 2 
AS 3 

A13 4 
A14 5 
NC 6 
iii 7 

Vee 8 
Vpp 9 
A16 10 
A15 11 
A12 12 
A7 13 
A6 14 
A5 15 
A4 16 

G 1 'V 
A10 

E 
007 
006 
005 
.004 
003 

Vss 9 
002 10 
001 11 
DOO 12 

AO 13 
A1 14 

A2 15 

A3 16 

7·26 

DO PACKAGE 
(TOP VIEW) 

DUPACKAGE 
REVERSE PINOUT 

(TOP VIEW) 
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32 G 
31 A10 
30 E 
29 007 
28 006 
27 0·05 
26 004 
25 003 
24 VSS 
23 002 
22 001 
21 000 
20 AO 
19 A1 
18 A2 
17 A3 

32 A11 
31 A9 
30 AS 
29 A13 
28 A14 
27 NC 
26 iii 
25 Vee 
24 Vpp 

23 A16 
22 A15 
21 A12 
20 A7 
19 A6 
18 A5 
17 A4 
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device symbol nomenclature 

TMS28F010B ·12 C5 FM L 

L PEP4 Burn·ln 
4 .. 168-Hour Bum·ln 

(blank If no bum·ln) 

L-______ Temperature Range Dealgnator 
L O°C to 70°C 
E • - 40°C to 85°C 
Q .. -40°C to 125°C 

L-________ Package Dealgnator 
FM.. PlasUc Leaded Chip Carrier 
DD.. Thin Small.Qutline Package 
DU. Thin Small.Qutline Package, 

Reverae Pinout 

L-__________ Program/Erase Endurance 

C5 .. 100000 Cycles 
C4 • 10000 Cycles 

L-____________ Speed Designator 

-90 .. 90 ns 
·10 = 100 ns 
·12 .. 120 ns 
·15 .. 150 ns 

~1ExAs 
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logic symbolt 

AO 
Al 
A2. 
A3 
A4 
AS 
A6 
A7 
A6 
AS 

Al0 
All 
A12 
A13 
A14 
A15 
A16 

E 

G 
Vi 

OQO 

12 
11 
10 
9 
8 
7 
6 
5 
27 
26 
23 
25 
4 
26 
29 
3 
2 

22 

24 
31 

13 

FLASH 
0 MEMORY 

131072,,8 

> A 1310071 

16 

" Gl 

~ [PWR OWN) 
G2 

Lb 1,2 EN (REAO) 
lC3(WRITE) .., r 
A, 30 

t..- V4 A,Z4-r 

OQl 
OQ2 
OQ3 
OQ4 
OQ5 
0Q6 
OQ7 

14 
15 
17 
18 
19 
20 
21 

tThls symbol Is In accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbars shown are for the FM package. 
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functional block diagram 

vpP----------~~----~~ 
'---r---....,..--' 

W--t~ State Control 

Progl'llm/&.H 
Stopllmw 

Command Reglater 1---+-1 

ST8 

E ___ ---------+------------------+--+-1 Chip-Enable and 

G------~------~~~ 
Output-Enable 

logic 

17 
L 
a 
t 
o 
Ii 

Column Decoder 

Row Decoder 

:111EXAS 
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DQO-DQ7 

Column Gating 

1 0481578-B1t 
Array MatrIx 
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Table 1. Operation Modes 

FUNCTIONt 
MOOE Vpp* E li AO AS W DQO-OQ7 

(1) (22) (24) (12) (26) (31) (13-115,17-21) 

Read VPPL VIL VIL X X VIH Data Out 

Output Disable VPPL VIL VIH X X VIH HI-Z 
Read Standby !I'ld Write Inhibit VPPL VIH X X X X HI-Z 

Algorlthm.seleotlon Mode VPPL VIL VIL 
VIL 

VID VIH 
Mfr Equivalent Code 89h 

VIH DevIce Equivalent Code B4II 

Read VPPH VIL VIL X X VIH Data Out 

Readl Output Disable VpPH VIL VIH X X VIH Hi-Z 
Write ~dby and WrIte Inhibit VPPH VIH X X X X Hi.Z 

Write VPPH VIL VIH X X VIL Data In 

t X can be VIL or VIH. 
* VpPL Ii Vee + 2 V; VPPH Is tha programming voltage specified for the device. For more details, refer to the recommended operating conditions. 

operation 

read/output disable 

When the outputs of two or more TMS28F01 OBs are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F01 OB, a low-level signal is applied to the E and G pins. All other devices in the 
circuit should have their outputs disabled by applying a high-level signal to one of these pins. 

standby and write Inhibit 

Active IcC current can be reduced from 30 mA to 1 mA by applying a high TTL level on E or to 100 IlA with a 
I)igh CMOS level onE. In this mode, all outputs are in the high-impedance state. The TMS28F01 OB draws active 
current when It is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode providas access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 (pin 26) is forced to VID. Two identifier bytes are accessed by 
toggling AO. All other addresses must be held low. AO low selects the manufacturer equivalent code 89h, and 
AO high selects the device equivalent code B4h, as shown in the algorithm-selection mode table below: 

IDENTIFlER§ 
PINS 

AO OQ7 OQ6 OQI5 OQ4 DQ3 DQ2 OQ1 OQO HEX 
Manufacturer Equivalent Code VIL 1 0 0 0 1 0 0 1 89 
Device Equivalent Code VIH 1 0 1 1 0 1 0 0 B4 

E=G .. V ILo A1-AB .. V ILo A9=V· A10-A16.V 10, V .. IL, PP VpPL· 

programming and erasure 

In the erased state, all bits are at a logic 1. Before erasing the device, all memory bits must be programmed to 
a logic O. Afterwards, the entire chip is erased. At this pOint, the bits, now logic 1 s, can be programmed 
accordingly. Refer to the Fastwrlte and Fasterase algOrithms for further detail. 
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command register 

The command register controls the program and erase functions of the TMS28F01 OB. The algorithm-selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents ofthe ~mmand r~ster and the function being performed can be changed. The command 
register is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. The command register is inhibited when Vee Is below 
the erase/write lockout voltage, VLKO. 

power supply considerations 

Each device should have a 0.1-IlF ceramic capacitor connected between Vee and V ss to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor as well. Printed-circuit traces for both 
power supplies should be appropriate to handle the current demand. 

Table 2. Command Definitions 

REQUIRED FIRST BUS CYCLE SECOND BUS CYCLE 
COMMAND BUS 

CYCLES OPERATIONt ADDRESS DATA OPERATIONt ADDRESS 

Read 1 Write 

Algorithm·Selectlon Mode 3 Write 

Set-Up-Erase/Erase 2 Write 

Erase Verify 2 Write 

Set-Up-program/Program 2 Write 

Program Verify 2 Write 

Reset 2 Write 
t Modes of operation are defined In Table 1. 
Legend: 

Address of memory location to be read during erase verify 
Address of memory location to be read 

X OOh 

X 90h 

X 20h 

EA AOh 

X 40h 

X COh 

X FFh 

EA 
RA 
PA 
RD 
EVD 
PO 
PVD 

Address of memory location to be programmed. Address Is latched on the failing edge of OW 
Data read from location RA during the read operation 
Data read from location EA during erase verify 
Data to be programmed at location PA Data Is latched on the rising edge of Vii 
Data read from location PA during program verify 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

Read RA 

Read 
0000 
0001 

Write X 

Read X 

Write PA 

Read X 

Write X 

DATA 

RD 

89h 
B4h 

20h 

EVD 

PO 

PVD 

FFh 
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command definitions 

read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high. writing OOh into the command 
register invokes the read operation. When the device is powered uP. the default contents of the command 
register are OOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection mode command 

The algorithm-selection mode is activated by writing 90h into the command register. The 
manufacturer-equivalent code (89h) is identified by the value read from address location OOOOh. and the 
device-equivalent code (B4h) is identified by the value read from address location 0001 h. 

set-up-erase/erase commands 

The erase-algorithm initiates with E = VIL. W = VIL. G = VIH. Vpp = VPPH. and Vee = 5 V. To enter the erase mode. 
write the set-up-erase command. 20h. into the command register. After the TMS28F01 OB is in the erase mode. 
writing a second erase command. 20h. into the command register invokes the erase operation. The erase 
operation begins on the riSing edge of Wand ends on the rising edge ofthe next W. The erase operation requires 
at least 9.5 ms to complete before the erase-verify command. AOh. can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When· the stop timer terminates the erase 
operation. the device enters an inactive state and remains inactive until a command is received. 

program-verify command 

The TMS28F01 OB can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To invoke the program-verify operation. COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a byte. the TMS28F01 OB applies an internal margin voltage to the designated byte. If the true 
data and programmed data match. programming continues to the next designated byte location; otherwise. the 
byte must be reprogrammed. Figure 1 shows how commands and bus operations are combined for byte 
programming. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete. an erased byte 
can be verified by writing the erase-verify command. AOh. into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a command Is written to the command 
register. 

To determine whether or not all the bytes have been erased. the TMS28F01 OB applies a,margin voltage to each 
byte. If FFh is read from the byte. all bits in the designated byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte. an additional erase operation 
needs to be executed. Figure 2 shows the combination of commands and bus operations for electrically erasing 
the TMS28F01 OB. 

set-up-program/program commands 

7-32 

The programming algorithm initiates with E = VIL. W = VIL. G = VIH. Vpp = VpPH. and Vee = 5 V. To enter the 
programming mode. write the set-up-program command. 40h. into the command register. The programmi,!!9 
operation is invoked by the next write-enable pulse. Addresses are latched internally on the falling edge of W. 
an~data is latched internally on the rising ed~ of W. The programming operation begins on the rising edge 
of Wand ends on the rising edge of the next W pulse. The program operation requires 10 its for completion 
before the program-verify command. COho can be loaded. 
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Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a command is received. 

reset command 

To reset the TMS28F0108 after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, the device defaults to the read mode. 

Fastwrlte algorithm 

The TMS28F01 08 is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F01 08 is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash Memory can erase at 
a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOh) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all 
electrical signals with relays or other types of switches. 
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~~::::---1 - - T 
VCC. 5 V:t 10%. Vpp .12 V:t5% 

Setup 

Interactive 
Mode 

Power 
Down 

1 

Bua 
Operation 

Initialize 
Add,.". 

Standby 

Wrlta 

Write 

Standby 

Write 

Standby 

Read 

-

Write 

Standby 

NOTES: A. Refer to the recommended operating conditions for the value of VpPH. 
B. Refer to the recommended operating conditions for the value of vPPL. 

Command 

Set-Up-
Program 
Write 

Write Data 

Program-
Verify 

-

Read 

Figure 1. Programming Flowchart: Fastwrlte Algorithm 
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Commenta 

Walt for Vpp to ramp to 
VPPH (aee Nota A) 

Inhlallze pulae count 

Data =40h 

valid addre88/data 

Wah. 10 .... 

Data. COh; ende 
Program operation 

Walt=6 .... 

Read byte to verify 
Programming; compere 
output to expected output 

-

Data. OOh; reseta register 
for read operations 

Wah for Vpp to ramp to 
VpPL (aee Note B) 



S.tup 

Int.ractlv. 
Mod. 

Pow.r 
Down 

l 

Bu. 
Operation 

Standby 

Write 

Write 

Standby 

Write 

Standby 

Read 

Write 

Standby 

NOTES: A Refer to the recommended operating conditions for the value of VpPH. 
B. Refer to the recommended operating conditions for the value of VpPL. 
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Command Comm.nts 

Entire m.mory mu.t • DOh 
b.for •• ra.ure 

U •• Fa.twrlt. 
programming algorithm 

Inltlallz. addr ..... 

W.lt for Vpp to ramp to 
VPPH ( ••• Not. A) 

Initialize pul •• count 

S.toUp- Oat. =20h 
Era .. 

Era •• Data =20h 

Walt=10m. 

Era •• Addr = Byt. to v.rlfy; 
V.rlfy Data. AOh; .nd. the .ra •• 

op.ratlon 

Walt =6 ... 

R.ad byte to v.rlfy .ra.ure; 
com par. output to FFh 

R.ad Data = DOh; r.seta r.gl.t.r 
for read op.ratlon. 

Walt for Vpp to ramp to 
VPPL ( ••• Note B) 

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443· HOUSTON, TEXAS n251-1443 7-35 



TMS28F010B 
1 048576·BIT FLASH MEMORY 

SMJS824A- MAY 1995 - REVISED JUNE 1995 
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All Device. 

t n .. number of devices being erased. 
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Command to 
All Unma.ked 
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No 
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Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp ......................................................... -0.6 V to 14 V 
Input voltage range (see Note 2): All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 .•............................................. -0.6 V to 13.5 V 
Output voltage range (see Note 3) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range during read/erase/program, TA 

L .................................................... ooe to 700 e 
E ......••......................................... - 400 e to 85°e 
Q .••............................................ - 40° C to 125°C 

Storage temperature range, T stg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to VSS. 
2. The voltage on any Input pin can undershoot to -2 V for periods less than 20 ns. 
3. The voltage on any output pin can overshoot to 7 V for periods less than 20 ns. 

recommended operating conditions 

Vee 

Vpp 

VIH 

VIL 

VIC 

Supply voltage During write/read/flash erase 

During read only (VpptJ 
Supply voltage 

During write/read/flash erase (VPPH) 

High-level dc Input voltage 
TTL 

eMOS 

TTL 
Low-level dc Input voltage 

eMOS 

Voltage level on A9 for algorithm-selection mode 
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MIN TYP MAX UNIT 

4.5 5 5.5 V 

0 Vee+ 2 V 

11.4 12 12.6 V 

2 Vee+0•5· 
V 

Vee- 0.5 Vee+0.5 

-0.5 0.8 
V 

GND-0.2 GND+0.2 

11.5 13 V 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

IOH=-2.5rnA 2.4 
VOH High-level output voltage V 

IOH=-1OOI1A VCC- 0•4 

IOL=5.8mA 0.45 
VOL Low-level output voltage V 

10L .. 100 IIA 0.1 

110 AS algorithm-selection-mode current AS =VIO max 200 IIA 
I All except AS VI=OVt05.5V :1:1 

II Input current (leakage) 
lAS VI"OVt013V :1:200 IIA 

10 Output current (leakage) VO=OVtoVCC :1:10 IIA 
VpP=VpPH, Read mode 200 IIA 

IPP1 Vpp supply current (read/standby) 
Vpp =VpPL :1:10 IIA 

IpP2 Vpp supply current (during program pulse) (see Note 4) VpP=VpPH 30 mA 

IpP3 Vpp supply current (during flash erase) (see Note 4) VpP=VpPH 30 mA 

IPP4 
Vpp supply current (during program/erase-verify) 

Vpp =VpPH 5.0 mA 
(see Note 4) 

I TIL-Input level VCC=5.5V, E=VIH 1 rnA 
ICCS V CC supply current (standby) I CMOS-input level VCC = 5.5 V, E=VCC 100 IIA 

ICC1 V CC supply current (active read) VCC =5.5V E=VIL, 30 mA 
f=8MHz, 10UT=OmA 

ICC2 VCC average supply current (active write) (see Note 4) 
VCC=5.5V, E=VIL, 10 rnA 
Programming In progress 

ICC3 VCC average supply current (flash erase) (see Nota 4) 
Vcc = 5.5 V, E=VIL, 15 mA 
Erasure In progress 

VCC average supply current (program/erase-verify) VCC=5.5V, E=VIL, 
ICC4 (see Note 4) VpP=VpPH, 15 mA 

Program/erase-verify In progress 

VLKO VCC erase/write-lockout voltage Vpp =VpPH 2.5 V 

NOTE 4: Not 100% tested; characterization data available. 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f= 1 MHzt 

PARAMETER TEST CONDITIONS 

CI Input capacitance VI=OV, f= 1 MHz 

Co Output capacitance Vo = 0 V, f= 1 MHz 

t Capacitance measurements are made on sample basis only. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

TEST 
PARAMETER 

CONDITIONS 

Access time from 

ta(A) address, 
AO-A16 

ta(E) 
Access time from 
chip enable, E 

ten(G) 
Access time from 
output enable, G 

tc(R) Cycle time, read 

1d(E) 
Delay time, E low 
to low-Z output CL= 100pF, 

Delaytime,G 1 Series 74 

1d(G) lowtolow-Z TTL load, 

output Input tr .. 20 ns, 

Chip disable time 
Input tf .. 20 ns 

1dis(E) to Hi-Z output 

Output disable 

1dis(G) timetoHI-Z 
output 

Hold time, data 

th(D) valid from 
address, E or Gt 

trec(W) 
Write recovery 
time before read 

t Whichever occurs first 

ALTERNATE '28F010B-90 '28F010B-10 

SYMBOL MIN MAX MIN 

tAVQV 90 

tELQV 90 

tGLQV 35 

tAVAV 90 

tELQX 0 

tGLQX 0 

tEHQZ 0 45 

tGHQZ 0 30 

tAXQX 0 

twHGL 6 

~TEXAS 
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100 

0 

0 

0 

0 

0 

6 

MAX 

100 

100 

45 

55 

30 
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'28F010B-12 '28F010B-15 
UNIT 

MIN MAX MIN MAX 

120 150 ns 

\ 

120 150 ns 

50 55 ns 

120 150 ns 

0 0 ns 

0 0 ns 

0 55 0 55 ns 

0 30 0 35 ns 

0 0 ns 

6 6 !.IS 
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timing requlrements-wrlte/erase/program operations 

PARAMETER 

tc(W) Cycle time, write using W 

~R Cycle time, programming operation 

tc(w)ER Cycle time, erese operation 

theA) Hold time, address 

theE) Hold time, E 

th(WHD) Hold time, data valid after W high 

lsu(A) Setup time, address 

lsulD) Setup time, data 

lsulE) Setup time, E before W 

lsuIVPPEL) Setup time, Vpp to E going low 

trec(W) Recovery time, W before read 

treclR) Recovery time, read before W 

tw(W) Pulse duration, W (see Note 5) 

Iw(WH) Pulse duration, W high 

trIVPP) Rise time, Vpp 

tfIVPP) Fall time, Vpp 

PARAMETER 

tc(W) Cycle time, write using W 

tc(W)PR Cycle time, programming operation 

tc(W)ER Cycle time, erase operation 

totAl. Hold time, address 

thlE) Hold time, E 

th(WHD) Hold time, data valid after W high 

tsulA) Setup time, address 

lsulD) Setup time, data 

tsu(E) Setup time, E before W 

tsuIVPPEL) Setup time, Vpp to E low 

trec(W) Recovery time, W before read 

trec(R) Recovery time, read before W 

twlWl Pulse duration, W (see Note 5) 

tw(wH) Pulse duration, W high 

trIVPP) Rise time, Vpp 

tf(VPP) Fall time, Vpp 

NOTE 5: Rise/fall time" 10 ns 

AlTERNATE 
SYMBOL 

tAVAV 

twHWH1 

twHWH2 

twL.Ax 
twHEH 

twHDX 

tAVWL 

tDVWH 

tELWL 

tvPEL 

twHGL 

IGHWL 

twLWH 

twHWL 

tvPPR 

tvPPF 

AlTERNATE 
SYMBOL 

tAVAV 

twHWH1 

twHWH2 

twLAX 

twHEH 

twHDX 

tAVWL 

tDVWH 

tELWL 

tvPEL 

twHGL 

IGHWL 

IWLWH 

twHWL 

tvPPR 

tvPPF 
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MIN NOM MAX 

90 

10 

9.5 

40 

0 

10 

0 

40 

15 

1 

6 

0 

40 

20 

1 

1 

'28F010B·12 

MIN NOM MAX 

120 

10 

9.5 10 

60 

0 

10 

0 

50 

20 

1 

6 

0 

60 

20 

1 

1 
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'28F010B-10 
UNIT 

MIN NOM MAX 

100 ns 

10 lAS 
9.5 10 ms 

55 ns 

0 ns 
10 ns 

0 ns 

50 ns 

20 ns 

1 lAS 
6 lAS 
0 lAS 

60 ns 

20 ns 

1 lAS 
1 lAS 

'28F010B·15 
UNIT 

MIN NOM MAX 

150 ns 

10 lAS 
9.5 10 ms 

60 ns 

0 ns 

10 ns 

0 ns 
50 ns 

20 ns 

1 lAS 
6 lAS 
0 lAS 

60 ns 

20 ns 

1 lAS 
1 lAS 
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timing requirements - alternative E-controlled writes 

ALTERNATE '28F010B-90 '28F010B-10 '28F010B-12 
PARAMETER SYMBOL MIN MAX MIN MAX MIN 

ic(W) Cycle time, write using E tAVAV 90 100 120 

ic(E)PR 
Cycle time, programming 

tEHEH 10 10 10 
operation 

ih(EA) Hold time, address teLAX 45 75 80 

th(ED) Hold time, data teHDX 10 10 10 

ihlWl Hold time, W tEHWH 0 0 0 

isu(A) Setup time, address tAVEL 0 0 0 

isu(D) Setup time, data tDVEH 35 50 50 

isulWl Setup time, W before E twLEL 0 0 0 

isu(VPPEL) Setup time, Vpp to E low tvPEL 1 1 1 

lrec(E)R 
Recovery time, write using E 

tEHGL 6 6 6 
before read 

trec(E)W 
Recovery time, read before 
write using ~ IGHEL 0 0 0 

!weE) Pulse duration, write USing E tELEH 45 70 70 

!w(EH} Pulse duration, write, E high tEHEL 20 20 20 

PARAMETER MEASUREMENT INFORMATION 

2.08 V 

Output 
Und.rTeet 

-1 RL • SOOQ 

I CL-1oopF 
_ ( •• e Note A) 

NOTE A: CL includes probe and fixture capacitance. 

Figure 4. AC Test Output Load Circuit 

AC testing Input/output waveforms 

2.4V~2V 
0.45 v ---A 0.8 V O.!~ X"" __ _ 

MAX 

'28F010B-15 
UNIT 

MIN MAX 

150 ns 

10 fill 

80 ns 
10 ns 

0 ns 

0 ns 

50 ns 
0 ns 
1 fill 

6 fill 

0 fill 

70 ns 
20 ns 

AC testing inputs are driven at 2.4 V for logiC high and 0.45 V for logic low. liming measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1-I1F ceramic 
capacitor connected between Vee and Vss as close as possible to the device pins. 
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7·42 

PARAMETER MEASUREMENT INFORMATION 

~14-----------~~)----------~~1 
I I 

AO-A16 ---~X,,-____ A_dd_r._ .. _~_a_"d ____ .....,X';----"""'--
I. ta(Al ~I I 

------~ I I~·----------
E "~ ______ ~I------~~ 

I I I 
I+-- talE) --+t I+-- fcIla(E) ---+i 

---------------~.~, I I I 
G I I~ I ~ I 

I+-- t --L.i I of i I 
I rec(W) I -j i+-len(G) ~ I I I 

WJ II I II I I"': I+- fcI(G) I I I+-- fcIla(G) ----+i 
fcI(E) I' ~I I I+- ttt(O) -+i I 

OQO-OQ7 HI-2 («<<<<{ Ouput Valid »»»D- HI-2 -

Figure 5. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Power Up Set-Up-
and Program 

AO-A16 

w 

Vcc 5V J 
ov 

Program 
Program Standby I 

Verification 

II II 
~ 

vPP:::: ~~i------------------~III~----------~I~\~'----------~~ 
-+I 1+ tr(vpP) -+j I+- If(VPp) 

Figure 6. Write-Cycle TIming 
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AO-A16 

w 

PARAMETER MEASUREMENT INFORMATION 

Program 
Command 

Po_r Up Set-Up.. Latch Program 
and Program Addraaa Verify Program Standby I 

~ -~~romm~~ -.~ 
tc(W) I" -14-- tc(W) -.J 1 tc(W) 4 I+-- tc(R) ~ 

teu(A) ~ I I -+I :.- th(EA) I 
th(EA) -.I I+- ~te (A) I . I I u I I \ 

__ I I I I "-

teu(W) -.1)4- I -+I r- teu(W) ~ j+ tau(W) I -H ~ 1d18(G) 

th(W) ~ J+" I ~ I+- th(W) I -+I ~ th(W) I II 
IXIIII\\ II\~ 

...J.._~-+j r- trec(E)W I I+-- tc(E)PR +-1 i I 

E..J 
.. \£:~ tw(EH) I l+-tr8C~! r~(E) 

ok f I ~ I\LL-.Y._! . ____ '-i,\{i I . I I ~ )4+th(D) 
th(ED) t-J I+- I I r- th(ED) ~ *- lh(ED) I I: k ten(G) 

tw(E) -+I r- : -+I r- tw(E) !w(E) -.l ~ I : II+-tof-- Id(G) I 

DQO-DQ7 teU(~~ ':I~ 
..r-HI-Z I ~ . . ~taln -~~(E) ~! ~ I ~dData-Out 

Vee 

7-44 

I Data In = 40h Data In = eOh te(E) I" _I 

5V ..J 
OV 

! II II 
I 
I 
~ teu(vpPEL) 

---" 
fl, '/; 

I I 
-+I 1+ tr(vpP) 

Figure 7. Write-Cycle (Alternative 'E-Controlled Writes) TIming 
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PARAMETER MEASUREMENT INFORMATION 

Power Up SetoUp- Eras .. 
and Era.. Erase Verify Erase Standby I 

~1< com~~ - ... ~~ 
I. ~I I l-- 1e(W) ----+I I+-- 1e(R) ~ 

1e(W) I+- 1e(W) ~ I -+I 14- th(A) I 

~lsu(A) 1 

II ~~ 
lsu(E) r- I j4- lsu(E) ~ j+ lsu(E) I I I I I 

) 
I: th(E) ~14- I -+j ~ th(E) I I ~ :.-th~(E) II -++II 14- 1d1s(E) 

.~ I ! I II I I I 
....1..----1/ II I. ~I 1w(WH) I I Ll! I II 

II I I I j4-IraC(W)~1 II 
Irac(R) ~ j+" I :-- Ic(W)ER ~ I II I ,., 14- Idls(G) 

~ r--"I I III rl '\. 
I I I VI III1 -+jl+-th(D) '-
I I I I I ~ 14- ih(WHD) I I I I II I I 

th(WHD~ +.l ~ I I I I t.! 14- ih(WHD) I II I.....-.r- Isn(G) 

1w(W) -+I I.- I -.I j+" ~(W) tw(W) ...l I.- I : : '-!-t Id(G) 

lsu(D) I.- -+II.- tsu(D) ~I I I I 'k 
..r- HI~ Data In = 2~h ~ ~(E) I. i ~ I It?! Data.Out 

: Data In = AOh talE) I. ~I 

../ 
I '.I II 
I 
I 

-+j I4-lsu(vpPEL) 

--If 
I I 
~ 14- 1r(VpP) 

II 

Figure 8. Flash-Erase-Cycle Timing 
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• Organization ••• 64K)( 16 Flash Memory 

• Pin Compatible With Existing 1-Megablt 
EPROMs 

• All Inputs/Outputs TTL Compatible 

• Vee Tolerance ::1:10" 
• Maximum Access/Minimum Cycle Time 

'28F21G-10 . 100 na 
'28F210-12 120 ns 
'28F21G-15 150 ns 
'28F21G-17 170 ns 

• Industry-8tandard Programming Algorithm 

• PEP4 Version Available With 168-Hour 
Burn-In and ChOice of Operating 
Temperature Ranges 

• Chip Erase Before Reprogramming 

• 10000 and 1000 Program/Erase Cycles 
• Low Power Dissipation (Vee = 5.5 V) 

-Active Write ••• 55 mW 
-Active Read ••• 165 mW 
-Electrical Erase ••• 82.5 mW 
-Standby ••• 0.55 mW 

(CMOS-Input Levels) 

• Automotive Temperature Range 
- 40°C to 125°C 

description 

The TMS28F210 is a 1048576-bit, program
mable read-only memory that can be electrically 
bulk erased and reprogrammed. It is available in 
10000and 1 000 program/ erase endurance cycle 
versions. 

The TMS28F210 flash memory is offered in a 
dual-in-line plastic package (N suffix) designed for 
insertion in mounting-hole rows on 15,2 mm 
(600-mil) center and a 44-lead plastic leaded-chip 
carrier package using 1 ,25 mm (50-mil) lead 
spacing (FN suffix). 

The TMS28F21 0 is characterized for operation in 
temperature ranges of O°C to 70°C (NL and FNL 
suffixes), -40°C to 85°C (NE and FNE suffixes), 
and -40°C to 125°C (NQ and FNQ suffixes). All 
packages are offered with 168-hour burn-in 
(4 suffix). 

TMS28F210 
1 048576-BIT FLASH MEMORY 

Vpp 
E 

DQ15 
0014 
0013 
DQ12 
DQ11 
DQ10 

DQ9 

'DQS 
Vss 
007 
Das 
DQ5 
DQ4 
003 
002 
001 
DQO 

tI 

NPACKAGE 
(TOP VIEW) 

1 40 Vee 
39 Vi 
38 NC 

4 37 A15 
38 A14 
35 A13 

7 34 A12 
8 33 A11 
II 32 A10 
10 AS 
11 Vss 
12 AS 
13 A7 
14 AS 
15 A5 
18 A4 
17 A3 
18 A2 
111 A1 
20 AD 

FNPACKAGE 
(TOP VIEW) 

8 5 4 3 
DQ12 A13 
D~1 M2 
0010 8 A11 

DQ9 10 A10 
DQS 11 AS 
VSS 12 Vss 

NC 13 NC 

007 14 AS 
DQ8 15 A7 
DQ5 18 AS 
DQ4 17 A5 

AD-A15 
000-0015 
E 
G 
NC 

VCC 
VSS 
~P 
W 

PIN NOMENCLATURE 

Addr8e8 Inp\llS 
Inp\llS (programmlng)/Outp\llS 
Chip Enable 
Output Enable 
No Internal Connection 
5-V Power Supply 
Ground 
12-V Power Supplyt 
Program 

t Only In program mode 
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device symbol nomenclature 

TMS28F210 

7-48 

·12 C4 FN L 4 L= PEP4Bum.Jn 
4 • 188-Hour Bum-ln 
(blank H no bum·ln) 

. . Temperatura Range Daalgnator 
L. O°C to 70°C 
E • - 40°C to SSoC 
a. _40°C to 125°C 

'----------Package Dealgnator 
N = PlaaUc Dual-ln·Une Package 

FN. PlaeUc Leaded Chip Carrier 

'------------Program/Eraae Endurance 
C4 • 10000Cyclaa 
C3 • 1 000 Cyclee 

'--------------Spald Dealgnator 
·10 • 100 ne 
·12 • 120 ne 
·15 • 150 na 
.17 • 170na 
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logIc symbolt 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
AS 

A10 
A11 
A12 
A13 
A14 
A15 

DQO 

DQ1 
DQZ 
DQ3 
DQ4 
DQ5 
DQ6 

DQ7 
DQ8 
OQ9 

DQ10 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 

21 
22 
23 
24 
25 
26 
27 
28 
29 
31 
32 
33 
34 
35 
36 
37 

2 ..... 

20 ~ 
39 

LJ::, 

19 

L:.t-
18 
17 -
18 ..... 
15 
14 
13 ..... 
12 
10 
9 
8 
7 
6 
5 
4 
3 

FLASH 
o ... EEPROM 

65536 .. 18 

> A65~ 

15 ... 

G1 
[PWRDWN) 
G2 
1,2 EN (READ) 
1C3(WR1TE) , 
A, 3D 

TMS28F210 
1 04857s.;BIT FLASH MEMORY 
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r 

V4 A,Z4-1-

tThIs symbol .. In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pln numbers shown are for the N package. 
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functional block diagram 

Vpp 

Vi Stale Control 

Progr.m/E ..... 
StopTlm.r 

Comm.nd R.glatar 

E 

G 

AO-A15 
16 

Er .... VOltag. SwItch 

STB 
A 
d 
d 
r 

• a 
a 

L 
• t 
c 
h 

STB 

Chlp-Enabl •• nd 
Output-En.bl. 

logIc 

Column Decoder 

Rowo.coder 
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Table 1. Operation Modes 

FUNCTIONt 

MODE NPACKAGE 
vpp* E G AO A9 W DOO-D015 

1 2 20 21 31 39 3-10,12-19 

FNPACKAGE 2 3 22 24 35 43 21-14,11-4 

Read VpPL VIL VIL X X VIH Data Out 

Output Disable VPPL VIL VIH X X VIH Hi-Z 

Read Standby and Write Inhibit VPPL VIH X X X X Hi-Z 

Algorithm-Selection Mode VpPL VIL VIL ~ VID VIH 
Mfr Equivalent Code 0097h 

VIH Device Equivalent Code OOE5h 

Read VPPH ViL ViL X X VIH Data Out 

Read! Output Disable VPPH VIL VIH X X VIH HI-Z 
Write Standby and Write Inhibit VPPH VIH X X X X Hi-Z 

Write VpPH VIL VIH X X VIL Data In 

t X can be VIL or VIH. . * VpPL 0; Vec + 2 V; VpPH is the programming voltage specified for the device. For more details. see the recommended operating conditions. 

operation 

read/output disable 

When the outputs of two or more TMS28F21 Os are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output ofthe TMS28F21 0, a low-level signal is applied to the E and G pins. All other devices in the circuit 
should have their outputs disabled by applying a high-level signal to one of these pins. 

standby. and write Inhibit 

Active Icc current can be reduced from 50 mA to 1 mA by applying a high TTL level on E or to 100 JAA with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F21 0 draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to VID' Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer-equivalent code 0097h, and AO high 
selects the device-equivalent code 00E5h, as shown in the algorithm-selection mode table below: 

IDENTIFIER'I 
AO D07 D06 DQ5 

Manufacturer-Equivalent Code VIL 1 0 0 

Device-Equivalent Code VIH 1 1 1 

§ 08-015 are not shown In the table because the upper 8 data bits read O. 
'IE = G = AI-AS =A10-AI5 =VIL. Ag =VID. Vpp =vPPL 

programming and erasure 

PINS§ 

DQ4 D03 DQ2 DQ1 DQO HEX 

1 0 1 1 1 0097 

0 0 1 0 1 OOE5 

In the erased state, all bits are at a logic 1. Before erasing the device, all memory bits must be programmed to 
a logiC O. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed 
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail. 
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command register 

The command register controls the program and erase functions of the TMS28F21 O. The algorithm-selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents ofthe command register and the function being performed can be changed. The command 
register is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. 

power supply considerations 

Each device should have a O.1-J.tF ceramic capacitor connected between Vee and V ss to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor as well. Printed circuit traces for both 
power supplies should be appropriate to handle the current demand. 

Table 2. Command Definitions 

REQUIRED FIRST BUS CYCLE SECOND BUS CYCLE 
COMMAND BUS 

OPERATIONt OPERATIONt CYCLES ADDRESS DATA ADDRESS 

Read 1 Write 

A1gorlth m-Selection Mode 3 WrHe 

Set-Up-Erase / Erase 2 WrHe 

Erase Verify 2 Write 

Set-Up-Program/Program 2 Write 

Program Verify 2 Write 

Reset 2 Write 
t Modes of operation are defined In Table 1. 
Legend: 

Address of memory location to be read during erase verify 
Address of memory location to be read 

X ooooh 

X oo90h 

X oo20h 

EA ooAOh 

X oo40h 

X OOCOh 

X OOFFh 

EA 
RA 
PA 
RD 
EVD 
PO 
PVD 

Address of memory location to be programmed. Address is latched on the falling edge of W. 
Data read from location RA during the read operation 

7-52 

Data read from location EA during erase verify 
Data to be programmed at location PA. Data Is latched on the rising edge of W. 
Data read from location PA during program verify 
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Read RA 

Read 0000 
0001 

Wme X 

Read X 

Write PA 

Read X 

Write X 

DATA 

RD 

oo97h 
00E5h 

20h 

EVD 

PO 

PVD 

ooFFh 



command definitions 

read command 
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Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOOOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOOOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection-mode command 

The algorithm-selection mode is activated by writing 0090h into the command register. The manufacturer 
equivalent code (0097h) is identified by the value read from address location OOOOh, and the device equivalent 
code (00E5h) is identified by the value read from address location 0001 h. 

set-up-program/program commands 

The programming algorithm initiates with E = VIL, W = VIL. G = VIH. Vpp = VpPH. and Vee = 5 V. To enter the 
programming mode, write the set-up-program command, 0040h, into the command register. The programmi,!!9 
operation is invoked by the next write-enable pulse. Addresses are latched internally on the falling edge of W, 
and data is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of W and ends on the rising edge of the next W pulse. The program operation requires 10 J.IS for completion 
before the program-verify command, OOCOh, can be loaded. 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a valid program-verify, read, or reset 
command is received. 

program-verify command 

The TMS28F21 0 can be programmed sequentially or randomly because it is programmed one word at a time. 
Each word must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed word. To invoke the program-verify operation, OOCOh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a word, the TMS28F210 applies an internal margin voltage to the designated word. If the true 
data and programmed data match, programming continues to the next designated word location; otherwise, the 
word must be reprogrammed. Figure 1 shows how commands and bus operations are combined for word 
programming. 

set-up-erase/erase commands 

The erase algorithm initiates with E = VIL, W= VIL, G = VIH' Vpp =VPPH, and Vee =5V. To enter the erase mode, 
write the set-up-erase command, 0020h, into the command register. After the TMS28F21 0 is in the erase mode, 
writing a second erase command, 0020h, into the command register invokes the erase operation. The erase 
operation begins on the rising edge of Wand ends on the rising edge of the next W. The erase operation requires 
10 ms to complete before the erase-verify command, OOAOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a valid erase-verify,. read, or reset 
command is received. 

erase-verify command 

All words must be verified following an erase operation. After the erase operation is complete, an erased word 
can be verified by writing the erase-verify command, OOAOh, into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the word to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a valid command is written to the 
command register. 
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erase-verify command (continued) 

To determine whether or not all the words have been erased. the TMS28F21 0 applies a margin voltage to each 
word. If FFFFh is read from the word. all bits in the designated word have been erased. The erase-verify 
operation continues until all ofthe words have been verified. If FFFFh is not read from a word, an additional erase 
operation needs to be executed. Figure 2 shows the combination of commands and bus operations for 
electrically erasing the TMS28F210. 

reset command 

To reset the TMS28F210 after set-up-erase command or set-up-program command operations without 
changing the contents in memory. write OOFFh into the command register two consecutive times. After 
executing the reset command, a valid command must be written into the command register to change to a new 
state. 

Fastwrlte algorithm 

The TMS28F210 is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F21 0 is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

7-54 

To reduce total erase time. several devices can be erased in parallel. Since each Flash EEPROM can erase 
at a different rate. every device must be verified separately after each erase pulse. After a given device has been 
successfully erased. the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOOOh) to the device when the others receive a set-up-erase or erase command. or disconnecting it frQm all 
electrical signals with relays or other types of switches. 
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-T 
Setup 

Interactive 
Mode 

Power 
Down 

Bua 
Operation 

Initialize 
Add,. .. 

StlJndby 

Write 

Write 

StlJndby 

Write 

Standby 

Read 

Write 

Standby 

NOTES: A. Refer to the recommended operating conditions for the value of VPPH. 
B. Refer to the recommended operating conditions for the value of VpPL. 

Command 

Set-Up-
Program 

Write Date 

Program-
Verify 

Read 

Figure 1. Programming Flowchart: Fastwrlte Algorithm 
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Commente 

Walt for Vpp to ramp to 
VpPH (He Note A) 

InlUallze pul .. count 

Date .0000h 

Valid addre •• ' data 

Walt .10 I" 

Data .. OOCOhj enda 
program operaUon 

Walt .. SI" 

Read word to verify 
programming; compare 
output to expected output 

Data .. OOOOhj reaete 
reglater for read operetlons 

Walt for Vpp to remp to 
VpPL (.ee Note B) 
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Setup 

Interactive 
Mode 

Power 
Down 

Bu. 
Operation 

Standby 

Writ. 

Writ • 

Standby 

Writ. 

Standby 

Read 

Writ. 

Standby 

NOTES: A. Refer to the recommended operating conditions for the value of VpPH. 
B. Refer to the recommended operating conditions for the value of vpPL. 

Command 

Set-Up-
Era •• 

Era.e 

Era •• 
Verify 

Read 

Figure 2. Flash-Erase FlOWChart: Fasterase Algorithm 
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Inltlallz. pul.e count 

Data = 0020h 

Data.OO20h 

Walt. 10m. 
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operation 

Walt=61l.11 
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Walt for Vpp to ramp to 
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Give Read 
Command To 
All Devices 

t n = number of devices being erased 

GlvaErasa 
Command To 
All Unmasked 

Device. 

No 

Give Read 
Command To 
All Davlcas 

Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .....•......•..•...•.•.•.•.......•..•..•..•... -0.6 V to 7 V 
Programming supply voltage range, Vpp ••...............•.....•..•....••..•..•..•.•. -0.6 V to 14 V 
Input voltage range (see Note 2): All inputs except A9 ....•••.....•......•.••.•.. -0.6 V to Vee + 1 V 

A9 ......•...•..••.....•.••.••....•.....•..•..•..• -0.6Vto 13.5V 
Output voltage range (see Note 3) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range during read/erase/program, TA 

NL, FNL .•..•........................• "................ O°C to 70°C 
NE, FNE .........•..•..•.•.....••....•...•.••....• - 4Q°C to 85°C 
NO, FNO ..................•..•.... ".............. - 40° C to 125°C 

Storage temperature range, Tstg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These ara stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under ·recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect devica reliability. 

NOTES: 1. All voltage values are with respect to VSS. 
2. The voltage on any input can undershoot to -2 V for periods less than 20 ns. 
3. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 

recommended operating conditions 

VCC 

VPP 

VID 

VIH 

VIL 

TA 

7-58 

Supply voltage During write / read /flash erase 

During read only (VPPL) 
Programming supply voltage 

During write/read/flash erase (VPPH) 

Voltage level on A9 for algorithm-selection mode 

High-level de input voltage 

Low-level dc Input voltage 

Operating free-air temperature 

TTL 

CMOS 

TTL 

CMOS 

NL, FNLsuffix 

NE, FNEsuffix 

NQ, FNQsuffix 
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MIN TVP MAX UNIT 

4.5 5 5.5 V 

0 VCC+2 V 

11.4 12 12.6 V 

11.5 13 V 

2 VCC+0.5 
V 

Vce- 0.5 Vee +0.5 

-0.5 0.8 
V 

GND-0.2 GND+0.2 

0 70 

-40 85 ·C 

-40 125 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

TTL IOH=-2.5mA 2.4 
VOH High-level output voltage V 

CMOS 10H = -100,.A VCC-0.4 

TTL IOL=5.8mA 0.45 
VOL Low-level output voltage V 

CMOS 10L =100,.A 0.1 

All except A9 .. VI" 0 V to 5.5 V .. 1 
II Input current (leakage) 

A9 VI=OVto13V .. 200 
,.A 

10 Output current (leakage) VO=OVtoVCC .. 10 ,.A 

110 A9 algorithm-selection-mode current A9=VIOmax TBD mA 

VPP·VPPH, Read mode 200 ,.A 
IpPl VPP supply current (read/standby) 

VPP=VPPL .. 10 ,.A 

IpP2 VPP supply current (during program pulse) (see Note 4) VpP·VpPH 50 mA 

IpP3 VPP supply current (during flash erase) (see Note 4) VPP=VPPH 50 mA 

IpP4 
VPP supply current (during program / erase verify) 

VPP=VPPH 5.0 mA 
(see Note 4) 

TTL-Input level VCC = 5.5 V, E=VIH 1 mA 
ICCS Vcc supply current (standby) 

CMOS-input level VCC = 5.5 V, E=Vcc 100 ,.A 

ICCl V CC supply current (active read) 
VCC=5.5V, E=VIL, 50 mA 
f= 6 MHz, Outputs open 

ICC2 VCC average supply current (active write) (see Note 4) 
VCC=5.5V, E=VIL, 10 mA 
Programming In progress 

lec3 Vee average supply current (flash erase) (see Note 4) 
VCC=5.5V, E=VIL, 15 mA 
Erasure in progress 

V CC averege supply current (program / erase verify) Vcc = 5.5 V, E=VIL, 
ICC4 (see Note 4) VpP=VpPH, 15 mA 

Program /erase verify In progress 

NOTE 4: Not 100% tested; charactenzatlon data available 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f= 1 MHzt . 

PARAMETER TEST CONDITIONS 

CI Input capacitance VI=OV, f= 1 MHz 

Co Output capacitance VO"OV, f= 1 MHz 

t Capacitance measuremen1s are made on sample basis only. 
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MIN MAX UNIT 

6 pF 

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

TEST ALTERNATE '28F21D-10 '28F21D-12 '28F21D-15 '28F21D-17 
CONDITIONS SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

Ia(AJ 
Access time 

IAvav 100 frOn:1 address 120 150 170 ns 

1a(E) 
Access time 

tELQV 100 fromE 
120 150 170 ns 

Ia(G) 
Access time 

IGLQV 45 fromG 50 55 60 ns 

Ie(R) 
Cycle time, 

IAVAV 100 120 150 170 ns read 

Delay time, chip 
Id(E) enable low to tELQX 0 0 0 0 ns 

low-Z output CL = 100 pF, 
Delay time, G 1 Series 74 

Id(G) low to low-Z TTL load, tGLQX 0 0 0 0 ns 
output Input Ir :s 20 ns, 

Chip disable to 
Input tf :s 20 ns 

Idls(E) Hi-Zoutput tEHQZ 0 55 0 55 0 55 0 55 ns 

Hold time, 
ldis(G) output enable to 

Hi-Z output 
IGHQZ 0 30 0 30 0 35 0 35 ns 

Hold time, data 

th(D) 
valid from 

tAXQX 0 0 0 0 ns 
address, E, or 
Gt 

Write recovery 
trec(W) time before twHGL 6 6 6 6 JIB 

read 

~ t Whichever occurs first 

-m 
~ 

7-60 
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timing requlrements-wrlte/erase/program operations 

tc(W) Cycle time, write using W 

tc(lN)PR Cycle time, programming operation 

tc(w)ER Cycle time, erase operation 

th(A) Hold time, address 

lh(E) Hold time, E 

thIWHOI Hold time, data valid after W high 

tau(A) Setup time, address 

tau(O) Setup time, data 

tau (E) Setup time, E before W 

tau (EHVPP) Setup time, E high toVpp remp 

tauNPPELI Setup time, Vpp to E low 

trec(W) Recovery time, W before read 

trec(R) Recovery time, read before W 

tw{W) Pulse duretion, W (see Note 5) 

lwIWH) Puise duration, W high 

tr(yPPI Rise time, Vpp 

tfNPP) Fall time, Vpp 

tclWl Cycle time, write using W 

tc(W)PR Cycle time, programming operation 

tclWlER Cycle time, erase operation 

th(A) Hold time, address 

th(E) Hold time, E 

th(WSi[) Hold time, data valid after W high 

tau(A) Setup time, address 

tsu(O) Setup time, data 

tau (E) Setup time, E before W 

tSi.J(EHVPPI Setup time, E high to Vpp ramp 

tauNPPELl Setup time, Vpp to E low 

trec(W) Recovery time, W before read 

trec(R) Recovery time, read before W 

lwlWl Pulse duration, W (see Note 5) 

twIWH) Pulse duration, W high 

trNPPI Rise time, Vpp 

tfNPP) Fall time, Vpp 

NOTE 5: Rise/fail time" 10 ns. 

ALTERNATE '28F210-10 
SYMBOL MIN NOM 

tAVAV 100 

twHWH1 10 

twHWH2 9.5 10 

twLAX 55 

twHEH 0 

twHox 10 

tAVWL 0 

toVWH 50 

tELWL 20 

tEHVP 100 

tvPEL 1 

twHGL 6 

lGHWL 0 

twLWH 60 

twHWL 20 

tvPPR 1 

tvPPF 1 

ALTERNATE '28F210-15 
SYMBOL MIN NOM 

tAVAV 150 

twHWH1 10 

twHWH2 9.5 10 

twLAX 60 

twHEH 0 

twHOX 10 

tAVWL 0 

tOVWH 50 

tELWL 20 

1EHVP 100 

tvPEL 1 

twHGL 6 

lGHWL 0 

twLWH 60 

twHWL 20 

tvPPR 1 

tvPPF 1 
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'28F210-12 
UNrr 

MAX MIN NOM MAX 

120 ns 
10 ,.a 

9.5 10 rna 

60 ns 
0 ns 

10 ns 
0 ns 

50 ns 
20 na 

100 ns 
1 ,.a 
6 ,.a 
0 ,.a 

60 ns 

20 na 

1 ,.a 
1 ,.a 

'28F210-17 
UNIT 

MAX MIN NOM MAX 

170 ns 

10 f'S 
9.5 10 ms 

70 ns 

0 ns 
10 na 

0 ns 

50 ns 
20 na 

100 ns 
1 ,.a 
6 ,.a 
0 ,.a 

60 ns 

20 ns 

1 ,.a 
1 f'S 
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1 048576-8IT FLASH MEMORY 

SMJS210B - DECEMBER 1992 - REVISED JUNE 1995 

timing requirements-alternative e-controlled writes 

ALTERNATE '2BF210·10 '2BF210·12 '2BF210·15 

tc(W) 

tc(E)PR 

th(EA) 

th(ED) 

th(W) 

lsu(A) 

tsulD) 

tsu(W) 

lsu(VPPEL) 

trec(E)R 

trec(E)W 

tw(E) 

tw(EH) 

SYMBOL MIN MAX MIN MAX MIN 

Cycle time, write using E tAVAV 100 120 150 

Cycle lime, programming 
tEHEH 10 10 10 operation 

Hold time, address tElA)( 75 BO BO 

Hold time, daIS tEHDX 10 10 10 

Hold time, W tEHWH 0 0 0 

Setup time, address tAVEL 0 0 0 

Setup time, data tDVEH 50 50 50 

Setup time, W before E twLEL 0 0 0 

Setup time, Vpp to E low tyPEL 1 1 1 

Recovery time, write using E 
tEHGL 6 6 6 

before read 

Recovery time, read before 
tGHEL 0 0 0 writeusingE 

Pulse duration, write using E tELEH 70 70 70 

Pulse duration, write, E high tEHEL 20 20 20 

PARAMETER MEASUREMENT INFORMATION 

Output 
Under Test 

2.0BV -1RL =800Q 

CL= 100pF T (see Note A) 

LOAD CIRCUIT 

NOTE A: CL includes probe and fixture capacitance. 

2.4V==>( 2V 

0.45 V O.BV 
O.!~X~ __ 

VOLTAGE WAVEFORMS 

Figure 4. Load Circuit and Voltage Waveforms 

MAX 

'2BF210·17 
UNIT 

MIN MAX 

170 ns 

10 J4S 

90 ns 

10 ns 

0 ns 

0 ns 

50 n8 

0 ns 

1 J4S 

6 J4S 

0 J4S 

80 n8 

20 ns 

AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1·j.tF ceramic 
capacitor connected between Vee and Vss as close as possible to the device pins. 
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PARAMETER MEASUREMENT INFORMATION 

14 tc(R) -----~~I 
I I 

AO-A15---~X Add ..... valid X-lo-------
~ ta(A) ~I I 

E---------~~ 1 jf.'i,------------
I~,----~I----~f' 
I r- ta(E) ~ I 14-- tcI18(E) ~ 

0-------+1-"""1\ 1 0 1 
I+-- trec(W) +----.I I I f I I 
I I I j4-tan(G)~ I I I 

- f' I I I I I I 
W ---./ I I . I I ~ tcIls(O) --.I 

I ~ ~ tcI(O) I 14- I 
tcI(E) 14 ~I I ih(D) ~ I 

DQO-DQ15 HI-Z (««<<{ OuputYalld }»»»}- HI-z-

Figure 5. Read-Cycle Timing 
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AO-A15 

w 

DQO
DQ15 

VCC IV 

OV 

VPPH 
VPP 

VPPL 

PARAMETER MEASUREME"T INFORMATION 

Program 
Command 

Power Up S.IoU,. Latch Progra .... 
and Program Add,... VarIfV Program Standby! 

Standby Command and Data Programming Command YerHlcation Power Down 

~I ; ~~ .~~ ~ 
te(W) 4 ~~ te(W) -.... Iter> 4 ..--te(R) --t--I . 

tau(A) ~ I , ..., ,... tr.(A) I 
1ft(A) --: 14- ~ tau(A) I 

, ,~~ ~ 
I tau(E) ~ j+" / .../ ~ tau(E) ...j j+" t.u(E) i ~ I+- -
, % tr.(Er/(4- I, ..., ... th(E) ,--t j+" 1ft(E) / , , ' 

1/ iii ! ! L :(W)PR -HI , 'l; 11't\ '1""(1-"""\.. 
i tr.c(R) :u *" I.. ~, 1w(WH) 'i4- t (W) +H ' tl.!.- IdIa(G) , f' I , , I r8C''r---II...;+' +' __ Ii-t - '1 __ , ,I I ~r;'I:I' II \.. 
,. I I· . liJ ..... tr. I'll I" ...,1+t1ft(D) 
, tr.(D) t+I /111- /1 / (D) +-f.! ..... th(D) I ,i+-+ tan(G} 

, tw(W) ...j r- I ..I ~ 1w(W) 1w(W) -..l f+.. ' I !.---.t- Id(G) I 

I taU(l)~~ -.1(4- tau(D) ~U(D) ~, I .ll~ .. 
-rHI..z . \!! {« ~~ 

I 'I Data In 1d(E) ~ I! Jl ~Id Data-Out 
, Data In • OO4Oh . Data In • OOCOh ta(E) .. .I , ' , 

, 1\ ',\ 

--111 I ~ 14- tau(VPPEL) 

'A , /,' 
I +I 1+ Iv(vpp) 

-.I ..... tau(EHVPp) 

II 

Figure a.Wrlte-Cycle nmlng 
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PARAMETER MEASUREMENT INFORMATION 

Power Up Set·Up-
and Program 

AO-A15 

Vi 
I I 
I teu(W)~ ~ I 
I th(W) --t ~ 
l/ XI I 
I -~ I+- trec(E)W 

E y } f""-..r--
I :)(l 

DQO
DQ15 

I th(D) t+I l+-
I 
I 
I teu(D) 

--+r-HI.z 
I I 
I I 

Vee 
I I 

5V --.V i 
OV I 

12V 
VPP 

VPPL 

I 1+-+ teu(VPPEL) 

I"" I I I 
I -.: 1+ tr(VPP) 

-.I j+- teu(EHVPP) 

Program· 

I' j II 

I' j II 

Program Standby I 
Verification 

\.. 

~ 
I I 

tf(VPP) -+j I+-

Figure 7. Wrlte·Cycle (Alternative E·Controlled Writes) nmlng 
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AO-A15 

G 

W 

DQO-
DQ15 

5V 
Vee 

OV 

12V 
Vpp 

VPPL 
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PARAMETER MEASUREMENT INFORMATION 

Power..lJp Set-Up Ere.e 
and Ere.e Era.e Verity Eras. Standby I 

~l<-~--~ 
I. ~I 1:-- tc(W) ~ I+--- tc(R) --t-I 

tc(W) ~ tc(W) ----.j I -.j I+- It!(A) I 
i--1- tau (A) 1 

~~ 
..! i+ tau(E) I I I I I 

I I ~ ~ It!(E) I I +.! k- tclla(E) 

--~~---:~--~~--I~~~'~ 14---t~ ...... 1 tw(WH) I I j I II II 
--f---I I I j+- trec(W) H,oj I II 

,...-- tc(W)ER ~. '. I II I' n I.- tclla(G) 
~ ,-----.1 I III rl \... 

I I I V I . I II I ~ ~I th(D) 
I II 14Il.-t III I1I1 I th(O) +.l I.- -J I I h(O) I -!-.I I.- th(D) I I I Ii tan(G) 

I tw(W) -.!. I.- I j+- tw(W) tw(W) ~ j+- 1 ' I I ~ tcI(G) 

I taU(D~1.--.jl+- tau(D) ~U(D) -.jl.- I I J.J. I ~ --r- HI-Z . \ I I {« It »~ 
I II Data In = 0020h tcI(E)..:J---.: I ~and Data-Dut 
I . Data In = 0020h Data In = OOAOh talE) I. ~ 
I I 

---vI II 

I --I i+ tau(VPPEL) 

leA 
I I I 11 I+- tr(VPP) 

-+! !+- tau(EHVPP) 

II 

Figure 8. Flash-Erase-Cycle Timing 
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TMS28F020 
2097152-BIT FLASH MEMORY 

• Organization ••• 256K x 8-Blts 
• Pin Compatible With Existing 2-Megablt 

EPROMs 

• Vee Tolerance :t10% 
• All InputS/Outputs TTL Compatible 
• Maximum AcceSS/Mlnlmum Cycle Time 

'28F02o-10 100 ns 
'28F02o-12 120 ns 
'28F020-15 150 ns 
'28F020 .. 17 170 ns 

• Industry-Standard Programming Algorithm 
• PEP4 Version Available With 168-Hour 

Burn-In and Choice of Operating 
Temperature Ranges 

• 100000 and 10000 Program/Erase-Cycle 
Versions Available 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation (Vee = 5.5 V) 
- Active Write ••• 55 mW 
- Active Read ••• 165 mW 
- Electrical Erase ••• 82.5 mW 
- Standby ••• 0.55 mW 

(CMOS-Input Levels) 

• Automotive Temperature Range 
- 40·C to 125·C 

description 

FMPACKAGE 
(TOP VIEW) 

C\ll/)coQ.O ..... 

< < < ~$ll~ < 
4 3 2 1 3231 30 

0 29 A14 
28 A13 

A5 27 AS 
A4 26 A9 

25 A11 
A2 24 G 

23 A1D 
AD 22 E 

DaD 21 oa7 
14 15 16 17 18 19 20 

..... C\I C/)C').q-I/) CO 

"" gJ" g"" 00 0 00 

PIN NOMENCLATURE 

AO-A17 
OQO-OQ7 
E 
G 
vcc 
Vpp 
VSS 
iN 

Address InpulS 
InpulS (programming)/Outputs 
Chip Enable 
Output Enable 
5-V Power Supply 
12·V Power Supply 
Ground 
Write Enable 

The TMS28F020 flash memory is a 2097152-bit. programmable read-only memory that can be electrically 
bulk-erased and reprogrammed. It is available in 100000 and 10000 program/erase-endurance-cycle versions. 

The TMS28F020 is offered in a 32-lead plastic leaded chip-carrier package using 1.25-mm (50-mil) lead spacing 
(FM suffix) and a 32-lead thin small-outline package (DD suffix). 

~TEXAS 
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A11 0 
A9 2 

A9 3 
A13 4 

A14 5 

A17 6 
iN 7 

Vee 8 

Vpp 9 

A16 10 

A15 11 
A12 12 

A7 13 

AS 14 

A5 15 

A4 16 

device symbol nomenclature 

TMS28F020 -12 C5 FM L 

DO PACKAGE 
(TOP VlEW) 

L PEP4 Burn-In 
4 = 168 Hour Bum-In 

(blank If no burn-In) 

'--------Temperatura Range Designator 
L O'C to 70'C 
E = - 4O'C to 85'C 
Q = - 4O'C to 125'C 

L-________ Package Deslgnstor 

32 

31 

30 

29 
28 

27 
26 

25 

24 

23 

22 
21 

20 
19 

18 

17 

FM = Plastic Leaded Chlp-Carrler 
DO. Thin Small-outllne Package 

7-68 

'------------ ProgramJErase Endurance 
C5 = 100000 Cycles 
C4 = 10000 Cycles 

'--------------Speed Designator 
-10 .. 100 ns 

~TEXAS 
INSTRUMENTS 

-12 • 120 ns 
-15 • 150 ns 
-17 .. 170 ns 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

G 
A10 

E 
OQ7 

OQS 
OQ5 

OQ4 

OQ3 

VSS 
OQ2 

OQ1 

OQO 

AO 

A1 

A2 
A3 



logic symbolt 

AO 
Al 
A2 
A3 
A4 
A5 
A8 
A7 
AS 
A9 

Al0 
All 
A12 
A13 
A14 
A15 
A18 
A17 

E 

G 
W 

Dao 

DQl 
DQ2 
DQ3 
DQ4 
DQ5 
DQ8 
DQ7 

12 
11 
10 
9 
8 
7 
8 
5 
27 
28 
23 
25 
4 
28 
29 
3 
2 
30 

22 .... 

24 ~ 
31 

l.b 
13 

4-
14 
15 ..... 
17 
18 , .. 
19 
20 
21 

FLASH 

o " MEMORY 
282144)( 8 

0 > A 282143 

17.,. 

Gl 
[PWRDWN] 
G2 
1, 2 EN (READ) 
lC3(WRITE) ., 

TMS28F020 
2097152·81T FLASH MEMORY 

SMJS020B - OCTOBER 1994 - REVISED JUNE 1995 

r 
A, 3D 

A,Z4-r-V4 . 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEO Publication 617-12. 
Pin numbers shown are for the FM package. 
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functional block diagram 

w--...... State Control 

Program/Erase 
Stopnmer 

Erase-Voltage Switch 

Command Register I---~ 

e-'~--------~~-----------------r--~ 

G-------r----------4-~ 

STB 
A 
d 
d 
r 
e 
s 
s 

18 
L 
a 
t 
c 
h 

STB 

Chip-Enable and 
Output-Enable 

logic 

Column Decoder 

Row Decoder 

~·TEXAS 
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Column Oatlng 

2097152-BIt 
Array Matrix 



operation 

TMS28F020 
2097152·81T FLASH MEMORY 

SMJS020B - OCTOBER 1994 - REVISED JUNE 1995 

The operation of the TMS28F020 is fully summarized in Table 1 with required signal levels shown for each 
operation. The sections following the table describe operations in detail. 

Table 1. Operation Modes 

FUNCTIONt 

MODE Vpp:I: E G AO A9 W DQO-DQ7 
(1) (22) (24) (12) (26) (31) (13-15,17-21) 

Read VpPL VIL VIL X X VIH Data Out 

Output Disable VPPL VIL VIH X X VIH Hi-Z 

Read ~tandby and Write Inhibit VPPL VIH X X X X Hi-Z 

Algorithm-Selection Mode VPPL VIL VIL 
VIL 

VID VIH 
Mfr-Equivalent Code B9h 

VIH Device-Equivalent Code BDh 

Read VpPH VIL VIL X X ViH Data Out 

Readl Output Disable VPPH VIL VIH X X VIH Hi-Z 
Wrlta Standby and Write Inhibit VPPH' VIH X X X X Hi-Z 

Write VPPH VIL VIH X X VIL Data In 

t X can be ViL or ViH. 
:I: VPPL" V CC + 2 V; VpPH is the programming voltage specified for the device. For more datails. refer to the recommended operating conditions. 

read/output disable 

When the outputs of two or more TMS28F020s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F020, a lOW-level signal is applied to E and G. All other devices in the circuit should 
have their outputs disabled by applying a high-level signal to one of these terminals. 

standby and write Inhibit 

Active Icc current can be reduced from 30 mA to 1 mA by applying a high TIL level on E or to 100 !1A with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F020 draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to VID. Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer-equivalent code 89h, and AO high selects 
the device-equivalent code BDh, as shown in the algorithm-selection mode table below: 

IDENTIFIER§ 
AO DQ7 DQ6 DQ5 

Manufacturer-Equivalent Code VIL 1 0 

Device-Equivalent Code VIH 1 0 

§ E = G = VIL. A1-AS = VIL. AS = VID. A10-A17 = VIL. Vpp = VpPL. 

programming and erasure 

0 

1 

TERMINALS 

DQ4 DQ3 DQ2 DQ1 DQO HEX 

0 1 0 0 1 89 

1 1 1 0 1 BD 

In the erased state, all bits are at a logic 1. Before erasing the device, all memory bits must be programmed to 
a logic O. Afterward, the entire chip is erased. Atthis point, the bits, now logic 1 s, can be programmed accordingly 
(refer to the Fastwrite and Fasterase algorithms for further detail). 

~1ExAs 
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command register 

The command register controls the program and erase functions of the TMS28F020. The algorithm-selection 
mode can be activated using the command register in addition to the. method described in the 
algorithm-selection mode section. When Vpp is high. the contents of the command register and the function 
being performed can be changed. The command register is written to when E is low and W is pulsed low. The 
address is latched on the leading edge of the pulse and the data is latched on the trailing edge. Accidental 
programming or erasure is minimized because two commands must be executed to invoke either operation. 
The command register is inhibited when Vee is below the erase/write lockout voltage. VLKO. 

power supply considerations 

Each device should have a O.1-ItF ceramic capacitor connected between Vee and V ss to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor to Vss as well. Printed-circuit traces for 
both power supplies should be appropriate to handle the current demand. 

Table 2. Command Definitions 

REQUIRED FIRST BUS CYCLE 
COMMAND BUS 

CYCLES OPERATIONt 

Read 1 Write 

Algorithm-Selection Mode 3 Write 

Set-Up-Erase!Erase 2 Write 

Erase Verify 2 Write 

Set-Up-ProgramlProgram 2 Write 

Program Verify 2 Write 

Reset 2 Write 
t Modes of operation are defined in Table 1. 
Legend: 

Address of memory location to be read during erase verify 
Address of memory location to be read 

ADDRESS 

X 

X 

X 

EA 

X 
X 

X 

DATA 

OOh 

90h 

20h 

AOh 

40h 

COh 

FFh 

EA 
RA 
PA 
RD 
EVD 
PO 
PVD 

Address of memory location to be programmed. Address is latched on the falling edge of Iii. 
Data read from location RA during the read operation 

7-72 

Data read from location EA during erase verify 
Data to be programmed at location PA. Data is latched on the rising edge of Iii. 
Data read from location PA during program verify 

~·TEXAS 
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SECOND BUS CYCLE 

OPERATIONt ADDRESS DATA 

Read RA RD 

Read 00000 89h 
00001 BOh 

Write X 20h 

Read X EVD 

Write PA PO 

Read X PVD 

Write X FFh 



command definitions 

read command 

1MS28F020 
2097152·811 FLASH MEMORY 
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Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection-mode command 

The algorithm-selection mode is activated by writing 90h into the oommand register. The 
manufacturer-equivalent code (89h) is identified by the value read from address location OOOOOh, and the 
device-equivalent code (SDh) is identified by the value read from address location 00001 h. 

set-up-erase/erase commands 

The erase algorithm begins with E=VIL, W=VIL, G =VIH, VpP=VpPH, andVee=5V. To enter the erase mode, 
write the set-up-erase command, 20h, into the command register. Writing a second erase command, 20h, into 
the command register invokes the erase operation. The erase operation begins on the riSing edge ofW and ends 
on the rising edge of the next W. The erase operation requires 10 ms to complete before the erase-verify 
command, AOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
op~ration, the device enters an inactive state and remains inactive until a command is received. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete, an erased byte 
can be verified by writing the erase-verify command, AOh, into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a command is written to the command 
register. 

To determine whether or not all the bytes have been erased, the TMS28F020 applies a margin voltage to each 
byte. If FFh is read from the byte, all bits in the designated byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte, an additional erase operation 
must be executed. Figure 1 shows the combination of commands and bus operations for electrically erasing 
the TMS28F020. 

set-up-program/program commands 

The programming algorithm begins with E = VIL, W = VIL, G = VIH, Vpp = VpPH, and Vee = 5 V. To enter the 
programming mode, write the set-up-program command, 40h, into the command register. The programming 
operation is invoked by the next write-enable pulse. Addresses are latched internally on the falling edge of W, 
an~ data is latched internally on the rising edlJ!! of W. The programming operation begins on the rising edge 
of Wand ends on the riSing edge of the next W pulse. The program operation requires 10 J.IS for completion 
before the program-verify command, COh, can be loaded. 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the devic~ enters an inactive state and remains inactive until a command is received. 

~TEXAS 
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program-verify command 

The TMS28F020 can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To invoke the program-verify operation, COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a byte, the TMS28F020 applies an internal margin voltage to the designated byte. If the true data 
and programmed data match, programming continues to the next designated byte location; otherwise, the byte 
must be reprogrammed. Figure 2 shows how commands and bus operations are combined for byte 
programming. 

reset command 

To reset the TMS28F020 after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, the device will default to the read mode. 

Fastwrlte algorithm 

The TMS28F020 is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 2. This 
algorithm programs in a nominal time of four seconds. 

Fasterase algorithm 

The TMS28F020 is erased using the Texas Instruments Fasterase algorithm shown in Figure 1. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in two seconds. 

parallel erasure 

7-74 

To reduce total erase time, several devices can be erased in parallel. Since each Flash memory can erase at 
a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again for this erase cycle. All 
devices that complete erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving E high, writing the read command (OOh) 
to the device when the others receive a set-up-erase or erase command, or disconnecting it from all electrical 
signals with. relays or other types of switches. 
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-r 

Setup 

Interactive 
Mode 

Power 
Down 

Bua 
Operation 

Standby 

Writ. 

Writ. 

Standby 

Writ. 

Standby 

Read 

Writ. 

Standby 

NOTES: A Refer to the recommended operating conditions for the value of VpPH. 
B. Refer to the recommended operating conditions for the value of VpPL. 

Command 

Set-Up-
Eraa. 

Erasa 

Eraae 
Verify 

Read 

Figure 1_ Flash·Erase Flowchart: Fasterase Algorithm 
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-T 
Setup 

Interectlve 
Mode 

Power 
Down 

1 

Bue 
Operation 

Inltlsllze 
AddresB 

Standby 

Write 

Write 

Standby 

Write 

Standby 

ReBd 

Write 

Standby 

NOTES: A. Refer to the recommended operating conditions for the value of VpPH . 
B. Refer to the recommended operating conditions for the value of vpPL. 

Command 

Set-Up-
Program 
Write 

Write Data 

Program 
Verify 

Read 

Figure 2. Programming Flowchart: Fastwrlte Algorithm 
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GIveR.ad 
Command to 
AlIDevlcee 

t n = number of cIavIc .. being erased. 

GIveEraee 
Command to 
All Unmaakecl 

Devlcea 

No 

Give Read 
Command to 
AlID.vlcea 

Figure 3. Parallel.Erase Flow Diagram 
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absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ......................................•....... -0.6 V to 7 V 
Supply voltage range, Vpp ......................................................... -0.6 V to 14 V 
Input voltage range (see Note 2): All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 ............................................... -0.6Vto 13.5V 
Output voltage range (see Note 3) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range during read/erase/program, TA: . 

L ..............................................•..................... o·e to 70·e 
E .....•................................ :......................... - 40·e to 85°e 
Q •.••••.•..•••••.••..••••••••••••••••..•..•..•.....•.........•.. - 400 e to 125°e 

Storage temperature range, Tstg .................................. ~ . . . . . . . . . . . . . .. -65°e to 1500 e 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These ara stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indlcsted under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. . 

NOTES: 1. All voltage values ara with respect to VSS. 
2. The voltage on any input ean undershoot to -2 V for periods less than 20 ns. 
3. The Voltage on any output can overshoot to 7 V for periods less than 20 os: 

recommended operating conditions 

MIN TVP MAX UNIT 

Vee Supply voltage During write/read/flash erase 4.5 5 5.5 V 

During read only (VPPL) 0 Vee+ 2 V 
Vpp Supply voltage 

During writa/readlllash erase (VppHl 11.4 12 12.6 V 

TTL inputs 2 Vee+ 0.5 
VIH High-level de Input voltage V 

eMOSlnputs Vee- 0.5 Vee + 0.5 

TTL Inputs -0.5 0.8 
VIL Low-level de input voltage V 

eMOSlnputs GND-0.2 GND + 0;2 

VID Voltage level on AS for algorithm-selection mode 11.5 13 V 

~1ExAs 
. INSTRUMENTS 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

IOH=-2.5mA 2.4 
VOH High-level output voltage V 

10H=-loo~ VCC-0.4 

VOL 
10L= 5.8 mA 0.45 

Low-level output voltege V 
10L=lOO~ 0.1 

110 A9 algorithm-selection-mode current A9 =VIOmax 200 ,.aA 
I All except A9 VI = OVto 5.5V ",1 

II Input current (leakage) 
1A9 VI=OVto13V ",200 

,.aA 

10 Output current (leakage) Vo = OVtoVCC ",10 ,.aA 

VPP=VPPH, Read mode 200 ,.aA 
IPPl VPP supply current (read/standby) 

VpP=VpPL ",10 ,.aA 

IPP2 VPP supply current (during program pulse) (see Note 4) VpP=VpPH 30 mA 

IPP3 VPP supply current (during flash erase) (see Note 4) VpP=VpPH 30 mA 

IpP4 
VPP supply current (during program/erase verify) 

VpP=VpPH 5 mA (see Note 4) 

I TTL-input level VCC=5.5V, E=VIH 1 mA 
ICCS Vce supply current (stendby) I CMOS-input level Vcc = 5.5 V, E=VCC 100 ,.aA 

Icel' V CC supply current (active read) 
VCC=5.5V, E=VIL, 

30 mA 
f=6MHz, 10Ur=OmA 

ICC2 Vec average supply current (active write) (see Note 4) 
VCC=5.5V, E=VIL, 

10 mA 
Programming in progress 

ICC3 VCC average supply current (flash erase) (see Note 4) 
Vcc = 5.5 V, E=VIL, 

15 mA Erasure In progress 

VCC average supply current (program/erase verify) Vcc = 5.5 V, E=Vll.o 
ICC4 (see Note 4) VPP=VPPH, 15 mA 

Program/erase verify In progress 

VLKO VCC erase/write lockout voltage VPP =VpPH 2.5 V 

NOTE 4: Not 100% tested; characterization date available. 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 

PARAMETER TEST CONDITIONS 

CI Input capacitance VI=OV 

Co Output capacitance VO=OV 

t Capacitance measurements are made on sample baSIS only. 

~TEXAS 
INSTRUMENTS 
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MIN MAX UNIT 

6 pF 

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

PARAMETER 

talA) 
Access time from 
address, AO-A17 

talE) 
Access time from 
chip enable, E 

ten(G) 
Access time from 
output enable, G 

te(R) Cycle time, read 

Delay time, E 

ld(E) 
going low to 
low-impedance 
output 

Delay time, G 
going low to 

ld(G) low-impedance 
output 

Chip disable time 

ldls(E) to high-Impedance 
output 

Output disable 

ldis(G) 
time to 
high-impedance 
output 

Hold time, data 
th(D) valid from 

address, E or Gt 

trec(W) 
Write recovery 
time before read 

t Whichever occurs first 

7-80 

TEST 
CONDITIONS 

CL .100 pF, 
1 Series 74 
TTL load, 
Input tr oS 20 ns, 
Input tf oS 20 ns 

ALTERNATE '28F020-10 '28F020-12 

SYMBOL MIN MAX 

tAVQV 100 

tELQV 100 

tGLQV 45 

tAVAV 100 

tELQX 0 

tGLQX 0 

tEHQZ 0 55 

tGHQZ 0 30 

tAXQX 0 

twHGL 6 

~TEXAS 
INSTRUMENTS 

MIN MAX 

120 

120 

50 

120 

0 

0 

0 55 

0 30 

0 

6 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

'28F020-15 '28F020-17 
UNIT 

MIN MAX MIN MAX 

150 170 ns 

150 170 ns 

55 60 ns 

150 170 ns 

0 0 ns 

0 0 ns 

0 55 0 55 ns 

0 35 0 35 ns 

0 0 ns 

6 6 1'8 
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timing requlrements-wrlte/erase/program operations 

1c(W) Cycle time, write using W 

Ic(W)PR Cycle time, programming operation 

Ic(W)ER Cycle time, erase operation 

theA) Hold time, address 

thlE) Hold time, E 

th(WHO) Hold time, data valid after W high 

tsulA) Setup time, address 

tsu(O) Setup time, data 

tsu(E) Setup time, E before W 

tsuNPPELl Setup time, Vpp to E going low 

trec(W) Recovery time, W before read 

trec(El) Recovery time, read before W 

tw(W) Pulse duration, W (see Note 6) 

tw(WH) Pulse duration, W high 

trNPP) Rise time, Vpp 

tfNPP) Fall time, Vpp 

1c(W) Cycle time, write using W 

Ic(W)PR Cycle time, programming operation 

IcM1ER Cycle time, erase operation 

theA) Hold time, address 

theE) Holdt/me, E 

th(WHO) Hold time, data valid after W high 

tsu(A) Setup time, address 

tsu(O) Setup time, data 

\su(E) Setup time, E before W 

tsu(VPPEL) Setup time, Vpp to E going low 

trec(W) Recovery time, W before read 

trec(R) Recovery time, read before W 

1w(W) Pulse duration, iN (see Note 6) 

twlWH) Pulse duration, W high 

trNPP) Rise time, Vpp 

tf(VPP) Fall time, Vpp 

NOTE 6: Rise/fail time .. 10 ns 

AlTERNATE '28F020·10 

SYMBOL MIN NOM 

tAVAV 100 

twHWH1 10 

twHWH2 9.6 10 

twlAX 66 

twHEH 0 

twHOX 10 

tAVWL 0 

tOVWH 50 

tELWL 20 

tvPEL 1 

twHGL 6 

IGHWL 0 

twLWH 60 

twHWL 20 

tvPPR 1 

tvPPF 1 

ALTERNATE '28F020·15 

SYMBOL MIN NOM 

tAVAV 160 

twHWH1 10 

twHWH2 9.6 10 

twlAX 60 

twHEH 0 

twHOX 10 

tAVWL 0 

tOVWH 60 

tELWL 20 

tvPEL 1 

twHGL 6 

tGHWL 0 

twLWH 60 

twHWL 20 

tvPPR 1 

tvPPF 1 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS n251-1443 

'28F020·12 
UNIT 

MAX MIN NOM MAX 

120 ns 

10 I'll 
9.6 10 ms 

60 ns 

0 ns 

10 ns 

0 ns 

60 ns 

20 ns 

1 I'll 
6 I'll 
0 I'll 

60 ns 

20 ns 

1 I'll 
1 I'll 

'28F020·17 
UNIT 

MAX MIN NOM MAX 

170 ns 

10 I'll 
9.6 10 ms 

70 ns 

0 ns 

10 ns 

0 ns 

60 ns 

20 ns 

1 I'll 
6 I'll 
0 I'll 

60 ns 

20 ns 

1 I'll 
1 I'll 
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timing requlrements-alternative E-controlled writes 

ALTERNATE '28F020-10 '28F020-12 '28F02O-15 

tc(W) 

tc(E)PR 

ItiCEAl 

thCED} 

1h(W) 

lsuCA} 

lsuCD} 

tsu(W) 

lsuCVPPELl 

trec(E)R 

trec(E)W 

tw(El 

tw(EH) 

SYMBOL MIN MAX MIN MAX MIN 

Cycle time, write using E tAVAV 100 120 150 

Cycle time, programming 
tEHEH 10 10 10 operation 

Hold time, eddress tELAX 75 80 80 

Hold time, data IEHDX 10 10 10 

Holdtlme,W IEHWH 0 0 0 

Setup time; address tAVEL 0 0 0 

Setup time, data tDVEH 50 50 50 

Setup time, W before E twLEL 0 0 0 

Setup time, Vpp to E low tvPEL 1 1 1 

Recovery time, write using E 
tEHGL 6 6 6 before read 

Recovery time, reed before 
IGHEL 0 0 0 write using E 

Pulse duretlon, write using E tELEH 70 70 70 

Pulse duration, write, E high tEHEL 20 20 20 

PARAMETER MEASUREMENT INFORMATION 

2.08 V 

u_'"'= --J RL· ... O 

I CL-100pF 
"::" ( ••• NoteA) 

NOTE A: CL Includes probe and fixture capacltanca. 

LOAD CIRCUIT 

2.4V=X 2V 

0.45 V 0.8 V 
o.!~X .... ' __ 

VOLTAGE WAVEFORMS 

MAX 

'28F020-17 
UNIT 

MIN MAX 

170 ns 

10 1.18 

90 ns 

10 n8 

0 n8 

0 n8 

50 n8 

0 n8 

1 1.18 

6 1.18 

0 1.18 

80 ns 

20 ns 

The ac testing Inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made 
at 2 V for logic high and 0.8 V for logic Iowan both inputs and outputs. Each device should have a 0.1-IlF ceramic 
capacitor connected between Vee and VSS as close as possible to the device terminals. 

Figure 4. Load Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

14-1 .. ------ tc(R) -----~~ 

I I 
AO-A17 ----""XIo-____ A_d_dr_es_s_vs_lI_d _____ X;..--------

I.. talA) ~I I 
-------""" I I _-------

E "io--______ ~I ______ ~~I 
I I I 
14--- talE) ~ I4--ldls(E) ~ 

-------i---I I If. I 
G : ~ I (! I 

i trec(W) ---r-l I+- tan(G) -.j I I I 
- I' I I I I I I 
w---./ I I I II I 

I -+j 14- ld(G) I I i+--ldls(G)--+i 
ld(E) I" ~I I I+- th(D) -+i I 

DQO-DQ7 HI-Z (««<<< Ouput Valid ))))} HI-Z -

Figure 5_ Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Program
Command 

Power Up Set-I!p- Latch Program-
and Program Addraaa Verify Program Standbyl 

Standby Command and Data Programming Command Verlflcadon Power Down 

AO-A17 ~ ~~~~~ ~ 
1e(W)- .1+-- Ie --.I I 1e(W) 4 14- 1e(R) ---t-t 

teU(A) --1+--+1 r I -+I I+- th(A) I 
th(A).., 14- i+----.L teu(A) , 

I I ~ I~--~ 
fsu(E) ~ !+" I -+114- fsu(E) -.I ~ fsu(E) I 

AI !h(E) *I j+- I ~ 14- !h(E) '-+I 14- th(E) ,I , : 
G / I I I I II I I II I '\. {i1iL"!',-~'\. 
_4~--J I I I I I.--Ie(W)PR '.I I II \. I , "-

trac(R) ti I+- !+!.. -...., • ..,..1 - t~(WH) I I+- trac(W) +-+1,' Of.i j+- 1e118(G) 

II ~(IIII' 
, I ; 1111, I' \... 

I ' I I II -+I'--th(D) i+' '+ th(WHD) I I I I , r 
" I I f.i I.- th(WHD)' I I ,+-+I- ten(G) 

....I j+" tw(W) fw(W) -.I I+- I I' ~ IeI(G) 

w 

DQO-DQ7 ~ HI-Z , 
I+- teu(D) ~U(D) I+- I I I 

>-----< \ :! « ,~ 
Data In IeI(E) i .. 1 J I 'Valid Data-Dut 

VCC :~J 

I , 
I , , 

Data In .. 40h Data In .. COh te(E) I.. ., 

II '/; 

\... 
VPPH ~~I __ I4-___ te_u~ __ PP_E_~ __________ ~~·(~j ____________ ~~II ______________ ~ 

Vpp VPPL --II "1\--
+I 1+ tr(vpP) tf(vpP) -+j I+-
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Figure 6. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Program
Command 

Power Up Set-Up- Latch Program-
and Program Addre.. Verity Program Standby! 

~ ,"d~ic:m~~ ~-~ 
te(W) 14 ~14-- te(W) ---.I ~ I te~ 4 ~ te(R) ""t+' 

taulA) -k--+I , I -+I .... th(EA) , 

th(EA) -+I I+- ~ta (A) , . , I u I '\ 

--;I' , , ' '-
-+i, tau(W) ..., r- tau(W) I -H :- 'dla(G) 

th(W) -+! ~ , -, 14- th(W) I -+I ;-- th(W) , " 

I XI I 'I II I' I~ 
~-~~ j+" trec(E)W ' . 1- te(E)PR +--I I ' 

~: ~ ~ I r--~R N : pr- "\'.. 
E Jr-----'r:'{1 ~II .. ~ I I I 'I 

'h(~D) t.li+- i r r- th(ED) ~ I.- th(ED) Ii: k -:~ th(D) 

'w(E) -.I I+- : ...I j+" 'w(E) tw(E) -.l I.- ii' ~ 'dIG) 

t.U(D~. I.- tau (D) I.- I ~U(D) I.- I i ~J 
~HI-Z I t! ~!t~ 

I Data In 'dIE) ~ I .r I ~alld Data-Out 
I Data In = 40h Data In = COh talE) ,4 ~I 

DQO-DQ7 

VCC 5V J 
OV 

1 
I 
I 

II II \.. 
VPPH 

VPP 
VpPL 

r----r tau(VPPEL) 

--IT II II 

I I 
..., j+ tr(vpP) 

Figure 7. Write-Cycle (Alternative E'-Controlled Writes) Timing 
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AO-A17 

IN 

DQO-DQ7 

Vcc 
5V 

OV 
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PARAMETER MEASUREMENT INFORMATION 

Power Up Set-Up- Eraae-
and Erase Erase Verify Erase Standbyl 

Standby Command Command Erasing Command Verification Power Down 

~~~~~ ~ 
tc(W) ,_ ~, "tc(W) I+-- tc(R) -t-"I 

/4- tc(W) ---+/ ,~I+ lrl(A) , 
i.--,:.J- , 

, ~uW , 

~~ 
i+ ~u(E) ~ i+ tsu(E) I , , I I 
I ~ ~ th(E) I, ~ ~ th(E) , , +-I /4'" tcrls(E) 

I II', 'II~ 
14-----t~ ..... , tw(WH) " LlJ . II, I , j4- trac(W) ~ , I 

I+-- tc(E)EB ~ . I 'I , :P /4- tcrls(G) 
~ r--'.I ,III '\. 

I: I V I I 'I , ~ ~ th(D) '-

I I I I ' ~ k- th(WHD) I I I I 'I '-.r ~ G 
th(WHD) '+.i i4- ...: I I I t-.I k- th(WHD)' I' I I n() 

tw/Wl -.i I.- : ~ t,w(W) tw(W) -.I I.- I I ,~ tcr(G) 

~U(~DI.-~I.- ~U(D)~SU(D) ~I.- .. I I IJ 
~HI-Z \ II «(!t~ 

" Data In = 20h tcr(E) ~ I ~a"d Data-out 
I Data In = 20h Data In = AOh talE) ,_ ~I 

, II II , 
I 

-+j /4-- ~u(VPPEL) 

Jr 
I I 

-+j I+- tr(vpP) 

II II 

Figure 8. Flash-Erase-Cycle Timing 
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TMS28F200BZT, TMS28F200BZB 
2097152·BIT BOOT·BLOCK FLASH MEMORY 

• Organization 
- 'TWo IK-Byte Parameter Blocks 
- One 96K-Byte Main Block 
- One 128K-Byte Main Block 
- One 16K-Byte Protected Boot Block 
- Top or Bottom Boot locations 

• All Inputs/Outputs TTL Compatible 
• Maximum Access/Minimum Cycle TIme 

Vee :t 5% Vee:t 10% 
'2IF200BZ-6-x 60ns 

'21F200BZ-7D-x 70 ns 
'21F200Bz-8D-x 80 ns 
'2IF200BZ-90-x 90 ns 

• 100000 and 10000 Program/Erase Cycle 
Versions 

• Three Temperature. Ranges 
- Commercial ••• O°C to 70°C 
- Extended ••• - 40°C to 85°C 
- Automotive ••• - 40°C to 125°C 

• Low Power DissipatiOn (Vee = 5.5 V) 
- Active Write ••• 330 mW (Byte Write) 
- Active Read ••• 330 mW (Byte Read) 
- Active Write ••• 358 mW (Word Write) 
- Active Read ••• 330 mW (Word Read) 
- Block Erase ••• 165 mW 
- Standby ••• 0.55 mW (CMOS-Input 

Levels) 
- Deep Power-Down Mode ••• 0.0066 mW 

• Fully Automated On-Chip Erase and 
Word/Byte Program Operations 

• Write Protection for Boot Block 
• Command State Machine (CSM) 

- Erase Suspend/Resume 
- Algorlthm-5e1ectlon Identifier 

description 

Vpp 
NC 
NC 
A7 
AS 
AS 
A4 
AS 
A2 
A1 
AD 
E 

Vss 
G 

000 
oos 
001 
009 
002 

0010 
003 

0011 

DBJPACKAGE 
(TOP VIEW) 

1 44 
2 43 
3 42 
4 41 
5 40 
6 39 
7 38 
8 37 
9 36 
10 35 
11 34 
12 33 b 
13 32 

14 31 
15 30 
16 29 
17 28 
18 27 
19 26 
20 25 
21 24 
22 23 

RP 
W 
AS 
AS 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
BY'I'E 
Vss 
DQ15/A_1 
007 
0014 
006 
0013 
005 
0012 
0Q4 
Vee 

PIN NOMENCLATURE 

AtJ-A16 Address Inputs 
BYTE Byte Enable 
OQO-DQ14 Data In/Out 
DQ15/A_1 Data In/Out (word-wide m()l,~). 

DU 
E 
G 
NC 
RP 
Vee 
Vpp 
Vss 
W 

Low-Order Address (byte-wide mode) 
Do Not Use 
Chip Enable 
Output Enable 
No Internal COnnection 
Reset/Deep Power-Down 
5-V Power Supply 
12-V Power Supply for Program/Erase 
Ground 
Write Enable 

The TMS2BF200BZX Is a 2097152-blt, boot-block flash memory that can be electrically block erased and 
reprogrammed. The TMS2BF200BZX is organized in a blocked architecture consisting of one 16K-byte· 
protected boot block, two BK-byte parameter blocks, one 96K-byte main block, and one 12BK-byte main block. 
The device can be ordered with either a top or bottom boot-block configuration. Operation as a 256K-byte (8-blt) 
or a 12BK-word (i6-bit) organization is user-definable. 

Embedded program and blOCk-erase functions are fully automated by an on-chip write state machine (WSM), 
simplifying these operations and relieving the system microcontroller of these secondary tasks. WSM status 
can be monitored by an on-Chip status register to determine progress of program/erase tasks. The device 
features user-selectable block erasure. . 
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description (continued) 

The TMS28F200BZX flash memory is offered in a 44-pin PSOP and a 56-pin TSOP package. It is available in 
three temperature ranges: O·C to 70·C, - 40·C to 85·C, and - 40·C to 125·C. 

NC 1 0 
NC 2 

A15 3 
A14 4 
A13 5 
A12 6 
A11 7 
A10 8 
A9 9 
AS 10 
NC 11 
NC 12 
iii 13 

RP 14 
NC 15 
NC 16 

Vpp 17 
DU 18 
NC 19 
NC 20 
A7 21 
A6 22 
AS 23 
A4 24 
A3 25 
A2 28 
A1 27 
NC 28 

DBRPACKAGE 
(TOP VIEW) 

58 
55 
54 
53 
52 
51 
50 
49 
48 
47 
48 
45 
44 
43 
42 
41 
40 
39 
38 
37 
38 
35 
34 
33 
32 
31 
30 
29 

NC 
A16 
BYTE 
Vss 
D015/A_1 
D07 
D014 
D06 
D013 
D05 
D012 
D04 
Vee 
Vee 
D011 
DQ3 
D010 
D02 
D09 
DQ1 
DOS 
DOO 
G 
!:ss 
E 
AO 
NC 
NC 

Z device symbol nomenclature 

TMS28F2ooBZT 6 C DBJL li:T . Tempereture Range. DesIgnator 
L = O·C to 70·C 
E .. - 4O·C to 85·C 
Q =;: -40·C to 125·C 

Program!Erase Endurance 
C .. 100000 Cycles 
B .. 10000 Cycles 

L....... ________ Boot Block locatIon IndIcator 
T .. Top locatIon 
B = Bottom LocatIon 

~TEXAS 
INSTRUMENTS 

Psckage DesIgnator 
DBJ = PlastIc Small..()utllne Package 
DBR= ThIn Small-outllne Package 

Speed DesIgnator 
6 .. 60 ne (",5% VCC tolerance) 

70 = 70 ns (",10% VCC tolerance) 
80 .. 80 ne (",10% VCC toleranee) 
90 .. 90 ne (",10% Vcctoleranee) 

7-88 POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 
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architecture 
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fiii 

E 
W 

" Jiji 

IK-Byte IIIK-Byte 121K.Byte 
_ .... "1 Main Main 

BlOck Blook Block Block 

The TMS28F200BZx uses a blocked architecture to allow independent erasure of selected memory blocks. Any 
address within a block address range selects that block for the required read, program, or erase operation. 

block memory mapa 

The TMS28F200BZX is available with the block architecture mapped in either of two configurations: the boot 
block located at the top or at the bottom of the memory array, as required by different microprocessors. The 
TMS28F200BZB (bottom boot block) is mapped with the 16K-byte boot block located at the low-order address 
range (OOOOOh to 01 FFFh). The TMS28F200BZT (top boot block), is inverted with respect to the 
'TMS28F200BZB with the boot block located at the high-order address range (1 EOOOh to 1 FFFFh). Both of these 
address ranges are for word-wide mode. Figure 2 and Figure 3 show the memory maps for these 
configurations. 
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block memory.maps (continued) 

Addre .. 
Rang. x8 Configuration 

3FFFFh 

3COOOh 
3BFFFh 

3AOOOh 
39FFFh 

38000h 
37FFFh 

20000h 
1FFFFh 

OOOOOh 

Boot Block 
16K Addr ..... 

Param.t.r Block 
8K Address.s 

Psrameter Block 
8K Addresses 

Main Block 
96K Addresses 

Main Block 
128KAddresses 

DQ1S/A_1 I. LSB Addre .. 

Addre .. 
x16 Configuration Rang. 

Boot Block 
8KAddresse. 

Paramet.r Block 
4K Addresse. 

Paremeter Block 
4K Addresses 

Main Block 
48K Addre .. e. 

Main Block 
64K Addresses 

AO Is LSB Addr ••• 

1FFFFh 

1EOOOh 
1DFFFh 

1DOOOh 
1CFFFh 

1COOOh 
1BFFFh 

10000h 
OFFFFh 

OOOOOh 

Figure 1. TMS28F200BZT (Top Boot Block) Memory Map 

Address 
Range x8 Configuration 

3FFFFh 

20000h 
1FFFFh 

oeOOOh 
07FFFh 

O6OOOh 
05FFFh 

O4OOOh 
03FFFh 

OOOOOh 

Main Block 
128KAddresses 

Main Block 
96K Addresses 

Parameter Block 
8K Addresses 

Parameter Block 
8K Addresses 

Boot Block 
16K Addre .... 

DQ1S/A_11s LSB Addres. 

Addre .. 
x16 Configuration Range 

Main Block 
64K Addre .. e. 

Main Block 
48K Addre .. e. 

Per.meter Block 
4KAddrea ••• 

P.ramet.r Block 
4KAddre •••• 

Boot Block 
8KAddr ••••• 

AO Is LSB Addr ... 

1FFFFh 

10000h 
OFFFFh 

04000h 
03FFFh 

03000h 
02FFFh 

02000h 
01FFFh 

OOOOOh 

Figure 2. TMS28F200BZB (BoHom Boot Block) Memory Map 

boot·block data protection 

The 16K-byte boot block is used to store key system data that is seldom changed in normal operation. To protect 
data within this memory sector, the RP terminal can be used to provide a lockout to eliminate accidental erase 
or program operations. When RP is operated with normal TIL/ CMOS logic levels, the contents ofthe boot block 
cannot be erased or reprogrammed. Changes to the contents of the boot block can be made only when RP is 
at VHH (nominally 12 V) during normal write/erase operations. 

parameter block 

7·90 

Two parameter blocks of 8K bytes each can be used like a scratch pad to store frequently updated data. 
Alternately, the parameter blocks can be used for additional boot- or main-block data. If a parameter block is 
used to store additional boot-block data, caution should be exercised because the parameter block does not 
have the boot-block data-protection safety feature. 
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Primary memory on the TMS28F2008ZX is located in two main blocks. One of the blocks has storage capacity 
of 128K bytes and the other block has storage capacity of 96K bytes. 

command state machine (CSM) 

The CSM is the interface between an external microprocessor and the write state machine and status register 
on the memory chip. When the WSM has completed a task, the WSM status (WSMS) bit (S87) is set to a logic 
high (1), allowing the CSM to respond to the full command set. 

status register (SR) 

The status register provides a means of determining whether the state of a program/erase operation is pending 
or complete. The status register is read by writing a read-status command to the CSM and reading the resulting 
status code on I/O terminals 000-007. This is valid for operation in either the byte- or word-wide mode. When 
the device Is operating in the word-wide mode, the high order I/Os (008-0015) are set to DOh when performing 
a read-status operation. 

Aftera read-status command has been given, the data appearing on 000-007 remains as the status register 
data until a new command is issued to the CSM. To return the device to other modes of operation, a new 
command must be issued to the CSM. 

Register data is updated on the falling edge of G or E. The latest falling edge of either of these two signals 
updates the latch within a given read cycle. latching data prevents errors from occurring should the register 
input change during a status-register reed. To assure that the status-register output contains updated status 
data, E or G must be toggled for each subsequent status read. 

The status register provides the internal state of the WSM to the external microprocessor. During periods when 
the WSMis active, the status register can be polled to determine the WSMS. Table 1 defines the status regl$r 
bits and their functions. 
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status register (SR) (continued) 

Table 1. Status Register Bit Definitions and Functions 

STATUS FUNCTION DATA COMMENTS 
BIT 

If SB7 = 0, the WSM has not completed an erase or programming 
operation. If SB7 = 1 (ready), other polling operations can be 

SB7 Write-state-machine status 1 = Ready performed. SB7 does not automatically update WSM status atthe 
(WSMS) 0= Busy completion of a WSM task. If the WSM status bit shows busy (0), 

the user must periodically toggle E or G to determine when the 
WSM has completed an operation (SB7 = 1). 

I When an erase-suspend command is Issued, the WSM halts 

1 = Erase suspended 
execution and sets the ESS bit high (SB6 = 1) indicating that the 

Erase-suspend status erase operation has been suspended. The WSMS bit Is also set 
SB6 (ESS) o = Erase in progress or high (SB7 = 1) Indicating that the erase-suspend operation has completed been successfully completed. The ESS bit remains at a high level 

until an erase-resume command is input to the CSM (code DOh). 

SB5 = 0 indicates that a successful block erasure has occurred. 

Erase status 1 = Block erase error SB5 = 1 indicates that an erase error has occurred. In this case, 
SB5 (ES) 0= Block erase good 

the WSM has completed the maximum allowed erase pulses 
determined by the internal algorithm, but this was Insufficient to 
completely erase the devlca. 

Program status 1 = Byte/word program error SB4 = 0 indicates successful programming has occurred at the 
SB4 (PS) o = Byte/word program good addressed block location. SB4 = 1 Indicates that the WSM was 

unable to correctly program the addressed block location. 

SB3 provides information on the status of Vpp during 

Vpp status 1 = Program abort: programming. IfVpp is too low after a program orerasecommand 
SB3 

(VPPS) 
Vpptoolow has been Issued, SB31s setto a 1 Indicating thatthe programming 

0= Vppgood operation is aborted. The Vpp status bit is not assured to give 
accurate feedback between VpPH and VpPL. 

SB2-
Reserved 

These bits should be masked out when reading the status 
SBO register. 

operation 

7-92 

Device operations are selected by entering standard JEOEC a-bit command codes with conventional 
microprocessor timing into an on-chip command state machine (CSM) through 1/0 terminals OQO-OQ7. When 
the device is powered up, internal reset circuitry initializes the chip to a read-array mode of operation. Changing 
the mode of operation requires a command code to be entered into the CSM. Table 2 lists the CSM codes for 
all modes of operation. 

The on-chip status register allows the progress of various operations to be monitored. The status register is 
interrogated by entering a read-status-register command into the CSM (cycle 1) and reading the register data 
on 1/0 terminals OQO-OQ7 (cycle 2). Status-register bits SSO through SS7 correspond to OQO through OQ7. 
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operation (continued) 

Table 2. Command State Machine Codes for Device Mode Selection 

COMMAND 
CODE ON DEVICE MODE 

DQO-DQ7t 

OOh Invalid / Reserved 
10h Alternate Program Setup 
20h Block-Erase Setup 
40h Program Setup 
SOh Clear-Status Register 
70h Read-Status Register 
90h Algorithm Selection 
BOh Erase Suspend 
DOh Erase Resume/Block-Erase Confirm 
FFh Read Array 

t DQO IS the least significant bit. DQ8-DQ1S are anyvahd 2-state level. 

command definition 

Once a specific command code has been entered, the WSM executes an internal algorithm generating the 
necessary timing signals to program, erase, and verify data. See Table 3 for the CSM command definitions and 
data for each of the bus cycles. 

Following the read-algorithm-selection-code command, two read cycles are required to access the 
manufacturer-equivalent code and the device-equivalent code as shown in Table 4 and Table 5. 

Table 3. Command Definitions 

BUS FIRST BUS CYCLE 
COMMAND CYCLES CSM 

REQUIRED OPERATION ADDRESS INPUT 

Read Operations 

Read Array 1 Write X FFh 

Read Algorithm-Selection Code 3 Write X 90h 

Read-Status Register 2 Write X 70h 

Clear-Status Register 1 Write X SOh 

Program Mod. 
Program Setup/Program 

2 Write PA 40h or 10h (byte /word) 

Era •• Operations 

Block-Erase Setup! 
2 Write BEA 20h Block-Erase Confirm 

Erase Suspend! 
2 Write X BOh Erase Resume 

Legend: 
BEA 
M/D 
PA 
PO 
SRB 

Block-erase address. Any address selected within a block selects that block for erase. 
Manufacturer-equivalent/ devlce-equlvalent code 
Address to be programmed 
Data to be programmed at PA 
Status-register data byte that can be found on DQO-DQ7 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS m51-1443 

SECOND BUS CYCLE 

DATA 
OPERATION ADDRESS IN/OUT 

Read X Data Out 

Read AD MID 

Read X SRB 

Write PA PO 

Write BEA DOh 

Write X DOh 
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byte-wide or word-wide mode selection 

The memory array is divided into two parts: an upper half byte that outputs data through I/Os 008-0015, and 
a lower half byte' that outputs data through 000-007. Device operation in either byte-wide or word-wide mode 
is user-selectable and is determined by the logic state of BYTE. When BYTE is at a logic high level, the device 
is in the word-wide mode and data is written to or read from I/Os 000-0015. When BYTE is at a logic low, the 
device is in the byte-wide mode and data is written to or read from I/Os 000-007. In the byte-wide mode, I/Os 
008-0014 are placed in the high-impedance state and 0015/A_1 becomes the low-order address terminal 
and selects either the upper or lower half ofthe array. Array data from the upper half (008-0015) and the lower 
half (000-007) are multiplexed and appear on 000-007. Table 4 and Table 5 summarize operations for 
word-wide mode and byte-wide mode. 

Table 4. Operation Modes for Word-Wide Mode (BYTE = VIH) 

MODE E G RP W A9 AO Vpp DQO-DQ15 

Read VIL VIL VIH VIH X x X Data out 

VIL VIL VIH VIH VID VIL X Manufacturer-equivalent code 0089h 

Device-equivalent code 2274h 
Algorithm-selection mode 

VIL VIL VIH VIH VID VIH X 
(top boot block) 

Device-equivalent code 2275h 
(bottom boot block) 

Output disable VIL VIH VIH VIH X X X High impedance 

Standby VIH X VIH X X X X High impedance 

Reset/deep power down X X VIL X X X X High Impedance 

Write (see Note 1) VIL VIH 
VIHOr 

VIL X X VpPLor Data in 
VHH VPPH 

Table 5. Operation Modes for Byte-Wide Mode (BYTE = VIL) 

MODE E G RP W A9 AO Vpp DQ15/A'-1 DQ8-DQ14 DQO-DQ7 

Read lower byte VIL VIL VIH VIH X X X VIL Hi-Z Data out 

Read upper byte VIL VIL VIH VIH X X X VIH HI-Z Data out 

VIL VIL VIH VIH VID VIL X X HI-Z 
Manufacturer-equivalent 
code89h 

Algorithm-selectlon Device-equlvalent code 
mode 74h (top boot block) 

VIL VIL VIH VIH VID VIH X X Hi-Z 
Devlce-equivalent code 
75h (bottom boot block) 

Output disable VIL VIH VIH VIH X X X X Hi-Z High impedance 

Standby VIH X VIH X X X X X HI-Z High Impedance 

Reset/deep power 
X X VIL X X X X X HI-Z High Impedance down 

VIHor VpPL 
Write (see Note 1) VIL VIH VHH VIL X X or X Hi-Z Data In 

VpPH 
.. 

NOTE 1: When wrRlng commands to the '28F200BZx, Vpp must be VpPH for block-erase or program commands to be executed and RP must 
be held at VHH for the entire boot block program or erase operation. 
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command state machine (CSM) operations 
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The CSM decodes instructions for read, read algorithm-selection code, read status register, clear status 
register, program, erase, erase suspend, and erase resume. The 8-bit command code Is Input to the device on 
DQO-DQ7 (see Table 2 for CSM codes). During a program or erase cycle, the CSM informs the WSM that a 
program or erase cycle has been requested. During a program cycle, the WSM controls the program sequences 
and the CSM responds only to status reads. 

During an erase cycle, the CSM responds to status reads and erase suspend. When the WSM has completed 
Its task, the WSM status bit (S87) Is set to a logic high and the CSM responds to the full command set. The CSM 
stays in the current command state until the microprocessor issues another command. 

The WSM successfully initiates an erase or program 0.E!ration only when Vpp is within its correct voltage range 
(VpPH). For data protection, it is recommended that RP be held at a logic low during a CPU reset. 

read operations 

There are three read operations available: read array, read algorithm-selection code, and read status register. 

readarray 

The array is read by entering the command code FFh on OQO-OQ7. Control terminals E and G must be at a 
logic low (VIL> and Wand RP must beat a logic high (VIH) to read data from the array. Data is available on 
OQO-OQ15 (word-wide mode) or OOO-OQ7 (byte-wide mode). Any valid address within any of the blocks 
selects that block and allows data to be read from the block. 

read algorithm-selection code 

Algorithm-selection codes are read by entering command code 90h on OQO-OQ7. Two bus cycles are required 
for this operation: the first to enter the command code and a second to read the device-equivalent code. Control 
terminals E and G must be at a logic low (VIL> andW and RP must be at a logic high (VIH). Two identifier bytes 
are accessed by toggling AO. The manufacturer-equivalent code is obtained on OQO-OQ7 with AO at a logic 

z o 
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~ 
Z 

low (VIL>. The device-equivalent code is obtained when AO is set to a logic high (VIH). Alternately, the -
manufacturer- and device-equivalent codes can be read by applying VIO (nominally 12 V) to A9 and selecting w o z 
the desired code by toggling AO high or low. All other addresses are don't care (see Table 3, Table 4, and 
Table 5). 

read status register 

The status register. is read by entering the command code 70h on OQO-OQ7. Control terminals E and G must 
be at a logic low (VIL> and W and RP must be at a logic high (VIH). Two bus cycles are required for this operation: 
one to enter the command code and a second to read the status register. In a given read cycle, status register 
contents are updated on the failing edge ofE or G, whichever occurs last within the cycle. 

clear status register 

The internal circuitry can set only the Vpp status (S83) , the program status (S84), and the erase status (S85) 
bits of the status register. The clear-status-register command (50h) allows the external microprocessor to clear 
these status bits and synchronize to internal operations. When the status bits are cleared, the device returns 
to the read array mode. 

boot·block programming/erasing 

Should changes to the boot block be required, RP must be set to VHH (12 V) and Vpp to the p~ammlng voltage 
level (VpPH)' If an attempt is made to write, erase, or erase suspend the boot block without RP at VHH, an error· 
signal Is generated on S84 (program-status bit) or S85 (erase-status bit). 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing FFh or FFFFh during the second cycle, the CSM responds only to status 
reads. When the W6M status bit (687) is set to a logic high, signifying termination of the non program operation 
is terminated, all commands to the CSM become valid again. 
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normal programmIng 
There are two CSM commands for programming: program setup and a1temate program setup 
(see Table 2 on page 7). After the desired command code is entered, the WSM takes over and correctly 
sequences the device to complete the program operation. During this time, the CSM responds only to status 
reads until the program operation has been completed, after which all commands to the CSM become valid 
again. Once a program command has been issued, the WSM cannot normally be Interrupted until the program 
algorithm is completed (see Figure 4 and Figure 4). Taking RP to VIL during programming aborts the program 
operation. During programming, Vpp must remain at VPPH. Only OS are written and compared during a program 
operation. If 1 s are programmed, the memory cell contents do not change and no error occurs. 

A program-setup command can be aborted by writing FFh (in byte-wide mode) Or FFFFh (in word-wide mode) 
during the second cycle. After writing all 1 s during the second cycle, the CSM responds only to status reads. 
When the WSM status bit (SB7) Is set to a logic high, signifying the nonprogram operation Is terminated, all 
commands to the CSM become valid again. 

erase operations 

There are two erase operations that can be performed by the TMS28F2OOBZX devices: block erese and erase 
suspend/erase resume. An erase operation must be used to initialize all bits In an array block to 1s. After 
block-erase confirm is issued, the CSM responds only to status reads or erase-suspend commands until the 
WSM completes its task. 

block erasure 
Block erasure Inside the memory array sets all bits within the addressed block to logic 1s. Erasure Is 
accomplished only by blocks; data at single address locations within the array cannot be individually erased. 
Any valid address within the parameter or main blocks acts as a block seleCtor and allows that block to be 
erased. RP must be at VHH for changing the. data content of the boot block. Block erasure Is Initiated by a 
command sequence to the CSM: block-erase setup (20h) followed by block-erase confirm (DOh). A 
twQ-COmmand erase sequence protects against accidental erasure of memory contents. 

Erase setup· and confirm commands. are latche4 on the rising edge of E or W, whichever occurs first. Block 
addresses are latched during the block-erase-confirm-command on the rising edge of~ orW (see Figure 5). 
When the block-erase-confirm command is complete, the WSM automatically executes a sequence of events 
to complete the block erasure. During this sequence, the block is programmed with logic OS, data is verified, 
all bits in the block are erased, and finally, verification is performed to assure that all bits are correctly erased. 
Monitoring of the erase operation is possible through the status register (see read status register). 

III'IIse suspend/III'IIse resume 
During the execution of an erase operation, the erase-suspend command (BOh) can be entered to direct the 
WSM to suspend the erase operation. Once the WSM has reached the suspend state, it allows the CSM to 
respond only to the read-array, read-status-reglster, and erase-resume commands. During the erase-suspend 
operation, array datashoulcf be read from a block other than the one being eresed. To resume the erase 
operation, an erase-resume command (DOh) must be issued to cause the CSM to clear the suspend state 
previously set (see Figure 5 and Figure 10). 

automatic powe ..... vlng mode 

7-98 

Substantial power savings can be realized during periods when the array Is not being read. During this time, 
the device switches to the automatic power-saving mode. When the device switches to this mode, Icc Is typically 
reduced from 40 rnA to 1 rnA (lOUT = 0 rnA). The low level of power Is maintained until another read operation 
is initiated. In this mode, the I/O terminals retain the data from the last memory address read until a new address 
Is read. This mode is entered automatically if no address or control pins toggle within a 2OO-ns time-out period. 
At least one transition on E must occur after power up to activate this mode. 
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TMS28F200BZT, TMS28F200BZB 
2097152·BIT BOOT·BLOCK FLASH MEMORY 

SMJS200B - JUNE 1994 - REVISED JUNE 1995 

Very low levels of power consumption can be attained by using a special terminal, RP, that disables internal 
device circuitry. When RP is at a CMOS logic low of 0.0 V :t 0.2 V, an ICC value on the order of 0.2 !AA (or 1 IJ.W 
of power) is achievable. This is important in portable applications where extended battery life is of major 
concern. 

A recovery time is required when exiting from deep power-down mode. For a read-array operation, a minimum 
of 300 ns is required before data is valid, and a minimum of 215 ns in deep power-down mode is required before 
data input to the CSM can be recognized. With RP at ground, the WSM is reset and the status register is cleared, 
effectively eliminating aCCidental programming to the array during system reset. After restoration of power, the 
device does not recognize any operation command until RP is returned to a VIH or VHH level. 

Should RP become low during a program or erase operation, the device becomes nonfunctional (is in a 
power-down state) and data being written or erased is invalid or indeterminate, requiring that the operation be 
performed again after power restoration. 
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Start 
BUS 

COMMAND OPERATION 

Write Write 
program 
setup 

Write Write data 

Read 

Standby 

Repeat for subsequent bytes. 

COMMENTS 

Data .. 40h or 10h 
Addr = Address of 

byte to be 
programmed 

Data = Byte to be 
programmed 

Addr = Address of 
byte to be 
programmed 

Status register data. 
Toggle G or E to update 
status register. 

CheckSB7 
1 .. Ready, 0 • Busy 

See Note A Write FFh after the last byte-programming operation to 
reset the device to read-array mode. 

FULL STATUS-REGISTER-CHECK FLOW 

BUS 
COMMAND COMMENTS OPERATION 

Standby CheckSB3 
1 = Detect VPP low 

(see Note B) 

CheckSB4 
Standby 1 = Byte program error 

(see Note C) 

NOTES: A. Full status-register check cen be done after each word or after a sequence of words. 

7-98 

B. SB3 must be cleared before attempting additional program/erase operations. 
C. SB4ls cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 3. Automated Byte-Programming Flowchart 
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Word Program 
Completed 

See Note A 
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BUS 
COMMAND COMMENTS OPERATION 

Writ. Write Data ., 40h or 10h 
program Addr = Address of 
setup word to be 

programmed 

Writ. Write data Data = Word to be 
programmed 

Addr = Address of 
word to be 
programmed 

Read Status register data. 
Toggle G or E to update 
status register. 

Standby CheckSB7 
1 ., Ready, 0 = Busy 

Repeat for subsequent words. 
Write FFh after the last word-programming operation to 
reset the device to read-array mode. 

FULL STATUS-REGISTER-CHECK FLOW 

BUS 
COMMAND COMMENTS OPERATION 

Standby Check SB3 
1 = Detect Vpp low 

(see Note B) 

Standby CheckSB4 
1 = Word program 

failed 
jseeNote 9. 

NOTES: A. Full stalus-register check can be done after each word or after a sequence of words. 
B. SB3 must be cleared before attempting addHional program/erase operations. 
C. SB4 is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 4. Automated Word-Programming Flowchart 
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See Note A 

Erase
Suspend 

Loop 

BUS 
OPERATION 

Write 

Write 

Rud 

Standby 

COMMAND 

Write erase 
setup 

Erase 

COMMENTS 

Date = 20h 
Block Addr = Address 

within 
block to 
be 
erased 

Data = DOh 
Block Addr = Address 

within 
block to 
be 
erased 

Stetus register date. 
Toggle G or E to update 
stetus register 

CheckSB7 
1 = Ready. 0 = Busy 

Repeat for subsequent blocks. 

Block Erase Completed 

FULL STATUS-REGISTER-CHECK FLOW 

Vpp Range Error 

Command Sequence 
Error 

Block Erase Failed 

Write FFh after the last block-erase operation to reset the 
device to read-array mode. 

BUS 
COMMAND COMMENTS OPERATION 

Standby CheckSB3 
1 = Detect Vpp low 

(see Note B) 

Standby Check SB4 and SB5 
1 = Block-erase 

command error 

Standby CheckSB5 
1 = Block-erase failed 

(see Note C) 

NOTES: A. Full stetus-register check can be done after each word or after a sequence of words. 
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B. SB3 must be cleared before attempting additional program I erase operations. 
C. SB5 is cleared only by the clear-stetus-register command in cases where multiple blocks are erased before full status is checked. 

Figure 5. Automated Block-Erase Flowchart 
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Era .. Continued SHNotaA 
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BUS 
COMMAND COMMENTS OPERATION 

write Erase Data- BOh 
suspend 

Reed Status register data. 
Toggle C3 or E to update 
status register. 

Standby CheckSB7 
1", Ready 

Stendby CheckSB6 
1 .. Suspended 

Write Read Data: FFh 
memory 

Reed Read data from block 
other than that being 
erased. 

Write Erase Data .. DOh 
resume 

NOTE A: Refer to block-erase flowchart for complete erasure procedure. 

Figure 6. Erase-Suspend/Resume Flowchart 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 2) ............................................. - 0.6 V to 7 V 
Supply voltage range, Vpp (see Note 2) ........................................•... - 0.6 V to 14 V 
Input voltage range: All inputs except A9, RP .................................. - 0.6 V to Vee + 1 V 

RP, A9 (see Note) ........................................... - 0.6 V to 13.5 V 
Output voltage range (see Note 4) ............................................ - 0.6 V to Vee + 1 V 
Operating free-air temperature range, TA, during read/erase/program: L suffix .............. O°C to 70°C 

E suffix ........... - 40°C to 85°C 
Q suffix .......... - 40°C to 125°C 

Storage temperature range, Tstg .................................................. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 2. All voltage values are with respect to VSS. 
3. The voltage on any input can undershoot to - 2 V for periods less than 20 ns. 
4. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 

recommended operating conditions 

MIN NOM MAX 

VCC Supply voltage 
'28F200BZ-x-6 4.75 5 5.25 

During write/readlerase/erase suspend 
All others 4.5 5 5.5 

VPP 
During read only (VpPL) 0 6.5 

Supply voltage 
During write/erase/erase suspend (VPPH) 11.4 12 12.6 

TTL 2 Vec+ 0.5 
VIH High-level dc input voltage 

CMOS Vee- 0.5 Vec + 0.5 

TTL -0.5 0.8 
VIL low-level dc Input voltage 

CMOS VSS-0.2 VSS +0.2 

VLKO Vee lock-out voltage from write/erase 2 

VHH RP unlock voltage 11.5 12 13 

word/byte-write and block-erase performance, TA = 25°C, Vpp = 12 V (see Note 5) 

PARAMETER 
'28F200BZX·6 

MIN TYP MAX 

Main-block erase time 2.2 

Main-block byte-program 
3.2 time 

Main-block word-program 
1.6 time 

Parameter/boot-block 
0.32 erase time 

NOTE 5: Excludes system-level overhead 

'28F200BZX· 70 '28F200BZX·80 

MIN TYP MAX MIN TYP MAX 

2.2 

3.2 

1.6 

0.32 

~TEXAS 
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2.2 

3.2 

1.6 

0.32 
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'28F200BZX·90 

MIN TYP MAX 

2.2 

3.2 

1.6 

0.32 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

UNIT 

s 

s 

s 

s 



TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 

SMJS200B - JUNE 1994 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature using test conditions given In Table 6 (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage Vee = 4.5 V, IOH =-2.5mA 

VOL Low-level output voltage VCC = 4.5 V, IOL=5.8mA 

VID M selection code voltage 

II Input current (leakage), except for A9 when A9 = VIO VCC = 5.5 V, VI = 0 V to 5.5 V 

110 M selection code current M=VID 

IRP RP boot-block unlock current 

10 Output current (leakage) VCC = 5.5 V, VO=OV 10VCC 

IpPS VPP standby current (standby) VPP"VCC 

IpPL VPP supply current (reset/deep power-down mode) RP =VSS :1:0.2 V 

IPP1 VPP supply current (read) VPP>VCC 

IpP2 VPP supply current (active byta write) VPP =VPPH, 
Programming in progress 

IpP3 VPP supply current (active word write) VPP=VPPH, 
Programming In progress 

IpP4 VPP supply current (block erase) VPP=VPPH, 
Block erase in progress 

IpP5 VPP supply current (erase suspend) VPP =VPPH, 
Block ~rase suspended 

VCC supply current TTL-input level VCC = 5.5 V, E = RP =VIH 
ICCS (standby) CMOS-input level VCC = 5.5 V, E= RP=VIH 

Vee supply current (reset/deep power-
O·Cto 70·C 

ICCL down mode) 
- 4O·C to 85·C RP =VSS :l:0.2V 
-40·Cto 125·C 

TTL-Input level VCC = 5.5 V, E=VIL, 
VCC supply current f= 10 MHz, 10UT=OmA 

ICC1 (active read) VCC = 5.5 V, E =VSS :I: 0.2 V, CMOS-Input level 
f=10MHz, 10UT=OmA 

ICC2 VCC supply current (active by1e write) (see Notes 10 and 11) VCC = 5.5 V, 
Programming in progress 

ICC3 Vee supply current (active word write) (see Notes 10 and 11) 
VCC = 5.5 V, 
Programming in progress 

ICC4 Vcc supply current (block erase) (see Notes 10 and 11) 
VCC = 5.5 V, 
Block erase in progress 

ICC5 VCC supply current (erase suspend) (see Notes 10 and 11) 
VCC = 5.5 V, E=VIH, 
Block erase suspended 

NOTES: 6. Not 100% tested; characterization data available 
7. All ac current values are RMS unless otherwise noted. 

Table 6_ AC Test Conditions 

SPEED DESIGNATOR IOL IOH vzt VOL VOH VIL VIH CLOAD 
(mA) (mA) (V) (V) (V) (V) (V) (pF) 

-6 5.8 -2.5 1.5 1.5 1.5 0 3.0 30 

-70, -80, -90 5.8 -2.5 1.5 0.8 2.0 0.45 2.4 100 
t Vz IS the measured value used to detect high Impedance. 

"!II TEXAS 
INSTRUMENTS 
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If 
(ns) 

<10 

<10 

MIN MAX UNIT 

2.4 V 

0.45 V 

11.5 13 V 

:1:1 JJA 
500 JJA 
500 JJA 
:1:10 JJA 
10 JJA 
5 JJA 

200 JJA 

30 mA 

40 mA 

30 mA 

200 JJA 

1.5 mA 

100 JJA 

1.2 JJA 

8 JJA 

80 mA 

55 mA 

80 mA 

85 mA 

30 mA 

10 mA 

tr TEMPERATURE 
(ns) 

<10 0·Cto70·C 

<10 -4O·Cto 125·C 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz, VI = 0 V 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Ci Input capacitance S pF 

Co Output capacitance VO=OV 12 pF 

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

PARAMETER 

taCA) Access time from AO-A 16 

taCE) Access time from E 

ta(G) Access time from G 
tcCR) Cycle time, read 

Idle) 
Delay time, E low to 
low·impedance output 

!dIG) 
Delay time, G low to 
low-Impedance output 

!dis(E) 
Disable time, E to 
high-impedance output 

!dis(G) 
Disable time, G to 
high-impedance output 

Hold time, DO valid from 
!hID) AO-A16, E, or G, whichever 

occurs first 

lsu(EB) Setup time, BYTE from E low 

!d(RP) 
Output delay time from RP 
high 

Disable time, BYTE low to 
!dis(BL) DOS-D01510 

high-Impedance state 

ta(BH) 
Access time from BYTE 
switching high 

7.-104 

ALT. 
SYMBOL 

tAVOV 

tELOV 

IGLOV 

tAVAV 

tELOX 

IGLQX 

tEHOZ 

IGHOZ 

tAXQX 

tELFL 
tELFH 

tPHOV 

tFLOV 

tFHOV 

'2SF200BZX-6 '2SF200BZX· 70 

MIN MAX MIN 

60 

60 

30 

60 70 

0 0 

0 0 

20 

20 

0 0 

5 

300 

20 

60 

~TEXAS 
INSTRUMENTS 

MAX 

70 

70 

35 

25 

25 

5 

300 

25 

70 
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'2SF200BZX-80 '2SF200BZX-90 
UNIT 

MIN MAX MIN MAX 

80 90 ns 

SO 90 ns 

40 45 ns 

SO 90 ns 

0 0 ns 

0 0 ns 

30 35 ns 

30 35 ns 

0 0 ns 

5 5 ns 

300 300 ns 

30 35 ns 

SO 90 ns 



TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 

SMJS200B - JUNE 1994 - REVISED JUNE 1995 

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

write/erase operations - W-controlled writes 

IeIW) Cycle time, write 

Ie(W)OP 
Cycle time, duration of 
programming operation 

Ie(W)ERB 
Cycle time, erase 
operation (boot block) 

Cycle time, erase 

Ie(W)ERP operation (perameter 
block) 

Ie(W)ERM 
Cycle time, erase 
operation (main block) 

id(RPR) 
Delay time, boot-block 
relock 

thlA) Hold time, AO-A16 

thlD) Hold time, DO valid 

th(EL Hold time, E 

th(VPP) 
Hold time, Vpp from valid 
status register bit 

Hold time, RP at VHH 
th(RP) from valid stetus register 

bit 

tsu(A) Setup time, AO-A 16 

tsu(D) Setup time, DQ 

tsu(E) 
Setup time, E before write 
operation 

tsu(RP) 
~tup time, RP at VHH to 
Wgolng high 

tsu(VPP) 
Setup time, Vpp to W 
going high 

lwiW) Pulse duration, W low 

tw(WH) Pulse duration, W high 

trec(RPHW) 
R~very time, RP high 
to W going low 

ALT. 
SYMBOL 

tAVAV 

twHOV1 

twHOV2 

twHOV3 

twHOV4 

tpHBR 

twHAX 

twHDX 

twHEH 

taWL 

taVPH 

tAVWH 

tDVWH 

tELWL 

tpHHWH 

tyPWH 

twLWH 

twLWL 

tpHWL 

'2BF200BZX-6 '28F200BZX-70 

MIN MAX MIN 
60 70 

6 6 

0.3 0.3 

0.3 0.3 

0.6 0.6 

100 

10 10 

0 0 

10 10 

0 0 

0 0 

50 50 

50 50 

0 0 

100 100 

100 100 

50 50 

10 20 

215 215 

.~TEXAS 
INSTRUMENTS 

MAX 

100 
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'28F200BZX-80 '28F200BZX-90 
UNIT 

MIN MAX MIN MAX 
80 90 ns 

6 7 lAB 

0.3 0.4 s 

0.3 0.4 s 

0.6 0.7 s 

100 100 ns 

10 10 ns 

0 0 ns 

10 10 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 50 ns 

0 0 ns 

100 100 ns 

100 100 ns 

50 50 ns 

30 30 ns 

215 215 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

write/erase operations - E-controlled writes 

tc(W) Cycle time, write using E 

Cycle time, duration of 
tc(E)OP programming operation 

usingE 

tc(E)ERB 
Cycle time, erase opera-
tlon using E (boot block) 

Cycle time, erase 
tc(E)ERP operation using E 

(parameter block) 

tc(E)ERM 
Cycle time, erase opera-
tion using E (main block) 

Id(RPR) 
Delay time, boot-block 
ralock 

theA) Hold time, AO-AI6 

th(D) Hold time, DO valid 

theW) Hold time, W 

th(VPP) 
Hold lime, Vpp from valid 
status-register bit 

th(RP) 
Hold time, RP at VHH from 
valid status-register bit 

tsu(A) Setup time, AO-A 16 

tsuLDl Setup time, DO valid 

tsu(W) Setup time, W before E 

lsu(RP) 
Setup time, RP at VHH to E 
going high 

lsu(Vpp) 
Setup time, Vpp to E going 
high 

tW(E) 
Pulse duration, E low, write 
uslngE 

tw(EH) 
Pulse duration, E high, 
write using E 

trec(RPHE) 
Recovery time, RP high to 
Egoing low 

7-106 

ALT. '28F200BZx-6 '26F200BZx· 70 
SYMBOL MIN MAX MIN MAX 

tAVAV 

tEHOVI 

tEHOV2 

tEHOV3 

tEHOV4 

tpHBR 

tEHAX 

tEHDX 

tEHWH 

taWL 

taVPH 

tAVEH 

tDVEH 

twLEL 

tpHHEH 

tyPEH 

tELEH 

tEHEL 

tpHEL 

60 70 

6 6 

0.3 0.3 

0.3 0.3 

0.6 0.6 

100 

10 10 

0 0 

10 10 

0 0 

0 0 

50 50 

50 50 

0 0 

100 100 

100 100 

50 50 

10 20 

215 215 

~TEXAS 
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100 
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'28F200BZx-80 '28F200BZx-90 
UNIT 

MIN MAX MIN MAX 

80 90 ns 

6 7 \-IS 

0.3 0.4 s 

0.3 0.4 s 

0.6 0.7 s 

100 100 ns 

10 10 ns 

0 0 ns 

10 10 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 50 ns 

0 0 ns 

100 100 ns 

100 100 ns 

50 50 ns 

30 30 ns 

215 215 ns 
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PARAMETER MEASUREMENT INFORMATION 

'1+ .. --- tc(R) -----101 .. , 

AD-AlB _______ -.JX"'"---A-d-dre-.. -va-lId----"'X"'"------

I ~tcI{G): th(O):" ~ i '-
tcI{E) ,.. .., I I I 

Dg,~~g!:{:tr: ::~:~ ----- HI-Z ------««({ }»)} HI-Z -
I 

Vee /,.. !I \ .-J 'r= .... - ---- tcI{RP) -----+1 .. 1 '\.. , 

Figure 7. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Power Up Write Write Valid Automated Write 
and Program-Setup Add ..... or Byte/Word Read Statu... Read-Array 

Standby Command Data Programming Reglater Bite Command 

AO-A16 ~ X __ __ 

DQO-DQ7 
(byte wide) _ HI-Z 

DQO-DQ1S 
(word wide) 

I .. 

VPP 

7·108 

14-- 1c(W) --.I 
I .. 

1 
~I 1 tau (A) 
1 i++I- theA) 
1 1 

1 

v 
~--Ic(W)OP ~ 

Data 

1 

1 
1 
1 
1 r:.. Valid SR r£ FFh 

>---- HI-Z ----«{ ~»»---c.;- HI-Z -

1 
1 

i+--*- taU(VPP) 
1 

I 
I 

\4-+1-: th(RP) 

,\ 

Figure 8. Write-Cycle Timing (W-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 

Pow.r Up Writ. Writ. Valid Automatad Write 
and Program-5etup Addr... Byte/Word Read Status Read-Array 

Standby Command And Data Programming Register Blta Command 

~~;~""'--_--..JX,... __ _ 
14-- tc(W) ~ 1 

14 1 tau (A) 
14-+1- th(A) 

wJ\, /\ II ____ OJiI/ '-_+-;II 

tau(W) -.114-- 1 I 
I -+j1+-lJ,(W) I 
I I 1 

oJ : I I 
,I 1 

I 14 tc(E)OP ----+I 
14 -, 1 

DQO
DQ7 

(byt. 

~-------------~ 

Data 
, 
I 

\~----,I 

I [~~alld SR r£ FFh 

>---- HI-Z --~(<< i)}J-\..J HI-Z -

i I 

;c:e~- HI-Z 

DQ15 
(word 
wide) I I 11+4 -~I- tau(RP) I 

i+4--I_of-l trec(RPHE) I~_ ........ __________ ........ ~_ th(RP) : ;- =-
RPJ I I 

Vpp 

I i++I- th(VPP) 
i+---*- tau(VPP) 1 
1 1 

Figure 9. Write-Cycle Timing (E-Controlled Write) 
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TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 

SMJS200B- JUNE 1904 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Power Up Write 
and Eraae-Setup 

Standby COmmand 

WrIt.E ....... 
ContInn 

Command 

:~ 3 )(.......-._ ...... 
Automated 

E ..... 

I+- Ic(w) ---.I 1 
14 1 teu(A) 

~ th(A) 
I 

teu(E)~1+- L 
I - ~""Ih(E) 
I I 

Read Statua
Regla .. r Bite 

v 
Ic(W)ERB 

1+---Ic(W)ERP --+I 
Ic(W)ERM 

I 
D~- I 

Write 
R.ad-Array 
Command 

D07 DOh I 
(byte I r:.. Valid SR r-£ FFh 

;:~ - HI-Z I >---- HI-2 -.:.....(({ ~)}) c.;-- HI-2 -

DQ15 11+ .. _ ......... 1 trec(RPHW) I 
~~ 1 I~ .. _~_L 
wid.) 1 1"'- .. u(RP) I 

I L-i---"'---------....L...""""'" VHH ,rsth(RP) 

J----....,j-'----,--------...,.-~------- VIH 
~. 1 

I 1 

Vpp 

7-110 

I ~ th(VPP) 
14---.1- teu(VPP) 1 
1 1 

Figure 10. Erase-Cycle nmlng (W-Controlled Write) 
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2097152·BIT BOOT·BLOCK FLASH MEMORY 
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PARAMETER MEASUREMENT INFORMATION 

Write 
Program-Setup 

Command 

WrltaEra ... 
Confirm 

Command 

Automated 
Era.e 

Read Statu.
Regl.ter Blta 

Write 
Read-Array 
Command 

AO-A18 ~ X~_~ 
I+-- tc(W) --.I 1 

1~4 -~r---+-I tau(A) 
I+*- It!(A) 

wJ'\ /\ II 
--I '---+~I 

taU(W)....,I1+-
I -+li+-lt!(W) I 
I I I 
I I I 
I I I 
I I I tc(E)ERB 

I I+--- tc(E)ERP ---.! 

DQO-DQ7 
(byte wide) 

DQO- DQ15 - HI-Z 
(word wide) 

I 
I 
I 
I 

RPJ 

lOll .1 I tc(E)ERM 

DOh 

z o 
: ~ 
I t:.. Valid SR r£ FFh ::E 

}---- HI-Z ----«< jIt»)>--~\...:.j- HI-Z - a:: 
I 0 

~I" ---+!- tau(RP) 
I 

I 
I 
I 

I+---+t- tau(VPP) 
I 

I U. 
%~~~ ~ 
I (J 
J.-.!- th(VPP) Z 

I ~ .... ~ ~ Vpp 

Figure 11. Erase-Cycle TIming (E-Controlled Write) 
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TMS28F200BZT, TMS28F200BZB 
2097152·BIT BOOT·BLOCK FLASH MEMORY 

SMJS200B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-A16 ~,.. _____ A_d_d_r.s_s_Va_I_ld ______ -,~ 
I I 
~IIIII------~ Ie(R) ------+1.1 
1 

141l1li--- talA) ---+1.1 
I 

\~--------~!------~Jf 
I I I 
114l1li--- talE) ---+1.1 I 
I I I 
I I 1l1li .1 tdls(E) 
I I I 

G--------------+!--~\,.. ______ _+!----------J"'~I ----+!-------
I I I I I 
I I I 1l1li .1 'dIs (G) 
1 I I I I 
I 11II1II-l1li---+1.11- ta(G) I I 

-------------~I ~ I I 
BYTE I \1 II /1 I 

I I I . I I 
I I I I let- th(D) 

II... : I I I I 
j .... -+i.i'- tsu(EB) I I I 
I I I I I 

DQO-DQ7 ------- HI-Z --+--+-+----{ 
I I 

HI-Z-

I I 
I I 1l1li .1 
I I 1 
141l1li--+1 'd(E)--+I 

'dIG) 

I 1 
I .Je'r._-" 

DQ8-DQ14 ----- HI-Z -----t-----{ >---+------ HI-Z-
I 
I I 
I I 
14--- 'dls(BL) ---+j 

I 

I 
-./ illll-ta(A) 

I 
1 

Word DQ8-DQ14 

I I 

OQ15/A_l ------ HI-l ---------«I""ls"""(--c""" ~-A-_-l-In-pu-t~>- HI-l -

Word DQ15 

7-112 

Figure 12. BYTE TIming, Changing From Word·Wlde to Byte·Wlde Mode 
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TMS28F200BZT, TMS28F200BZB 
2097152·BIT BOOT·BLOCK FLASH MEMORY 

SMJS200B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-A18~ AddreaaYalld ~ 
I , 
I .. 
I 

Ie(R) ., 
I .. te(A) ·1 

I 

) I A E I 
I I 

I I I 
j+-- te(E) .1 I 
I I I 
I I I .. ·1 telIS(E) 

I I I 
I \ 

I 

A I 
G I I I 

I I I 
I I I 

I I I I I 
.1 I loll telI8(G) 

I I I I I 
I I .. .' te(G) I I 
I A I \ I I 

BYTE I I I 
I I I I I I I I I I I loll .1 , th(D) 
I I I 1 

I 1 I I loll ·1 tau(EB) I I I I I I I I I I I I I I" I I I 
DQO-DQ7 HloZ HloZ_ 

I I 
I I , 
I , I .. ., teI(G) I I , 
I ' .. ., teI(E) I I 
I 

___ ~14~~ ,)»>-H~-DQI-DQ14 H~ 
I 
I 
I 
I 
I 
I 

-~"«<? I 
I 

DQ15/A_1~ A_1lnput »)>-H~-)- HloZ <;; 

Figure 13. BYTE TIming, Changing From Byte-Wide to Word·Wlde Mode 
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• Organization 
- Two 8K-Byte Parameter Blocks 
- One 96K-Byte Main Block 
- Three 128K-Byte Main Blocks 
- One 16K-Byte Protected Boot Block 
- Top or BoHom Boot Locations 

• All Inputs/Outputs TTL Compatible 
• Maximum Access/Minimum Cycle Time 

Vee:l:: 5% Vee:l:: 10% 
'28F400BZ-6-x 60 ns 

'28F400BZ-70-x 70 ns 
'28F400BZ-BO-x 80 ns 
'28F400BZ-90-x 90 ns 

• 100000 and 10000 Program/Erase Cycle 
Versions 

• Three Temperature Ranges 
- Commercial .•. O°C to 70°C 
- Extended ••. - 40°C to 85°C 
- Automotive .•• - 40°C to 125°C 

• Low Power Dissipation (Vee = 5.5 V) 
- Active Write •.. 330 mW (Byte Write) 
- Active Read ••. 330 mW (Byte Read) 
- Active Write .•. 358 mW (Word Write) 
- Active Read .•• 330 mW (Word Read) 
- Block Erase ••• 165 mW 
- Standby .•• 0.55 mW (CMOS-Input 

Levels) 
- Deep Power-Down Mode ••• 0.0066 mW 

• Fully Automated On-Chip Erase and 
Word/Byte Program Operations 

• Write Protection for Boot Block 
• Command State Machine (CSM) 

- Erase Suspend/Resume 
- Algorithm-Selection Identifier 

description 

TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

Vpp 
NC 

A17 
A7 
A6 
A5 
A4 
A3 
A2. 
A1 
AO 
E 

Vss 
G 

000 
DOS 
001 
009 
002 

0010 
003 

0011 

DBJ PACKAGE 
(TOP VIEW) 

1 44P 
2 43 P 
3 42 P 
4 41 
5 40 
6 39 ~ 

[ 7 38 
[ 8 37 
[ 9 36 

10 35 
11 34 
12 33 
13 32 
14 31 
15 30 
16 29 
17 28 
18 27 
19 26 
20 25 
21 24 
22 23 

RP 
Vii 
AS 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
BYTE 
Vss 
D015/A_l 
007 
0014 
006 
0013 
005 
0012 
004 
Vcc 

PIN NOMENCLATURE 

AO-A 17 Address Inputs 
BYTE Byte Enable 
DOO-D014 Data In/Out 
D015/A_l Data In/Out (word-wide mode), 

Low-Order Address (byte-wide mode) 
DU Do Not Use 
E Chip Enable 
G Output Enable 
NC No Internal Connection 
RP Reset/Deep Power Down 
VCC 5-V Power Supply 
Vpp 12-V Power Supply for Program/Erase 
VSS Ground 
W Write Enable 

The TMS28F400BZX is a 4194304-bit, boot-block flash memory that can be electrically block-erased and 
reprogrammed. The TMS28F400BZX is organized in a blocked architecture consisting of one 16K-byte 
protected boot block, two SK-byte parameter blocks, one 96K-byte main block, and three 128K-byte main 
blocks. The device can be ordered with either a top or bottom boot-block configuration. Operation as a 
512K-byte (S-bit) or a 256K-word (16-bit) organization is user definable. 

Embedded program and block-erase functions are fully automated by an on-chip write state machine (WSM), 
simplifying these operations and relieving the system microcontroller of these secondary tasks. WSM status 
can be monitored by an on-Chip status register to determine progress of program/erase tasks. The device 
features user-selectable block erasure. 
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TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

description (continued) 

The TMS28F400BZx flash memory is offered in a 44-pin PSOP and a 56-pin TSOP package and is available in three 
temperature ranges: O°C to 70°C, - 40°C to 85°C, and - 40°C to 125°C. 

NC 10 
NC 2 

A15 3 
A14 4 
A13 5 
A12 6 
A11 7 
A10 8 

A9 9 
AS 10 
NC 11 
NC 12 
W 13 

RP 14 
NC 15 
NC 16 

Vpp 17 
OU 18 
NC 19 

A17 20 
A7 21 
A6 22 
A5 23 
A4 24 
A3 25 
A2 26 
A1 27 
NC 28 

DBR PACKAGE 
(TOP VIEW) 

56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

,39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 

NC 
A16 
BYTE 
Vss 
0015/A_1 
007 
0014 
006 
0013 
005 
0012 
004 
Vee 
Vee 
0011 
003 
0010 
002 
009 
001 
OOS 
000 
G 
Yss 
E 
AO 
NC 
NC 

Z device symbol nomenclature 

TMS28F400BZT 6 e DBJ L U:T Temperature Range Designator 
L = ooe to 70°C 
E = - 40°C to 85°C 
Q = - 40°C to 125°C 

Prograrn/Erase Endurance 
e = 100000 Cycle. 
B .. 10000 Cycle. 

'--------.,------.,. Boot Block location Indicator 
T = Top location 
B .. Bottom location 

~TEXAS 
INSTRUMENTS 

Package Designator 
DBJ = Plastic Smail-Outline Package 
DBR= Thin Smail-Outline Package 

Speed Designator 
6 .. 60 ns (",5% Vee tolerance) 

70 ,. 70 ns,(",10% Vee tolerance) 
80 = 80 ns (",10% Vee tolerance) 
90 = 90 ns (",10% Vee tolerance) 
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functional block diagram 

AJJ- 1 
A17 

architecture 

DQI-DQl51A_1 

TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

DQO-DQ7 

.l---------------+-----~ • 

r.::::::::1+H-l---E 
.... t--iI>------w 
t+------G 

Lr!=~-----RP 

Program! 
Era •• 

Voltage 
Switch 

vPP 

Y Gating/Sensing 

BK-Byte BK-Byte 96K-Byta 12BK-Byte 12BK-Byte 12BK-Byte 
Paramater Parameter Main Main Main Main 

Block Block Block Block Block Block 

The TMS28F400BZX uses a blocked architecture to allow independent erasure of selected memory blocks. Any 
address within a block address range selects that block for the required read, program, or erase operation. 

block memory maps 

The TMS28F400BZX is available with the block architecture mapped in either of two configurations: the boot 
block located at the top or at the bottom of the memory array, as required by different microprocessors. The 
TMS28F400BZB (bottom boot block) is mapped with the 16K-byte boot block located at the low-order address 
range (QOOOOh to 01FFFh). The TMS28F400BZT (top boot block) is inverted with respect to the 
TMS28F400BZB with the boot block located atthe high-order address range (3 EOOOh to 3FFFFh). Both of these 
address ranges are for word-wide mode. Figure 2 and Figure 3 show the memory maps for these 
configurations. 
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TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT· BLOCK FLASH MEMORY 

SMJS400B -JUNE 1994- REVISED JUNE 1995 

block memory map. (continued) 

7-118 

Addess. 
R.nge x8 Configuration 

7FFFFh 

7COOOh 
7BFFFh 

7AOOOh 
79FFFh 

78000h 
77FFFh 

60000h 
SFFFFh 

4000Gh 
3FFFFh 

20000h 
1FFFFh 

OOOOOh 

Boot Block 
16K Addre888. 

Parameter Block 
8K Addf888ss 

Parameter Block 
8K Addf888ss 

Main Block 
96K Addressss 

Main Block 
128K Addr888es 

Main Block 
128K Addf888ss 

Main Block 
128K Addressss 

DQ1S/A_1 Is LSB Address 

Adde ••• 
x16 Configuration Range 

Boot Block 
8K Addre.ss. 

Parameter Block 
4KAddres.es 

Parameter Block 
4KAddres.ss 

Main Block 
48K Addresse. 

Main Block 
14K Addresse. 

Main Block 
14K Addre.se. 

Main Block 
14K Addre.ses 

AO Is LSB Addres. 

3FFFFh 

3EOOOh 
30FFFh 

30000h 
3CFFFh 

3COOOh 
3BFFFh 

30000h 
2FFFFh 

20000h 
1FFFFh 

10000h 
OFFFFh 

OOOOOh 

Figure 1. TMS28F400BZT (Top Boot Block) Memory Map 

Adde.s. 
Range x8 Configuration 

Addess. 
x16 Configuration Range 

7FFFFh 

60000h 
SFFFFh 

40000h 
3FFFFh 

20000h 
1FFFFh 

OBOOOh 
07FFFh 

OBOOOh 
OSFFFh 

O4OOOh 
03FFFh 

OOOOOh 

Main Block 
128KAddrs.ses 

Msln Block 
128KAddres_ 

Main Block 
128K Addrss8 •• 

Main Block 
96K Addre888s 

Paremeter Block 
8K Addresse. 

Parameter Block 
8K Addressss 

Boot Block 
16K Addresse. 

OQ1S/A_1 Is LSB Addres. 

Main Block 
14K Addresses 

Main Block 
14K Addresse. 

Main Block 
14K Addr.88.8 

Main Block 
48K Addresse. 

Parameter Block 
4KAddre.se. 

Parameter Block 
4K Addressss 

Boot Block 
8K Addresses 

AO Is LSB Address 

3FFFFh 

30000h 
2FFFFh 

20000h 
1FFFFh 

10000h 
OFFFFh 

04000h 
03FFFh 

03000h 
02FFFh 

02000h 
01FFFh 

OOOOOh 

Figure 2. TMS28F400BZB (Bottom Boot Block) Memory Map 
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boot-block data protection 

TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

The 16K-byte boot block is used to store key system data that is seldom changed in normal operation. To protect 
data within this memory sector, the RP terminal can be used to provide a lockout to eliminate accidental erase 
or program operations. When RP is operated with normal TTL/CMOS logic levels, the contents ofthe boot block 
cannot be erased or reprogrammed. Changes to the contents of the boot block can be made only when RP is 
at VHH (nominally 12 V) during normal write/erase operations. 

parameter block 

Two parameter blocks of 8K bytes each can be used like a scratch pad to store frequently updated data. 
AHemately, the parameter blocks can be used for additional boot- or main-block data. If a parameter block is 
used to store additional boot-block data, caution should be exercised because the parameter block does not 
have the boot-block data-protection safety feature. 

main block 

Primary memory on the TMS28F400BZx is located in four main blocks. Three of the blocks have storage 
capacity of 128K bytes and the fourth block has storage capacity of 96K bytes. 

command state machine (CSM) Z 
The CSM is the interface between an external microprocessor and the write state machine and status register 0 
on the memory chip. When the WSM has completed a task, the WSMS bit (SB7) is set to a logic high (1 ), allowing e: 
the CSM to respond to the full command set. ""'" 

status register (SR) :::E 
The status register provides a means of determining whether the state of a program/erase operation is pending 
or complete. The status register is read by writing a read-status command to the CSM and reading the resulting 
status code on I/O terminals DOO-DQ7. This is valid for operation in either the byte- or word-wide mode. When 
the device is operating in the word-wide mode, the high order I/Os (D08-D015) are setto OOh when performing 
a read-status operation. . 

a: 
o 
LL 
Z 
W 

After a read-status command has been given, the data appearing on DOO-D07 remains as the status register 0 
data until a new command is issued to the CSM. To return the device to other modes of operation, a new Z 
command must be issued to the CSM. . ~ 

Register data is updated on the falling edge of G or E. The latest falling edge of either of these two signals :> 
updates the latch within a given read cycle. Latc::hing data prevents errors from occurring should the register C 
Input £.hans.e during a status-register read. To ensure that the status-register output contains updated status c:( 
data, E or G must be toggled for each subsequent status read. 

The status register provides the internal state of the WSM to the external microprocessor. During periods when 
the WSM is active, the status register can be polled to determine the WSM status (WSMS). Table 1 defines the 
status register bits and their functions. 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B-JUNE 1884- REVISED JUNE 1995 

status reglstar (SR) (continued) 

Table 1. Status Register Bit Definitions and Functions 

STATUS 
FUNcnON DATA COMMENTS BIT 

If SB7 = O. the WSM has not completed an erase or programming 
operation. If SB7 - 1 (ready). other polling operationl can be 

SB7 Writa-etate-machlne statUI 1 .. Ready performed. SB7 dOes not automatically update WSM statuI atthe 
(WSMS) O-Buey completion of a WSM task. If the WSM statuI bltlhows busy (0). 

the ueer muat periodically toggle E or G to detennine when the 
WSM has completed an operation (SB7 .. 1 ). 

When an erase_pend command il issued. the WSM halts 

1.. Erase IUlpended ~n and seta the ESS bit high (See .. 1) indicating that the 

see Erase-8U8pend etatus o = Erase in progrees or 
erase operation has been luspended. The WSMS bit is aiso eat 

(ESS) 
completed high (SB7 - 1) indicating that the erase-suspend operation has 

been successrullycompleted. The ESS bit remains at a high level 
until an erasa-resume command is Input to the CSM (code DOh). 

SB5 .. 0 indicates that a succeasful block erasure has occurred. 

Erase atatus 1.. Block erase error SB5 '" 1 indicates that an erase error has occurred. In this case. 
SB5 (ES) O. Block erase good 

the WSM has completed the maximum allowed erase pulses 
detennlned by the intemal algor~m. but this was Insufficient to 
completely erase the device. 

Program status 1.. Byte/word program error SB4 • 0 Indicates succe.ful programming has occurred at the 
SB4 addressed block Iocation~ SB4 .. 1 indicates that the WSM was (PS) o. Byte/word program good 

unable to correctly program the ad,dressed block location. 

SB3 provides Information on the status of Vpp during 

Vppstatus 1 = 'Program abort: programmlng.IfVpplltoo low after a program orerase command 
SB3 (Vpps) 

Vpptoo,1ow has beenlSlued. SB3 is sat to a 1 indicallng thatlhe programming 
O. Vppgood operation is aborted. The Vpp status bit ,II not assured to give 

accurate feedback between VpPH and VpPL. 

SB2-
Reserved 

These bits should be masked out when reading the statUI 
SBO register. 

operation 

7·120 

~evice operations are selected by entering standard JEOEC 8-bit command codes with conventional 
microprocessor timing Into an on-chlp CSM through I/O terminals OQO-OQ7. When. the device is powered up, 
internal ~ circuitry Initializes the chip to a read-array mode of operation. Changing the mode of operation 
requires a command code to be entered into the CSM. Table 2 lists the CSM codes for all modes of operation. 

The on-chip status register allows the progress of various operations to be monitored. The status register is 
interrogated by entering a read-status register command into the CSM (cycle 1) and reading the register data 
on 1/0 terminals OQO-OQ7 (cycle 2). Status-register bits SBO through SB7 correspond to OQO through OQ7. 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

operation (continued) 

Table 2. Command State Machine Codes for Device Mode Selection 

command definition 

COMMAND 
CODE ON DEVICE MODE 

DQO-DQ7t 

OOh Invalid/Reserved 
10h Altemate Program Setup 
20h Block-Erase Setup 
40h Program Setup 
SOh Clear Status Register 
70h Read Status Register 
90h Algorithm Selection 
BOh Erase Suspend 
DOh Erase Resume/Block-Erase Confirm 
FFh Read Array 

t 000 IS the lees! significant bit. OC8-0C1S are any valid 2-state 
level. 

Once a specific command code has been entered, the WSM executes an internal algorithm generating the 
necessary timing signals to program, erase, and verify data. See Table 3 for the CSM command definitions and 
data for each of the bus cycles. 

Following the read-algorithm-selection-code command, two read cycles are required to access the 
manufacturer-equivalent code and the device-equivalent code as shown in Table 4 and Table 5. 

Table 3. Command Deflnltlon8 

BUS FIRST BUS CYCLE 
COMMAND CYCLES CSM 

REQUIRED OPERATION ADDRESS INPUT 

Read Operettons 

Read Array 1 Write X FFh 

Read Algorithm-Selection Code 3 Write X 90h 

Read Status Register 2 Write X 70h 

Clear Status Register 1 Write X SOh 

Program Mode 

Program Setup/Program 
2 Write PA 40h or 10h (byta/word) 

Era" Operations 

Block-Eraas Setup{ 
2 Write BEA 20h Block-Erase Confirm 

Erase Suspend/ 
2 Write X BOh Erase Resume 

Legend: 
BEA 
M/O 
PA 
PO 
SRB 

Block-eraas address. Any address selected within a block selects that block for erase. 
Manufacturer-equlv,lentl device-equlvelent code 
Address to be programmed 
Data to be programmed at PA 
Status-register data byte that can be found on 000-OC7 

~1EXAs 
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SECOND BUS CYCLE 

ADDRESS 
DATA 

OPERATION IN/OUT 

Read X Data Out 

Read AD MID 
Read X SRB 

Write PA PO 

Write BEA DOh 

Write X DOh 
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byte-wide or word-wide mode .electlon 

The memory array Is divided Into two parts: an upper half byte that outputs data through I/Os OQ8-0Q15 and 
a lower half byte that outputs data through 000-OQ7. Device operation in either byte-wide or word-wide mode 
is user-selectable and Is determined by the logic state of BYTE. When BYTE is at a logic high level, the device 
is in the word-wide mode and data is written to or read from II0s 000-OQ15. When BYTE is at a logic low, the 
device is in the byte-wide mode and data Is written to or read from I/Os OQO-OQ7. In the byte-wide mode, I/Os 
OQ8-0Q14 are placed in the high-impedance state and OQ15/A_1 becomes the low-order address terminal 
and selects either the upper or lower half of the array. Array data from the upper half (OQ8-0Q15) and the lower 
half (OQO-DQ7) are multiplexed and appear on OQO-OQ7. Table 4 and Table 5 summarize operations for 
word-wide mode and byte-wide mode. 

Table 4. Operation Mode. for Word-Wide Mode (BYTE = VIti> 

MODE E Ci RP W AS AD Vpp DOG-DQ15 

Read VIL VIL VIH VIH X X X Data out 

VIL VIL VIH VIH VID VIL X Manufacturer-equlvalent code 0089h 

Device-equivalent code 4470h 
Algorithm-selection mode 

VIL VIL VIH VIH VID VIH X 
(top boot block) 

Devlce-equlvalent code 4471 h 
(bottom boot block) 

Output disable VIL VIH VIH VIH X X X High Impedance 

Standby VIH X VIH X X X X High Impedance 

Reset/deep power down X X VIL X X X X High Impedance 

Write (see Note 1) VIL VIH 
VIHor 

VIL X X VPPLor Data In 
VHH VPPH 

Table 5. OperaUon Modes for Byte-Wide Mode (BYTE = Vld 

MODE E G RP W AS AD Vpp DQ15/A_1 DQ8-DQ14 DOG-DQ7 

Read lower byte VIL VIL VIH VIH X X X VIL HI-Z Data out 

Read upper byte VIL VIL VIH VIH X X X VIH HI-Z Data out 

VIL VIL VIH VIH VID VIL X X HI-Z 
Manufacturer-equlvalent 
code89h 

Algorithm-selectlon Devlce-equlvalent code 
mode 70h (top boot block) 

VIL VIL VIH VIH VID VIH X X HI-Z 
Devlce-equlvalent code 
71 h (bottom boot block) 

Output disable VIL VIH VIH VIH X X X X Hi-Z High impedance 

Standby VIH X VIH X X X X X HI-Z High impedance 

Reset/deep power 
X X VIL X X X X X Hi-Z High impedance down 

VIHor VPPL 
Write, (see Nota 1) VIL VIH 

VHH 
VIL X X or X HI-Z Data In 

VpPH 

NOTE 1: When writing commands to the '28F400BZx, Vpp must be VPPH for block-erase or program commands to be executed and RP must 
be held at VHH for the entire boot-block program or erase operation. 
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The CSM decodes instructions for read array, read algorithm-selection code, read status register, clear status 
register, program, erase, erase suspend, and erase resume. The S-bit command code is input to the device on 
OQO-OQ7 (see Table 2 for CSM codes). Ouring a program or erase cycle, the CSM informs the WSM that a 
program or erase cycle has been requested. Ouring a program cycle, the WSM controls the program sequences 
and the CSM responds only to status reads. 

Ouring an erase cycle, the CSM responds to status reads and the erase suspend command. When the WSM 
has completed its task, the WSM status bit (S87) is setto a logic high and the CSM responds to the full command 
set. The CSM stays in the current command state until the microprocessor issues another command. 

The WSM successfully initiates an erase or program operation only when Vpp is within its correct voltage range 
(VpPH). For data protection, it is recommended that RP be held at a logic low during a CPU reset. 

read operations 

There are three read operations available: read array, read algorithm-selection code, and read status register. 

read array 

The array is read by entering the command code FFh on OQO-OQ7. Control terminals E and G must be at a 
logic low (VILl and Wand RP must be at a logic high (VIH) to read data from the array. Oata is available on 
OQO-OQ15 (word-wide mode) or OQO-OQ7 (byte-wide mode). Any valid address within any of the blocks 
selects that block and allows data to be read from the block. 

read algorithm-selection code 

Algorithm-selection codes are read by entering command code 90h on OQO-OQ7. Two bus cycles are required 
for this operation. The first bus cycle is used to ente.!. the c£.mmand code arid the second bus ~cle is used to 
read the device-equivalent code. Control terminals E and G must be at a logic low (VILl and Wand RP must 
be at a logic high (VIH). Two identifier bytes are accessed by toggling AO. The manufacturer-equivalent code 

z o 
~ 
:::E 
a: o 
LL 
Z 

is obtained on OQO-OQ7 with AO at a logic low (VILl. The device-equivalent code is obtained when AO is set -
to a logic high (VIH). Alternately, the manufacturer- and device-equivalent codes can be read by applying VID 
(nominally 12 V) to A9 and selecting the desired code by toggling AO high or low. All other addresses are don't 

w 
o z care (see Table 3, Table 4, and Table 5). 

read status register 

The status register is read by entering the command code 70h on OQO-OQ7. Control terminals E and G must 
be at a logic low (VILl and Wand RP must be at a logic high (VIH). Two bus cycles are required for this operation: 
one to enter the command code and a second to read the status register. In a given read cycle, status register 
contents are updated on the falling edge of E or G, whichever occurs last within the cycle. 

clear status register 

The internal circuitry can set only the Vpp status bit (S83), the program status bit (S84) and the erase status 
bit (S85) bits of the status register. The clear status register command (50h) allows the external microprocessor 
to clear these status bits and synchronize to internal operations. When the status bits are cleared, the device 
returns to the read array mode. 

boot-block programming/erasing 

Should changes to the boot block be required, RP must be setto VHH (12 V) and V pp to the programming voltage 
level (VpPH).lf an attempt is made to write, erase or erase-suspend the boot block without RP at VHH, an error 
signal is generated on S84 (program-status bit) or S85 (erase-status bit). 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing FFh or FFFFh during the second cycle, the CSM responds only to status 
reads. When the WSM status bit (S87) is setto a logic high, signifying the nonprogram operation is terminated, 
all commands to the CSM become valid again. 
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normal programming 

There are two CSM commands for programming: program setup and alternate program setup 
(see Table 2). After the desired command code is entered, the WSM takes over and correctly sequences the 
device to complete the program operation. During this time, the CSM responds only to status reads until the 
program operation has been completed, after which all commands to the CSM become valid again. Once a 
program command has been issued, the WSM cannot normally be interrupted until the program algorithm has 
been completed (see Figure 4 and Figure 4). Taking RP to VIL during programming aborts the program 
operation. During programming, Vpp must remain at VpPH. Only Os are written and compared during a program 
operation. If 1s are programmed, the memory cell contents do not change and no error occurs. 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing all 1 s during the second cycle, the CSM responds only to status reads. 
When the WSM status bit (SB7) is set to a logic high, signifying the non program operation is terminated, all 
commands to the CSM become valid again. 

erase operations 

There are two erase operations that can be performed by the TMS28F400BZX devices: block erase and erase 
suspend/erase resume. An erase operation must be used to initialize all bits in an array block to 1s. After 
block-erase confirm is issued, the CSM responds only to status reads or erase-suspend commands until the 
WSM completes its task. 

block erasure 

Block erasure inside the memory array sets all bits within the addressed block to logic 1s. Erasure is 
accomplished only by blocks; data at single address locations within the array cannot be individually erased. 
Any valid address within the parameter or main blocks acts as a block selector and allows that block to be 
erased. RP must be at VHH for changing the data content of the boot block. Block erasure is initiated by a 
command sequence to the CSM: block-erase setup (20h) followed by block-erase confirm (DOh). A 
two-command erase sequence protects against accidental erasure of memory contents. 

Erase setup and confirm commands are latched on the rising edge of E or W, whichever occurs first. Block 
addresses are latched during the block-erase-confirm command on the rising edge of E or W (see Figure 5). 
When the block-erase-confirm command is complete, the WSM automatically executes a sequence of events 
to complete the block erasure. During this sequence, the block is programmed with logic Os, data is verified, 
all bits in the block are erased, and finally, verification is performed to ensure that all bits are correctly erased. 
Monitoring of the erase operation is possible through the status register (see read status register). 

erase suspend/erase resume 

During the execution of an erase operation, the erase-suspend command (BOh) can be entered to direct the 
WSM to suspend the erase operation. Once the WSM has reached the suspend state, it allows the CSM to 
respond only to the read-array, read-status-register, and erase-resume commands. During the erase-suspend 
operation, array data should be read from a block other than the one being erased. To resume the erase 
operation, an erase-resume command (DOh) must be issued to cause the CSM to clear the suspend state 
previously set (see Figure 5 and Figure 10). 

automatic power-saving mode 

7·124 

Substantial power savings can be realized during periods when the array is not being read. During this time, 
the device switches to the automatic power-saving mode. When the device switches to this mode, ICC is typically 
reduced from 40 mA to 1 mA (lOUT = 0 mA). The low level of power is maintained until another read operation 
is initiated. In this mode, the I/O terminals retain the data from the last memory address read until a new address 
is read. This mode is entered automatically if no address or control pins toggle within a 200-ns time-out period. 
At least one transition on E must occur after power up to activate this mode. 
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Very low levels 2!,power consumption can be attained by using a special terminal, RP, disable internal device 
circuitry. When RP is at a CMOS logic low of 0.0 V:t 0.2 V, an Icc value on the order of 0.2 jAA, or 1 IlW of power, 
is achievable. This is important in portable applications where extended battery life is of major concern. 

A recovery time is required when exiting from deep power-down mode. For a read-array operation, a minimum 
of 300 ns is required before data is valid, and a minimum of 215 ns in deep power-down mode is required before 
data inputto the CSM can be recognized. With RP at ground, the WSM is reset and the status register is cleared, 
effectively eliminating accidental programming to the arral5!uring system reset. After restoration of power, the 
device does not recognize any operation command until RP is returned to a VIH or VHH level. 

Should RP become low during a program or erase operation, the device becomes nonfunctional (is in a 
power-down state) and data being written or erased is invalid or indeterminate, requiring that the operation be 
performed again after power restoration. 
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Start 

Write Progrem-Setup 
Commend, Byte Add,... 

Write Byte 
Addreu/Data 

BUS COMMAND OPERATION 

Write Write 
program 
setup 

Write Write data 

Rod 

Standby 

Repeat for subsequent bytes. 

COMMENTS 

Data = 40h or 10h 
Addr = Address of 

byte to be 
programmed 

Data .. Byte to be 
programmed 

Addr = Address of 
byte to be 
programmed 

Status register data. 
Toggle ~ or E to update 
status register. 

CheckSB7 
1 = Ready. 0 = Busy 

See Note A Write FFh after the last byte-programming operation to 
rasat the device to read array mode. 

Byte Program Completed 

FULL STATUS-REGISTER-CHECK FLOW 

BUS 
COMMAND COMMENTS OPERATION 

Standby CheckSB3 
1 = Datect Vpp low 

(see Note B) 

CheckSB4 
Standby 1 = Byte program error 

(sea Note C) 

NOTES: A. Full status-register check can be done after each word or after a sequence of words. 
B. SB3 must be cleared before attempting additional program/erase operations. 
C. SB4 is cleared only by the clear-status-register command. but it does not prevent additional program operation attempts. 

Figure 3. Automated Byte·Programmlng Flowchart 
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Shirt 

Write Program-s.tup 
Command, Word 

Add,... 

WrlhlWord 
Addrna/Dahl 

Word Program 
Completed 

S"NoteA 
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BUS 
COMMAND COMMENTS OPERATION 

Writ. Write Data = 40h or 10h 
program Addr = Address of 
setup word to be 

programmed 

Write Write data Data = Word to be 
programmed 

Addr = Address of 
word to be 
programmed 

Rod Status register data. 
Toggle G or E to update 
status register. 

Standby CheckSB7 
1 = Ready, 0 = Busy 

Repeat for subsequent words. 
Write FFh after the last word-programming operation to 
reset the device to read array mode. 

FULL STATUS-REGISTER-CHECK FLOW 

BUS 
COMMAND COMMENTS OPERATION 

Standby CheckSB3 
1 = Detect Vpp low 

(see Note B) 

Standby CheckSB4 
1 = Word program 

failed 
(see Note C) 

NOTES: A Full status-register check can be done after each word or after a sequence of words. 
B. SB3 must be cleared before attempting additional program/erase operations. 
C. SB41s cleared only by the clear-status-reglster command, but It does not prevent additional program operation attempts. 

Figure 4. Automated Word-Programming Flowchart 
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BUS 
OPERATION 

Write 

Write 

RfHld 

Standby 

COMMAND 

Write erase 
setup 

Erase 

COMMENTS 

Data = 20h 
BIockAddr = Address 

within 
block to 
be 
erased 

Data = DOh 
Block Addr = Address 

within 
block to 
be 
erased 

Status register data. 
Toggle G or E to update 
status register 

CheckSB7 
1 = Ready. 0 = Busy 

Repeat for subsequent blocks. 

FULL STATUS-REGISTER CHECK FLOW 

Vpp Range Error 

Command Sequence 
Error 

Block Era.e Failed 

Write FFh after the last block-erase operation to resetthe 
device to read array mode. 

BUS COMMAND COMMENTS OPERATION 

Standby CheckSB3 
1 = Detect Vpp low 

(see Note B) 

Standby Check SB4 and SB5 
1 = Block-erase 

command error 

Standby CheckSB5 
1 = Block erase failed 

. (see Note C) 

NOTES: A. Full status-register check can be done after each word or after a sequence of words. 
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B. SB3 must be cleared before attempting additional program/erase operations. 
C. SB51s cleared only by the clear-status-reglster command In cases where multiple blocks are erased before full status is checked. 

Figure 5. Automated Block-Erase Flowchart 
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Write Erase-Suspend 
Command 

Era .. Continued 

No 

No 

S .. NotaA 
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BUS 
COMMAND COMMENTS 

OPERATION 

Write Erase Data = BOh 
suspend 

Read Status register data. 
Toggle G or E to update 
status register. 

Standby CheckSB7 
1 = Ready 

Stsndby CheckSB6 
1 = Suspended 

Write Read Data = FFh 
memory 

Read Read data from block 
other than that being 
erased. 

Writs Erase Data = DOh 
resume 

NOTE A:. Refer to automated block-erase flowchart for complete erasure procedure. 

Figure 6. Erase-Suspend/Resume Flowchart 
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absolute maximum ratings over operating free-alr temperature range (unless otherwise notec:l)t 
Supply voltage range, Vee (see Note 2) .......................•..................... - 0.6 V to 7 V 
Supply voltage range, Vpp (see Note 2) ...•.......•...•.........•..............•... - 0.6 V to 14 V 
Input voltage range: All inputs except A9, RP .................................. - 0.6 V to Vee + 1 V 

RP, A9 (see Note) ..........•.......................•........ - 0.6 V to 13.5 V 
Output voltage range (see Note 4) ..... ~ . .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .... - 0.6 V to Vee + 1 V 
Operating free-air temperature range, TA, during read/erase/program: L suffix ....•.. ,..... O°C to 70°C 

E suffix .......... - 40°C to 85°C 
Q suffix .....•.. - 4Q°C to 125°C 

Storage temperature range, Tstg .................................................. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operstlon of the device at thase or any other condHions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may· affect device reliability. 

NOTES: 2. All voltage valuas are with respect to VSS. 
3. The voltage on any input can undershoot to - 2 V for periods lessthan 20 ns. 
4. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 

recommended operating conditions 

MIN NOM MAX 

1'28F400BZX-6 4.75 5 5.25 
Vee Supply voHage During write/readlerase/erase suspend I All others 4.5 5 5.5 

During read only (VPPL) 0 6.5 
VPP Supply voltage 

During write/erase/erase suspend (VPPH) 11.4 12 12.6 

TTL 2 Vee+ 0.5 
VIH High-level de Input voltage 

CMOS Vee- 0.5 Vee + 0.5 

TTL -0.5 0.8 
VIL Low-level dc Input voltage 

CMOS VSS-O.2 VSS + 0.2 

VLKO Vee lock-out voHage from write/erase 2 

VHH RP unlock voltage 11.5 12 13 

word/byte-wrlte and block-erase performance, TA = 25°C, Vpp = 12 V (see Note 5) 

PARAMETER 
'28F400BZX-6 

MIN TYP MAX 

Main-block erase time 2.2 

Main-block byte-program 
3.2 time 

Main-block word-program 
1.6 time 

Parameter/ boot-block 
0.32 erase time 

NOTE 5: Excludes system-level overhead 

'28F400BZX-70 '28F400BZX-80 

MIN TYP MAX MIN TYP MAX 

2.2 

3.2 

1.6 

0.32 
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'28F400BZX-90 

MIN TYP MAX 

2.2 

3.2 

1.6 

0.32 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

UNIT 

s 

s 

s 

s 
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electrical characteristics over recommended ranges of supply voltage and operating fre ... lr 
temperature using test conditions given In Table 6 (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage Vcc = 4.5 V, IOH=-2.5mA 2.4 V 

VOL Low-Ievel output voltage VCC· 4.5V, IOl-5.8mA 0.45 V 

VIO AS selection code voltage 11.5 13 V 

II Input current ~eakage), except for AS when AS = VIO VCC=5.5V, VI-OVto5.5V :1:1 lolA 
110 AS selection code current AS"VIO 500 lolA 
IRP RP boot-block unlock current 500 lolA 
10 Output current (leakage) VCC-5.5V, VO=OV toVCC :1:10 lolA 
IpPS VPP stendby current (stendby) VPP"VCC 10 lolA 
IpPl VPP supply current (reset/deep power-down mode) RP • VSS:I: 0.2 V 5 lolA 
IpP1 VPP supply current (read) VPP>VCC 200 lolA 

IpP2 Vpp supply current (ective byte write) VPP=VPPH, 30 mA Programming in progress 

IPP3 VPP supply current (ective word write) VpP=VPPH, 40 mA Programming In progress 

IPP4 VPP supply current (block erase) VpP=VpPH, 30 mA Block erase In progress 

IPP5 VPP supply current (erase suspend) VpP=VPPH, 200 lolA Block erase suspended 

Vcc supply current TIL-input level VCC- 5•5V, E-RP-VIH 1.5 mA 
Ices (stendby) CMOS-Input level VCC- 5•5V, E-RP.VIH 100 lolA 

Vcc supply current (reset/deep power-
0·Cto70·C 

1.2 lolA 
ICCl down mode) 

- 400C to 85·C RP =VSS:l:0.2V 
- 4O·C to 125·C 8 lolA 

TIL-Input level VCC=5.5V, E=VU .. 80 mA 

ICC1 
Vcc supply current f=10MHz. 10UT-OmA 
(ective read) VCC- 5•5V, E .VSS :I: 0.2 V, CMOS-Input level f.10MHz, IOUT=OmA 

55 mA 

ICC2 Vcc supply current (active byte write) (see Notes 10 and 11) VCC-5.5V, 
60 mA Programming In progress 

ICes Vcc supply current (active word write) (1M Notes 10 and 11) 
VCC-5,5V, 86 mA Programming In progress 

ICC4 Vcc supply current (block erase) (see Notes 10 and 11) VCC- 5•5V, 30 mA Block erase In progress 

ICC5 Vcc supply current (erase suspend) (see Notes 10 and 11) Vcc = 5.5 V, E=VIH, 10 mA Block erase suspended 

NOTES: 8. Not 100% tested; characterization data IIVlIIlable 
7. Ail current values are RMS unless otherwise noted. 

Table 6. AC Test Conditions 

SPEED DESIGNATOR IOL IOH vzt VOL VOH Vil VIH CLOAD tt t,. TEMPERATURE 
(niA) (niA) (V) (V) (V) (V) (V) (pF) (ns) (ns) 

-8 5.8 -2.5 1.5 1.5 1.5 0 3.0 30 <10 <10 O·Cto 70·C 

-70, -BO, -.90 5.8 -2.5 1.5 0.8 2.0 0.45 2.4 100 <10 <10 - 4O·C to 125·C 

t Vz 18 the measured value used to detect high Impedance. 
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capacitance over recommended ranges of supply voltage and operating free-alr temperature, 
f = 1 MHz, VI = 0 V 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

C, Input capacitanca S pF 

Co Output capltance VO=OV 12 pF 

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

ALl. '28F400BZx·8 '28F400BZx·70 '2SF400BZx·80 '28F400BZx·90 
UNIT PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX 

talA) Access time from AO-A17 tAVQV 80 70 80 90 ns 

talE) Access time from E tELQV 80 70 80 90 ns 

~G~ Access time from G tGLQV 30 35 40 45 ns 

telR) Cycle time, read tAVAV 80 70 80 90 ns 

idee) 
Delay time, E low to 

teLQX 0 0 0 0 ns low-Impedance output 

id(G) 
Delay time, G low to 

tGLOX 0 0 0 0 ns 
low-impedance output 

idis(E) 
Disable time, E to 

teHOZ 20 25 30 35 ns 
high-impedance output 

idis(G) 
Disable time, G to 

tGHQZ 20 25 30 35 ns 
high-Impedance output 

Hold time, DQ valid from 
Ih(D) AO-A17, E, or G, whichever tAXQX 0 0 0 0 ns 

occurefirst 

tsu(EB) Setup time, BYTE from E low tELFL 5 5 5 5 ns 
tELFH 

Output delay time from RP I 

id(RP) high tpHQV 300 300 300 300 ns 

Disable time, BYTE low to 
idis(BL) OOS-0015In tFLQV 20 25 30 35 ns 

high-Impedance state 

ta(BH) 
Access time from BYTE 

tFHQV 80 70 80 90 ns 
switching high 
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TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B-JUNE 1994 - REVISED JUNE 1995 

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

write/erase operations - W-controUed writes 

ALT. '28F400BZx-& '28F4OOBZx-70 '28F400BZX-80 '28F400BZX-90 
SYMBOL 

UNrr 
MIN MAX MIN MAX MIN MAX MIN MAX 

tctW} Cycle time, write tAVAV 60 70 80 90 ns 

tc(W)OP 
Cycle time, duration of 

twHQV1 8 8 8 7 I'll programming operation 

tc(W)ERB 
Cycle time, erase 

twHQV2 0.3 0.3 0.3 0.4 s operation (boot block) 

Cycle time, erase 
tc(W)ERP operation (parameter twHQV3 0.3 0.3 0.3 0.4 s 

block) 

tc(W)ERM 
Cycle time, erase 

twHQV4 0.8 0.8 0.8 0.7 s operation (main block) 

ld(RPR) 
Delay time, boot-block 

tpHBR 100 100 100 100 ns relock 

tl1(& Hold time, AO-A17 twHAX 10 10 10 10 ns 

lhto} Hold time, OQ valid twHox 0 0 0 0 ns 

lh(El Hold time, E twHEH 10 10 10 10 ns 

th(VPP) 
Hold time, Vpp from valid 

taWL 0 0 0 0 ns status register bit 

Hold time, RP at VHH 
lh(RP) from valid status register taVPH 0 0 0 0 ns 

bit 

tsutA} Setup time, AO-A17 tAVWH 50 50 50 50 ns 

tsutO} Setup time, DQ tOVWH 50 50 50 50 ns 

tsu(E) 
Setup time, E !lefore write 

teLWL 0 0 0 0 ns operation 

tsu(RP) 
Setup time, RP at VHH to 
IN going high tpHHWH 100 100 100 100 ns 

tsu(VPP) 
Setup time, Vpp to W 

tvPWH 100 100 100 100 ns . going high 

tw(W) Pulse duration, W low twLWH 50 50 50 50 ns 

twtWHl Pulse duration, IN high twLWL 10 '20 30 30 ns 

trec(RPHW) 
Recovary time, RP high 

tpHWL 215 215 215 215 ns to IN going low 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

timing requirements over recommended ranges ot supply voltage and operating tree-air 
temperature (continued) 

write/erase operations - E-controlled writes 

tcCWI Cycle time, write using E 

Cycle time, duration of 

tc(E)OP programming operation 
using E 

tc(E)ERB 
Cycle time, erase opere-
tlon using E (boot block) 

Cycle time, erase 
tc(E)ERP operation using E 

(paremeter block) 

tc(E)ERM 
Cycle time, erase opera-
tlon using E (main block) 

id(RPR) 
Delay time, boot-block 
relock 

theA) Hold time, AO-A 17 

th(D) Hold time, DO valid 

tll1W~ Hold time, W 

lh(Vpp) 
Hold time, Vpp from valid 
status-register bit 

th(RP) 
Hold time, RP at VHH from 
valid status-register bit 

tsu(t-J Setup time, AO-A17 

tsu(DI Setup time, DO valid 

tsu(W) Setup time, W before E 

lsu(RP) 
Setup time, RP at VHH to E 
going high 

lsu(VPp) 
Setup time, Vpp to E going 
high 

tw(E) 
Pulse duration, E low, write 
using E 

tw(EH) 
Pulse duration, E high, 
write using E 

trec(RPHE) 
Recovery time, RP high to 
Egolng low 

7-134 

ALT. '28F400BZX-8 '28F400BZX-70 
SYMBOL MIN MAX MIN MAX 

tAVAV 

tEHOVl 

tEHOV2 

tEHOV3 

tEHOV4 

tPHBR 

tEHAX 

tEHDX 

tEHWH 

IQWL 

IQVPH 

tAVEH 

tDVEH 

twLEL 

tPHHEH 

tyPEH 

tELEH 

tEHEL 

tpHEL 

60 70 

8 6 

0.3 0.3 

0.3 0.3 

0.6 0.6 

100 

10 10 

0 0 

10 10 

0 0 

0 0 

50 50 

50 50 

0 0 

100 100 

100 100 

50 50 

10 20 

215 215 

~TEXAS 
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'28F400BZX-80 '28F400BZX-90 
UNIT 

MIN MAX MIN MAX 

80 90 ns 

6 7 I1S 

0.3 0.4 s 

0.3 0.4 s 

0.6 0.7 s 

100 100 ns 

10 10 ns 

0 0 ns 

10 10 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 50 ns 

0 0 ns 

100 100 ns 

100 100 ns 

50 50 ns 

30 30 ns 

215 215 ns 



TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B-JUNE 1994- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

14�4---- tc(R) ------+l~1 

AO-A17 _______ --Jx:~---A-d-dre-88-va-lId---....x:~------
~ta(A)~ 

E--------~\ i J1 
"'"-----+1 __ ---J :..- tell.(E) +i 
14- talE) -+i 1 

Ci----------+: ..... \ i I' 1 

1 """---+1 --~/ :..- tell.(O) +l 
1 14 ~I tacO) 1 1 

\.. 
Figure 7. Read-Cycle Timing 
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TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Pow.r Up Writ. Writ. Valid Automated 
and Program-S.tup Addre .. or Byt./Word 

Standby Command Data Programming 
R.ad Status
R.glst.r Blta 

Writ. 
R.ad-Array 
Command 

AO-A17 ~ '>(110-__ 
~ tc(W) --.I , .. , 

., , tau(A) 

Vi 

DQO-D07 

tau(E)-+/14-, , , 

(byt. wid.) _ HloZ 
DOO-D01S 
(word wid.) 

I .. 

VPP 

7-136 

I , 
I , 
, .. ., 

, i+*- theA) . 
, I , 
, , , , , , , , v , , , , 
, 1+'''-- tc(W)OP --~ 
i ' ,~--------------~------~ , 

, , 

Data 
, , 
, C. Valid SR r£ FFh 

>---- HI-Z -<<< it»)>---c.;- HI-Z -

I 
I 

!+-+!-: th(RP) 

.\ 

1+---+1- tau(VPP) , 
, 
I.-+Hh(VPP) , , 

Figure 8. Write-Cycle Timing (W-Controlled Write) 
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· TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Power Up Write Write valid Automated Write 
and Program-8etup Addra.. Byte/Word Rnd Stetu.. Read-Array 

Standby Command And Data Programming Reglater Blta Command 

:; ~ )("'-----'" 
14-- Ic(W) ----.I I 

11+4 --+1--111- tau(A) 

Vi .-r-\, ____ ....., 
tau(W) -.I l+

I 
I 

14-+1- lh(A) 

1/ 
'---+-ilj 

I 
I 
I 
I 
I 
I 
lOll Ic(E)OP ----+I 
I 

D~- j 
D07 Data , 

(byte '. c :alld SR r£ FFh 

::oe~- HI-Z >---- HI-Z ----«({ it2»---\.:;-- HI-Z -

D015 , I 
(word , 
wide) I' 1+14 -~t- tau(RP) I Jr --I~~trac(RPHE)/,..1 ---'---------...1.%-..... lh(Rp) 

IUS , I 

Vpp 

, 1.-.1- lh(VPP) 
14--+1- tau(VPP) I 
I I 

Figure 9. Write-Cycle Timing (!-Controlled Write) 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B- JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Power Up 
and 

Standby 

Write 
Eras..setup 
Command 

Write Erase
Confirm 

Command 

Automated 
Era.e 

~; ~ _____ -,XII-__ ~ 
I+- tc(W) ---.I 1 

1+1 .. ----+1---1-1 tau(A) 

oJ I 

j++I- ih(A) 
1 

1 
1 
1 tc(W)ERB 

Read Status
Register Bite 

v 
1 1+1"--- tc(W)ERP --+I 

1 tc(W)ERM 

w 
1 

O~- OOh 1 

Write 
Read-Array 
Command 

OQ7 1 
(byte 1 C. Valid SR r£ FFh 

;~~e~ _ HI-Z >---- HI-Z ---<({ ;»)>---~c.;- HI-Z -

OQts 11+ .. _-+1- I 
~o~ 1 I 
wide) i ~th(RP) 

j'.J/j_----J...----..----------.,.~-~-------- VIH 
RP J 1 1 

1 ~ th(VPP) 

Vpp 

7-138 

1+---.1- tau(VPP) 1 
1 1 

Figure 10. Erase-Cycle TIming (W-Controlled Write) 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Power Up Write WrIte E...... Automated Read Statu.. Write 
and Program..setup Confirm Eraea R.lllatar Blta Read-Array 

Standby Commend Commend Command 

:; ~ X.,. ___ _ 
I+-- tc(W) --+I 1 

I- "I 1 t.u(A) 
1 I+*- tt.(A) 

Vi J\. __ r\~, ~III 
t.U(W)-.I~ I' 1 1 

I ~1.-tt.(W) 1 I 
I . 1 1 I 
I I 1 I 
I 1 1 I 
I I I I tc(E)ERB 

1 1 I+--- tc(E)ERP ---+I 
tw(EH) I- "I 1 1 tc(E)ERM z o r---~ 1 

I DOh 
I I ~ 

DOG-DQ7 
(byr.wIda) 

DQO-DQ11 - HloZ 
(word wide) 

1 

1 [. valid SR ,..£ FFh :IE 
>---- HJ.z ~;») c;- HI-Z - a: 

I 0 ~1_-"""oI-l tr.c(RPHE) 
I 1'I..-..-~t.u(RP) 
I 1 

I I 
JiJiJ' 

Vpp 

I 
I 

~t.u(VPP) 
1 

I U. 

;1\~~ ~ 
I 0 
~tt.(VPP) Z 
1- -j .~ 

1IB~ 
Figure 11. Erase-Cycle nmlng (E-Controlled Write) 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 7-139 



» c 
~ z o m -z 
CS 
:JJ 
:s: 
~ o 
z 

TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B- JUNE 1994- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-A17 ~,",, _____ A_dd_re_"_Va_lId ______ .J~ 
I 1 
141 ... ------- leeR) ------+l~1 
1 

141 ... ---taCA) ---+l~1 
I 

"~--------~!------~Jf I I I 
1+1 ... --ta(E) --+l~1 I 
I I I 
I I I... ~I !dls(E) 
I I I 

G--------+l--~"'"" ___ _+!------J;r~--+!-----
I I I I I 
I I I I'" ~I !dls(G) 
I I I I I 
I !411 ... ---.... ~i- ta(G) I I 

--------------+I~ I I 
BYTE I \1 II /1 I 

I 1 1 . I I 
I I I lei- It!CD) 
I I I 1 
i4"1 ... -~ tau(EB) I 1 
I I 1 
I 

DQO-DQ7 ----- HI-Z ----11----+-1 -+------c 
I I 1 
I I I... ~I 
I I 1 
114-... -"1-1 IdeE) ~ 

HI-Z-

!dIG) 

I 1 
I ....,.,.... ...... 

DQ8-DQ14 ----HI-Z ----;----< >-----1------ HI.z -
I -W;"'-~ 

I I 
I I 
I+-- !d1.(BL) ---+j 

I Word DQ8-DQ14 

I 1 

DQ15/A_1 ---- HI-Z --------c(~«..,..-;""IIC/P-A--11-np-ut-----.)-- HI-Z -

Word DQ15 

7-140 

Figure 12. BYTE nming, Changing From Word-Wide to Byte-Wide Mode 
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TMS28F400BZT, TMS28F400BZB 
4194304·BIT BOOT·BLOCK FLASH MEMORY 

SMJS400B - JUNE 1994 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

AO-A17~ Addre .. Valid ~ 
I \ 
14 Ie(R) .\ 
1 
14 talA) ·1 

1 

) 1 A E 1 
1 1 

1 1 1 
j+-- talE) .1 1 
1 1 1 
1 1 14 ·1 tclls(E) 

1 1 1 
1 \ 

1 

A 1 
G 1 1 1 

1 1 1 1 
1 1 1 1 1 

1 1 .1 1 14 tclls(G) 

1 1 1 1 1 
I 14 .1 ta(G) 1 1 

1 j( 
1 I \ 1 1 

BYTE 1 1 1 1 

1 1 1 1 I 1 1 1 
1 1 1 1 14 ., 

I th(O) 
1 I 

, 
1 1 , 1 

14 ·1 1 tau(EB) 1 1 
I 1 1 1 1 
I 1 1 1 
1 I0Il1 1 
1 1 

OOO-OQ7 HI-Z HI·Z_ 
I 1 
I 1 , 
I 14 .1 tcI(G) 
I , 
14 ., tcI(E) 
I 

OQ8-0Q14 HI"z 

- ",,"-,,",,5;< 
»)r-HI.Z-

1 -DM';b 
OQ15/A_1~ A_1lnput »»-HI.Z-)- HI.Z 'it 

Figure 13. BYTE Timing, Changing From Byte-Wide to Word-Wide Mode 
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TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 

SMJS400B - JUNE 1984 - REVISED JUNE 1895 
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TMS27C256 262144-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC256 262144-BIT PROGRAMMABLE 

This Data Sheet is Applicable to All 
TMS27C256s and TMS27PC256s Symbolized 
With Code MB" as Described on Page 157. 

• Organization ••• 32K x 8 
• Single 5-V Power Supply 
• Pin Compatible With Existing 256K MOS 

RO.Ms, PROMs, and EPROMs 

• All Inputs/Outputs Fully TTL Compatible 

• Max Access/Min Cycle nme 

Vcc=10% 
'27C/PC256-10 
'27C/PC256-12 
'27C/PC256-15 
'27C/PC256-17 
'27C/PC256-20 
'27C/PC256-25 

100 ns 
120ns 
150ns 
170ns 
200ns 
250ns 

• Power Saving CMOS Technology 

• Very High-Speed SNAPI Pulse 
Programming 

• 308tate Output Buffers 
• 4OO-mV Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Unes 

• Low Power Dissipation (Vcc = 5~5 V) 
- Active ••• 165 mW Worst Case 
- Standby ••. 1.4 mW Worst Case 

(CMOS Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

• 256K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C256) 

description 

The TMS27C256 series are 262144-bit, ultra
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC256 series are 262144-bit, one
time electrically programmable read-only memo
ries. 

READ·ONLY MEMORY 

J AND N PACKAGES 
(TOP VlEW) 

Vpp VCC 
A12 27 A14 
A7 3 26 A13 
A6 25 AS 
AS 24 A9 
A4 6 23 A11 

A3 22 G 
A2 21 A10 
A1 E 
AO D07 

DOO 11 D06 
D01 DOS 
D02 D04 
GND D03 

A1 
AO 11 
NC 12 

DOO 13 

AO-A14 
000-007 
E 
~ 
GND 
NC 
NU 
VCC 
Vpp 

FMPACKAGE 
(TOP VlEW) 

NQ.:;:)O-tM 

!i::(::e-Z$>« 

0 AS 
A9 
A11 

NC 
G 
A10 

E 
D07 

21 D06 

1415 16 171819 20 

... NO:;:)M-tLl) 
OOZZOOO 
00e!) 000 

PIN NOMENCLATURE 

Address Inputs 
Inputs (programming)/Outputs 
Chip Enable/Powerdown 
Output Enable 
Ground 
No Internal Connection 
Make No External Connection 
5-V Power Supply 
13-V Power Supply 

1995 

Copyright C 1995. Texas Instruments Incorporated 
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TMS27C256 262144-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC256 262144-BIT PROGRAMMABLE 
READ-ONLY MEMORY 
SMLS256G - SEPTEMBER 1984 - REVISED JUNE 1995 

description (continued) 

7-144 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C256 and the 
TMS27PC256 are pin compatible with 28-pin 256K MOS ROMs, PROMs, and EPROMs. 

The TMS27C256 EPROM is offered in a dual-in-line ceramic package (J suffix) deSigned for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27PC256 OTP PROM is offered in a dual-in-line 
plastic package (N suffix) designed for insertion in mounting-hole rows on 15,2-mm (600-mil) centers. The 
TMS27PC256 OTP PROM is also supplied in a 32-lead plastic leaded chip-carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix). 

The TMS27C256 and TMS27PC256 are offered with two choices of temperature ranges of O·C to 70·C (JL, 
NL, and FML suffixes) and - 4O·C to 85·C (JE, NE, and FME suffixes). The TMS27C256 and the TMS27PC256 
are also offered with 168-hour burn-in on both temperature ranges (JL4, FML4, JE4, and FME4 suffixes); see 
table below. 

All package styles conform to JEDEC standards. 

SUFFIX FOR OPERATING SUFFIX FOR PEP4 
EPROM AND TEMPEAATURE RANGES 168-HR.BURN-IN 
OTPPROM WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 

O·CT070·C - 4O·C TO 85·C O·CTO 70·C - 4O·C TO 85·C 

TMS27C256-XXX JL JE JL4 JE4 

TMS27PC256-XXX NL NE NL4 NE4 

TMS27PC256-XXX FML FME FML4 FME4 

These EPROMs and OTP. PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 13-V supply is needed for programming. All programming signals 
are TTL level. These devices are programmable by the SNAPI Pulse programming algorithm. The SNAPI Pulse 
programming algorithm uses a Vpp of 13 V and a Vee of 6.5 V for a nominal programming time of four seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations can be 
programn:'led singly, in blocks, or at random. 
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operation 

TMS27C256 262144-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC256 262144·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS256G -SEPTEMBER 1984 - REVISED JUNE 1985 

The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (13 V for SNAPI Pulse), and 12 V on A9 for the signature 
mode. 

FUNCTION 

E 

G 
Vpp 

Vee 

AS 

AD 

DQO-DQ7 

t X can be VIL or VIH. 
*VH .. 12V:t:O.5V. 

READ 

VIL 

VIL 

Vee 

Vee 

x 
X 

Data Out 

read/output disable 

MODEt 

OUTPUT 
STANDBY PROGRAMMING DISABLE 

VIL VIH VIL 

VIH X VIH 

Vee Vee Vpp 

Vee Vee Vee 

X x x 
X X X 

Hi-Z Hi-Z Data In 

VERIFY 
PROGRAM SIGNATURE 

INHIBIT MODE 

VIH VIH VIL 

VIL X VIL 

Vpp Vpp Vee 

Vee Vee Vee 

x X VH* 1 VH* 
X X VIL l VIH 

eODE 

Data Out Hi-Z MFG I. DEVleE 

97 I 04 

When the outputs of two or more TMS27C256s or TMS27PC256s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the co.!!1peti~ outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins 000 through 007. 

latchup Immunity 

Latchup immunity on the TMS27C256 and TMS27PC256 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performance or packing density. 

power down 

Active IcC supply current can be reduced from 30 mA to 500 !lA (TTL-level inputs) or 250 !lA (CMOS-level 
inputs) by applying a high TTL or CMOS Signal to the E pin. In this mode all outputs are in the high-impedance 
~. ' 

erasure (TMS27C256) 

Before programming, the TMS27C256 EPROM is erased by exposing the chip through the transparent lid 
to a high intensity ultraviolet light (wavelength 2537 A). EPROM erasure before programming is necessary to 
assure that all. bits are. in the logic high state. Logic lows are programmed into the desired locations. A 
programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose (UV 
intensity)( exposure time) is 15-Wos/crrIJ.. A typical 12-mW/cm2, filterless UV lamp erases the device in 21 
minutes. The lamp should be located about 2.5 em above the chip during erasure. It should be noted that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS27C2f?6, the window 
should be covered with an opaque label. 
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Initializing (TMS27PC256) 

The one-time programmable TMS27PC256 PROM is provided with all bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAPI Pulse programming 

The 256K EPROM and OTP PROM are programmed using the TI SNAPI Pulse programming algorithm 
Illustrated by the flowchart in Figure 1, which programs in a nominal time of four seconds. Actual programming 
time varies as a function of the programmer used. 

Data is presented in parallel (eight bits) on pins 000 to 007. Once addresses and data are stable, E is pulsed. 

The SNAPI Pulse programming algorithm uses initial pulses of 100 microseconds (J.IS) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-J.IS 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp == 13 V, Vee = 6.5 V, G = VIH, and E = VIL' More than one device 
can be programmed when the devices. are connected in parallel. Locations can be programmed in any order. 
When the SNAPI Pulse programming routine is complete, all bits are verified with Vee = Vpp = 5 V. 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 

program verify 

Programmed bits can be verified with Vpp = 13 V when G = VIL and E= VIH' 

signature mode 

7-148 

The signature mode provides access to a binary code Identifying the manufacturer and type. This mode is 
activated when A9 is for~ to 12 V:t 0.5 V. Two identifier bytes are accessed by AO; i.e., AO = VIL accesses 
the manufacturer code, which is output on 000-007; AO = VIH accesses the device code, which is output on 
000-007. All other addresses must be held at VIL' The manufacturer code for these devices is 97, and the 
device code Is 04. 
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Increment Add ..... 

Vea 

. Davlce Failed 

Figure 1. SNAPI Pulse Programming Flowchart 
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logic symbolt 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 
A14 

10 
9 
8 
7 
6 
5 
4 
3 

25 
24 
21 
23 
2 

26 
27 

20 

T " 22 ---;:-

o , EPROM 
32768x8 

AV 
AV 

0 AV 
A 32767 AV 

AV 
AV 
AV 
AV 

14 

[PWRDWNI 

~ EN 

AO 
A1 
A2 

10 
9 
8 

11 
12 
13 
15 
16 
17 
18 
19 

A3 
A4 

DOO AS 
D01 A6 
002 A7 
D03 A8 
DQ4 AS 
D05 A10 
DQ6 A11 
D07 A12 

A13 
A14 

7 
6 
5 
4 
3 

25 
24 
21 
23 
2 

26 
27 

E 

G 

20 

T " 
22 ~ 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for J and N packages. 

o , OTPPROM 
32768x8 

0 
A 32767 

14 

[PWRDWNI 

~ EN 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

11 
12 
13 
15 
16 
17 
18 
19 

DOO 
D01 
DQ2 
D03 
D04 
D05 
D06 
D07 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp ......................................................... -0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 ............................................... -0.6 V to 13.5 V 
Output voltage range (see Note 1) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range ('27C256-__ JL and JL4, '27PC256-__ NL, NL4, FML, 

and FML4) ...................................... 0° C to 70°C 
Operating free-air temperature range ('27C256-__ JE and JE4, '27PC256-__ NE, NE4, FME, 

and FME4) ....•............................... - 40° C to B5°C 
Storage temperature range, Tstg •••....••....••.•••••••••••••.•.•.••..•.......••.• -65°C to 150°C 

* Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These ~e stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions 
MIN NOM MAX UNIT 

Read mode (see Note 2) 4.5 5 5.5 
VCC Supply voltage V 

SNAPI Pulse programming algorithm 6.25 6.5 6.75 

Read mode Vee-0•6 VCC+0.6 
Vpp Supply voltage V 

SNAPI Pulse programming algorithm 12.75 13 13.25 

TTL 2' VCC+1 
VIH High-level dc Input voltage V 

CMOS Vee- 0.2 VCC+1 

TTL -0.5 0.8 
VIL Low-level de Input voltage V 

eMOS -0.5 0.2 

'27C256-__ JL, JL4 
TA Operating free-air temperature '27PC256-__ NL, NL4, 0 70 ·C 

FML, FML4 

'27C256-__ JE, JE4 

TA Operating free-alr temperature '27PC256-__ NE, NE4, -40 85 ·C 
FME,FME4 

NOTE 2: VCC must be applied before or atthe same time as VPP and removed after or at the same time as Vpp. The device must not be Inserted 
into or removed from the board when Vpp or Vcc is applied. 

electrical characteristics over recommended ranges of operating conditions 
PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

IOH,,-2.5mA 3.5 
VOH High-level dc output voltage V 

10H =-2011A VCC- 0.1 

IOL-2.1 mA 0.4 
VOL Low-level dc output voltage V 

10L= 20 IIA 0.1 

II Input current (leakage) VI = 0 V to 5.5 V :1 IIA 
10 Output current (leakage) VO=OVtoVCC :1 IIA 
IpP1 Vpp supply current Vpp "VCC .. 5.5V 1 10 IIA 
IpP2 Vpp supply current (during program pulse) Vpp .. 13V 35 50 mA 

VCC supply current 1 TTL-input level VCC- 5•5V, E.VIH 250 500 
ICCl (standby) I CMOS-Input level VCC,,5.5V, E=Vce 100 250 

IIA 

Vcc = 5.5 V, E=VIL, 
ICC2 Vcc supply current (active) !cycle" minimum cycle time, 15 30 mA 

outputs open 

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

PARAMETER TEST CONDITIONS 

CI Input capacitance VI"O, f: 1 MHz 

Co, Output capacitanca VO"O, f= 1 MHz 

t TYPical values are at TA .. 25·C and nominal voltages. * Capacitance measurements are made on a sample basis only. 
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6 10 pF 

10 14 pF 
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.wltchlng charact.rlstlc. ov.r recomm.nded rang. of operating conditions 
'27C256-10 '27C256-12 

PARAMETER 
TEST CONDITIONS '27PC258-10 '27PC256-12 

(SEE NOTES 3 AND 4) 
MIN MAX MIN MAX 

taoo ' .... time from address 100 120 

tatE! AGC8sa time from chip enable 100 120 

tenCG). 'Qttput enable time from ~ CL-l00pF, 55 55 
.,'. 
:~ disable time from GorE, whichever 

1 SerIee 74 TTL Load, 

tells Input tr " 20 ns, 0 45 0 45 
oCcurs flrstt . Input tt " 20 ne 

tv(A); 
Output data valid time after change Of 
~dress, E, or G, whichever occurs flrstt 0 0 

TEST CONDmONS 
'27C256-17 '27(:258-20 

PARAMETER '27PC256-17 '27PC256-20 
(SEE NOTES 3 AND 4) 

MIN MAX MIN MAX 

taCA) Access time from address 170 200 

lalEl Access time from chip enable 170 200 

tenCGI Output enable time from ~ CL-l00pF, 75 75 

Output disable time from GorE, whichever 
1 Series 74 TTl. Load, 

tells Input tr " 20 ns, 0 60 0 60 occurs flrstt Input If " 20 ns 

tv(A) 
Output data valid time after change Of 
address, E, or~, whichever occurs flrstt 0 0 

t value calculated from 0.5 V delta to measured level. ThIS parameter Is only sampled and not 100% tested. 

'27C256-15 
'27PC256-15 UNIT 
MIN MAX 

150 ns 

150 ns 

75 ns 

0 60 ns 

0 ns 

'27C256-25 
'27PC256-25 UNIT 
MIN MAX 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 ns 

switching charact.rl.tlcs for programming: Vee = 6.50 V and Vpp = 13 V (SNAPI Pulse), TA = 25°C 
( •••. Not.3) 

PARAMETER MIN MAX UNIT 

tellsli) Output disable time from G 0 130 ns 

tenc<I. ()utput enable time from G - 150 ns 

NOtO: 3. For aJl8Wltchlng characteristics the Input pulee levels 81'S 0.4 V to 2.4 V. liming measurements are made at 2 V for logiC high and 
0.8 V for logic low). (Referenca page 9.) . 

4. Common test oondltlons apply for the tcIJs except during programming. 

r.comm.nd.d timing requlrem.nts tor programming: Vee = 6.5 V and Vpp = 
TA = 25°C (s •• Not. 3) 

MIN NOM MAX 

'hCAI Hold time, address . 0 

thlD} Hold time, data 2 

\wIIPGMl Pulsedu~n,mWalprogram 95 100 105 

lsuCAl Setup time, address 2 

lsuCGI Setup time, G 2 

lsuIEl Setup time, ! 2 

lsulDl Setup time, data 2 

lsuCVPPl Setup time, Vpp 2 

lsu(VQC) Setup time, Vee 2 

13 V, 

UNIT 

J.IS 

J.IS 

J.IS 

J.IS 

J.IS 

J.IS 

J.IS 

J.IS 

J.IS 
NOres:· FOr aU 8Wltchlng characteristics the Input pulse JeveIs 81'S 0.4 V to 2.4 V. liming measurements are made at 2 V for logic high and 

0.8 V for logic low). (Referenca page 9.) 
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PARAMETER MEASUREMENT INFORMATION 

Output 
Under Te.t 

2.08 V 

----i RL - 800 g 

T CL-100pF 
':' (H. Note A) 

NOTE A: CL includes probe and fixture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

2.4¥--~V 

'--_--JA ;.: v 0.4 v- o.!~X~ __ 
A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

---y,......------------:s ,.------- VIH 
AO-A14 --"t Addre .... valld {<'-_______ VIL 

I 
\ lifr<-, ----- VIH 

~I -----------"'!I I VIL 

~ te(E) ----.II I I ----!o---_ I ,1------- v 

\ I rr v:: ~ ten(G) ~ \ l.-Idl. ~ 
11411111--.---.--te(A) ~ ty(A) 1II1II ~I I 

DQO-DQ7 HI,z ---<<<<<<<<< Output valid )))»>- HI·Z - ::: 

Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

I~ Program .I~ Verify .1 
I 

--+-- : 
AO-A14 X X Address VIH 

N+1 V 
I I IL 
~ 14- tau(A) 1 I+-lh(~ -+I 

D_+d~ ( ~~-. 
1 

DQO-DQ7 }-HI.z+-{ 

1 I 1 1 
~tau(D) I 1 1 tcIls(G)t~ 

1 I 1 1 1 
Vpp ----1! 1 I 1 1 

1 1 I 1 1 

~tau(VPP) 1 1 1 
1 1 1 

--.A : I 1 1 
Vee 

1 1 1 
i+---* tau(Vee) 1 1 1 

~.tsU(E) l~ ·1 th(D) 1 1 
1 1 

V 
1 

!~ .: 
1 

I I E 1 ten(G)t : 
I I I 1 

1w(IPGM) +i 14- I+- teu(G) -+: 1 1 
1 \l ! G 

t tcIis(G) and ten (G) are characteristics of the device but must be accommodated by the programmer 
:I: 13-V Vpp and 6.5-V Vee for SNAPI Pulse programming 

Figure 4. Program-Cycle Timing (SNAPI Pulse Programming) 

~1ExAs 
INSTRUMENTS 

7-152 POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

VIH/VOH 

VIL/VOH 

Vpp:l: 

Vee 

Vee:l: 

Vee 
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This data sheet is applicable to all TI TMS27C256 CMOS EPROMs and TMS27PC256 CMOS OTP PROMs 
with the data sheet revision code "8" as shown below. 

10nCode Data Sheet Revla 
Wafer Fab Code 
Ole Revlalon Cod 
Aaaembly Site Cod 
Vear of Manufact 
Month of Manuf. 

e 
e 

ure 
ctu 

B 

0 

TIFML 
TMS27PC256 

LXPYY~ 

10nCode Data Sheet Revla 
Wafer Fab Code 
Ole Revlalon Cod 
Aaaembly Site C 
Vear of Manufac 
Month of Manufa 

e 
ode 
ture 
cture 
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TYPICAL TMS27C/PC256 CHARACTERISTICS 

~ 1.50 
:::I 

(,) 

~ 1.25 
CI._ 

~i 
>- ii 1.00 
€I !§ 
c 0 
M ~ 0.75 
I 

0.50 

I 

STANDBY SUPPLY CURRENT 
V8 

FREE-AIR TEMPERATURE 

VCC .. 5V 
....... 

....... 

'" r-..... ......... r---.. r--.. ~ 

j 1.50 

~ 1.25 
8:1' a::t 
>- • 1.00 
€I !§ 
C 0 

M ~ 0.75 
I 

0.50 

STANDBY SUPPLY CURRENT 
V8 

SUPPLY VOLTAGE 

TA~25.CI V 

V 
V 

./ 
,/' 

/ 

-75 -aI -25 0 25 50 75 100 125 4.25 4.5 4.75 5 5.25 5.5 5.75 

'E 1.50 

~ 
:::I i i 1.25 

o i 1.00 
I !§ 
ti 0 
c( ~ 0.75 
I 

0.50 

TA - Free-Air Temperature - ·C 

ACTIVE SUPPLY CURRENT 
V8 

FREE-AIR TEMPERATURE 

Vcc· 5V 
"",,-

"' .......... ....... -..... 
"""" ~ --

~ 1.50 

:::I 
(,) 
~ 1.25 

~f 
0-
• iiE 1.00 
~ a-
ti 0 i ~ 0.75 

Vcc - Supply Voltage - V 

ACTIVE SUPPLY CURRENT 
V8 

SUPPLY VOLTAGE 

I I 
TA .. 25·C 

r- til: Max 

~ 
~ 

~~ 
V 

-

...--

-75 -aI -25 0 25 50 75 100 125 
0.50 

4.25 4.5 4.75 5 5.25 5.5 5.75 

1.50 

~ 1.25 

~f § ii 1.00 
c( !§ 
I 0 
• ~ 0.75 .. 

0.50 

TA - Free-Air Temperature - "C 

ACCESS TIME 
V8 

FREE-AIR TEMPERATURE 

VCC=5V 

V ~ ./ 

V V 
.." 

, 

V 
1.50 

• 
~ 1.25 

-I J 11•00 

I 0 
• ~ 0.75 .. 

0.50 

Vcc - Supply Voltage - V 

ACCESS TIME 
va 

SUPPLY VOLTAGE 

II 
TA=25·C 

....... 
~ r-.-. 

-75 -aI -25 0 25 50 75 100 125 4.25 4.5 4.75 5 5.25 5.5 5.75 
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TA - Free-Air Temperature _·C 
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TMS27PC510 524288-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

• Organization ••• 64K x 8 

• Single 5-V Power Supply 
• Pin Compatible With existing 1 Meg MOS 

ROMs, PROMs, and EPROMs 

• Alllnputs/Outputs Fully TTL Compatible 

• Max Access I Min Cycle Times 

VCC:t 10% 
'27C51G-12 120 ns 
'27C/PC51G-15 150 ns 
'27C/PC51G-17 170 ns 
'27C/PC51 0-20 200 ns 
'27C/PC510-25 250 ns 

• Power Saving CMOS Technology 

• Very High Speed SNAPI Pulse 
Programming 

• 3-State Output Buffers 
• 400 mV Guaranteed DC Noise Immunity 

With Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation (Vcc = 5.5 V) 
- Active ••• 165 mW Worst Case 
- Standby • • • 1.4 mW Worst Case 

(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 

, Temperature Range 

• 512K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C510) 

description 

The TMS27C510 series are 524288-bit, ultra
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC510 series are 524288-bit, one
time electrically programmable read-only 
memories. 

These devices are fabricated using power saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pull-up resistors. Each output can drive one 
Series 74 TTL circuit without external resistors. 

A7 

A6 

A2 

SMLS51 08- AUGUST 1990 - REVISED JUNE 1995 

J AND N PACKAGES 
(TOP VIEW) 

Vpp 1 

NC 
A15 

A5 7 
A4 8 
A3 9 

A2 
A1 11 

AO 

DOO 
D01 

D02 

GND 

VCC 
NC 
NC 
A14 
A13 
AS 
A9 
A11 
G 
A10 
E 
D07 

D06 

D05 

D04 

D03 

FMPACKAGE 
(TOP VIEW) 

~~oa.°oo 
«z~:$'zz 
4 3 2 1 3231 30 

o 

A1 11 

AO 12 

A14 
A13 

A8 
A9 
A11 
G 
A10 
E 
D07 000 13 

AO-A15 
E 
000-007 
G 
GND 
NC 
VCC 
Vpp 

1415 16 171819 20 

PIN NOMENCLATURE 

Address Inputs 
Chip Enable 
Inputs (programming)/Outputs 
Output Enable 
Ground 
No Internal Connection 
5·V Power Supply 
12-13 V Power Supply 

Copyright C 1995. Texas Instruments Incorporated 
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description (continued) 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C51 0 and the 
TMS27PC510 are pin compatible with 32-pin 1-megabit MOS ROMs, PROMs, and EPROMs. 

The TMS27C510 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27C510 is available with two choices of 
temperature ranges of O°C to 70°C (JL suffix) and - 4Q°C to 85°C (JE suffIX). The TMS27C51 0 is also offered 
with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table belOW.) 

The TMS27PC510 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27PC510 is also supplied in a 32-lead plastiC 
leaded chip-carrier package using 1,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC510 is specified 
for operation from O°C to 70°C, and - 40°C to 85°C. 

All package styles conform to JEDEC standards. 

SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 168-HR. BURN-IN 

EPROM WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 

O·CTO 70·C - 4O·C TO as·c O·CT070·C - 40°C TO 8S·C 

TMS27CS10-XXX JL JE JL4 JE4 

TMS27PC510-XXX NL, FML NE. FME - NE4, FME4 

These EPROMs and PROMs operate from a Single 5-V supply (in the read mode), thus are ideal for use in 
microprocessor-based systems. One other (13-V) supply is needed for programming. All programming signals 
are TTL level. These devices are programmable by a SNAPI Pulse programming algorithm. The SNAPI Pulse 
programming algorithm uses a Vpp of 13.0 V and a Vee of 6.5 V for a nominal programming time of seven 
seconds. For programming outside the system, existing EPROM programers can be used. Locations can be 
programmed singly, in blocks, or at random. 

operation 

The seven modes of operation are in the following table. Read mode requires a single 5-V supply. All inputs are 
TTL level except for Vpp during programming (13.0 V for SNAPI Pulse), and 12 V on A9 for the signature mode. 

FUNCTION 
READ 

E V,L 

G V,L 

Vpp Vec 

Vcc Vec 

AS X 

AO X 

DQO-DQ7 Data Out 

tx can be ViL orV,H. 
*VH" 12 V :to.5 V. 

7-156 

OUTPUT 
DISABLE 

V,L 

V,H 

Vcc 

Vcc 

X 

X 

Hi-Z 

MODEt 

STANDBY PROGRAMMING 

V,H V,L 

X V,H 

Vcc Vpp 

Vcc Vcc 

X X 

X X 

Hi-Z Data In 

~TEXAS 
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V,H 

V,L 

Vpp 

VCC 

X 

X 

Data Out 
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PROGRAM SIGNATURE 
INHIBIT MODE 

V,H V,L 

,x V,L 

Vpp Vec 

Vcc Vcc 

X VH* I VH* 

X V,L I V,H 

CODE 

Hi-Z MFG I DEViCE 

97 I 15 



read/output dlsabl.e 
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When the outputs of two or more TMS27C51 Os or TMS27PC51 Os are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the c0.!!lpeti~ outputs 
of the other devices. To read the output of a Single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins 000 to 007. 

latchup Immunity 

Latchup immunity on the TMS27C510 and TMS27PC510 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the EPROM 
is interfaced to industry standard TIL or MOS logic devices. Input/output layout approach controls latchup 
without compromising performance or packing denSity. 

powerdown 

Active ICC current can be reduced from 30 mA to 500 JAA by applying a high TIL input on E and to 1 00 JAA by 
applying high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C510) 

Before programming, the TMS27C510 EPROM is erased by exposing the chip through the transparent lid to 
high intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
)( exposure time) is 15-W s/cm2. A typical 12-mW /cm2, filterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. It should be noted that normal ambient light 
contains the correct wavelength for erasure. Therefore, when using the TMS27C510, the window should be 
covered with an opaque label. After erasure (all bits in logic 1 state), logic Os are programmed into the desired 
locations. A programmed zero can be erased only by ultraviolet light. 

Initializing (TMS27PC510) 

The one-time programmable TMS27PC510 PROM is provided with all bits in logic 1 state, then logic Os are 
programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 

SNAPI Pulse programming 

The 512K EPROM and PROM can be programmed using the TI SNAPI Pulse programming algorithm as 
illustrated by the flowchart in Figure 1, which can reduce programming time to a nominal 7 seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses initial pulses of 100 microseconds (j.ts) followed bya byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-I1S 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13.0 V, Vee = 6.5 V, G = VIH, and E = VIL' Data is presented 
in parallel (eight bits) on pins 000 to 007. Once addresses and data are stable, E is pulsed. 

More than one device can be programmed when the. devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP I Pulse programming routine is complete, all bits are verified with 
Vee = Vpp = 5 V. 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 

program verify 

Programmed bits can be verified with Vpp = 13.0 V when G = VIL and E = VIH' 

~TEXAS 
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"gnature mode 

7-158 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V:i: 0.5 V. Two identifier bytes are accessed by AO; i.e., AO = VIL accesses 
the manufacturer code which is output on 000-007; AO = VIH accesses the device code which is output on 
000-007. All other addresses must be held at VIL. The manufacturer code forthesa devices is 97, and the 
device code is 15. . 
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READ-ONLY MEMORY 
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Increment Address 

Device Failed 

Figure 1. SNAPI Pulse Programming Flowchart 
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logic symbolst 

AO 12 
EPROM 65 536 x 8 

AO 12 
PROM 65 536 x 8 

A1 11 0 A1 11 0 

A2 10 A2 10 

A3 9 A3 9 
A4 8 A4 8 

A5 7 AV 13 OQO AS 7 AV 13 OQO 
A8 8 AV 14 OQ1 A8 8 AV 14 OQ1 

5 AV 15 OQ2 5 AV 15 OQ2 A727 0 A727 0 
A 65535 17 OQ3 A 65535 17 OQ3 AS AV A8 26 AV 

A9 26 AV 18 DQ4 A9 AV 18 OQ4 
Al0 23 AV 19 OQ5 Al0 23 AV 19 OQ5 
All 25 OQ8 All 25 20 OQ8 4 AV 4 AV 

. A12 28 AV 21 OQ7 A12 28 AV 21 OQ7 
A13 29 A13 29 
A14 3 A14 3 
A12 2 A1.,! 2 

E E 

EN EN 

tThese symbols are In accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
J and N packages illustrated. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltage range, Vee (see Note 1) ............................................. - 0.6 V to 7 V 
Supply voltage range, Vpp (see Note 1) .........................................•.. - 0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except A9 ................................ - 0.6 V to 6.5 V 

A9 ...............................•.............. - 0.6 V to 13.5 V 
Output voltage range (see Note 1) ............................................ - 0.6 V to Vee + 1 V 

Operating free-air temperature range ('27C510- __ JL and JL4; 
'27PC510- __ NL, FML, NE, and FME) .............. O·C to 70·C 

Operating free-air temperature range ('27C510- __ JE, JE4, NE4, and FME4) ........... - 40·C to 85·C 
Storage temperature range, Tstg .................................................. - 65·C to 150·C 

* Stresses beyond those listed under "absolute maximum rs.lings· ms.y cause permanent damage to the device. These are stress ratings only, and 
functions.1 operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
Implied. Exposure to absOlute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum retings. voltage values are with respect to GND. 
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recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 
Read mode (see Note 2) 4.5 5 5.5 

V 
SNAPI Pulse programming algorithm 6.25 6.5 6.75 

Read mode Vee- 0.6 Vec+0.6 
VPP Supply voltage V 

SNAPI Pulse programming algorithm 12.75 13 13.25 

High-level dc Input voltage 
TTL 2 VCC+1 

VIH V 
CMOS VCC-0.2 VCC+l 
TTL -0.5 0.8 

VIL Low-level dc Input voltage V 
CMOS -0.5 0.2 

TA Operating free-alr temperature (see Table, page 2) ·C 

NOTE 2: Vcc must be applied before or at the same time as VPP and ramoved after or at the ssme time as Vpp The device must not be Inserted 
Into or removed from the board when Vpp or Vcc is applied. 

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

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

10H =-2.5 mA 3.5 
VOH High-level output voltage V 

10H = -20 fIA VCC-0.1 

VOL Low-level output voltage 
IOL=2.1 mA 0.4 

V 
10L=20 fIA 0.1 

II Input current ~eakage) VI = 0 Vto 5.5 V :1:1 fIA 
10 Output current (leakage) VO=OVtoVCC :1:1 fIA 
IpP1 Vpp supply current Vpp "Vec =5.5 V 1 10 fIA 
IpP2 Vpp supply current (during program pulse) Vpp=13V 35 50 mA 

ICC1 Vec supply current (standby) 
I TTL-input level VCC = 5.5 V, ..... E =VIH 250 500 

I CMOS-input level Vcc = 5.5 V, E=VCC 100 250 
fIA 

Vcc = 5.5 V, E=VIL, 
ICC2 Vcc supply current (active) Icycle = minimum cycle time, 15 30 mA 

outputs open 

t Typical values are at TA = 25·C and nominal voltages. 

capacitance over recommended ranges of supply voltage and operating free·air temperature, 
f= 1 MHz* . 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

el Input capacitanca VI .. 0 V, 1= 1 MHz 6 10 pF 

Co Output capacitance VO.OV, f=l MHz 10 14 pF 

t Typical values are at T A = 25·C and nominal voltages. * Capacitance measurements are made on ssm pie basis only. 
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switching characteristics over recommended ranges of operating conditions 

TEST CONDmONS 
'27C51o.12 

PARAMETER '27PC11o.12 
(SEE NOTES 3 AND 4) 

MIN MAX 

taw Access time from addreea 120 

talEl Access time from chip enable CL -100 pF, 120 

tan(GI Output enable time from G 1 Ser\ee 74 TTL Load, 55 

tells Output disable time from G or E, whichever occurs ftrstt Input tr " 20 n8, 0 45 

Output data valid time after change of address, E, or G, Input 1t " 20 118 

ty(A) whichever occurs ftrstt 0 

TEST CONDmoNS 
'27C51o.17 '27CII10-20 

PARAMETER '27PC11o.17 '27PC51 CI-2O 
(SEE NOTES 3 AND 4) 

MIN MAX MIN MAX 

ta(A) Access time from addreea 170 200 

talE) Access time from chip enable 170 200 

tan (G) Output enable time from G CL-100pF, 75 75 1 Series 74 TTL Load, 

tells 
Output disable time from GorE, Input tr " 20 ns, 0 80 0 80 whichever occurs ftrstt Input tf " 20 ns 

ty(A) 
Output data valid time after change of 
address, E, or G, whichever occurs firstt 0 0 

t Value calculated from 0.5 V delta to measured output leval. This parameter Is only sampled and not 100% tested. 

'27C51o.15 
'27PC51o.15 UNIT 
MIN MAX 

150 ns 

150 ns 

75 n8 

0 eo n8 

0 n8 

'27C111o.211 
'27PC51O-25 UNIT 
MIN MAX 

250 ns 

250 n8 

100 ns 

0 60 ns 

0 ns 

switching characteristics for programming: Vee = 6.5 V and Vpp = 13.0 V (SNAPI Pulse), TA = 25°C 
(see Note 3) 

PARAMETER MIN MAX UNIT 

tells(GI Output disable time from G 0 130 n8 

ten(GI Output enable time from G 150 n8 

recommended timing requirements for programming, Vee = 6.5 V and Vpp = 13.0 V (SNAPI Pulse), 
TA = 25°C (see Note 3) 

MIN NOM MAX UNIT 

tw(PGMl Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 f.III 

tsu(A) Setup time, address 2 f.III 

tsu(GI Setuptlme,G 2 f.III 

tsu(E) Setup time, E 2 f.III 

tsulOI Setup time, data 2 f.III 

tsuNPPI Setup time, Vpp 2 j.LS 

tsu(vCCI Setup time, VCC 2 f.III 
theA) Hold time, addreea 0 f.III 

1h(DI··. Hold time, data 2 f.III 
NOTES: 3. For all switching cheractarlstlcs, the Input pulse levels ara 0.4 V to 2.4 V. TIming measurements ara made et 2 V for logic 1 and 

0.8 V for logic O. (Reference page 9.) 
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4. Common test conditions apply for the tells except during programming. 
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PARAMETER MEASUREMENT INFORMATION 
2.08 V 

u..:.-=--1 ... · ... · 
T CL-1OOpF 
':' (8ft Note A) 

NOTE A: CL Includes probe and fixture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

AC testing inputs are driven at 2.4 V for logiC high and 0.4 V for logic iow. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

x X VIH 
AO-A115 Addre .. valld 

I I 
VIL 

14 la(A) .1 I 

\ 
1 

11 VIH 
E 1 

I VIL 
I 1 I I 
I+-- la(E) ---+j I I 

\ 
1 I I VIH 

G 1 V! 1 VIL 

I+-lan(G) ~ I I+-ldla-+l 
'v(A) I~.I I 

DQO-DQ7 HI-Z «««« outputYalid ))))} HI·Z - ::: 

Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

14 V.rIfy~ 
14 Program ~I I 1 

--~ :x VIH =x Add,... 
AO-A15 N+1 

VIL 1 ~"'lAj -.l ~teu(A) I 

~ + .. - I 

"9"f 
VIH/VOH 

)-H1-{ 
DQO-DQ7 

VILIVOL 
I I I 

fclla(G)t I4---+r teu(D) I I I 14 ~I 
I I I I I Vpp* . 

--..AI I Vpp I I I I I I I Vee 
i+--+j- teu(vpP) I I I 

I 

--..I! I 
I I I vee* 

Vee I I I 
I I I I I Vee 

teu(VeC)·~ ~ I+- "'(0) 
I I 

I' I 
I I 

j4-+!- teu(E) I I I I 

.~ 
14 

I I VIH 
E ! I I 

~I Iteu(G) 1 J VIL 

14 ~I 
1 

tw(pGM) I I 14 ~lten(G) . 

\l 1 I: VIH 
G 

VIL 

t fclis(G) and ten(G) are characteristics of the device but must be eccommodated by the programmer. 
* 13.0-V Vpp and B.S-V Vee for SNAPI Pulsa programming 

Figure 4. ProgramoCycle Timing 
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Wafer Fab Code 
Ole Revlalon Code 
Aaaembly Site Cod 
Vear of Manufacture 
Month of Manufact 

e 

u 
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READ·ONLY MEMORY 
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0 

'" TI FML r--.... 
TMS27PC510 

L X P YV WW -- -

e 

Wafer Fab Code 
Ole Revision Code 
Aaaembly Site Cod 
Vear of Manufactu 
Month of Manufac 

re 
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TYPICAL TMS27C/POC510 CHARACTERISTICS 

J 1M 

i 11.25 
i 1.00 
l' 

~ ~75 

STANDBY SUPPLY CURRENT 
va 

FREE-AIR TEMPERATURE 

Vcc-5.0V 
....... 

....... 
r--....... r--..... -.... r--~ -

_8 ~50 
-75 -10 .... o 25 50 75 100 125 

'E 1.50 

r i 11.25 

rn 11.00 

i ~75 
~ ~50 

TA -F .... -Alr Temperature-DC 

ACTIVE SUPPLY CURRENT 
va 

FREE·AIR TEMPERATURE 

VCC -5.0V ' .... ......... 
............ 
~ 
~ --~ -

-75 -10 -45 0 25 50 75 100 125 

0.50 

TA-Free-Alr Temperature-DC 

ACCESS TIME 
va . 

FREE·AlR TEMPERATURE 

Vcc-5.0V 

,........ ...-
.-'" 

,........ ~ 
",. 

V 

-75 -10 -45 0 25 50 75 100 125 

TA-Free-Alr Temperature-"C 
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1.50 

1.25 

1.00 

0.75 

STANDBY SUPPLY CURRENT 
va 

SUPPLY VOLTAGE 

TA_25DC V 
l/ V 

./ 
/' 

", 

~4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc-Supply Voltage-V 

1.50 

1.25 

1.00 

~75 

~ 

. ACTIVE SUPPLY CURRENT 
va 

SUPPLY VOLTAGE 

TA_25DC 
t_MAX 

V .--
~ 

/ V 
,. 

4.25 4.5 4.75 5.0 5.25 5.5 

1.50 

1.25 

1.00 

~75 

~ 

Vee-Supply Voltage-V 

ACCESS TIME 
va 

SUPPLY VOLTAGE 

TA_25DC 

...... 
........... r-..... 

4.25 4.5 4.75 5.0 5.25 5.5 5.75 

Vce-Supply Voltage-V 
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READ-ONLY M~I~nJ:IV 

This Data Sheet is Applicable to All 
TMS27C512s and TMS27PC512s Symbolized 
with Code "8-as Described on Page 182. 

• Organization ••• 64K x 8 
• Single 5-Y Power Supply 
• ,Pin Compatible With Existing 512K MOS 

ROMs, PROMs, and EPROMs 

• All Inputs/Outputs Fully TTL Compatible 
• Max AccessIMln Cycle Time 

Yee::t10% 
'27C/PC512-10 100 ns 
'27C/PC512-12 120 ns 
'27C/PC512-15 150 ns 
'27C/PC512-20 200 ns 
'27C/PC512-25 250 ns 

• Power Saving CMOS Technology 
• Yery High-Speed SNAPI Pulse 

Programming 

• 3-State Output Buffers 
• 400-mY Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation (Yee = 5.25 Y) 
- Active ••• 158 mW Worst Case 
- Standby ••. 1.4 mW Worst Case 

(CMOS Input Levels) 

• PEP4 Yerslon Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

• 512K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C512) 

description 

The TMS27C512 series are 524288-bit, ultra
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC512 series are 524288-bit, one
time electrically programmable read-only memo
ries. 

A6 
AS 
A4 
A3 
A2 
Al 
AO 
NC 

000 

AO-A1S 
E 
DQO-DQ7 
G/Vpp 
GND 
NC 
NU 
VCC 
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J AND N PACKAGES 
(TOP VIEW) 

A15 
A12 
A? 3 
A6 
A5 

AO 
000 
DOl 
002 
GND 

FMPACKAGE 
(TOP VIEW) 

VCC 
A14 
A13 
A8 
A9 
All 
G/Vpp 
Al0 
E 
DO? 
006 
D05 
004 
003 

"'10::1°'<1"'" 
!;(=C=Cz:§:>=C=C 

0 

"''''0::1''''<1"10 OOzzOOO 
COC!:l 000 

PIN NOMENCLATURE 

Address Inputs 
Chip Enable/Powerdown 

AS 
A9 
All 
NC 
G/Vpp 
Al0 
E 
DO? 
006 

Inputs (programmlng)/Outputs 
13-V Programming Power Supply 
Ground 
No Internal Connection 
Make No External Connection 
S-V Power Supply 

Copyright C 1995. Texas Instruments Incorporated 

7-167 



TMS27C512 524288-BlruV ERSABLE PROGRAMMABLE 
TMS27PC512 524288-BIT PROGRAMMABLE 
READ-ONLY MEMORY 
SMLS612F- NOVEMBER 1986 - REVISED JUNE 1885 

TMS27PCIIi12 
DDPACKAGE 
(TOP VIEW) 

A11 10 32 GtVpp 
AS 2 31 A10 
AS 3 30 ~ 

A13 4 29 DQ7 
A14 28 DQS 
NC 27 DQS 
NC 28 DQ4 

Vee 25 DQ3 
NC 24 VSS 
NC 10 23 DQ2 

A1S 11 22 DQ1 
A12 12 21 DQO 

A7 13 20 AO 
AS 14 19 A1 
A5 15 18 A2 
A4. 18 17 A3 

TMS27PC512 
DUPACKAGE 

REVERSE PINOUT 
(TOP VIEW} 

G/Vpp 1 \l 32 A11 
A10 2 31 AS 

E 3 30 AS 
DQ7 4 29 A13 
DQ6 5 28 A14 
DQS 6 27 NC 
DQ4 7 28 NC 
DQ3 6 25 Vee 
VSS 9 24 NC 
DQ2 10 23 NC 
DQ1 11 22 A15 
DQO 12 21 A12 
.AO 13 20 A7 
A1 14 19 AS 
A2 15 18 AS 
A3 18 17 A4 
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description (continued) 

TMS27C512 524288-BIT UV ERSABLE PROGRAMMABLE 
TMS27PC512 524288·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS512F - NOVEMBER 1985 - REVISED JUNE 1995 

These devices are fabricated using power-saving CMOS technology for high speed and Simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TIL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TIL circuit without external 
resistors. ' 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C512 and the 
TMS27PC512 are pin compatible with 28-pin 512K MOS ROMs, PROMs, and EPROMs. 

The TMS27C512 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC512 OTP PROM is offered in a dual-in-line 
plastic package (N suffix) designed for insertion in mounting hole rows on 15,2-mm (600-mil) centers. The 
TMS27PC512 OTP PROM is also supplied in a 32-lead plastic le!'1ded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix), and in a 32-lead thin small-outline package (DO and DU suffixes). 

The TMS27C512 and TMS27PC512 are offered with two choices of temperature ranges of O°C to 70°C (JL, 
NL, FML, and DDLsuffixes) and - 40°C to 85°C (JE, NE, FME, and DDE suffixes). The TMS27C512 and 
TMS27PC512 are also offered with a 168-hour burn-in on both temperature ranges (JL4, NL4, FML4, DDL4, 
JE4, NE4, FME4, and DDE4 suffixes); see table below. 

All package styles conform to JEDEC standards. 

EPROM SUFFIX FOR OPERATING SUFFIX FOR PEP4 

AND TEMPERATURE RANGES 168 HR. BURN-IN 

OTP WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 

PROM O·CT070·C - 4O·C TO 85·C O·CT070·C - 4O·C TO 85·C 

TMS27C512-xxx JL JE JL4 JE4 

TMS27PC512-xxx NL NE NL4 NE4 

TMS27PC512-xxx FML FME FML4 FME4 

TMS27PC512-xxx DDL DDE DDL4 DDE4 

TMS27PC512-xxx DUL DUE DUL4 DUE4 

These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 13-V supply is needed for programming. All programming signals 
are TIL level. The device is programmed using the SNAPI Pulse programming algorithm. The SNAPI Pulse 
programming algorithm uses a Vpp of 13 V and a Vee of 6.5 V for a nominal programming time of seven seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations can be 
programmed singly, in blocks, or at random. 
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operation 

The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TIL level except for Vpp during programming (13 V for SNAPI Pulse) and 12 V on A9 for signature 
mode. 

MODEt 
FUNCTlON 

READ 
OUTPUT 

STANDBY PROGRAMMING VERIFY 
PROGRAM SIGNA1URE 

DISABLE INHIBrr MODE 

~ VIL VIL VIH VIL VIL VIH VIL 
G/Vpp VIL VIH x Vpp VIL Vpp VIL 

Vee Vee Vee Vee Vee Vee Vee Vee 
AS x X x x x X VH* I VH* 
AD X X X X X X VIL I VIH 

CODE 
DQO-DQ7 Data Out Hi·Z Hi-Z Data In Data Out HI·Z MFG I DEVICE 

97 I 85 

t X can be VIL or VIH. 
*VH .. 12V:l:0.5V. 

read/output disable 

When the outputs of two or more TMS27C512s or TMS27PC512s are connected In parallel on the same bus, 
the output of any particular device in the cjrcuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a Single device, a low-level signal is applied to the E and G/Vpp pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins .OQO through 007. 

latchup Immunity 

Latchup immunity on the TMS27C512 and TMS27PC512 is a minimum of 250 rnA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P;C. board level when the devices 
are interfaced to Industry-standard TIL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performanc:e or packing density. 

power down 

Active ICC supply current. can be reduced from 30 rnA to 500 I4A (TIL-level inputs) or 250 I4A (CMOS-level 
inputs) by applying a high TTL/CMOS signal to the ~ pin. In this mode all outputs are in the high-impedance 
state. 

erasure (TMS27C512) 

7-170 

Before programming, theTMS27C512 EPROM Is erased by exposing the chip through the transparent lid 
to a high Intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is 
necessary to assure that all bits are in the logic high state. Logic lows are programmed into the desired locations. 
A programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose 
(UV intensity x exposure time) is 15-W·s/cm2. A typical 12-mW/cm2, filterless UV lamp erases the device in 
21 minutes. The lamp should be locatad about 2.5 cm above the chip during erasure. It should be noted that 
normal ambient light contains the correct wavelength for erasure. TherQfore, when using the TMS27C512, the 
window should be covered with an opaque label. 
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Initializing (TMS27PC512) 

TMS27C512 524288·BIT UV ERSABLE PROGRAMMABLE 
TMS27PC512 524288·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS512F - NOVEMBER 1985 - REVISED JUNE 1995 

The one-time programmable TMS27PC512 PROM is provided with all bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into a PROM cannot be erased. 

SNAPI Pulse programming 

The 512K EPROM and OTP PROM are programmed using the TI SNAPI Pulse programming algorithm 
illustrated by the flowchart in Figure 1 , which programs in a nominal time of seven seconds. Actual programming 
time var~es as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses initial pulses of 100 microseconds (!AS) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-!AS 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved with GIVpp = 13 V, Vee = 6.5 V, and E = VIL. Oata is presented in parallel 
(eight bits) on pins 000 to 007. Once addresses and data are stable, E is pulsed. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
Vee = 5 V, GIVpp = VIL, and E = VIL. 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 

program verify 

Programmed bits can be verified when GIVpp and E = VIL. 

signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V :I: 0.5 V. Two identifier bytes are accessed by AO; i.e., AO = VIL accesses 
the manufacturer code, which is output on 000-007; AO = VIH accesses the device code, which is output on 
000-007. All other addresses must be held at VIL. The manufacturer code for these devices is 97, and the 
device code is 85. 

~TEXAS 
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7·172 

Increment 
Address 

Increment Address 

Figure 1. SNAPI Pulse Programming Flowchart 
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logic symbolst 

AD 
Al 
A2 
A3 
AA 
AS 
A6 
A7 
AS 
At 

Al0 
All 
A12 
A13 
A14 
A15 

E 

GIVpp 

10 
9 
8 
7 
6 
5 
4 
3 

25 
24 
21 
23 
2 

26 
27 
1 

20 
T 

22-;::" 

0 EPROM 
65536)(8 

0 
A 65535 

15 
~WNI 

.. I EN 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

TMS27C512 524288·BIT UV ERSABLE PROGRAMMABLE 
TMS27PC512 524288-BIT PROGRAMMABLE 

READ·ONLY MEMORY 

AD 
Al 
A2 
A3 

11 
12 
13 
15 
16 
17 
18 
19 

A4 
DQO AS 

DQl A6 
DQ2 A7 
DQ3 AS 
DQ4 At 
DQ5 Al0 
DQ6 All 
DQ7 A12 

A13 
A14 
A15 

E 

GIVpp 

SMLS512F - NOVEMBER 1985 - REVISED JUNE 1985 

10 
9 
8 
7 
6 
5 
4 
3 

25 
24 
21 
23 
2 

26 
27 
1 

20 
T "-

22-;::" 

0 OTPPROM 
65536)( 8 

0 
A 65535 

15 
~WNI 

.. I EN 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

11 
12 
13 
15 
16 
17 
18 
19 

DQO 
DQl 
DQ2 
DQ3 
DQ4 
DQa 
DQ6 
DQ7 

tThese symbols are In accordance with ANSI/IEEE Sid 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for J and N packages. 

absolute maximum ratings over operating free·alr temperature range (unless otherwise noted)* 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp ....••.............•.........•........................... -0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 ........................•....•................. -O.6Vto 13.5V 
Output voltage range (see Note 1) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range ('27C512-__ JL and JL4, '27PC512-__ NL and NL4, 

FML and FML4, DDL and DDL4) ......•............. O·C to 70·C 
Operating free-air temperature range ('27C512-__ JE and JE4, '27PC512-__ NE and NE4, 

FME and FME4, DDE and DDE4) ........•....•.. -40·C to 85·C 
Storage temperature range, Tstg •..••...•...•••••••.••..•••..•.•..•..•...•.•.••.•. -65·C to 150·C 

:I: Streeses beyond thosa listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond thosa indicated under 'recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions 

Vee Supply voltage 
Read mode (saa Note 2) 

SNAPI Pulse programming algorithm 

G/Vpp Supply voltage SNAPI Pllise programming algorithm 

VIH High-laval dc Inpu1 voltage 
TTL 

CMOS 

VIL Low-laval dc Inpu1 voltage 
TTL 

CMOS 

TA 
Operating fraa-air TMS27C512-__ JL, JL4 
temperatura TMS27PC512-__ NL, NL4, FML, FML4, DDL, DDL4 

TA 
Operating fraa-air TMS27C512-__ JE, JE4 
temperatura TMS27PC512-__ NE, NE4, FME, FME4, DDE, DDE4 

MIN NOM MAX UNIT 

4.5 5 5.5 
V - 6.25 6.5 6.75 

12.75 13 13.25 V 

2 VCC+1 
V 

Vee- 0•2 VCC+1 
-0.5 0.8 

V 
-0.5 0.2 

0 70 ·C 

-40 85 ·C 

NOTE 2: Vee must be applied before or at the same time as ~/Vpp and removed after or at the same time as G/Vpp. The device must not be 
Inserted Into or removed from the board when Vpp or Vee Is applied. 

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

PARAMETER" TEST CONDITIONS MIN TYPt MAX UNIT 

VOH High-Ieval dc Ou1pu1 voltage 
IOH=-2.5mA 3.5 

V 
10H =-20JAA VCC-O.1 

IOL=2.1 mA 0.4 
VOL Low-laval dc ou1pu1 voltage V 

IOL=2O JAA 0.1 

II Inpu1 current (leakage) VI ",OVI05.5V :1:1 JAA 

10 Ou1put currant Oeakage) VO=OVIOVCC :1:1 JAA 
Ipp G/Vpp supply currant (during program pulse) G/Vpp .13V 35 50 mA 

I TTL-lnpu1laval VCC-5.5V, ..... E"VIH 250 500 
ICC1 VCC supply currant (standby) I 

Vee = 5.5 V, ..... E .VCC 100 250 
JAA 

CMOS-inpu1lavel 

Vee = 5.5 V, e-Vllo 
ICC2 Vee supply currant (active) tcycJe • minimum cycle time, 

ou1puts open 
15 30 mA 

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

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

CI Input capacitance Vp,OV, f= 1 MHz 8 10 pF 

Co Outpu1 capacitance VO=OV,. f= 1 MHz 10 14 pF 

CG/VPP G/Vpp Inpu1 capacitance G/Vpp=OV, f= 1 MHz 20 25 pF 

tTypcal values are atTA = 25·C and nominal voltages. * Capacitance measurements are made on a sample basis only. 
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switching characteristics over recommended ranges of operating conditions 
'27C512·10 '27C512·12 

PARAMETER 
TEST CONDITIONS '27PC512·10 '27PC512·12 UNIT (SEE NOTES 3 AND 4) 

MIN MAX MIN MAX 

talA) Access time from address 100 120 ns 

laCE) Access lime from chip enable CL= 100pF, 100 120 ns 

ten (G) Output enable time from G/Vpp 1 Series 74 TIL Load, 55 55 ns 

ldis Output disable time from G/VpporE, whichever occurs firstt Input tr " 20 ns, 0 45 0 45 ns 

Output data valid lime after change of address, E, or G /Vpp, 
Input tf " 20 ns 

tv(A) whichever occurs firstt 0 0 ns 

'27C512·15 
PARAMETER 

TEST CONDITIONS '27PC512·15 UNIT (SEE NOTES 3 AND 4) 
MIN MAX 

talA) Access time from address 150 ns 

IaIE) Access time from chip enable CL = 100 pF, 150 ns 

tenlG) Output enable lime from G /Vpp 1 Series 74 TIL Load, 75 ns 

ldls Output disable time from G/Vpp or E, whichever occurs firstt Input tr " 20 ns, 0 60 ns 

Output data valid time after change of address, E, or G/Vpp, whichever 
Input If " 20 ns 

tv(A) occurs firstt 0 ns 

'27C512·20 '27C512·25 
PARAMETER 

TEST CONDITIONS '27PC512·20 '27PC512·25 UNIT (SEE NOTES 3 AND 4) 
MIN MAX MIN MAX 

talA) Access time from address 200 250 ns 

talE) Access time from chip enable CL = 100 pF, 200 250 ns 

ten(G} Output enable time from G/Vpp 1 Series 74 TIL Load, 75 100 ns 

ldls Outpul disable time from G/Vpp or E, whichever occurs firstt Input tr " 20 ns, 0 60 0 60 ns 

Output data valid time after change of address, E, or G /Vpp, 
Input tf " 20 ns 

tv(A) whichever occurs firstt 0 0 ns 

t Value calculated from 0.5 V delta to meesured output level. This parameter Is only sampled and not 100% tested. 

switching characteristics for programming: Vee = 6.50 V and G/Vpp = 13 V (SNAP! Pulse), 
TA = 25°C (see Note 3) 

PARAMETER 

Disable time, output from G/Vpp 

3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. llming measurements ere made at 2 V for logic high and 
0.8 V for logic low. (Reference page 10.) 

4. Common test conditions apply for ldis except during programming. 
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recommended timing requirements for programming: Vcc = 6.50 V and G/Vpp = 13 V 
(SNAPI Pulse), TA == 25°C (see Note 3) 

MIN TYP MAX UNIT 

twJlPGMI Pulse duration, initial program 95 100 105 JAB 

lsulAI Setup time, address 2 JAB 

lsu{D) Setup time, data 2 JAB 

lsu{Vpp Setup time, G/Vpp 2 JAB 

lsuNCC) Setup time, VCC 2 JAB 

th{A) Hold time, address 0 JAB 

tlliQ} Hold time, data 2 JAB 

thNPP) Hold time, G/Vpp 2 JAB 

trec{PG) Recovery time, G/Vpp 2 ~s 

tEHD Data valid from E low 1 JAB 

tr{PG)G Rise time, G/Vpp 50 ns 

NOTE 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (Reference belOW.) 

PARAMETER MEASUREMENT INFORMATION 

Output 
Under Te.t 

2.OSV 

-1 RL=SOOC 

T CL=I00pF 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

7·176 

2.4V---.... V 
___ --1/\ ~.: v 0.4 V 

0.:0("' ___ _ 
A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 
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PARAMETER MEASUREMENT INFORMATION 

AO-A1S Addr ..... valid ~ _____________ .JX"-------- VIH 

- '--------- VIL 
I I 
1IooiII<IIII----ta(A) ~I I 

-----""'\ I j1r;------- VIH 

1!;.1 ------+-I---~I I VIL 

I+-- ta(E) ---.! I I 

-------"'\ ! jAr;-------- ::: 
I I I 1+---1cIia ~ 

GlVpp 

i<III- tan(G) ~ tv(A) l"1li ~I I 

DOG-D07 HI-Z ---<<<<<<<<< Output Valid »»»»-HI-Z - ::: 

Figure 3. Read-Cycle Timing 

AO-A1S ----v'--___________________ v- VVIIH
L ~ Addr.aaStabl. A-

h tau(A) 1OIII1<III1---l~~I- th(A) 

DQO-D07 ---« D~ta-In Stabl. )>--- HI-Z ---« Data..()ut va:lld )~---
K tau(D) +I I+- !hID) I ~ 1cIIa(G) t 
I I I I I 

GlVpp { : th(VPP) --!oIILJ----I). ~ tEHD : ~!I I I~ ~I~ L ____ ~-----~I------- I 
II 1<111 ~ tau(vpP) I I I I 

I I I I I I 
-+I ~ 1r(~G)G I : I II 

:: : 1oIIII<III--~~:-1 trec(PG) I 

E ta-u-I.V-ee-)--;-II<III--"""~ '{,..I ___ -JIJL-----
1 1 

I 1<111 ~ 1w(IPGM) 
I 1 1 
I 

Vee 

t tclis(Gl is a characteristic of the device but must be accommodated by the programmer. 
* 13-V GlVpp and 6.S-V Vee for SNAPI Pulse programming. 

Figure 4. Program~Cycle Timing (SNAPI Pulse Programming) 
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device symbolization 

This data sheet is applicable to all TI TMS27C512 CMOS EPROMs and TMS27PC512 CMOS OTP PROMs 
with the data sheet revision code "8" as shown below. 

Data Sheet Revis 
Wafer Fab Code 
Ole Revision Cod 
Assembly Site Cod 
Vear of Manufact 
Week of Manufac 

Ion Code 

ure 
ture 

7·178 

0 

TI FML r--.... 
TMS27PC512 

B L X P VY '!!'!!. B 

10nCode-Data Sheet Revla 
Wafer Fab Code 
Ole Revision Cod 
Assembly Site C 
Vear of Manufact 
Month of Manufa 
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• Organization .•• 128K x 8 

• Single S-V Power Supply 
• Operationally Compatible With existing 

Megabit EPROMs 

• Industry Standard 32-Pln Dual-in-line 
Package, 32-Lead Plastic Leaded Chip 
Carrier, and 32-Lead Thin Smail-Outline 
Package 

• All Inputs/Outputs Fully TTL Compatible 

• Max Access/Min Cycle Time 
Vee:!:: 10% 
'27C01OA-10 100 ns 
'27C/PC010A-12 120 ns 
'27C/PC010A-15 150 ns 
'27C/PC010A-20 200 ns 

• 8-Blt Output For Use In 
Microprocessor-Based Systems 

• Very High-Speed SNAPI Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 
• 400-mV Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation (Vee = 5.5 V) 
- Active ..• 165 mW Worst Case 
- Standby .•. 0.55 mW Worst Case 

(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In and Choices of Operating 
Temperature Ranges 

description 

The TMS27C010A series are 1048576-bit, 
ultraviolet-light erasable, electrically program
mable read-only memories. 

The TMS27PC010A series are 1048576-bit, 
one-time electrically programmable read-only 
memories. 

A7 
A6 

AS 
A4 

A3 
A2 

AO 

DaO 

J AND N PACKAGES 
(TOP VIEW) 

Vpp VCC 
A16 PGM 

A15 NC 
A12 A14 

A7 A13 
A6 A8 
A5 A9 
A4 A11 

A3 G 
A2 A10 
A1 E 
AO 007 

000 006 

001 005 

002 004 

GND 003 

FMPACKAGE 
(TOP VIEW) 

Nil') co a. 0 I~ 0 
:;(:;( :;( ~~ a. z 
4 3 2 1 3231 30 

0 29 
28 

27 

26 

25 

24 

23 

22 

21 

14 15 16 17 18 19 20 

-NCMvIl')CO 

gg~gggg 

PIN NOMENCLATURE 

Address Inpu1s 

A14 
A13 

A8 
A9 
A11 
G 
A10 

E 
Oa7 

AO-A16 
OOO-Da7 
E 

Inputs (programming)/Outputs 
Chip Enable 

G 
GNO 
NC 
PGM 
vcc 
vPP 

Output Enable 
Ground 
No Internal Connection 
Program 
5-V Power Supply 
13-V Power Supply t 

t Only In program mode 
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TMS27PC010A ••• DD PACKAGEt 
(TOP VIEW) 

All 1 0 32 G 
A9 2 31 Al0 

AS 3 30 E 
A13 4 29 007 
A14 5 28 DOS 
NC 6 27 005 

J5MCl 7 26 004 

Vee 8 25 003 
Vpp 9 24 VSS 
A1S 10 23 002 
A15 11 22 001 
A12 12 21 000 
A7 13 20 AO 
AS 14 19 Al 

A5 15 18 A2. 
A4 16 17 A3 

TMS27PC010A ••• DU PACKAGEt 
REVERSE PINOUT 

(TOP VIEW) 

G 1 'V All 

Al0 2 A9 
E 3 AS 

007 4 A13 

DOS 5 A14 

005 6 NC 
D04 PGM 
D03 Vee 
Vss Vpp 
D02 10 23 A1S 

DOl 11 A15 
DOO 12 A12 

AO 13 A7 
Al 14 AS 
A2. 15 A5 
A3 16 A4 

t The packages shown are for pinout referenos only. 
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These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pullup resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. 

The TMS27C010A EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 1S,2-mm (600-mil) centers. The TMS27C010A is also offered with two choices of 
temperature ranges, O·C to 70·C (JL suffix) and -40·C to 8S·C (JE suffix). The TMS27C01 OA is also offered 
with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffix). (See table below.) 

The TMS27PC01 OA OTP PROM is offered in a dual-in-line plastic package (N suffix), a 32-pin, plastic leaded 
chip carrier package ~sing 1,2S-mm (SO-mil) lead spacing (FM suffix), and a 32-lead TSOP package (DO and 
DU suffixes). The TMS27PC010A is offered with two choices of temperature ranges, O·C to 70·C (NL, FML, 
DOL, and DUL suffixes) and - 40·C to 8S·C (NE, FME, DOE, and DUE suffixes). (See table below.) 

EPROM SUFFIX FOR OPERATING SUFFIX FOR PEP4 
AND TEMPERATURE RANGES 168 HOUR BURN-IN 

OTPPROM WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 

o'e to 70'e - 40'e to 85'e o'eto 70'e - 40'e to 85'e 

TMS27C010A-xxx JL JE JL4 JE4 

NL NE NL4 NE4 

TMS27pe010A-xxx 
FML FME FML4 FME4 

DOL DOE 

DUL DUE 

These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 13-V supply is needed for programming. All programming Signals 
are TTL level. These devices are programmable using the SNAP I Pulse programming algorithm. The SNAPI 
Pulse programming algorithm uses a Vpp of 13 V and a Vee of 6.5 V for a nominal programming time of thirteen 
seconds. For programming outside the system, existing EPROM programmers can be used. Locations can be 
programmed singly, in. blocks, or at random. 
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operation 

The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TIL level except for Vpp during programming (13 V for SNAPI Pulse), and 12 V on A9 for signature 
mode. 

FUNCTION 
READ 

E VIL 

G VIL 

PGM X 

Vpp Vee 

Vee Vee 

A9 x 
AO X 

DQO-DQ7 Data Out 

t X can be VIL or VIH. 
*VH = 12 V ,00.5 V. 

readloutput disable 

OUTPUT 
STANDBY 

DISABLE 

VIL VIH 

VIH X 

X X 

Vee Vee 

Vee Vee 

X x 
X X 

Hi-Z HI-Z 

MODEt 

PROGRAMMING 
PROGRAM 

SIGNATURE MODE VERIFY 
INHIBIT 

VIL VIL VIH VIL 

VIH VIL X VIL 

VIL VIH X X 

Vpp Vpp Vpp Vee 

Vee Vee Vee Vee 

x x X VH* I VH* 

X X X VIL I VIH 

CODE 

Data In Data Out HI-Z MFG I DEVICE 

97 I D6 

When the outputs of two or more TMS27C01 OAs or TMS27PC01 OAs are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup Immunity 

Latchup immunity on the TMS27C01 OA and TMS27PC01 OA is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry standard TIL or MOS logic devices. The input/output layout approach controls 
latch up without compromising performance or packing density. 

power down 

Active Icc supply current can be reduced from 30 mA to 500 jAA by applying a high TIL input on E and to 
100 jAA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C010A) 

Before programming, the TMS27C01 OA EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
x exposure time) is 15-W.s/cm2. A typical 12-mW Icm2, filterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C01 OA, the window should be covered with an opaque label. After erasure (all bits in logic high state), 
logic lows are programmed into the desired locations. A programmed low can be erased only by ultraviolet light. 

Initializing (TMS27PC010A) 

7-182 

The one-time programmable TMS27PC01 OA PROM is provided with all bits in the logic high state, then logic 
lows are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 
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SNAP I Pulse programming 

TMS27C010A 1 048576·BIT UV ERASABLE PROGRAMMABLE 
TMS27PC010A 1 048576·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLSll DB - NOVEMBER 1990 - REVISED JUNE 1995 

The TMS27C010A and TMS27PC010A are programmed using the TI SNAPI Pulse programming algorithm 
illustrated by the flowchart in Figure 1, which programs in a nominal time of thirteen seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses an initial pulse of 100 microseconds (IJ.S) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-1J.S 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13 V, Vee = 6.5 V, E = VIL, G = ~Oata is presented in parallel 
(eight bits) on pins 000 through 007. Once addresses and data are stable, PGM is pulsed low. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
Vee = Vpp=5V:t10%. 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pins. 

program verify 

Programmed bits can be verified with Vpp = 13 V when G = VIL, E = VIL, and PGM = VIH. 
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Increment 
Address 

No 

Increment Address 

Yss 

Device Failed 

Figure 1. SNAPI Pulse Programming Flowchart 
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signature mode 

TMS27C010A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC010A 1 048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 
SMLS11OB- NOVEMBER 1990 - REVISED JUNE 1985 

The signature mode provides access to a binary code Identifying the manufacturer and type. This mode Is 
activated when AS (pIn 26) Is forced to 12 V. Two identifier bytes are accessed by toggling AD. All addresses 
must be held low. The signature code for these devices Is 9706. AD low selects the manufacturer's code 97 
(Hex), and AD high selects the device code 06 (Hex), as shown by the signature mode table below. 

IDENTIFIERT 
PINS 

AD DQ7 DQ6 DQa DQ4 D03 DQ2 DQ1 

MANUFACTuRER CODE VIL 1 0 0 

DEVICE CODE VIH 1 1 0 

t'E. C3 .. VILo A1-AS .. VIL, 1.9 .. VH, A10-A18 = VII., Vpp = Vee. 

logic symbol* 

AD 
A1 
A2 
A:S 
A4 
A5 
AS 
A7 
AS 
AI 

A10 
A11 
A12 
A13 
A14 
A15 
A18 

E 

G 

12 
11 
10 
1 
8 
7 
8 
5 
27 
28 
23 
28 
4 
28 
28 
3 
2 

22 

.~ 
24 '" 

EPROM 131 on" 8 

0 

> 0 
A131 071 

18 ... 

[PWRDOWNJ 

It I EN 

1 0 

1 0 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

13 
14 
15 
17 
18 
11 
20 
21 

1 

1 

DQO 
DQ1 
DQ2 

DQ3 
DQ4 
DQI 
DQ6 

DQ7 

* ThIs symbol Is In acc:ordance with ANSI/lEEE Std 91·1984 and lEe 
Publication 617·12. J package Hlustrated. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 Vto 7 V 
Supply voltage range, Vpp .........................•............................... -0.6 V to 14 V 
Input voltage range, All inputs except A9 ....................................... -0.6 V to Vee + 1 V 

A9 ............................•........•.......•............ -0.6 Vto 13.5 V 
Output voltage range, with respect to VSS (see Note 1) ......•..•................ -0.6 V to Vee + 1 V 
Operating free-air temperature range C27C01 OA-__ JL and JL4, 

'27PC010A-__ NL, FML, DOL, and DUL) ............. O°C to 70°C 
Operating free-air temperature range C27C01 OA-__ JE and JE4, 

'27PC010A-__ NE, FME, DOE, and DUE) ...•.•... - 40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 
'27C01OA·10 
'27C010A/PC010A·12 
'27C010A/PC010A·15 UNIT 
'27C010A/PC010A·20 

MIN TYP MAX 

Supply Read mode (sea Note 2) 4.5 5 5.5 V 
VCC voltage SNAPI Pulse programming algorHhm 6.25 6.5 6.75 V 

Supply Read mode (sea Note 3) VCC-O.6 VCC VCC+ O.6 V 
Vpp 

voltage SNAPI Pulse programming algorithm 12.75 13 13.25 V 

TTL 2 VCC+0.5 
VIH High-level dc Input voltage V 

CMOS VCC-0.2 VCC+0.5 

TTL -0.5 0.8 
VIL Low-level dc input voltage V 

CMOS -0.5 GND+O.2 

TA Operating free-air temperature 
'27oo10A-__ JL,JL4 

0 70 ·C '27PC010A-__ NL, FML, DOL, DUL 

TA Operating free-air temperature 
'27oo10A-__ JE,JE4 

-40 85 ·C '27Pool0A-__ NE, FME, ODE, DUE 

NOTES: 2. VCC mustbeapplied before or atthe same time as Vpp and removed afteroratthesametimeas Vpp. The device must not be Inserted 
into or removed from the board when Vpp or VCC is applied. 

7-186 

3. During programming, Vpp must be maintained at 13 V ± 0.25 V. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level dc output voltage 
IOH=-2O~ VCC-0.2 

V 
10H= -2.5mA 3.5 

IOL=2.1 mA 0.4 
VOL Low-level dc output voltage V 

IOL=20~ 0.1 

II Input current (leakage) VI = OVto 5.5 V :01 ~ 

10 Output current (leakage) Vo .0VtoVCC :01 ~ 

IpPl VPP supply current Vpp =VCC =5.5 V 10 ~ 
IpP2 Vpp supply current (during program pulse) Vpp=13V 50 mA 

I TTL-Input level VCC=5.5V, E=VIH 500 
ICCl V cc supply current (standby) I CMOS-input level VCC=5.5V, E=VCC:oO.2V 100 

~ 

VCC=5.5V, E=VIL 
ICC2 Vcc supply current (active) (output open) !cycle = minimum cycle timet, 30 mA 

outputs open 

t Minimum cycle time = maximum access time. 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz:!: 

PARAMETER 

CI Input capacitance 

Co Output cepecltance 

:I: Capacitance measurements are made on sample basis only. 
§ All typical values are at TA = 25°C and nominal voltages. 

TEST CONDITIONS 

VI = 0 V, f. 1 MHz 

Vo = 0 V, f = 1 MHz 

MIN TYP§ MAX UNIT 

4 8 pF 

6 10 pF 

switching characteristics over recommended ranges of operating conditions (see Notes 4 and 5) 

TEST '27C010A-10 
'27C010A-12 '27C010A·15 '27C010A·20 
'27PC010A·12 '27PC010A·15 '27PC010A·20 PARAMETER CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

talA) Access time from address 100 120 150 200 ns 

tatE) Access time from chip enable 100 120 150 200 ns 

ten/G) Output enable time from G 
CL = 100 pF, 

55 55 75 75 ns 
1 Series 74 

Idis 
Output disable time from G or TTL load, 0 50 0 50 0 60 0 60 ns E, whichever occurs first'll Input Ir .. 20 ns, 
Output data valid time after Input tf .. 20 ns 

1v(A) change of address, E, or G, 0 0 0 0 ns 
whichever occurs first'll 

,. Value calculatad from 0.5-V delta to measurad output level. 
NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 

0.8 V for logic low (reference AC testing waveform). 
5. Common test conditions apply for Idis except during programming. 
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switching characteristics for programming: Vee = 6.S V and Vpp = 13 V (SNAPI Pulse). TA = 2S"C 
(see Note 4) 

PARAMETER MIN MAX UNIT 

tc!ls(G) Disable time, output disable time from G 0 130 ns 

ten(G) Enable time, output enable time from a- 150 ns 

recommended timing requirements for programming: Vee = 6.S V and Vpp = 13 V (SNAPI Pulse). 
TA = 2S"C. (see Note 4) 

MIN TYP MAX UNIT 

tw(PGM) Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 I1S 

tsu(A) Setup time, address 2 I1S 

tsu(!;) Setup time, E 2 ,",s 

tsu(G) Setup time, G 2 I1S 

tsu(D) Setup time, data 2 I1S 

tsuNPP) Setup time, Vpp 2 I1S 

tsuNCC) Setup time, VCC 2 ,",s 

theA) Hold time, address 0 '"'s 
th(D) Hold time, data 2 I1S .. NOTE 4: For all swHchlng characteristics the input pulse levels ara 0.4 V to 2.4 V. Timing measurements are made at 2 V for logiC high and 

0.8 V for logic low (reference AC testing waveform). 

7-188 
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PARAMETER MEASUREMENT INFORMATION 
2.08 V 

_o.:---J ....... 0 

T CI._100pF 
.... ( ••• NoteA) 

NOTE A: Cl.lncludee probe and fixture capacitance. 

Figure 2. AC Test Output Load Circuit 

AC testing Input/output wave forms 
2.4V'--~V 

, ___ I\~.:v o.!~X,-__ _ 
O.4V~ 

AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. liming measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

x X 
VIH 

AO-A18 Addreae Valid 
VII. 

I 
.1 I 

14 ta(A) I 

\ 
1 

Y! VIH 
E 1 

1 VII. 
1 1 I I 
I4--ta(E)~ I I 

\ 
1 I I VIH 
1 Vi 1 VII. 

I+- ten(G) -+I I k--tcll.~ 
ty(A) 14 ~ I 

DQO-DQ7 HI-l «<<<<<< Output Valid »>»))} HI-l - ::: 

Figure 3. Read-Cycle TIming 
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PROGRAMMING INFORMATION 

II1II Verify ---., 

/4 Program ~ I 

=x I :x AO-A1' Add .... Stab .. 

I , I 
i4---*- ~u(A) 1IIII-'-1h<Al ~ 

~ ~- ) ( Y? DQO-D07 

~~u(D) 14---* tell.CG) t 

--.A 
I I 

Vpp I I 
I I I I ~~u(VPP) I 

--.A I 
Vee I 

I I I 
~~u(VeC) I 

I I 
E '- I I 

I I 
I I I ~ 14- "'CD) I ~(E) ~ ~ I I I 

'--/ I JSmi I I 
I 
I 

~ ~ 
14 ~ l~uCG) I I 

tw(pGM) I ~ ~~nCG)tl 

i I G 

t fell.CG) and fenCG) are characteristics of the device but must be accommodated by the programmer, 
* 13-V Vpp III1d B.SoV Vee for SNAPI PUI88 programming. 

Add,. .. 
N+1 

Figure 4.. Program-Cycle Timing (SNAPI Pulse Programming) 
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TMS27C210A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC210A 1 048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

• Wide-Word Organization .•• 64K x 16 

• Single 5-V Power Supply 
• Operationally Compatible With existing 

Megabit EPROMs 

• 4O-Pln Dual-In-Une Package and 44-Lead 
Plastic Leaded Chip Carrier 

• All Inputs/Outputs Fully TTL Compatible 

• :1:10% Vee Tolerance 
•. Max Access/Min Cycle Time 

'27C21OA-10 100 ns 
'27C/PC210A-12 120 ns 
'27C/PC210A-15 150 ns 
'27C/PC210A-20 200 ns 
'27C/PC210A-25 250 ns 

• 16-Blt Output For Use In 
Microprocessor-Based Systems 

• Very High-Speed SNAPI Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 
• 400-mV Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pull up Resistors Required 
• Low Power Dissipation 

- Active ••• 275 mW Worst Case 
- Standby .•• 0.55 mW Worst Case 

(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In and Choices of Operating 
Temperature Ranges 

description 

The TMS27C210A series are 1048576-bit, 
ultraviolet-light erasable, electrically program
mable read-only memories. 

The TMS27PC210A series are 1048576-bit, 
one-time electrically programmable read-only 
memories. 

VPP 
E 

D01S 
D014 
D013 
oa12 
oall 
oal0 
oa9 
oaa 

GNOt 
oa7 
oa6 
oas 
oa4 
D03 
oa2 
oal 
oao 

G 

JPACKAGE 
(TOP VIEW) 

1 VCC 
2 PGM 
3 NC 
4 A1S 
5 A14 
8 A13 
7 A12 
8 All 
9 Al0 
10 A9 
11 GNOt 
12 AS 
13 A7 
14 A6 
15 AS 
16 A4 
17 24 A3 
18 23 A2 
19 22 Al 
20 21 AD 

FN PACKAGE 
(TOP VIEW) 

~:!: ~ 0.. 0l~ It)'" g g g IW ~ ~? 1( ~ < < 
8 5 4 3 2 1 44 43 42 41 40 

oa12 
oall 
oal0 9 

() A13 

oa9 
D08 
Vss 

NC 
OQ7 
DQS 
oas 
oa4 

18 19 20 21 22 2324 25 26 27 28 

PIN NOMENCLATURE 

AO-A1S Address Inputs 

38 A12 
37 All 
36 Al0 
35 A9 
34 VSS 
33 NC 
32 AS 
31 A7 
30 A6 
29 AS 

OaO-OalS Inputs (programming)/Outputs 
E Chip Enable 
G Output Enable 
GNO Ground 
NC No Internal Connection 
PGM Program 
VCC S-V Power Supply 
VPP 13-V Power Supply:l: 

1995 

t Pins 11 and 30 must be connected externally to ground. 
:I: Only In program mode. 
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description' (continued) 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs .(including pl'OQram data Inputs) carl be driven by Series 74 TIL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TIL circuit without external 
resistors. 

The TMS27C21OA EPROM Is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 1S,2-mm (600-mil) centers. The TMS27C210A is also offered with two choices of 
temperature ranges, O·C to 70·C (JL SuffIX) and - 4O·C to SS·C (JE suffix). The TMS27C21 OA is also offered 
with 168-hour bum-in on both temperature ranges (JL4 and JE4 suffixes). 

The TMS27PC21OA OTP PROM is offered in a 44-pin plastic leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FN SuffIX). The TMS27PC21OA is offered with two choices of temperature ranges, 
O·C to 70·C (FNLsuffix) and -40·C to SS·C (FNE suffix). The TMS27PC210AJs also offered with 168 hour 

bum-In on both temperature ranges (FNL4 and FNE4 suffixes). (See table below.) 

EPROM SUFFIX FOR OPERATING SUFFIX FOR PEP4 
AND TEMPERATURE RANGES 168 HOUR BURN~N 

OTPPROM WITHOUT PEP4 BURN~N VS TEMPERATURE RANGES 

O'Cto70"C - 40°C to 85°C O"C to 7O"C - 40°C to 85"C 

TMsa7C210A-xx Jl JE JL4 JE4 

TMS27PC210A-xx FNl FNE FNl4. FNE4 

These EPROMs and OTP PROMs oper~te from a single 5-V supply (in the read mode), they are Ideal for use 
in microprocessor based systems. One other (13 V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 

The seven modes of operation for the TMS27C21 OA and TMS27PC21 OA are listed in the following tabie. The 
read mode requires a single S-V supply. Ail inputs are TTL level except for Vpp during programming (13 V), and 
12 V on A9 for signature mode .. 

FUNcnON 
READ 

E Vil 
(l Vil 

J5mi X 

Vpp Vee 

Vee Vee 
AS X 

M X 

OOO-DQ15 DetaOut 

t X can be Vil or VIH. 
* VH • 12VzO.5V. 

7-192 

OUTPUT 
DISABLE 

Vil 

VIH 
x 

VCC 

Vee 
X 

X 

Hi-Z 

MODEt 

PROGRAM 
STANDBY PROGRAMMING VERIFY INHIBIT SIGNATURE MODE 

VIH Vil Vil VIH Vil 
X VIH Vil X Vil 
X Vil VIH X X 

Vee Vpp Vpp Vpp VCC 

Vee Vee Vee Vee VCC 
X X X X VHI: J VH* 
X x' x X Vil I VIH 

CODE 

Hi-Z Detain DetaOut Hi-Z MFG I DEVICE 

97 I AS 
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read/output disable 
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When the outputs of two or more TMS27C21 OAs or TMS27PC21 OAs are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. < 

latchup Immunity 

Latchup immunity on the TMS27C21 OAand TMS27PC21 OA is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients atthe P.C. board level when the EPROM 
is interfaced to industry standard TIL or MOS logic devices. The input! output layout approach controls latchup 
without compromising performance or packing density. 

For more information see application report SMLA001, "Design Considerations; Latchup Immunity of the 
HVCMOS EPROM FamilY', available through TI Sales Offices. 

power down 

Active lee supply current can be reduced from 50 mA to 500 !lA by applying a high TIL input on E and to 
100 !lA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C210A) 

Before programming, the TMS27C210A is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity x 
exposure time) is 15-Wos/cm2. A typical 12-mW Icm2, filterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C21 OA the window should be. covered with an opaque label. 

Initializing (TMS27PC210A) 

The one-time programmable TMS27PC21 OA PROM is provided with all bits in the logic high state, then logic 
lows are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAPI Pulse programming 

The TMS27C210A and TMS27PC210A are programmed using the TI SNAPI Pulse programming algorithm 
illustrated by the flowchart in Figure 1, which can program in a nominal time of seven seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses an initial pulse of 100 microseconds (I-Is) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-l-Is 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved whenVpp = 13V, Vee =6.5V, E =VIL, G =VIH. Data is presented in parallel 
(16 bits) on pins 000 through D015. Once addresses and data are stable, PGM is pulsed low. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
Vee = Vpp=5V:t10%. 
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program Inhibit 

Programming can be inhibited by maintaining a high level input on the ~ or PGM pins. 

program verity 

Programmed bits can be verified with Vpp = 13 V when G = VIL'.~ = VIL, and PGM = VIH. 

signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode Is 
activated when AS is forced to 12 V. Two identifier bytes are accessed by toggling AO. DOO-D07 contain the 
valid codes. All other addresses must be held low. The signature code for these devices is 97 AB. AO low selects 
the manufacturer's code 97 (Hex), and AO high selects the device code AB (Hex), as shown by the signature 
mode table below. 

IDENTIFIERT 
PINS 

AO DQ7 DOS DQS DQ4 DQ3 DQ2 DQ1 DQO HEX 

MANUFACTURER CODE VIL 1 0 0 1 0 1 1 1 97 

DEVICE CODE VIH 1 0 1 0 1 0 1 1 AB 

~1ExAs 
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Figure 1. S~API Pulse Programming Flowchart 
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logic symbolt 

AO 

A1 

A2 

A3 

A4 

AS 
A6 

A7 

AS 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 

33 
34 

35 
36 

37 

2 

20 

I I"-, 

.1'--. 

EPROM 65 536 x 16 

0 
AV 

AV 

AV 

AV 

AV 

AV 

AV 
0 

;> A 65 535 AV 

AV 

AV 

AV 

AV 

AV 

AV 

15 AV 

AV 

[PWRDWNJ 

" 
EN 

t This symbol is in accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 

19 

18 

17 

16 

15 

14 

13 

12 

10 

9 

8 

7 

6 

5 

4 

3 

DQO 

DQ1 

DQ2 

DQ3 

DQ4 

OQ5 

DQ6 

DQ7 

DQ8 

DQ9 

DQ10 

DQ11 

DQ12 

DQ13 

OQ14 

DQ15 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltag$ range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp ......................................................... -0.6 V to 14 V 
Input voltag$ rang$ (see Note 1): All inputs $xcept A9 ..•........................ -0.6 V to Vee + 1 V 

A9 ............................................... -0.6 V to 13.5 V 
Output voltage range (see Note 1) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range ('27C210A-__ JL and JL4, '27PC210A-__ FNL) ... . .. 0° C to 70°C 
Operating free-air temperature range ('27C210A-__ JE and JE4) ...................... - 40° C to 85°C 

. Storage temperature range, Tstg .................................................. -65°C to 150°C 
:(: Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 

functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions 
TMS27C21OA·10 
TMS27C/PC210A·12 
TMS27C/PC210A·15 

UNIT TMS27C/PC210A·20 
TMS27C/PC210A·25 

MIN NOM MAX 

Read mode (see Note 2) 4.5 5 5.5 
VCC Supply voltage ( V 

SNAP I Pulse programming algorithm 6.25 6.5 6.75 

Read mode VCC-O.6 VCC VCC+O.6 
V Vpp Supply voltage 

SNAPI Pulse programming algorithm 12.75 13 13.25 

TTL 2 VCC+0.5 
VIH High-level de Inpu1 voltage V 

CMOS VCC-0.2 VCC+0•5 

TTL -0.5 0.8 
VIL Low-level dc inpu1 voltage V 

CMOS -0.5 GND+0.2 

TA Operating free-air temperature 
'27C210A-__ JL, JL4 

0 70 ·C '27PC210A-__ FNL 

TA Operating free-alr temperature '27C210A-_ JE, JE4 -40 85 ·C 

NOTE 2: Vcc must be applied befora or altha same time as Vpp and removed after or at the same time as Vpp. The device must not be Inserted 
into or ramoved from the board when Vpp or VCC is applied. 

electrical characteristics over recommended ranges of operating conditions 
PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level dc output voltage 
10H --20J&A VCC-0.2 

V 
IOH=-2mA 2.4 

LOw-level dc ou1pu1 voltage 
IOL=2.1 mA 0.4 

VOL 
10L" 20J&A 0.1 

V 

II Input current (leakage) VI = 0 V to 5.5 V :01 J&A 
10 Ou1pu1 current (leakage) VO=OVtoVCC :01 J&A 
IpP1 Vpp supply current Vpp "VCC = 5.5V 10 J&A 
IPP2 Vpp supply current (during program pulse) Vpp=13V 50 mA 

I TTL-inpu1level VCC=5.5V, E"VIH 500 
ICC1 VCC supply current (standby) I CMOS-Input level VCC = 5.5 V, E .. VCC 100 J&A 

VCC = 5.5 V, E=VIL-
ICC2 VCC supply current (active) !cycle = minimum cycle time, 50 mA 

outputs open t 
. . t MInimum cycle time = maximum address access time . 

capaCitance over recommended ranges of supply voltage and operating free-air 
temperature, f = 1 MHz* 

PARAMETER TEST CONDITIONS 

CI Inpu1 capacitance VI-OV, f-1 MHz 

Co Outpu1 capacitance Vo .. 0 V, f .. 1 MHz 

:I: Capacitance measurements are made on a sample basIS only. 
§ Typical values are at TA .. 25·C and nominal voltages. 
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MIN TYP§ MAX UNIT 

8 12 pF 

12 15 pF 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 
and 4) 

'27C21OA-10 
'27C210A-12 '27C210A-15 '27C210A-20 '27C210A-25 

PARAMETER 
TEST '27PC210A-12 '27PC210A-15 '27PC210A-20 '27PC210A-25 UNIT CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

tarA) 
Access time from 

100 120 150 200 250 ns 
address 

tatE) 
Access time from 

100 120 chip enable 150 200 250 ns 

ien(G) 
Output enable 

55 55 75 75 100 ns tlmefromG CL= l00pF, 

Output disable 
1 Series 74 
TTL load, 

Idis 
time from G or E, Input tr " 20 ns, 0 50 0 50 0 60 . 0 60 0 60 ns 
whichever occurs 
firstt 

Input tf " 20 ns 

Output data valid 
time after change 

tv(A) of address, E, or 0 0 0 0 0 ns 
G, whichever 
occurs first t 

tValue calculated from 0.5 V delta to measured level. This parameter Is only sampled and not 100% tested. 
NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 

0.8 V for logic low. (reference AC testing waveform) 
4. Common test conditions apply for Idls except during programming. 

switching characteristics for programming: Vee = 6.5 V and Vpp = 13 V (SNAPI Pulse), TA = 25°C 
(see Note 3) 

PARAMETER MIN MAX UNIT 

ldis(Gl Output disable time from G 0 100 ns 

ien(GI Output enable time from G 150 ns 

recommended timing requirements for programming: Vee = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
TA = 25°C, (see Note 3) 

MIN TYP MAX UNIT 

Iw(PGM) Pulse durstlon, program I SNAPI Pulse programming algorithm 95 100 105 ~s 

tsu(AI Setup time, address 2 ~ 

tsu(EI Setup time, E 2 ~s 

tsu{G) Setup time, G 2 ~ 

tsu(DI Setup time, data 2 itS 

tsuNPPI Setup time, Vpp 2 itS 

tsuNCC) Setup time, VCC 2 itS 

th(~ Hold time, eddress 0 ~s 

th{DI Hold time, data 2 ~s 
.. 

NOTE 3: For all switching characteristics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logiC high and 
0.8 V for logic low. (reference AC testing waveform) 
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PARAMETER MEASUREMENT INFORMATION 

Output 
Under Te.t 

2.08 V 

----l RL" 800 n 

T CL-100pF 
':' ( ••• Not. A) 

NOTE A: CL Includes probe and fixture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Inputloutput wave forms 

2.4V~--""X 
'--__ oJ ~.: v 0.4 V-

o.!~X,-__ _ 
AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. liming measurements are made at 
2 V for logic high and 0.8 V for logiC low for both inputs and outputs. =x V,.-------- VIH 

AO-A15 Address •• Valid ./\ 

--------------"!I '--------- VIL 

I 
\ JAr-I ----- VIH 

1\;.1 --------~I 1 VIL 

I+-- ta(E) --.II 1 1 __ --+ ___ """ 1 ,1------- v 

\ : rf v:: 
:.- tan(G) ~ ~ 1.--1cI18 ~ 

.... 1 ... 1---- ta(A) ~ tv(A) I'" .1 I 

DOO-DQ15 HI.z ---<<<<<<<<< Output Valid }»»»}-HI-Z - ::: 

Figure 3. Read-Cycle Timing 
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PROGRAMMING INFORMATION 

~ Verify ---i.~1 
14~1---- Program ---1.~1 1 

AO-A1S =x Addre"s~ble : X-._A_~_d+_re1_" __ 

I , I 
~ tau(A) 1+ th(A~ ~ 

---<~ +"- )>---+---«"t 1>-------
~ tau(D) l4-+i-idls(G) t 

--.-A 1 1 
I 1 1 
I 1 1 

~tau(VPP) : 

DQO-DQ1S 

VPP 

Vee -I: 1 I 
I4--+t- tau(Vee) : 

~ I : 
I I .... I 

~ ~ th(D) 1 
tau(E) ---+oII1"1---1.~1 I 1 1 

'---I: I 
1 1 I0Il141---1.*1 -+1 tau(G) 1 1 

tw(PGM) I" • 1 1 I 1 \f .llen(:I-

t lcJis(G) and !en (G) are characteristics of the device but must be accommodated by the programmer. * 13-V Vpp and a.5-V Vee for SNAPI Pulse programming. 
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Figure 4. Program-Cycle TIming (SNAPI Pulse Programming) 
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• Organization ..• 256K x S 
• Single 5-V Power Supply 
• Operationally Compatible With Existing 

Megabit EPROMs 

• Industry Standard 32-Pin Dual-ln-Iine 
Package and 32-Lead Plastic Leaded Chip 
Carrier 

• Alllnputs/Output8 Fully TTL Compatible 

• :1:10% Vee Tolerance 
• Max Access/Min Cycle Time 

Vee:l: 10% 

'27C/PC020-12 120 ns 
'27C/PC020-15 150 ns 
'27C/PC020-20 200 ns 
'27C/PC020-25 250 ns 

• S-Bit Output For Use In 
Microprocessor-Based Systems 

• Very Hlgh·Speed SNAPI Pulse 
Programming 

• Power Saving CMOS Technology 

• 3-State Output Buffers 
• 400 mV Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation (Vee = 5.5 V) 
- Active ••• 165 mW Worst Case 
- Standby •.• 0.55 mW Worst Case 

(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

description 

The TMS27C020 series are 2097152-bit, ultra
violet-light erasable, electrically programmable 
read-only memories, 

The TMS27PC020 series are one-time electrical
ly programmable read-only memories. 

These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pullup resistors, Each output can drive one Series 
74 TTL circuit without external resistors. 

SMLS020B- 1990-

JPACKAGE 
(TOP VIEW) 

Vpp 1 VCC 
A16 PGM 

A15 A17 

A14 

A7 5 A13 

A6 6 AS 
A5 7 A9 

A4 6 All 

A3 9 G 
A2 10 Al0 

Al 11 E 
AO 12 D07 

DOO 13 D06 

DOl 14 D05 

D02 15 18 D04 

GND 16 17 D03 

TMS27PC020t 
FMPACKAGE 
(TOP VIEW) 

(\110(1)0.0 0 1'-

«<~$'Z< 
4 3 2 1 3231 30 

A7 0 A14 

A6 A13 

AS 7 A8 

A9 

All 

A2 G 
AI 11 Al0 

AO E 
DOO 21 D07 

1415 16 171819 20 

PIN NOMENCLATURE 

Address Inputs AO-AI7 
DOO-D07 
E 

Inputs (programming)/Ou1puts 
Chip Enable 

G 
GND 
PGM 
vcc 
vPP 

Output Enable 
Ground 
Program 
5-V Power Supply 
13-V Power Supply; 

t The ADVANCE INFORMATION notice applies to this package. 
; Only In program mode. 
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description (continued) 

The TMS27C020 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (SOO-mil) centers. The TMS27C020 is also offered with two choices of 
temperature ranges of o· to 70'C (JL suffix) and - 40'C to 85'C (JE suffix). The TMS27C020 is also offered 
with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC020 is offered in a 32-lead plastic leaded chip carrier using 1,25 mm (50 mil) lead spacing 
(FM suffix). The TMS27PC020 is offered with a temperature range of O'C to 70'C. 

EPROM 
SUFFIX FOR OPERATING TEMPERATURE SUFFIX FOR PEP4 168 HR. BURN-IN 

RANGES WITHOUT PEP4 BURN-IN VS. TEMPERATURE RANGES 

0·Ct070·C - 4O·C to 85·C 0·Ct070·C - 4O·C to 85·C 

TMS27C02O-XXX JL JE JL4 JE4 

TMS27PC020-XXX FML 

These EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (13 V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 
The seven modes of operation for the TMS27C020 and TMS27PC020 are listed in the following table. The read 
mode requires asingle 5-V supply. All inputs are TTL level exceptforVpp during programming (13 V), and VH 
(12 V) on A9 forthe signature mode. 

FUNCTION 
READ 

E VIL 

~ VIL 

PGM X 

Vpp Vce 

Vee Vee 

A9 x 
AD X 

DQO-DQ7 Data Out 

t X can be VIL or VIH 
*VH=12V:l:0.5V 

read/output disable 

MODEt 

OUTPUT 
DISABLE 

STANDBY PROGRAMMING 

VIL VIH VIL 

VIH X VIH 

X X VIL 

Vee Vee VPP 

Vee Vee Vee 

X x x 
X X X 

Hi-Z Hi-Z Data In 

PROGRAM 
. 

VERIFY INHIBIT SIGNATURE MODE 

VIL VIH VIL 

VIL X VIL 

VIH X X 

Vpp Vpp Vee 

Vee Vee Vee 

x X VH* I VH* 

X X VIL I VIH 

CODE 

Data Out Hi-Z MFG I DEVICE 

97 I 32 

When the outputs of two or more TMS27C020s or TMS27PC020s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from cO,!!lpetil!9 outputs of the 
other devices. To read the output of a single device, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup Immunity 

7-202 

Latchup immunity on the TMS27C020 and TMS72PC020 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the EPROM 
is interfaced to industry standard TTL or MOS logic devices. The input/ output layout approach controls latchup 
without compromising performance or packing density. 
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Active Icc supply current can be reduced from 30 mA to 500 j.tA by applying a high TTL input on E and to 
100 j.tA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure 
Before programming, the TMS27C020 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose 
(UV intensity x exposure time) is 15-W·s/cm2. A typical 12-mW/cm2, filterless UV lamp erases the device in 
21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are 
in the high state. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the TMS27C020, the window should be covered with an opaque label. After erasure (all 
bits in logic high state), logic lows are programmed into the desired locations. A programmed low can be erased 
only by ultraviolet light. 

SNAPI Pulse programming 

The TMS27C020 and TMS27PC020 are programmed using the TI SNAPI Pulse programming algorithm, 
illustrated by the flowchart in Figure 1, which programs in a nominal time of twenty-six seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses an initial pulse of 100 microseconds (!AS) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-!AS 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13 V, Vee = 6.5 V, E = VIL, G = VIH' Oata is presented in 
parallel (eight bits) on pins 000 through 007. Once addresses and data are stable, PGM is pulsed low. 

\ 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
Vee = Vpp = 5V:: 10%. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pins. 

program verify 

Programmed bits can be verified with Vpp = 13 V when G = VIL, E = VIL, and PGM = VIH' 

signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AD. All addresses 
must be held low. The signature code for the TMS27C020 is 9732. AO low selects the manufacturer's code 97 
(Hex), and AO high selects the device code 32 (Hex), as shown by the signature mode table below. 

IDENTIFIERT 
PINS 

AO DQ7 DQ6 DQ5 DQ4 DQ3 

MANUFACTURER CODE VIL 1 0 0 1 0 

DEVICE CODE VIH 0 0 1 1 0 

t E = G = VIL. A1-AS = VIL. AS = VH. A10-A17 = VIL. Vpp .. VCC. 
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DQ2 DQ1 DQO HEX 

1 1 1 97 
0 1 0 32 
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Increment 
Addreea 

Increment Addre .. 

Figure 1. SNAPI Pulse Programming Flowchart 
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logic symbolt 

AO 
A1 
A2 
A3 
A4 
M 
M 
A7 
AS 
A9 

A10 
A11 
A12 
A13 
A14 
A1S 
A16 
A17 

E 

G 

12 
11 
10 
9 
8 
7 
6 
5 
27 
26 
23 
2S 
4 
28 
29 
3 
2 
30 

22 

24 
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EPROM 262 144 x 8 

0 

> 0 
A 262 143 

17 

[PWRDOWNI 
L::,. .. 1 EN I'. 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
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13 
14 
15 
17 
18 
19 
20 
21 

DQO 
DQt 
DQ2 
003 
DQ4 
DQS 
DQ6 
DQ7 

tThls symbol Is In accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers are for the J package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltage range, Vee (see Note 1) .•..................................•..••..... -0.6 V to 7 V 
Supply voltage range, Vpp ......................................................... -0.6 V to 14 V 
Input voltage range (seE! Note 1), All inputs except A9 ..................•........ -0.6 V to Vee + 1 V 

A9 .............................................. -0.6 Vto 13.5 V 
Output voltage range, with respect to VSS (see Note 1) .......................... -0.6 V to Vee + 1 V 
Operating free-air temperature range ('27C020-__ JL and JL4) ........................... O·C to 70·C 
Operating free-air temperature range (,27C020-__ JE and JE4) ........................ - 40·C to 85·C 
Storage temperature range, Tstg .................................................. -65°C to 150·C 

* Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions 

Read mode (see Note 2) 
Vee Supply voHage 

SNAPI Pulse programming algorithm 

Read mode 
VPP Supply voHage 

SNAPI Pulse programming algorithm 

TTL 
VIH High-level dc input voHage 

eMOS 

TTL 
VIL Low-level dc input voltage 

CMOS 

TA Operating free-air temperature '27C020- JL,JL4 

TA Operating free-air temperature '27C020- JE,JE4 

MIN TYP MAX UNIT 

4.5 5 5.5 V 

6.25 6.5 6.75 V 

Vee-0.6 Vee VCC+0.6 V 

12.75 13 13.25 V 

2 VCC+0.5 
V 

VCC-0.2 VCC+0.5 

-0.5 0.8 
V 

-0.5 GND+0.2 

0 70 ·C 

-40 85 ·e 

NOTE 2: VCC must be applied before or et the same time as Vpp and removed after or at the same time as Vpp. The device must not be 
inserted into or removed from the board when Vpp or VCC is applied. 

electrical characteristics over full ranges of operating conditions 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level dc output voHage 
10H = -20 I!A Vce- 0.2 

V 
IOH=-2mA 2.4 

IOL=2.1 mA 0.4 
VOL Low-level dc output voltage V 

10L= 20 I!A 0.1 

II Input current (leakage) VI = 0 V to 5.5 V :01 I!A 
10 Output current (leakage) VO=OVtoVCC :01 I!A 
IPPl Vpp supply current Vpp =VCC = 5.5V 10 I!A 
IpP2 Vpp supply current (during program pulse) Vpp=13V 50 mA 

I TTL-input level VCC=5.5V, ... E=VIH 500 
ICCl Vee supply current (standby) I CMOS-Input level Vcc = 5.5 V, E=VCC:oO.2V 100 I!A 

VCC = 5.5 V, E =VIL 
ICC2 VCC supply current (active) !cycle = minimum cycle time, 30 mA 

outputs open t 
t Minimum cycle time = maximum access time. 

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

PARAMETER TEST CONDITIONS 

CI Input cepacltance VI=OV, f= 1 MHz 

Co Output capacitance VO=OV, f= 1 MHz 

:(: Capacitance measurements are made on sample basiS only. 
§ All typical values are at TA = 25°C and nominal voHages. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 
and 4) 

'27C02G-12 '27C020-111 27C02040 '27C02G-211 
PARAMETER 

TEST '27PC02G-12 '27PC02G-111 27PC02G-20 '27PC02D-25 UNIT CONDmONS 
MIN MAX MIN MAX MIN MAX MIN MAX 

ta(A) Access time from address 120 150 200 250 ns 

ta(E) Access time from chip enable 120 150 200 250 ns 

tan (G) Output enable time from G 
CL=l00pF, 

55 75 75 100 ns 1 Series 74 

tells 
Output disable time from G or E, lTLload, 

0 50 0 eo 0 80 0 eo whichever occurs flrstt Input tr " 20 ns, ns 

Output data valid tim.,! aft!! Input tf " 20 ns , 
ty(A) change of address, E, or G, 0 0 0 0 ns 

whichever occurs flrstt 
t Value calculated from O.5-V delta to measured output level. ThIS parameter IS sampled and not 100" tested. 
NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high 

and 0.8 V for logic low. (reference AC Testing Wava Form) 
4. Common test conditions apply for tells except during programming. 

switching characteristics for programming: Vee = 6.5 V and Vpp = 13 V (SNAPI Pulse),TA = 25°C 
(see Note 3) 

PARAMETER MIN MAX UNIT 

tellsCGl Output disable time from G 0 100 ns 

ten(G) Output enable time from G 150 ns 

recommended timing requirements for programming: Vee = 6.5 V and Vpp = 13 V (SNAPI Pulse), 
TA = 25°C, (see Note 3) 

MIN TYP MAX UNIT 

twCPGMl Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 IlB 

tsuCAl Setup time, address 2 IlB 

tsu(E) Satuptime, E 2 IlB 

tsulGl Satl,lptime,G 2 IlB 

tsuCOl Setup time, data 2 IlB 

tsutvPP) Setup time, Vpp 2 '" tsuNCC) Setup time, Vee 2 IlB 

theA) Hold time, address 0 IlB 

lh{o) Hold time, date 2 IlB .. NOTE 3: For all switching characterIStics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made et 2 V for logiC high and 
0.8 V for Ioglciow. (reference AC Testing Wave Form) 
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PARAMETER MEASUREMENT INFORMATION 

Output 
Under Teet 

2.08 V 

-1 RLoo aooQ 

T CL=100pF 
( •• e Note A) 

NOTE A: CL includes probe and fIXture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

2.4 V 

o.!~X~ ____ _ 
0.4 V 

AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

AO-A17 =x 
: .. 

E 

G 

DQO-DQ7 HI·Z 

7-208 

X VIH 
Addre .. e. Valid 

VIL 

talA) ·1 
1 
1 

\ 
1 Yf VIH 1 
1 VIL I 1 1 1 

I+--- talE) ----+i 1 1 

\ 
1 VIH 
1 Jt1 1 VIL 

:.- ten(G) -..j 1 i+----' tells ~ 
!v(A) 14 

«««« Output Valid 

Figure 3. Read·Cycle Timing 
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AO-A17 

DQO-DQ7 

VPP 

Vee 

TMS27C020 2097152·BIT UV ERASABLE PROGRAMMABLE 
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READ·ONLY MEMORY 
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PARAMETER MEASUREMENT INFORMATION 

~ Verify --~.I 
141l1li--- Program ----+1.1 1 

=X --- : X~_Acl_Nd_:-_1_a_ 
I • I 
I11II----+I- ~u(A) I+- IiI(,,} +I 

__ -<~ +...... )>-__ +-_-« D~~~ut )>-_____ _ 
IIIII---+j- ~u(D) !llll---+i-ldla(G) t 

---1'! 1 1 
( 1 1 
I 1 1 

~~u(VPP) I 

---I: 1 ! 
~~u(Vee) I 

\!! I 
1 1 ~ I+- IiI(D) 

~u(E) -I1·1III-~.1 I 1 I 
'----II I 

1 1 IIIIIIIIII--I.~I-I ~u(G) 1 1 
iw(PGM) j'IIII ., I 1l1li .1 ~n(G) tl 

~ ;----

Vpp* 

Vee 

Vee* 

vee 

t ldls(G) and tenCG) are characteristics of the device but must be accommodated by the programmer. * 13-V Vpp and S.5-V Vee for SNAPI Pulse programming. 

Figure 4. Program-Cycle Timing (SNAPI Pulse Programming) 
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TMS27C04O 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC040 4194304-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

• OrganlzaUon ••• 512K x 8 

• Single 5-V Power Supply 
• Industry Standard 32-Pln Dualln-Une 

Package and 32-Lead Plastic Leaded Chip 
Carrier 

• All Inputs/Outputs Fully TIL CompaUble 
• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 
Vee:l: 10% 
'27C/PC040-10 100 ns 
'27C/PC040-12 120 ns 
'27C/PC040-15 150 ns 

• 8-Blt Output For Use In 
Microprocessor-Based Systems 

• Power-5avlng CMOS Technology 

• 3-5tate Output Buffers 
• 4OG-mV Assured DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pull up Resistors Required 

• Low Power Dissipation (Vee = 5.5 V) 
- Active ••• 275 mW Worst Case 
- Standby ••• 0.55 mW Worst Cas E 

(CMOS-Input Lavels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choice of Two Operating 
Temperature Ranges 

description 

The TMS27C040 series are 4194304-bit, ultra
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC040 series are 4194304-bit, 
one-time electrically programmable read-only 
memories. 

These devices are fabricated using CMOS 
technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including 
program data inputs) can be driven by Series 74 
TTL circuits. Each output can drive one Series 74 
TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple 
devices to a common bus. 

TMS27C040 
JPACKAGE 
(TOP VIEW) 

Vpp 1 Vcc 
A16 2 A1S 
A15 3 A17 
A12 4 A14 

A7 5 A13 
A6 6 AS 
A5 7 A9 
A4 8 A11 
A3 9 Ci 
A2 10 A10 
A1 11 'E 
AO 12 DQ7 

DQO 13 DQ6 
DQ1 14 DQ5 
DQ2 DQ4 
GND DQ3 

TMS27PC040 
FMPACKAGE 
(TOP VIEW) 

NIt)COIl.OClO ..... 

«<~$'« 

A7 0 A14 
A6 A13 
A5 7 AS 
A4 A9 
A3 A11 
A2 Ci 
A1 A10 
AO E 

DQO 21 DQ7 
1415 16 171819 20 

g g ~g g g g 
PIN NOMENCLATURE 

Address Inputs AO-A18 
DOO-D07 
E 

Inputs (programming) /Outputs 
Chip Enable 

~ 
GND 
vee 
Vpp 

Output Enable 
Ground 
5-VSupply 
13-V Power Supplyt 

t Only in program mode. 
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INSTRUMENTS 

CopyrIght C 1995. Texas Instruments Incorporated 

POSTOFFICE8OX1443· HOUB1ON. TEXAS 77251-1443 7-211 



TMS27C040 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC04O 4194304·BIT PROGRAMMABLE 
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description (continued) 

The TMS27C040 is offered in a 6OD-mil ceramic dual-in-line package {J SuffIX}. The TMS27C04O is offered with 
two choices of temperature ranges of O·C to 70·C (JL suffix) and - 4O·C to Ss·c {JE suffix}. The TMS27C040 
is also offered with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC040 is offered in a 32-lead plastiC leaded ch'ip carrier package (FM suffix). The TMS27PC040 
is characterized for operation from O·C to 70·C {FML suffix}. 

SUFFIX FOR OPERATING SUFFIX FOR OPERATING 
TEMPERATURE RANGES TEMPERATURE RANOES WITH 

FUNCTION WITHOUT PEP4 BURN-IN PEP4168 HR. BURN-IN 

o·cTO 7o·e -40 ·e TO 85·e o·eTO 7o·e -40 ·e TO 85·e 

TMS27C040-xxx JL JE JL4 JE4 

TMS27PC04O-XXX FML 

These EPROMs and PROMS operate from a single 5-V supply (in the read mode). and they are ideal for use 
in microprocessor-based systems. One other {13 V} supply is needed for programming. All programming 
signals are TIL level. For programming outside the system. existing EPROM programmers can be used. 

operation 
The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TIL level exceptforVpp during programming (13V). andVH (12V) on A9forthe signature mode. 

MODE e- o VPP 

FUNCTIONt 

vee AS AD DQO-DQ7 

Read VIL VIL Vcc, Vee x x Data Out 
Output Disable vlL vlH vce vec x x Hi-Z 

Standby VIH X Vce Vce X X Hi-Z 

Programming VIL VIH Vpp VCC X X Data In 

Program Inhibit VIH VIH Vpp Vee X X HI-Z 

Verify VIH VIL Vpp Vee X X Data Out 

VH* 
VIL MFG Code 97 

Signature Mode VIL VIL Vcc Vcc 
VIH Device Code 50 

t X cen be VIL or VIH 
*VH • 12V:I: 0.5V 

read/output disable 
When the outputs of two or more TMS27C040s or TMS27PC040s are connected in parallel on the same bus. 
the output of any particular device in the circuit can be read with no interference from co.!!lpeti~ outputs of the 
other devices. To read the output of a single device. a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup Immunity 

7-212 

Latchup immunity on theTMS27C040 and TMS27PC040 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the p.e. board level when the EPROM 
is interfaced to industry standard TIL or MOS logic devices. The inputloutput layout approach controls latchup 
without compromising performance or packing denSity. 
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Active ICC supply current can be reduced from 50 mA to 1 mA by applying a high TTL input on E and to 
100 JAA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C04O) 
Before programming, the TMS27C040 EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet-light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
x exposure time) is 15-W.s/cm2 . Atypical 12-mW/cm2, filterless UVlamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C040, the window should be covered with an opaque label. After erasure (all bits in logic high state), 
logic lows are programmed into the desired locations. A programmed low can be erased only by ultraviolet light. 

Initializing (TMS27PC04O) 

The one-time programmable TMS27PC04O PROM is provided with all bits in logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAPI Pulse programming 

The TMS27C04O and TMS27PC040 are programmed by using the SNAPI Pulse programming algorithm. The 
programming sequence is shown in the SNAPI Pulse programming flow chart (Figure 1). 

The initial setup is Vpp = 13 V, Vee = 6.5 V, E = VIH, and G = VIH. Once the initial location is selected, the data 
is presented in parallel (eight bits) on pins 000 through 007. Once addresses and data are stable, the 
programming mode is achieved when E is pulsed low (VIU with a pulse duration of tw(PGM)' Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified atVpp = 13V, Vee = 6.5 V, E = VIH, andG = VIL.lfthe correct data 
is not read, the programming is performed by pulling E low with a pulse duration of tw(PGM)' This sequence of 
verification and programming is performed up to a maximum of 10 times. When the device is fully programmed, 
all bytes are verified with Vee = VPP = 5 V:i: 10%. 

program Inhibit 

Programming can be inhibited by maintaining high level inputs on the E and G pins . 

. program verIfy 

Programmed bits can be verified with Vpp = 13 V when G = VIL, and E = VIH. 

Signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) Is forced to 12 V. Two identifier bytes are accessed by toggling AO. All other 
addresses must be held low. The signature code for the TMS27C04O is 9750. AO low selects the manufacturer's 
code 97 (Hex), and AO high selects the device code 50 (Hex), as shown by the signature mode table below. 

IDENTIFIERT 
PINS 

AO DQ7 DQ6 DQ5 DQ4 DQa 
MANUFACTURER CODE VIL 1 0 0 1 0 

DEVICE CODE VIH 0 1 0 1 0 

t E = G = VIL, A1-AS = VIL, A9 .. VH, A10-A1B. VII •• Vpp .. Vce. 
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7-214 

Increment 
Add,... 

\ 

Increment Add,... 

v .. 
Device Failed 

Figure 1. SNAPI Pulse Programming Flow Chart 
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logIc symbolt 

AD 
A1 
A2 
A3 
A4 
AS 
AI 
A7 
AI 
AI 

A10 
A11 
A12 
A13 
A14 
A1S 
A16 
A17 
A18 

E 

12 
11 
10 
9 
8 
7 
6 
5 
27 
26 
23 
25 
4 
26 
29 
3 
2 
30 
31 
22 

TMS27C04O 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC040 4194304-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

EPROM Ii24 288 " 8 
0 

0 
A 524287 

18 
[PWRDWN] 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

SMLS04OE- NOVEMBER 1980 - REVISED JUNE 1995 

13 
14 
15 
17 
18 
19 
20 
21 

DQO 
DQ1 
DQ2 
DQ3 

DQ4 
DQS 
DQ6 
DQ7 

T " 

~ 24~ EN 

tThIs symbol Is In accordance with ANSI/IEEE Sid 91-1984 and lEe Publication 617-12. 
Pin numbers are for the J package. 

absolute maxImum ratIngs over operatIng free-aIr temperature range (unless otherwIse noted)* 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp (see Note 1) ............................................. -0.6 V to 14 V 
Input voltage range (see Note 1), All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 .........•.......................•.•....•.•..... -0.6 V to 13 V 
Output voltage range, with respect to V 55 (see Note 1) .......................... -0.6 V to Vee + 1 V 
OpSrating free-air temperature range ('27C040-__ JL and JL4;'27PC04O-__ FML) ....•.• • •• O·C to 70·C 
Operating free-air temperature range ('27C04O-__ JE and JE4) .•.•••.....•.•• ;........ - 40·C to 85·C 
Storage temperature range, Tstg .................................................. -65·0 to 125·0 * Stresses beyond thoee listed under "absolute maximum ratings" may cause permanent demage to the device. These are stress ratings only, and 

functlonsl operation of the device at these or any other conditions beyond those Indicated under "racommended operating conditions· is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values ars with respect to GND. 
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recommended operating conditions 
MIN TYP MAX UNIT 

Read mode (see Note 2) 4.5 5 5.5 V 
Vcc Supply voltage 

SNAPI Pulse programming algorithm 8.25 8.5 8.75 V 

Read mode VCC- 0•8 VCC+ 0.8 V 
Vpp Supply voltage 

SNAPI Pulse programming algorithm 12.75 13 13.25 V 

TTL 2 Vcc + 0.5 V 
VIH Hlgh·1eve1 de input voltage 

CMOS VCC- 0.2 VCC+ 0.5 V 

TTL -0.5 0.8 V 
VIL Low·level de Input voltage 

CMOS -0.5 0.2 V 

TA Operating free.aJr temperature 
'270040- JL and JL4 

0 70 ·C 
'27PC04Q:':jML 

TA .operating free-elr temperature '270040-__ JE and JE4 -40 85 ·C 

NOTE 2: Vcc must be applied before or at the same lime as Vpp end removed after or at the same lime as Vpp. The d8VIC8 must not be Inserted 
Into or removed from the board when Vpp or Vcc Is applied. 

electrical characteristics over recommended ranges of supply. voltage and operating free-air 
temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

10H = - 400 I4A 2.4 
VOH Hlgh·level de output voltage V 

10H .. -2014A VCC-O.l 

IOL-2.1 mA 0.4 
VOL Low·level dc output voltage V 

10L=2014A 0.1 

II Input current (leakage) VI" OVto5.5 V .. I I4A 
10 Output current (leakage) VO-OVtoVCC .. I I4A 
IpPl Vpp supply current Vpp - VCC" 5.5 V 10 I4A 
IpP2 Vpp supply current (during program pulse) Vpp= 12.75 V 50 mA 

I TTL·lnput level . VCC- 5•5V, E-VIH 1 mA 
ICCI VCC supply current (standby) I CMOS-Input level. VCC. 5•5V, E.VCC 100 I4A 

E.VIL,. VCC- 5•5V 
IC02 Vcc supply CUrrent (acIIve) 1cycIe • minimum cycle time, 50 mA 

outputs open t 
Minimum eye Ie time - maximum 8cceas time. 

capacitance over recommended ranges of supply voltage and operating tree-air temperature, 
f= 1 MHz' . 

PARAMETER TEST CONDITIONS 

OJ Input capacltsnce VI=OV 

Co Output capacltsnce VO=OV 

* Capacitance measurements are made on sample basis only • 
• AI typical values are at TA = 25"0 8nd nominal voltages. 
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switching characteristics over recommended ranges of operating conditions (see Notes 3 
and 4) 

'27C040-10 '27C040-12 '27C040-15 

PARAMETER TEST CONDITIONS '27 PC040-1 0 '27PC040-12 '27PC040-15 UNIT 
MIN MAX MIN MAX MIN MAX 

larA) Access time from address 100 120 150 ns 

talE) Access time from chip enable CL = 100 pF, 100 120 150 ns 

ten{G) Output enable time from G 1 Series 74 50 50 50 ns 

Output disable time from G or E, whichever TTL load, 
ldis occurs first Input tr "' 20 ns, 0 50 0 50 0 50 ns 

Output data valid time after change of 
Input tf "' 20 ns 

tv(A) address, E, or G, whichever occurs firstt 0 0 0 ns 

t Value calculated from 0.5-V delta to measured output level. 
NOTES: 3. For ali switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 

0.8 V for logic low. (reference AC Testing Wave Form) 
4. Common test conditions apply for ldis except during programming. 

switching characteristics for programming: Vee = 6.5 Vand Vpp = 13 V (SNAPI Pulse), TA = 25°C 
(see Note 3) 

PARAMETER MIN MAX UNIT 

ldls(G) Output disable time from G 0 100 ns 

ten (G) Output enable time from G 150 ns 

recommended timing requirements for programming: Vee = 6.5 Vand Vpp = 13 V (SNAPI Pulse), 
TA = 25°C, (see Note 3) 

MIN TYP MAX UNIT 

tw(PGM) Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 I-IS 

tsu{A) Setup time, address 2 I-IS 

!su(E) Setup time, E 2 I-IS 

!su(G) Setup time, G 2 I-IS 

tsu(O) Setup time, data 2 I-Is 

tsuNPP) Setup time, Vpp 2 I-IS 

!suNCC) Setup time, VCC 2 I-IS 

theA) Hold time, address 0 I-IS 

th(O) Hold time, data 2 I-IS 
.. NOTE 3: For ali sWitching characteristics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logiC high and 

0.8 V for logic low. (reference AC Testing Wave Form) 
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PARAMETER MEASUREMENT INFORMATION 

Output 
Under Te.t 

2.08 V 

-1 RL =aooc 

T CL,,100pF 
(see Note A) 

NOTE A: CL Includes probe and fixture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

2.4V ----~X !.!V 
O.4V ------' 

2VX' O.8,! "'-____ _ 

AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

AO-A18 =x 
I ... 

E 

G 

DQO-DQ7 HI-Z 

7-218 

X VIH 
Addresse. Valid 

VIL 

talA) ·1 
I 
1 

\ 
1 

Vi VIH 1 
1 VIL 

I 1 1 1 
I+-- talE) ---+i 1 1 

\ 
1 VIH 
1 
1 

l+-tan(G) ~ 

yt 
1 I+--ldl.~ 

VIL 

tv(A) I ... 

~ Output Valid 

Figure 3. Read·Cycle Timing 
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DQO-DQ7 

Vpp 

Vee 
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TMS27PC040 4194304·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS040E - NOVEMBER 1990 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

IOIIIII .. -----Verify ---+1.1 
14~---progrem --~.I 1 

vppt 

Vee 

J~ lsu(E) I I : 
1 1 ~1h(D) 1 I 
~Vlsu(Vee)1 I I I -----"I 1 I I 

I I I 
I I 1OIII-1"--I.~1 ~I- tsu(G) I 

Iw(PGM) ~ I I I I 'L /i.------

Veet 

Vee 

t 13-V Vpp and 6.5-V Vee for SNAPI Pulse programming 

Figure 4. Program-Cycle Timing (SNAPI Pulse Programming) 
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TMS27C04O 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC040 4194304-BIT PROGRAMMABLE 
READ-ONLY MEMORY . . 
SML.S04OE- NOVEMBER 1890 - REVISED JUNE 1996 
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TMS27C240 4194304·BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304·BIT PROGRAMMABLE 

READ·ONLY MEMORY 

• Wide-Word Organization ••• 256K x 16 

• Single 5-V Power Supply 
• All Inputs/Outputs Fully TTL Compatible 
• Static Operations (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 

Vee:l: 10% 
'27C/PC240-10 100 ns 
'27C/PC240-12 120 ns 
'27C/PC240-15 150 ns 

• 16-Blt Output For Use In 
Microprocessor-Based Systems 

• Very High Speed SNAPI Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 
• 4OO-mV Minimum DC Noise Immunity With 

Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• No Pullup Resistors Required 
• Low Power Dissipation (Vee = 5.5 V) 

- Active '" 275 mW Worst Case 
- Standby ••• 0.55 mW Worst Case 

(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

description 

The TMS27C240 series are 4194304-bit, ultra
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC240 series are 4194304-bit, 
one-time electrically programmable read-only 
memories. 

These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pull-up resistors. Each output can drive one 
Series 74 TTL circuit without external resistors. 

0012 
DOll 
0010 

DQ9 

Doe 
GNO* 

NC 
007 
DOS 
005 
004 

SMLS240C - NOVEMBER 1990 - REVISED JUNE 1995 

TMS27C24O J PACKAGE 
(TOP VIEW) 

Vpp 1 40 VCC 
E 2 39 A17 

0015 3 38 A1S 
0014 4 37 A15 
D013 5 38 A14 
0012 S 35 A13 
DOll 7 34 A12 
0010 8 33 All 
009 9 32 Al0 
D08 10 31 A9 

GNO* 11 30 GNO* 
007 12 29 A9 
Doe 13 28 A7 
D05 AS 
004 AS 
003 A4 
002 A3 
001 A2 
oao Al 

G AO 

TMS27PC24O FN PACKAGE 
(TOP VIEW) 

"'..,.It) 
g~g~g~ R:(,)8~~~:! 

IW > Z> < < < < 

6 5 4 3 2 1 44 43 42 41 40 
7 0 39 A13 

8 38 A12 

37 All 

36 Al0 

35 A9 

34 GNot 

33 NC 

32 AS 

31 A7 

30 AS 

29 AS 

18 19 20 21 22 23 24 25 26 27 28 

§ g g § ICl ~ ~ :( ~ ~ ~ 

PIN NOMENCLATURE 

Address Inputs AO-A17 
OQO-0015 
E 

Inputs (programming) I Outputs 
Chip Enable 

G 
GNO 
NC 
VCC 
vpp 

Output Enable 
Ground 
No Connection 
5-VSupply 
13-V Power Supply* 

,~ns 11 and 30 (J package) and pins 12and 34 (FN package) must 
\~connected externally to ground. 

:I: O(Ily in program mode 
\ \ 
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TMS27C240 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-81T PROGRAMMABLE 
READ-ONLY MEMORY 
SMLS24OC- NOVEMBER 1980 - REVISED JUNE 1996 

description (continued) 

The TMS27C24O EPROM is offered in a dual-In-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C24O is also offered with two choices of 
temperature ranges of O'C to 70'C (JL suffix) and - 4O'C to 85'C (JE suffix). The TMS27C240 is also offered 
with 168-hour bum-In on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC24O OTP PROM is offered In a 44-lead plastic leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FN suffix). The TMS27PC24O. is characterized for a temperature range of O'C to 70'C. 

SUFFIX FOR OPERATING SUFFIX FOR PEP4 
TEMPERATURE RANGES 188 HR. BURN-IN 
WITHOUT PEP4 BURN-IN VS TEMPERATURE RANGES 

O·CTO 70·C - 4O·C TO 85·e o·eTO 70·e - 4O·e TO 85·e 

TMS27C240-XXX JI. JE JI.4 JE4 

TMS27PC240-XXX FNL FNE N/A N/A 

These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), and they are ideal for 
use in microprocessor-based systems. One other (13 V) supply is needed for programming. All programming 
signals are TIL level. For programming outside the system, existing EPROM programmers can be used. 

operation 

The eight modes of operation for the TMS27C240 and TMS27PC240 are listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TIL level except for Vpp during programming (13 V for SNAPI 
Pulse), and 12 V on A9 for the signature mode. 

Read 

Output Disable 

. Standby 

Programming 

Verify 

Program Inhibit 

Signature Mode (Mfg) 

Signature Mode (Device) 

t X can be VIL or VIH. 
*VH-12V:t0.5V, 

read/output disable 

E 

VIL 

VIL 

VIH 

VII. 

VIH 

VIH 

VII. 

VIL 

FUNCTIONt 

G vPP vee 

VII. Vcc Vcc 

VIH Vee VCC 

X VCC VCC 

VIH Vpp VCC 

VIL VPP VCC 

VIH VPP VCC 

VIL Vee VCC 

VII. Vee Vee 

At AO I/O 

X X DQO-DQ7 
DQ8-oo15 

X X HI-Z 

X X Hi-Z 

X X Data In 

X X Data Out 

X X Hi-Z 

VH* VII. 
MfgCode 

0097 

VH* VIH 
Device Code 

.. 0030 

When the outputs of two or more TMS27C240s or TMS27PC240s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference. from the co.!!lpeti~ outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. 
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latchup Immunity 

TMS27C240 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS240C- NOVEMBER 1990 - REVISED JUNE 1995 

Latchup immunity on the TMS27C240 and TMS27PC240 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performance or packing density. 

power down 

Active lee supply current can be reduced from 50 mA to 1 mA by applying a high TTL input on E and to 
100 IJA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C240) 

Before programming, the TMS27C240 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity x 
exposure time) is 15-W·s/cm2. A 12-mW Icm2, filterless UV lamp erases the device in 21 minutes. The lamp 
should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. It 
should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C240, the window should be covered with an opaque label. 

Initializing (TMS27PC240) 

The one-time programmable TMS27PC240 PROM is provided with all bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAPI Pulse programming 

The TMS27C240 and TMS27PC240 are programmed by using the SNAPI Pulse programming algorithm. The 
programming sequence is shown in the SNAPI Pulse programming flow chart, see Figure 1. 

The initial setup is Vpp = 13 V, Vee = 6.5 V, E .. VIH, and G = VIH. Once the initial location is selected, the data 
is presented in parallel (eight bits) on pins 000 through 0015. Once addresses and data are stable, the 
programming mode is achieved when E is pulsed low (VII) with a pulse duration oftw(PGM)' Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified atVpp = 13V, Vee = 6.5 V, E = VIH, andG = VIL.lfthe correct data 
is not read, the programming is performed by pulling E low with a pulse duration of tw(PGM)' This sequence of 
verification and programming is performed up to a maximum of 10 times. When the device is fully programmed, 
all bytes are verified with Vee = Vpp = 5 V:I: 10%. 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E and G pins. 

program verify 

Programmed bits can be verified with Vpp = 13 V when G = VIL and E = VIH' 
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TMS27C240 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-BITPROGRAMMABLE 
READ-ONLY MEMORY 
SMLS24OC- NOVEMBER 1990 - REVISED JUNE 1995 

signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 31 for the J package) is forced to 12 V. Two identifier bytes are accessed by toggling 
AO. DQO-DQ7 contain the valid codes. All other addresses must be held low. The signature code for these 
devices is 9730. AO low selects the manufacturer's code 97 (Hex). and AO high selects the device code 30 
(Hex). as shown by the signature mode table below. 

IDENTIFIERt 
PINS 

AO DQ7 DQ6 DQ5 DQ4 DQ3 

MANUFACTURER CODE vlL 1 0 0 1 0 

DEVICE CODE VIH 0 0 1 1 0 

t E = G = VIL. A9 = VH. Al-AS = VIL. Al0-A17 = VIL. Vpp = Vcc. PGM = VIH or VIL. 
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Increment 
Add .... 

TMS27C240 4194304·BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-BIT PROGRAMMABLE 

READ·ONLYMEMORY 
SMLS24OC- NOVEMBER 1890 - REVISED JUNE 1995 

Increment Addre .. 

Figure 1. SNAPI Pulae Programming Flowchart . 
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TMS27C240 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-8IT PROGRAMMABLE 
READ-ONLY MEMORY 
SMLS24OC- NOVEMBER 1990 - REVISED JUNE 1995 

logic symbolt 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 

21 
22 
23 
24 
25 
26 
27 
28 
29 
31 
32 
33 
34 
35 
36 
37 
38 
39 

2 

20 

l ,..... 

r--.. 

EPROM 2561< x 16 

0 
AV 
AV 
AV 
AV 
AV 
AV 

0 AV 
A 262143 AV 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

17 

[PWROWN] 

&: 

EN 

tThese symbols are In accordance with ANSI/lEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers are for the J package. 

19 
18 
17 
16 
15 
14 
13 
12 
10 
9 
8 
7 
6 
5 
4 
3 

OQO 
OQ1 
OQ2 
OQ3 
OQ4 
OQ5 
OQ6 
OQ7 
OQ8 
OQ9 
OQ10 
OQ11 
OQ12 
OQ13 
OQ14 
OQ15 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supply voltage range, Vee (see Note 1) .....................•........•.•.....•.•..... -0.6 V to 7 V 
Supply voltage range, Vpp ...•...•...••.••.••.•.....•..•....................•....•. -0.6 V to 13 V 
Input voltage range (see Note 1): All inputs except A9 ........................... -0.6 V to Vee + 1 V 

A9 ............................................... -0.6 Vto 13.5 V 
Output voltage range (see Note 1) ............................................ -0.6 V to Vee + 1 V 
Operating free-air temperature range ('27C240-__ JL and JL4, 

'27PC240-__ FNL) ................................ O· C to 70· C 
Operating free-air temperature range ('27C240-__ JE and JE4) ....................... - 40· C to 85· C 
Storage temperature range, Tstg •••••.••••••.••••••••••••••••.•••••••••••••••••••• -65·C to 150· C 

* Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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TMS27C240 4194304·BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304·BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS240C- NOVEMBER 1990 - REVISED JUNE 1995 

recommended operating conditions 
MIN NOM MAX UNIT 

Read mode (see Note 2) 4.5 5 5.5 
Vee Supply voltage V 

SNAPI Pulse programming algor~hm 6.25 6.5 6.75 

Read mode Vce-0.6 VCC+0.6 
VPP Supply voltage V 

SNAPI Pulse programming algor~hm 12.75 13 13.25 

TTL 2 VCC+0•5 
VIH High-level de Input voltage V 

CMOS Vee- 0.2 Vec+0.5 

TTL -0.5 0.8 
VIL Low-level de Input voltage V 

CMOS -0.5 0.2 

TA Operating free-air tamperature 
'27C240-__ JL, JL4 

0 70 ·C 
'27PC240-__ FNL 

TA Operating free-air temperature '27C240- JE, JE4 -40 85 ·C 

NOTE 2: Vcc must be apphed before or at the same time as VPP and removed after or at the same time as Vpp. The deVice must not be inserted 
into or removed from the board when Vpp or VCC is applied. 

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

PARAMETER TEST CONDITIONS MIN MAX UNIT 

IOH z - 400 I4A 2.4 
VOH High-level dc output voltage V 

IOH =-20 I4A Vce- 0.1 

IOL z 2.1 rnA 0.4 
VOL Low-level de output voltage V 

IOL" 20 I4A 0.1 

II Input current (leakage) VI" OVt05.5 V ",1 I4A 
10 Output current (leakage) Vo = OVtoVce ",1 f.lA 

IPP1 VPP supply current VPP =VCC =5.5 V 10 I4A 
IpP2 Vpp supply current (during program pulse) Vpp= 13V 50 rnA 

Vcc Z 5.5 V, E=VIH 1 rnA 
ICC1 vce supply current (standby) 

Vcc = 5.5 V, E=VCC 100 I4A 
Vcc = 5.5 V, E"VIL, 

ICC2 VCC supply current (active) leycle = minimum cycle time, 50 rnA 
outputs open 

capacitance over recommended ranges of supply voltage and operating free-air 
temperature, f = 1 MHzt 

PARAMETER TEST CONDITIONS 

Ci Input capacitance VI"OV 

Co Output capacitance VO=OV 

t Capecltance measurements are made on a sample basis only. 
* Typical values are at TA" 25·C and nominal voltages. 

~TEXAS 
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TMS27C240 4194304·BITUV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304·BIT PROGRAMMABLE 
READ·ONLY MEMORY 
$MLS24OC- NOVEMBER 1990 - REVISED JUNE 1995 

switching characteristics over recommended ranges of operating conditions (see Notes 3 
and 4) 

'27C240·10 '27C240·12 '27C240·15 
PARAMETER TEST CONDITIONS '27PC240·10 '27 PC240·12 '27PC240·15 UNIT 

MIN MAX MIN MAX MIN MAX 

talA) Access time from address 100 120 150 ns 

talE) Access time from chip enable CL = 100 pF, 100 120 150 ns 

len (G) Output enable time from G 1 Series 74 50 50 50 ns 

Output disable time from G or E, whichever TTL load, 
!dis occurs first t Input tr " 20 ns, 0 50 0 50 0 50 ns 

Input tf " 20 ns 

tv (A) 
Output data valid time after change of 
address, E, or G, whichever occurs firstt 0 0 0 ns 

t Value calculated from 0.5 V delta to measured level. ThiS parameter IS only sampled and not 100% tested. 
NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 

0.8 V for logic low. (reference AC Testing Wave Form) 
4. Common test conditions apply for !dis except during programming. 

switching characteristics for programming: Vee = 6.5 V and Vpp = 13 V (SNAPI Pulse). TA = 25°C 
(see Note 3) 

PARAMETER MIN MAX UNIT 

!dis (G) Output disable time from G 0 100 ns 

len (G) Output enable time from G 150 ns 

recommended timing requirements for programming: Vee = 6:5 V and Vpp = 13 V (SNAPI Pulse). 
TA = 25°C. (see Note 3) 

MIN TYP MAX UNIT 

tw(PGM) Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 J.IS 

lsu(A) Setup time, address 2 J.IS 

lsu(E) Setup time, E 2 J.IS 

tsu(G) Setup time, G 2 J.IS 

tsu(D) Setup time, data 2 J.IS 

lsuNPP) Setup time, Vpp 2 J.IS 

tsuNCC) Setup time, Vee 2 J.IS 

th(A) Hold time, address 0 J.IS 

th(D) Hold time, data 2 J.IS .. NOTE 3: For all switching characteristics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logiC high and 
0.8 V for logic low. (reference AC Testing Wave Form) 
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TMS27C240 4194304·BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-BIT PROGRAMMABLE 

READ·ONLY MEMORY 
SMLS24OC- NOVEMBER 1890 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

2.08 V 

Output 
Under Tilt --. 

T CL-100pF 
'::' (aIlNoteA) 

NOTE A: CL Includes probe and fixture capacitance. 

Figure 2. AC Testing Output Load Circuit 

AC testing Input/output wave forms 

2.4V -----~X 

o.40V -------'. -

2Y 
O.BV O.~~ X'-_____ _ 

A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. liming measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 

AO-A17 X AddreuValid 

1 
1 
1 

\ 1 
1 
1 I 
1 1411 ta(E}--+I 
1 \ 

1 
1 1 
1 1 
1 I .1 len (G) I. 
I. ta(A) ·1 

G 

OQO-OQ1S ------HI-Z ««« 
Figure 3. Read-Cycle Timing 
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TMS27C240 4194304-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC240 4194304-BIT PROGRAMMABLE 
REAO-ONLYMEMORY 
SMLS24OC- NOVEMBER 1980- REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

lilli- Verify 
1l1li Program ~I 
1 

AO-A17 =x 
~I 
I 

X= -+sa* 1 1 
i4--+I- '-u(A) I 14--tt.(A) --+1 

~ 0;-- Dai~ut ) j-HI"z I 

< DQO-DQ1S I 
I 

Stabla 

I ,-"(G) 1l1li ~I 1 
~tau(D) 1l1li ~I tcJI8(G) I I I 

I I 
Vpp ---.A I 

I I 1 1 1 I I 1 1 
1 

~'-u(VPP) I 1 
I 
1 I I 1 1 

Vee J~'-U(E) '1 1 1 
II H-th(D) I 1 1 ~tau(Vee)1 1 1 1 

\J I 1 I 
E 1 1 1 

1l1li ~I I I 
I I '-u(G) 1 

tw(pGM) --I11II--+I 1 I 1 
I 1 1 

G \{ I 
t 13-V Vpp and B.SoV Vee for SNAPI Pulse programming 

Figure 4. Programming-Cycle Timing (SNAPI Pulse Programming) 
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CHAPTER 8. 

Contents 
MILITARY PRODUCTS 

Military Introduction ..............•.....•...•...•.•.. ~ ........... " ............. , ....•.....••...•. , 8-3 

DYNAMIC RAMS 
SMJ44C256 1048576-bit 

SMJ4C1024 1 048576-bit 

SMJ44100 4194304-bit 
SMJ44400 4197304-bit 

SMJ416100 16777216-bit 

SMJ416400 16777216-bit 
SMJ416160 16777216-bit 

SMJ418160 16777216-bit 

VIDEO RAMS 
SMJ44C251B 1 048576-bit 

SMJ55161 4194304-bit 
SMJ55166 4194304-bit 

EPROMS 
SMJ27C128 131072-bit 

SMJ27C040 4194304-bit 

8-2 

(256K x 4) Enhanced Page Mode .•..•.......•..•.......•..••.••. , 8-5 

(1 024K x 1) Enhanced Page Mode .............................. 8-25 

(4096K x 1) Enhanced Page Mode .............................. 8-45 
(1 024K x 4) Enhanced Page Mode .............................. 8-65 

(16385K x 1) Enhanced Page Mode ............................. 8-85 
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(1 024K x 16) Enhanced Page Mode ............................ 8-123 
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(256K x 16) Multiport Video RAM ................................ 8-197 
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This section contains Military MOS Memory data sheets. 

For additional information on Military devices and availability. please refer to the Military Selection Guide 
Qiterature number SCYC002). or contact your local TI Field Sales Office. 
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SMJ44C256 
262144·WORD BY 4·BIT DYNAMIC RANDOM·ACCESS MEMORY 

• Organization ••• 262144 Words x 4 Bits 

• Single 5-V Supply (10% Tolerance) 

• Processed to MIL·STD·833, Class B 
• Performance Ranges: 

ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 

ta(R) talC) ta(CA) WRITE 

(tRAC) (teAC) (teM> CYCLE 
(MAX) (MAX) (MAX) (MIN) 

SMJ44C256-80 80 ns 20 ns 40 ns 150 ns 
SMJ44C256·10 100 ns 25 ns 45 ns 190 ns 
SMJ44C256·12 120 ns 30 ns 55 ns 220 ns 
SMJ44C256·15 150 ns 40 ns 70 ns 260 ns 

• Enhanced Page Mode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
512-Cycle Refresh In 8 ms (Max) 

• All Inputs and Clocks are TTL Compatible 

JDPACKAGE 
(TOP VIEW) 

OCl 
OC2 

W 

1 U 20 

2 
3 
4 
5 
6 
7 

RAS 
TF 
AO 
A1 
A2 
A3 

r 8 
9 

Vcc [ 10 

OCl 
OC2 

W 
RAS 

TF 
AO 
Al 
A2 
A3 

VCC 

19 
18 
17 
16 
15 
14 
13 
12 
11 

VSS 
OC4 
OC3 
CAS 
G 
AS 
A7 
AS 
AS 
A4 

OCl 
OC2 

W 
RAS 

TF 

AO 
Al 
A2 
A3 

VCC 

HKPACKAGE 
(TOP VIEW) 

n 

u 1 20 
2 19 
3 18 
4 17 
5 16 
6 15 
7 14 
8 13 
9 12 
10 11 

HJPACKAGE 
(TOP VIEW) 

VSS 
OC4 
OC3 
CAS 
G 

AS 
A7 
A6 
AS 
A4 

VSS 
OC4 
OC3 
CAS 
G 
AS 
A7 
A6 
AS 
A4 

EPIC is a trademark of Texas Instruments Incorporated. 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Packaging Offered: 
- 20-Pin 30Q.MiI Ceramic DIP (JD Suffix) 
- 20-Lead Ceramic Surface-Mount Package 

(HJ Suffix) 
- 20-Pln Ceramic Flat Pack (HK Suffix) 
- 20-Terminal Leadless Ceramic 

Surface-Mount Package (FQ Suffix) 
- 20-Terminal Low-Profile Leadless 

Ceramic Surface-Mount Package 
(HL Suffix) 

- 20-Pln Ceramic Zig Zag In-Line Package 
(SV Suffix) 

• Operating Free-Air Temperature Range 
- 55°C to 125°C 

PIN NOMENCLATURE 

AO-AS Address Inputs 
CAS Column Address Strobe 
DQ1-DQ4 Data In/Data Out 
G Data Output Enable 
RAS Row Address Strobe 
TF Test Function 
VCC 5-VSupply 

~s Ground 
W Wr~eEnable 

FQ/HL PACKAGES SVPACKAGE 
(TOP VIEW) (TOP VIEW) 

OCl VSS G 1 
OC2 OC4 OC3 

W OC3 3 

RAS CAS VSS 5 6 

TF G 
OC2 7 8 
RAS 9 

AS 
AO 11 AO A2 13 Al A7 

VCC A2 A6 15 

A3 AS 
AS 17 

VCC A4 A7 19 

CAS 
OC4 
OCl 
W 
TF 
Al 
A3 
A4 
A6 
AS 
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SMJ44C256 
262144-WORD BY 4-SIT DYNAMIC RANDOM-ACCESS MEMORY 
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description 

The SMJ44C256 series is a set of high-speed, 1 048576-bit dynamic random access memories (DRAMs), 
organized as 262 144 words of four bits each. These devices employ EPICTM (Enhanced Performance 
Implanted CMOS) technology for high performance, reliability, and low power. 

These devices feature maximum RAS access times of 80 ns, 100 nS,120 ns, and 150 ns. Maximum power 
dissipation is as low as 305 mW operating and 16.5 mW standby on 150-ns devices. 

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. Icc peaks are 140 mA typical, and an input voltage undershoot of 
-1 V can be tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 54/174 TTL. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The SMJ44C256 is offered in 20-pin ceramic dual-in-line packages (JD suffix) and 20/26-terminal ceramic 
leadless carriers (FQ/HL suffixes), 20/26-pin leaded carrier (HJ suffix), a 20-pin flatpack (HK suffix), and a 
20-pin ceramic zig-zag in-line package (SV suffix). They are specified for operation from -55°C t0125°C. 

logic symbolt 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

RAS 

CAS 

W 
G 

OQ1 

OQ2 

OQ3 

OQ4 

'6 
RAM256K)(4 

----I 2009/2100 
7 

8 

9 

11 

12 
o 

A 262143 

13 

14 

15 ";";"'---1 20017/2108 

C20[ROW] 

G231[REFRESH ROW] 

- ..... --1 24[PWR OWN) 
4 

17 

3 

16 

2 

18 

19 

C21/[COLUMN) 

A,220 
V26 

23C22 

t This symbol Is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. Pin numbers shown are for the JO package. 

EPIC Is a trademark of Texas Instruments InCOrporated. 
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functional block diagram 

SMJ44C256 
262144·WORD BY 4·BIT DYNAMIC RANDOM·ACCESS MEMORY 

Row 
Address 
Buffere 

(9) 

SGMS034C - MAY 1989 - REVISED JUNE 1995 

TIming and Control 

~~~~+++4~----~ 
A1 -r;-~-+-r~'--'~ 
A2 -+-+-+-i-+-+-.... -__. .... 
A3 -++H4 ...... --__.>-I 
A4 -++H-*----.>-I 
AS -r;--H..-----.~ 
A6-+-+-.-----__. .... 
A7-+ ...... -----~~ 
AS ___ -------I~ 

operation 

enhanced page mode 

Column Decode 

I/O 
Buffere 
40f8 

Selection 

4 

DQ1-DQ4 

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

Unlike conventional page mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The column address 
latches to the first CAS falling edge. This feature allows the SMJ44C256 to operate at a wider data bandwidth 
than conventional page mode parts, since data retrieval begins as soon as column address is valid rather than 
when CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column 
address can be presented immediately after th(RA) (row address hold time) has been satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after ta(C) maximum (access time from CAS 
low), if ta(CA) maximum (access time from column address) h~ been satisfied. In the event that column 
addresses for the next page cycle are valid at the time CAS goes high, access time for the next cycle is 
determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge of CAS). 

~TEXAS 
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SMJ44C256 
262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 

address (AO through AS) 

Eighteen address bits are required to decode 1 of 262144 storage cell locations. Nine row-address bits are set 
up on pins AO through AS and latched onto the chip by RAS. Nine column-address bits are set up on pins AO 
through AS and latched onto the chip by 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. 
In the SMJ44C256, CAS is used as a chip select, activating the output buffer as well as latching the address 
bits into the column-address buffers. 

write enable (W) 

The read or write mode is selected through W. 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 the standard TTL circuits without a 
pull up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS 
(early-write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
G grounded. 

data In (OQ1-0Q4) 

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

data out (OQ1-DQ4) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state 
until CAS and G are brought low. In a read cycle the output becomes valid after the access time interval ta(C) 
that begins with the negative transition of CAS as long as ta(Rd and ta(C,A) are satisfied. Th~utput becomes valid 
after the access time has elapsed and remains valid while AS and G are low. CAS or G going high returns it 
toa high-impedance state. This is accomplished by bringing G high priorto applying data, thus satisfying lc!(GHD)' 

output enable (G) 

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

refresh 

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

CBR refresh 

8-8 

CBR refresh is utilized by bringing CAS low earlier than RAS [see parameter lc!ICLRL)FU and holding it low after 
RAS falls [see parameter lc!(RLCH)Rl. For successive CBR refresh cycles, CAS can remain low while cycling 
RAS. The external address is ignored and the refresh address is generated internally. The external address is 
also ignored during the hidden refresh option. 
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SMJ44C256 
262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C- MAY 1989 - REVISED JUNE 1995 

power up 

To achieve proper device operation, an initial pause of 200 !JS followed by a minimum of eight initialization 
(refresh) cycles is required after power-up to the full Vee level. 

test function pin 

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

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee .......................................................•..... 0 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. -1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Continuous total power dissipation ........................................................... 1 W 
Operating free-air temperature range, T A .......................................... - 55°C to 125°C 
Storage temperature range, Tstg .................................................. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature -55 ·e 

Te case temperature 125 ·e 
.. . .. NOTE 2: The algebraiC convention. where the more negative Qess poSitIVe) limit IS designated as minimum, IS used for logic-voltage levels only • 

-!!1 TEXAS 
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SMJ44C256 
262144-WORD BY 4-B11 DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'44C258-80 '44C256-10 '44C256-12 '44C256-15 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 2.4 2.4 2.4 V voltage 

VOL 
Low-jevel output 

IOL=4.2mA 0.4 0.4 0.4 0.4 V voltage 

II 
Input current VCC=5V, VI = OVto 6.5 V, ,.10 ,.10 ,.10 ,.10 JAA (leakage) All other pins = 0 V to VCC 

10 
Output current Vcc = 5.5 V, Vo = OtoVCC, ,.10 ,.10 ,.10 ,.10 JAA (leakage) CAS high 

Read-or Vcc = 5.5 V, 
ICCI write-cycle 80 70 60 55 mA 

current lc(rdW) = minimum 

After 1 memory cycle, 
ICC2 Standby current RAS and CAS high, 3 3 3 3 mA 

VIH=2.4V 

Average refresh 
VCC = 5.5 V, 

current 
~'N) = minimum, 

ICC3 (RAS only, or RAScycling, 75 65 55 50 mA 

CBR) CAS high (RAS only), 
RAS low after CAS low (CBR) 

ICC4 
Average page VCC .. 5.5V, ~=minimum, 

50 45 35 30 mA current RASlow, CAS cycling 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

PARAMETER 
HL/JD/FQ HJ HK sv 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

Ci(A) Input capacitance, address inputs 6 7 8 9 pF 

Ci(RC) Input capaCitance, strobe inputs 7 7 8 8 pF 

Ci/Wl Input capacitance, write-enable input 7 7 7 7 pF 

Co Output capacitance 7 9 10 8 pF 

NOTE 3: Capacitance Is sampled only at Imtlal design and after any major change. Samples are tested at 0 V and 25°C w~h a I-MHz signal 
applied to the pin under test. All other pins are open. 

8-10 
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262144·WORD BY 4·BIT DYNAMIC RANDOM·ACCESSMEMORY 
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switching characteristics over recommended ranges of supply voltage and operating free·alr 
temperature (see Figure 1) 

ALT. '44C256-80 '44C256-10 '44C256-12 '44C256-15 
PARAMETER 

SYMBOL UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

ta(CI Access time from CAS low teAC 20 25 30 40 n8 

ta(CAI Access time from column-address tAA 40 45 55 70 n8 

ta(RL) Access time from RAS low tRAC 80 100 120 150 ns 

ta(G) Access time from Glow 'GAC 20 25 30 40 ns 

ta(CP) 
Access time from CAS high column 

tePA 40 50 60 75 ns precharge 

ldis(CH) 
Output disable time after CAS high 

toFF 20 25 30 35 ns (see Note 4) 

Idls(G) 
Output disable time after G high 

'GOFF 20 25 30 35 ns (see Note 4) 

NOTE 4: ldis(CH) and ldis(G) are specified when the output is no longer driven. The outputs are disabled by bringing either G or CAS high. 

timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature (see Note 5) 

ALT. '44C255-80 '44C256-10 '44C256-12 '44C256-15 
PARAMETER 

SYMBOL UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

1c(rd) Cycle time, read (see Note 6) tRC 150 190 220 260 ns 

1clWl Cycle time, write IINc 150 190 220 260 ns 

1c(rdW) 
Cycle tlme,read-write/read-

tRWC 225 270 305 355 ns modify-write 

1c(P) 
Cycle time, page-mode read 

tpc 50 55 65 80 ns or write (see Note 7) 

1c(PM) 
Cycle time, page-mode read-

tpRWC 115 135 150 175 os modify-write 

tw(CHI Pulse duration, CAS high tep 10 10 15 25 ns 

tw(CL) 
Pulse duration, CAS low 

teAS 20 10000 25 10000 30 10000 40 10000 ns (see Note 8) 

tw(RH) 
Pulse duration, RAS high 

tRP 60 80 90 100 ns (precharge) 

Pulse duration, 
tw(RL) non page mode RAS low tRAS 80 10000 100 10000 120 10000 150 10000 ns 

(see Note 9) 

Pulse duration, 
tw(RL)P page mode RAS low tRASP 80 100000 100 100000 120 100000 150 100000 ns 

(see Note 9) 

tw(WL) Pulse duration, write low IINp 15 15 20 25 ns 

lsu(CA) 
Setup time, column address 

tASC 5 5 5 5 ns before CAS low 

NOTES: 5. Timing measurements In thiS table are referenced to VIL max and VIH min. 
All cycle times assume tt = 5 ns. 6. 

7. 
8. 

To assure 1c(P) min, lsu(CA) should be,. tw(CH). 
In a read-modify-write cycle, Id(CLWL) and lsu(WCH) must be observed. Depending on the user's transition times, this can require 
additional CAS low time [tw(CL))' 

9. In a read-modify-write cycle, Id(RLWL) and lsu(WRH) must be observed. Depending on the user's transition times, this can require 
additional RAS low time [tw(RL))' 

~TEXAS 
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SGMS034C - MAY.1989 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating temperature 
(continued) (see Note 5) 

AlT. '44C256-80 '44C256-10 '44C256-12 
PARAMETER 

SYMBOL MIN MAX MIN MAX MIN MAX 

tsu(RA) 
Setup time, row address 
before RAS low tASR 0 0 0 

Setup time, data before 
tsu(D) Vii low (see Note 10) tDS 0 0 0 

tsujrd) Setup time. W high before CAS low tRCS 0 0 0 

tsu(WCL) 
Setup time. W low before CAS low 

twcs 0 0 0 (see Note 11) 

tsu(wCHl Setup time. W low before CAS high tcWL· 20 25 30 

tsu(WRH) Setup time. W low before RAS high tRWL 20 25 30 

th(CA) 
Hold time. column address after CAS 

tcAH 15 20 20 low (see Note 10) 

th(RA) 
Hold time. row address after RAS 

tRAH 15 15 15 low 

th(RLCA) 
Hold time. column address after RAS 

tAR 60 70 80 low (see Note 12) 

th(D) 
Hold time. data after CAS low 

tDH 15 20 25 (see Note 10) 

th(RLD) 
Hold time. data after RAS low 

tDHR 60 70 85 (see Note 12) 

th(WLGL) Hold time. G high after W low tGH 20 25 30 

th(CHrd) 
Hold time, W high after CAS high 

tRCH 0 0 0 (see Note 14) 

th(RHrd) 
Hold time, W high after RAS high 

tRRH 10 10 10 (see Note 14) 

th(CLW) 
Hold time. W low after CAS low 

twCH 15 20 25 (see Note 11) 

th(RLW) 
Hold time. W low after RAS low 

twCR 65 75 90 (see Note 12) 

id(RLCHl Delay time. RAS low to CAS high tcSH 80 100 120 

td(CHRL) Delay time. CAS high to RAS low tCRP 0 0 0 

td(CLRH) Delay time. CAS low to RAS high tRSH 20 25 30 

id(CLWL) 
Delay time. CAS low to W low 

tcWD 60 70 80 (see Nole 15) 

id(RLCL) 
Delay time. RAS low to CAS low 

tRCD 30 60 30 75 30 90 (see Note 13) 

id(RLCA) 
Delay time, RAS low to column 

tRAD 20 40 20 55 20 65 address (see Note 13) 

NOTES: 5. Timing measurements In thiS table are referenced to VIL max and VIH min. 
10. Referenced to the later of CAS or Vii in write operations. 
11. Early-write operation only 
12. The minimum value is measured when id(RLCL) is set to id(RLCL) min as a reference. 

8-12 

13. Maximum value specified only to assure access time. 
14. EHherth(RHrd) or th(CHrd) must be satisfied for a read cycle. 
15. Read-mOdify-write operation only 
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'44C256-15 
UNIT 

MIN MAX 

0 ns 

~ 

0 ns 

0 ns 

0 ns 

40 ns 

40 ns 

25 ns 

15 ns 

100 ns 

30 ns 

110 ns 

40 ns 

0 ns 

10 ns 

30 ns 

105 ns 

150 ns 

0 ns 

40 ns 

90 ns 

30 110 ns 

25 80 ns 
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timing requirements over recommended ranges of supply voltage and operating temperature 
(continued) (see Note 5) 

ALT. '44C256-80 '44C256-10 '44C256-12 '44C256-15 
PARAMETER 

SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX 

tcI(CARH) 
Delay time, column address to 

tRAL 40 45 55 70 RAS high 

tcI(CACH) 
Delay time, column address to 

leAL 40 45 55 70 CAS high 

tcI(RLWL) 
Delay time, RAS low to W low 

tRWD 130 150 170 200 (see Note 15) 

tcI(CAWL) 
Delay time, column address to W 

tAWD 80 95 105 120 low (see Note 15) 

tcI(GHD) 
Delay time, G high before data at 

lGDD 20 25 30 40 DO 

tcI(GLRH) Delay time, G low to RAS high lGSR 20 25 30 40 

tcI(RLCH)R 
Delay time, RAS low to CAS high 

tCHR 20 25 25 30 (see Note 16) 

tcI(CLRL)R 
Delay time, CAS low to RAS low 

leSR 10 10 10 15 (see Note 16) 

tcI(RHCL)R 
Delay time, RAS high to CAS low 

tRPC 0 0 0 0 (see Note 16) 

trf Refresh time interval tREF 8 8 8 8 

tt Transition time (see Note 17) tr 
NOTES: 5. Timing measurements in thiS table are referenced to VIL max and VIH min. 

15. Read-modify-write operation only 
16. CBR refresh only 
17. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns. 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 5V 

Output Under Test ----. Output Under Test -~ ..... --...... 

I CL=80pF 
(See Note A) 

CL=80pF ;:::::::: 
(See Note A) 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

NOTE A: CL includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

~ ~ ~ 

l ~ t ~ I 
RAS --, 1 w(RL) 1 J 

N Yl 1\ 
, , I+--Iw(RH) ---+I '------
, , ~teI(CLRH) 4 ' , 
, ~ teI(RLCL) ----+I '0lIl I teI(CHRL) ~, 
, ,0lIl teI(RLCH) ~I 1 I 

---..I ~ tt j+- tw(CL) --+I 1 1 
I I \. ! ! T.~--1Ir-------..,.\. 
I I !'\.!. 1! I !,\. 

b '''- ~I I 1 1 ~--
... (RLCAf 110lIl ~, tau(CA) l 1140lIl--1--11---- tw(CH) ------.t., 
th(RA) t+I ~ 10lIl , teI(CACH) ~I I I I 
-+j i+l- tau(RA) 10lIl : I teI(CARH) 1 ~: : 

I 10lIl I th(RLCA) 1 ~I I 

AD-AI ~ ~ ~ CoI'~: ~~~(~~!~f:~~~ '-'--__ 
1 I i+I ~ th(CA) I ~ ~ th(RHrd) 

1 tau(rd) 10lIl ~I I 10lIl 1 ~: Ih(CHrd) 

DQ1-DQ4 

1 

)>-----
I 
I 

IOiII----+t- tell.(G) 
I 
I 

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
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Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 3. Early·Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

G W I Don'tea,. 

Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

I I I 
I.. II... I ~I IcIIs(O) 
1IIIII ... f--- tacO) --.. I 
I I+- IcI(OHO) +i 

Gg"'oIIOgoollO~o¥~'o¥f'-llv'-ll~'-lIv~"-IoooOI _______ --J) I ~ 
th(WLGL) ..,I ... -----..t~ 

NOTE A: Output can go from the hlgh.lmpedance state to an Invalid-data state prior to the specified access time. 

Figure 5. Read-Wrlte-/Read-Modlfy-Wrlte-Cycle Timing 
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SGMS034C - MAY 1989 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tw(RH) ~ 14-
1III1IIII1-----------tw(RL)P ----------~~ I I 

i 'l ~ 
I l.. IcI(RLCL) ~ II1II tc(P) ~I I I 

~ 
I 
I 
I 
I 
I 

I ~ IcI(RLCH) I ~ , I4--IcI(CLRH) ~ I I 
I I 14- tw(CL) -.I ~ ~ tw(CH) i+-1cI(CtlR'-J -.f 
I I I I 1 __ -.,., .... 1----

~ tau(RA) T\ \l Vi \ \l iT I I I -+I j.- tau(CA) I 1 I I I 
1'4 th(RLCA) 1 ~ I i+-1cI(CACH) -.j I I I 

, I I l.. I I I 
!.- th(RA) -.: I --.I j4- th(CA) r IcI(CARH) I ~I 

~~~~~~ 
AO-AS Column 

IcI(RLCA) -.I I I I4--lh(c.Hrd) --+I 
~ tau(rd) -t-' I I I th(RHrd) i lOIII ~ 

Vi XlXXt. I I ta(C)!.. ~ I '\X.X>Y I _I I W 
~. I I I~ I I W j4-:-ta(CA) -.. 'Q 

I 14--- la(CAl ~ I (aee Note A) I I 
- I I I I 

14 ta(R) Pj 14-- ta(CP) --.I 14 ~ 1c118(CH) 

See Note A I (see Note C) I 1 

OQ1-0Q4 IX :\ See Note A 1.I"'Ir( ----.i.) 
--------------<'\.~alld OU!; ,_ Valid Out ).. ----

~I i 
~ la(G) ~ 1 r- ~ 1c118(G) 
I 1c118(G) ~ ~ la(G) ~ 

G E§~~~ 4~~K::~~~:1l f/!i~~~~~~~gKra~~m~ 
NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

8-18 

B. A write-cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modlfy-write timing 
specifications are not violated. 

C. Access time is ta(CP)" or ta(CA)-dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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SMJ44C256 
262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C- MAY 1889 - REVISED JUNE 1886 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. A'read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modlfy-write timIng 
specifications are not violated. 

B. Referenced to CAS or W, whichever occurs last. 

Figure 7. Enhanced-Page-Mode Write-Cycle 'riming (see Note A) 
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/ SMJ44C256 
262144-WORDBY 4~BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C - MAY 1988 - REVI~ tlJNE 18116 

PARAMETER MEASUREMENT INFORMATION 

DQ1~Q4 YaildOut valid 
Out Don'teare 

~~~~loQ,Q,r::;, 

I I I I 
I I I I 

~ ld(GHD) --+I I 14 ~I ld~(G) I 
~~·-----th-~-G-U-'·~!4~4-_--_-~J\--J'~----------~~~~~·~ 

NOTES: A. Output can go from the hlgh-impedance state to an invalid-data state prior to the specified access time. 
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B. A read or WrIte cycle can be Intermixed with read-rnodify-Wrlte cycles es long as the read and write timing specifications are not 
violated. 

Figure 8. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle TIming (see Note B) 
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SMJ44C256 
262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C - MAY 1889 - REVISED JUNE 1985 

PARAMETER MEASUREMENT INFORMATION 

Figure 9. RAS-Only Refresh Timing 
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SMJ44C256 
262144·WORD BY 4·B11 DYNAMIC RANDOM·ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

I+-- R.f .... h Cycl. ---.I 
I+-- M.mory Cycl. --+I I+-- R.fre.h Cycl. ---.I 
I 1 1 I 
I 14 ~I iw(RH) 14 ~I tw(RH) I 
I 14 ~I , twIRL) I 14 ~I : twIRL) I I 

- I 1 1 I II}: I I ;'I', I 
RASI'l 0 ~ y \ I \ r 

I I ' lcI(RLCH)R 14 ~I 
I: 14 : tw(CL) ~I 
I ~! !r-I' !x : 1'!, .. I I I,. i ',S-

1~~~ I : 
r+i 1+ ,th(RA) I , 
1 " I 1 I I 
1 H+i f4T IsU(C~) I 

, /I iL.! :+- th(CA) , 

"-"_~;~E~~~ 
Is n' ~ 14- th(RHrd)· I 
.... """i'C!:: I I ~ 

w Wl : :. Y'0m@m§§§Q§§(~g~~c~~~~ 
, 1-+1 I+- ta(c) 1 
, I+-*- t.(CA) 1cI18(CH) --1++1 

ta(R) 14 ~I .;: 1 

DQ1-DQ4) Valid Data:'~ (-

8·22 

I+- ta(G) 1+--1cI18(G) ~ 
1 

,,~ 
IJ 

Figure 10. Hldden-Refresh-Cycle (Enhanced Page Mode) Timing 
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SMJ44C256 
262144·WORD BY 4·BIT DYNAMIC RANDOM·ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

114~----------tc(rd) ----------~.I I+-- tw(RH) ---+I 114~------ tw(RL) ______ ~.I 1 I 1 I Iit-___ _ RM-A N V 
~(RHCL)R ~ I+- -.I I+- tt 

~(CLRL)R I 1 III .1 I 
CAS ___ ...... 11 I 

~~I ________ :~===~~~~_~ __ {R_LC_H_)R ________ _Jj;I 

DQ1-DQ4 -------------_______________ HI-Z --__________________________ _ 

Figure 11. Automatic CBR Refresh·Cycle Timing 
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262144·WORD BY 4·BIT DYNAMIC RANDOM·ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 
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SMJ4C1024 
1 048576·81T DYNAMIC RANDOM·ACCESS MEMORY 

• Organization ••• 1048576 x 1 
• Processed to MIL-STD-883, Class B 
• Single SOV Supply (10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS 

TIME TIME TIME 

ta(R) talC) ta(CA) 
(tRAC) (tCAC) (tM) 
(MAX) (MAX) (MAX) 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

'4Cl024-80 80 ns 20 ns 40 ns 150 ns 
'4Cl 024-1 0 100 ns 25 ns 45 ns 190 ns 
'4Cl024-12 120ns 30ns 55ns 220ns 
'4Cl024-15 150 ns 40 ns 70 ns 260 ns 

• Enhanced Page Mode Operation for Faster 
Memory Access 
- Higher Data Bandwidth Than 

Conventional Page Mode Parts 
- Random Single-Bit Access Within a Row 

With a Column Address 

• One of TI's CMOS Megabit DRAM Family 
Including SMJ44C256 - 256K x 4 
Enhanced Page Mode 

• CAS-Before-RAS (CBR) Refresh 
• Long Refresh Period 

512-Cycle Refresh In 8 ms (Max) 

• loState Unlatched Output 
• Low-Power Dissipation 
• Texas Instruments EPIC™ Process 
• All Inputs/Outputs and Clocks Are 

TTL-Compatible 

• Packaging Offered: 
- 20/26-Lead Ceramic Surface Mount 

Package (HJ Suffix) 
- 18-Pin 300-MII Ceramic DIP (JD Suffix) 
- 20-Pln Ceramic Flat Pack (HK Suffix) 
- 20/26-Termlnal Leadless Ceramic 

Surface Mount Package (FQ/HL Suffixes) 
- 20-Pln Ceramic Zig-Zag In-Line Package 

(SV Suffix) 

• Operating Temperature Range 
- 55°C to 125°C 

EPIC Is a trademark of Texas Instruments Incorporated. 

HJ PACKAGE 
(TOP VIEW) 

JDPACKAGE 
(TOP VIEW) 

o Vss 
Q 

0 
iN 

CAS 
NC 
A9 

RAS 

AO AS 
A1 A7 
A2 AS 
A3 AS 

VCC'-1..~_"';"';'(t-' A4 

HKPACKAGE 
(TOP VIEW) 

o 
iN 

RAS 
TF 
NC 
AO 
A1 
A2 
A3 

Vce 

n 

U 1 20 
2 19 
3 18 
4 17 
5 16 
6 15 
7 14 

8 13 
9 12 
10 11 

TF 
AO 
A1 
A2 
A3 

3 

Vss 
Q 
CAS 
A9 
AS 
A7 
AS 
A5 
A4 

Vss 
Q 
CAS 
NC 
A9 
AS 
A7 
AS 
AS 
A4 

FQ/HL PACKAGES 
(TOP VIEW) 

SVPACKAGE 
(TOP VIEW) 

o 
W 

.RAS 
TF 
NC 

Vss 
Q 

CAS 
NC 
A9 

AO AS 
A1 A7 
A2 AS 
A3 AS 

Vec-,..;.;;..._..;..;...- A4 

. AO-A9 
CAS 
D 
NC 
a 
RAS 
TF 

VCC 
Vss 
W 

PIN NOMENCLATURE 
Address Inputs 
Column Address Strobe 
Data In 
No Internal Connection 
Data Out 
Row Address Strobe 
Test Function 
5-V Supply 
Ground 
Write Enable 

-!!1TEXAS 
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SMJ4C1024 
1048576-811 DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

description 

The SMJ4C1 024 is a high-speed, 1 048576-bit dynamic random-access memory (RAM) organized as 1 048576 
words of one bit each. It employs enhanced performance implanted CMOS (EPIC'M) technology for high 
performance, reliability, and low power at a low cost. 

This device features maximum RAS access times of 80 ns, 100 ns, 120 ns, and 150 ns. Maximum power 
dissipation is as low as 305 mW operating and 16.5 mW standby on 150 ns devices. 

The EPICTM technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. 100 peaks are 140 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 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The SMJ4C1024 is offered in an 18-pin ceramic dual-in-line package (JD suffix), a 20/26-terminal ceramic 
leadless carrier package (FQ/HL suffixes), a 20/26-pin leaded carrier package (HJ suffix), a 20-pin flatpack 
(HK suffix) , and a 20-pin ceramic zig-zag in-line package (SV suffix). They are cha.racterized for operation from 
- 55°C to 125°C. 

operation 

enhanced page mode 

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

Unlike conventional pagEi-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature lets the SMJ4C1024 operate at a higher data bandwidth than 
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than 
when CAS goes low. This performance improvement is referred to as enhanced page mode. A valid column 
address can be presented immediately after the row address hold time has been satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after ta(C) maximum (access time from CAS 
low), if ta(CA) maximum (access time from column address) has been satisfied. If the column addresses for the 
next page cycle are valid at the same time CAS goes high, access time for the next cycle is determined by the 
later occurrence of ta(C) or ta(CP) (access time from rising edge of CAS). 

address (AO-A9) 

Twenty address bits are required to decode 1 of 1 048576 storage cell locations. Ten row-address bits are set 
up on inputs AO through A9 and latched onto the chip by RAS. The ten column-address bits are set up on pins 
AO through A9 and latched onto the chip by 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 to activate the output buffer as well as latch the address bits into the 
column-address buffer. 

write enable (W) 

8-26 

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

~lExAs 
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data In (D) 

SMJ4C1024 
1 048576-81T DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

Data-in 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 latch. In an early write cycle, W is brought low prior to CAS, and the 
data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or 
read-modify-write cycle, CAS is already low, and the data is strobed in by W with setup and hold times 
referenced to this signal. 

data out (Q) 

The 3-state output buffers provide direct TIL compatibility (no pullup resistor required) with a fanout of two 
Series 54 TIL loads. Data out is the same polarity as data in. The output is in the high impedance (floating) state 
until CAS is brought low. In a read cycle the output becomes valid after the access time tate). tate) begins with 
the negative transition of CAS as long as ta(R) and ta(CA) are satisfied. The output becomes valid after the access 
time has elapsed and remains valid while CAS is low; when CAS goes high, the output returns to a 
high-impedance state. In a delayed-write or read-modify-write cycle, the output follows the sequence for the 
read cycle. 

refresh 

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

CAS-before-RAS (CBR) refresh 

CBR refresh is used by bringing CAS low earlier than RAS (see parameter ld(CLRL)R) and holding it low after 
RAS falls (parameter td(RLCH) RJ. For successive CBR refresh cycles, CAS can remain low while cycling RAS. 
The external address is ignored and the refresh address is generated internally. The external address is also 
ignored during the hidden refresh cycles. 

power up 

To achieve proper device operation, an initial pause of 200 f.tS followed by a minimum of eight initialization cycles 
is required after full VCC level is achieved. 

test function pin 

During normal device operation TF must be disconnected or biased at a voltage less than or equal to Vec. 

~TEXAS 
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SMJ4C1024 
1 048576·81T DYNAMIC RANDOM·ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

logic symbolt 

RAM 1024Kx1 
5 

20010/2100 ' 
6 
7 

8 
10 

AO 
A1 

A2 

A3 
A4 

AS 

A6 

A7 

A8 
A9 

11 
0 

A 1048 575 

Vi 
o 

12 

13 

14 

15 

3 

16 

2 

1 

r-. 

~ 
.r--.. 

~ 
c:-

20019/2109 

C20(ROW] 
G23 (REFRESH ROW] 
24 (PWR OWN) 

C21 (COL) 

G24 

" > 23C22 

23210 24EN 

A.220 AV 

t This symbol is in accordance wi,h ANSI/IEEE Std. 91-1984 and lEe Publication 617-12. 
The pin numbers shown are for'the 18-pin JD package. 
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functional block diagram 

AO-+~~-r+-~~"~ 
A1-+~+-~~~~--~ 
A2-+-r+;-r~r----'~ 
A3-+-r+;-r~~---'~ 
A4-+-r+;-r.------.~ 
A5-+~+-~--------~ 

A6-+-r~~------_.~ 
A7-t-r.-----------.; 
A8-+~----------_.~ 
A8-e------------_.~ 

SMJ4C1024 
1 048576-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMSoa3O- DECEMBER 1988 - REVISED JUNE 1995 

D 

Q 

absolute maximum ratings over operating free-alr temperature range (unless otherwise. noted)t 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Voltage range on Vee •••••......•..••..••.....•......•.......•••••..••.•.•••.......• - 1 V to 7 V 
Short-circuit output current, los ......••.•.•.....•..••••••..••..•••••.•.•••••.........••••.• 50 rnA 
Power dissipation .•.•.••••..........•.................•........•.•••••..•••...•.•....•••... 1 W 
Operating temperature range, TA ................................................. - 55°C to 125°C 
Storage temperature range, Tstg ..... ;............................................ - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNrr 

VOO Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Minimum operating free-air temperature -55 ·0 

TO Maximum operating case temperature 125 ·0 
NOTE 2: . The algebraic convention, where the more negative Oess positive) limit is designated 88 minimum,is used for logic-voltage levels only. 

~TEXAS . 
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SMJ4C1024 
1048576·811 DYNAMIC RANDOM·ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free·alr 
temperature (unless otherwise noted) 

TEST '4C1024-80 '4C1 024-1 0 '4C1024-12 '4C1024-15 
PARAMETER UNIT CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX 

VOH 
High-level 

IOH--5mA 2.4 2.4 2.4 2.4 V output voltage 

VOL 
Low-level 

IOL=4.2mA 0.4 0.4 0.4 0.4 V output voltage 

II 
Input current VCC=5.5V, VI = 0 V to 6.5 V, .. 10 .. 10 .. 10 .,10 IIA (leakage) All other pins - 0 V to VCC 

Output VCC=5.5V, Vo =OVtoVCC, 
10 current 

CAS high 
.. 10 :1:10 :1:10 :1:10 IIA 

(leakage) 

Read- or 
ICCI write-cycle VCC=5.5V, Minimum cycle 75 70 60 55 mA 

current 

Standby After 1 memory cycle, 
ICC2 RAS and CAS high, 3 3 3 3 mA current 

VIH =2.4 V 

Average VCC=5.5V, Minimum cycle, 
refresh RAScycling, 

ICC3 current 70 65 55 50 mA 
(RAS only or CAS high (RAS only), 

CBR) RAS low after CAS low (CBR) 

ICC4 
Average page VCC=5.5V, tpc = minimum, 

50 45 35 30 mA 
current RASlow, CAS cycling 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

HL/JD/FQ HJ HK SV 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

CI(A) Input capacitance, address inputs 6 7 8 9 pF 

CiIO) Input capacitance, data Input 5 5 6 7 pF 

CiIRC) Input capacitance, strobe inputs 7 7 8 8 pF 

Ci(W) Input capacitance, write-enable Input 7 7 7 7 pF 

Co Output capacitance 7 9 10 8 pF 

NOTE 3: Capacitance Is sampled only at Initial design and after any major change. Samples are tested atO V and 25°C with a 1 MHz slgnai applied 
to the pin under test. All other pins are open. 

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

ALT. '4Cl024-80 '4Cl024-10 '4Cl024-12 '4Cl024-15 
PARAMETER SYMBOL 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

talC) Access time from CAS low tCAC 20 25 30 40 ns 

tICAl Access time from column address tM 40 45 55 70 ns 

tlR) Access time from RAS low tRAC 80 100 120 150 ns 

talCP) Access time from column precharge tePA 40 40 60 75 ns 

ldis(CH) 
Output disable time after CAS high 

toFF 20 25 30 35 ns 
(see Note 4) 

NOTE 4: Idls(CH) Is specified when the output is no longer driven. The output Is disabled by bnnglng CAS high. 

~lExAs . 
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SMJ4C1024 
1 048576·81T DYNAMIC RANDOM·ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature (see Note 5) 

ALT. '4Cl024-80 '4Cl 024-1 0 
PARAMETER 

SYMBOL MIN MAX MIN MAX 

Ie(rd) 
Cycle time. read 

tRC 150 190 (see Note 6) 

letwl Cycle time, wrHe twc 150 190 

le(rdW) 
Cycle time, 

tRWC 175 220 read-wrHe/read-modify-wrHe 

Ie 
Cycle time. page-mode read 

tpc 50 55 or write (see Note 7) 

Ie(PM) 
Cycle time, page-mode 

tPRWC 75 85 read-modify-write 

tw(CH) Pulse duration, CAS high tcp 10 10 

tw(CL) 
Pulse duration, CAS low 

leAS 20 10000 25 10000 (see Note 8) 

tw(RH) 
Pulse duration, RAS high 

tRP 60 80 (precharge) 

Pulse duration. nonpage 
twIRL) mode, RAS low tRAS 80 10000 100 10000 

(see Note 9) 

tw(RL)P 
Pulse duration, page mode, 

tRASP 80 100000 100 100000 RAS low (see Note 9) 

tw(WL) Pulse duration, write twP 15 15 

tsu(CA) 
Setup time, column address 

tASC 0 3 before CAS low 

tsu(RA) 
Setup time, row address 

tASR 0 0 before RAS low 

tsu(O) 
Setup time, data 

tos 0 0 (see Note 10) 

Isu(rd) 
Setup time, read before CAS 

tRCS 0 0 low 

tsu(WCL) 
Setup time, W low before 

twcs 0 0 CAS low (see Note 11) 

lsu(WCH) 
Setup time, W low before 

leWL 20 25 CAS high 

tsu(WRH) 
Setup time, W low before 

tRWL 20 25 RAShigh 

th(CA) 
Hold time, column address 

leAH 15 20 after CAS low 

th(RA) 
Hold time, row address after 

tRAH 12 15 RASlow 

NOTES: 5. Timing measurements In thiS table are referenced to VIL max and VIH min. 
6. All cycle times assume tt = 5 ns. 
7. To assure Ie(P) min, tsu(CA) should be;o tw(CH). 
8. In a read-modify-write cycle, Id(CLWL) and lsu(WCH) must be observed. 
9. In a read-modify-write cycle, Id(RLWL) and lsu(WRH) must be observed. 

10. Referenced to the later of CAS or W in write operations 
11. Early write operation only 

~1EXAS 
INSTRUMENTS 
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'4Cl024-12 '4Cl024-15 
UNIT 

MIN MAX MIN MAX 

220 260 ns 

220 260 ns 

265 315 ns 

65 80 ns 

110 135 ns 

15 25 ns 

30 10000 40 10000 ns 

90 100 ns 

120 10000 150 10000 ns 

120 100000 150 100000 ns 

20 25 ns 

3 3 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

30 40 ns 

30 40 ns 

20 25 ns 

15 20 ns 
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1 048576·81T DYNAMIC RANDOM·ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) (continued) 

ALT. '4C1024-80 '4Cl 024-1 0 
PARAMETER SYMBOL MIN MAX MIN 

th(RCLA) 
Hold time, column address after 

tAR 60 70 RAS low (see Note 12) 

thlD) Hold time, data (see Note 10) tDH 15 20 

th(RLD) 
Hold time, data after RAS low 

tDHR 60 70 (see Note 12) 

th(CHrd) 
Hold time, read after CAS high 

tRCH 0 0 (see Note 15) 

th(RHrd) 
Hold time, read after RAS high 

tRRH 10 10 (see Note 15) 

th(CLW) 
Hold time, write after CAS low 

twCH 15 20 (see Note 11) 

th(RLW) 
Hold time. write after RAS low 

twCR 60 70 (see Note 12) 

tdIRLCH) Delay time, RAS low to CAS high tcSH 80 100 

Id(CHRL) Delay time, CAS high to RAS low tcRP 0 0 

IdCCLRHI Delay time, CAS low to RAS high tRSH 20 25 

td(CLWL) 
Delay time, CAS low to W low 

tcWD 20 25 (see Note 13) 

Id(RLCL) 
Delay time, RAS low to CAS low 

tRCD 22 60 28 (see Note 14) 

Id(RLCA) 
Delay time, RAS low to column 

tRAD 17 40 20 address (see Note 14) 

Id(CARH) 
Delay time, column address to RAS 

tRAL 40 45 high 

Id(CACH) 
Delay time, column address to CAS 

tCAL 40 45 high 

Id(RLWL) 
Delay time, RAS low to W low 

tRWD 80 100 (see Note 13) 

Id(CAWL) 
Delay time, column address to W 

tAWD 40 45 low (see Note 13) 

Id(RLCH)R 
Delay time, RAS low to CAS high 

tcHR 20 25 (see Note 16) 

Id(CLRL)R 
Delay time, CAS low to RAS low 

tCSR 10 10 (see Note 16) 

Id(RHCL)R 
Delay time, RAS high to CAS low 

tRPC 0 0 (see Note 16) 

trf Refresh time Interval tREF 8 

tt Transition time (see Note 17) - - -
NOTES: 5. Timing measurements In thiS table are referenced to VIL max and VIH min. 

10. Referenced to the later of CAS or W in write operations. 
11 . Early-write operation only 

MAX 

75 

55 

8 

12. The minimum value is measured when Id(RLCL) is set Id(RLCL) min as a reference. 
13. Read-modify-write operation only 
14. Maximum value specified only to assure access time. 
15. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle. 
16. CBR refresh only 

'4C1024-12 

MIN MAX 

60 

25 

85 

0 

10 

25 

85 

120 

0 

30 

40 

28 90 

20 65 

55 

55 

130 

65 

25 

10 

0 

8 

-

17. Transition times (rise and falQ for RAS and CAS are to be minimum of 3 ns and a maximum of 50 ns. 
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'4C1024-15 
UNIT 

MIN MAX 

100 ns 

30 ns 

110 ns 

0 ns 

10 ns 

30 ns 

100 ns 

150 ns 

0 ns 

40 ns 

50 ns 

33 110 ns 

25 80 ns 

70 ns 

70 ns 

160 ns 

80 ns 

30 ns 

15 ns 

0 ns 

8 ms 

- ns 



SMJ4C1024 
1 048576-81T DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

v 

ro IOH/IOL 

Output Under Teet --I 
I CL-SOpF 

. ( ... NoteA) 

(a) LOAD CIRCUIT 

NOTE A: CL Includes probe and flxture capacitance. 

(b) ALTERNATE LOAD CIRCUIT 

Figure 1. Load Circuits for Timing Parameters 
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SMJ4C1024 
1048576-811 DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D- DECEMBER 1988 - REVISED JUNE 1896 

PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
_-""!II II1II ~ I 

RAS 7{ ~Ou~ Jt t\ 
I I I I I '--------

It ---I !+- r tcJ(CLRH) ------+! ~ ~(RH) --+I 
I I+-- tcJ(RLCL) ~ .!4-H- tcJ(CHRL) -----+l 
I 14 tcJ(RLCH) ~ I I I 
I I I+-~(CL)~~ , I 

CAl 'i N' I I, \ 
tcJ(RLC~ ~ ~I I, . ~ II ~ '----
th(RA)....I.i !+- ~ ~I , lsu(cA) . I I 'I ~(CH) 

I I I 14 I , tcJ(CACH) ----.J ,. , I 
~ lsu(RA) ~ I I. tcJ(CARH) I ~I I I 14 I I th(RLCA) +-t--+! I I 

M-" 2X ~ ~ .. m~: ~;.:.;~)Q2Q0(,----__ 
. I ~ Isu(rd) -.I f4-+i- th(CA) I ~ ih(RHrd) 

I . II I i4 J th(CHrd) 

I m I I" 
Vi Q{Hn:F~~ I I ~HnHf:~ 

, I I I 
I I 14-- ta(C) ~ foil tcJIS(CH) ~ 
I 14 ta(CA) ~I I 

Q ! HI.z See Note A ~ Valid ))------

~ ta(R) .: 

NOTE A: Output can go from the high-impedance state to an invalid-dsta state prior to the specified access time. 
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Figure 2. Read·Cycle Timing 
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SMJ4C1024 
1048576·811 DYNAMIC RANDOM·ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

1OIII14'-----------tc(W) ----------~~I 

~~~~~----- ~ 
RAS i ~ tw(RL) Vi 1''----

tt ~ I = I11III tcI(CLRH} . ~ '= 
1 ~lcI(RLCL)~lw ---' -I !IIIJ'II---·lw(RH) ~ 
I 1_ (CL) -I J4-'4 ___ b ----.t .... 
I j" lcI(RLCH) .1 1"1 ... (CHRL) .., 

--..... -;------~I 1-"------------. 
CAS 1 I ! -, i4t tau(RA) I I 

1 I 1 I lcI(CACH) 1 /4l0III----- tw(CH) 

th(RA) ~ j4 I I lcI(CARH) I .: 
1 I I 14 ~ t8u(CA) 1 1 
: /4 I th(RLCA) I i ~ 1 1 

AD-A9229( "7 ~ ~T~~E~~~-'-------
lcI(RLCA) II1II ~ I I th(CA) I I 

1 14 I I t8u(WCH) ~ 1 
1 14 I I tau(WRH) .1 
~ I th(RLW) ., 

1 : I j+-- th(CLW) --.: 

~ j'II ~: tau(WCL) 1 

w§02i;;~c~*~ ~! ~*gI*~~ 
1 14 I I lw(WL) ~ 

14-- tau (D) ~ !4- th(D) -.j 
II~ ~I 

r" th(RLD) ~ 

Q --------------HI-Z----------------
Figure 3. Early-Write-Cycle Timing 

-!!1 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 8-35 



SMJ4C1024 
1 048576-81T DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

Q 

. 8-36 

PARAMETER MEASUREMENT INFORMATION 

----------------------------~(~ _____ No_t_~_II_d ____ ~i~----------------
Figure 4. Write-Cycle Timing 
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NOTE A: Output can go from the high-Impedance state to an invalid-data state prior to the specified access time. 

Figure 5. Read.Write./Read-Modlfy-Wrlte·Cycle Timing 
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SMJ4C1024 
1048576-811 DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D- DECEMBER 1988 - REVISED JUNE 1995 

PARAM'ETER MEASUREMENT INFORMATION 

wr l I I I W Vi I I I I I 
I I j+-ta(C)~ I . I 
I I I0Il1 ta(CP) I ~ 
II i4 ~ (see Note C) I I 
14 ta(R) ta(CA); 14---- ~le(CH) ~ 

lw(RH)~ 

RAS Nt tw(RL)P ~ 
I 14 .1 I II I ld(RLCL) 14-- . 
I I I w ~. tc(P) ~ld(CHr~ ~ 
I ~ ld(RLCH) I ~ - ~ tw(CH) I I I I I tw(CL) ~ . ~ I·· I I4-ld(cLRH) -1 I 

eAI II 7\\1 Yj \\1/:. II 
II 1--jJ4-Ih(CA)· II II 
1II1II Ih{RLCA) I I ~ l+--ld(CACH) ~ I I I 
~ tau(RA) ~ tau(CA) I loll I ~ I 

i ~~~~ I : I I -: ~ 
M-AO ~ . "- X 7·~· ~ CoN~ • Xl&~~E§l& 

I4-ld(RLCA) --I I I I th(RHrd) iIIII ~ 
ItIII I '- I .1 I I See Note C 14-- th(CHrd) 4 
,I "~I I 10 Io(CA> I ~ ~ 

Q ~ I'I'lV'l'M Valid )-
~ ~ Out 

See Note A Sse Note A 

NOTES: A. Output can go from the high-Impedance state to an invaJid-clata state prior to the specified access time. 

8-38 

B. A write cycle or a read-modify cycle can be mixed with the read cycles as long as the write and read-modify-write timing specifications 
are not violated. 

C. Accass time Is ta(CP) or ta(CA) dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle nmlng 

~1ExAs 
INSTRUMENTS 

POST OFFICE sox 1443 • HOUSTON. TEXAS 77251-1443 



SMJ4C1024 
1 048576-8IT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1895 

PARAMETER MEASUREMENT INFORMATION 

tw(RH) ~ 14-
.... 14f----------- tw(RL)P ~ I I 

RASN. ~ 
.... ~f-----tcl(RLCH) ------I~~ :+- tcI(CLRH} ----I I 
I _ tw(CL) -NW~-~~ 14 tc(P) I .!4- tcI(CHRL) --.I 
~1~f----tcl(R~L)--~~~~ I ~I 

I I 14 rtw(CH) I I 

I X 'L J! \ \J.. /r---:!-'--:--
I ~"U(CA) I I I 
r4 "'(RLC~ I ~ ~ tcI(CACH) -+I J 

14(4 ~~ i ! I ~ "'(CA) r tcI(CAR1H) ~ 
6'e",",,,,",,,,",,,,",,,",,,, 

AO-A9 

Q --------------~---------------HI~--------~------------------
NOTES: A. A read cycte or a read-modify-Write cycle can be Intennixed with Write cycles as long as read and read-modlfy-Write timing 

specifications are not violated. 
B. Referenced to CAS' or W, whichever occurs last; 

Figure 7. Enhanced-Page-Mode Wrlt.Cycle TIming 
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SMJ4C1024 
1 048576-8IT DYNAMIC RANDOM-ACCESS MeMORY 

SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

tw{RH) ~ I+-
1111114f----------'- tw{RL)P ----'--~------'--'tlItli I I 

RASN ~ 
I I I I 
I I 14 tc(pM) ~ I I I 14 . tcI{RLCH) .• 1 I 14- tcI(CLRH) ~ I 
I :'--tcl{RLCL) ----f-! . tw(CH) I fill , I tcI(CHRL) ~ ~ 
I I ~ !+--tw(CL) 4): I T]id-I ----
II ltiU(CA)~"\{ . .II \\L -II! 
114 Ith{RLCA) I ~ I III 
I~ .• tcI{RLCA) I I I III 
~ 1+-1h{RA) I I I I I II 

-.I 14--1- ltiu{RA) I 14 ~ Ih(CA) I I II 

_ .. ~ I~~ )@( I _~ ~~cf,~ 
~ I 1 I 1V::l::lf~ ~ 

I I 14- Iti~(rcl) -.! -.I I+- tcI(CLWL) 1 ltiu{WCH) 14 ~ II . 
I I I t....- 1-+1 1 I II 
I I I. r--tcI(C~ II1II ~tw(WL) II1II- ltiu{WRH) -+t 

X5&S&W1 i+--t- tcI{RLWL) --rrj I I I I I 
I I "\ I I JX& \.1 /X.~(f~~;V~~~X5O<~ 

W I I I~ ~ ~~I ______ ~~~~y~D.~on~~~;~.~ .. jV\~ 
I I I I I I I I I I 14 ~ !h(D) I I 
I I ltiu(D) -+: 14- I I I ._**. -_ ... ~~,",. ~:D;~o~7"I"'lf~f~)(5?g~ 
1 I j+ ta(C) -.I I I 

1 II1II. ta(CA) ----.II I 14- tclls(CH) -til 
II1II ta(R).. ~ 14 ta(cP) .1 I 

I 1 I 

Q . s •• NoteA~ s •• Note A ~ ~::: >--
NOTES: A. Output can go the from high-Impedance stete to an Invalid-dala stata prior to the specified access time. 
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B. 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. 

Figure 8. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

1l1li Ic(rd) ~ 

RAS . +t-.~~ 1tr ~'"'---_ 
1 !.- \.-- tw~H) --.: 

\~ I ..... ---.. ~ I 

w~£~~~~ 

D~E~g~~~ 

Q------------HI.z------------
Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 10. Hldden-Refresh-Cycle nmlng 
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PARAMETER MEASUREMENT INFORMATION 

1oII141-----------tc(rd) -----------i~~ 

~ tw(RH) ~ 1IIIi4f------tw(RL) ------~~ : 

RAS J N Y,,------
tcI{CHRL)R 14 ~ : 

14 ~ tcI{RHCL)R iOIj'IIl----- tcI{RLCH)R ----~~ 
----~~l I I yll 

~ {~----~---~---~--------------------~-. 

Q ---------""'------------ HI·Z --------------------

Figure 11. Automatlc-CBR-Refresh-Cycle Timing 
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• Processed to MIL-STD-883, Class B 
• 

• Organization ••• 4194304 x 1 

• Single 5-V Power Supply (±10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ 

TIME TIME 

(tRAC) (!cAe) 
(MAX) (MAX) 

TIME OR WRITE 
(tM) CYCLE 
(MAX) (MIN) 

SMJ44100-80 80 ns 20 ns 40 ns 150 ns 
SMJ441 00-1 0 100 ns 25 ns 50 ns 180 ns 
SMJ4410D-12 120 ns 30 ns 55 ns 210 ns 

• Enhanced Page Mode Operation for Faster 
Memory Access 
- Higher Data Bandwidth Than 

Conventional Page-Mode Parts 
- Random Single-Bit Access Within a Row 

With a Column Address 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
1024-CycleRefresh In 16 ms (Max) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas Instruments EPICT. CMOS Process 

• All Inputs/Outputs and Clocks are TTL 
Compatible 

• Packaging Options: 
- 18-Pln, 400 mil Ceramic DIP (JD Suffix) 
- 18-Pln, 300 mil Ceramic DIP (JOB Suffix) 
- 20-Pln, Ceramic Flatpack (HR Suffix) 
- 2o-Pad, 350 x 675 Ceramic Chip Carrier 

(HL Suffix) 
- Additional Package Options Planned 

• Military Temperature Range 
-55 ·C to 125·C 

description 

SMJ44100 
4194304-WORD BY 1·BIT 

DYNAMIC RANDOM·ACCESS MEMORY 

JD/JDB PACKAGES HRPACKAGE 
(TOP VIEW) (TOP VIEW) 

D VSS D VSS 
W a W a 

RAS CAS RAS CAS 
Al0 A9 NC NC 

AO AS Al0 A9 
Al A7 AO AS 
A2. AS 
A3 A5 Al A7 

VCC A4 A2. AS 
A3 A5 

VCC A4 

HLPACKAGE 
(TOP VIEW) 

D VSS 
a 
CAS 
NC 
A9 

AS 
Al A7 

AS 
A5 

A4 

PIN NOMENCLATURE 
AO-Al0 Address Inputs 
CAS Column-Address Strobe 
D Data In 
NC No Internal Connection 
Q Data Out 
RAS Row-Address Strobe 
iN Write Enable 
VCC 5-V Supply 
VSS Ground 

The SMJ441 00 is a series of high-speed 4194304-bit dynamic random-access memories (DRAMs), organized 
as 4194304 words of one bit each. They employ state-of-the-art enhanced performance implanted CMOS 
EPICT. technology for high performance, reliability, and low power operation. 

The SMJ441 00 features maximum row access time of 80 ns, 100 ns, and 120 ns. Maximum power dissipation 
is as low as 385 mW operating and 22 mW standby. 

All inputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data-out lines are unlatched to allow greater system flexibility. 

EPIC is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 
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Copyright C 1995. Texas Instruments Incorporated 
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SMJ44100 
4194304·WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORY 
SGMS0400 - JANUARY 1991 - REVISED JUNE 1995 

description (continued) 

The SMJ44100 is offered in a 300-mil 18-pin ceramic dual-in-line package (JOB suffix), an 18-pin ceramic 
dual-in-line package (JD suffix), a 20-pin ceramic flatpack (HR suffix), and a 20-pad 350 x 675 ceramic chip 
carrier package (HLsuffix). All packages are guaranteed for operation from - 55°C to 125°C. 

operation 

enhanced page mode 

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

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the SMJ441 00 to operate at a higher data bandwidth than 
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when 
CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column address 
can be presented immediately after row address hold time has been satisfied, usually well in advance of the 
falling edge of CAS. In this case, data is obtained after tCAC maximum (access time from CAS low), if tAA 
maximum (access time from column address) has been satisfied. In the event that column addresses for the 
next cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later 
occurrence of tCAC or tCPA (access time from rising edge of CAS). 

address (AO-A10) 

Twenty-two address bits are required to decode 1 of 4194304 storage cell locations. Eleven row-address bits 
are set up on inputs AO through A 10 and latched onto the chip by RAS. The eleven column-address bits are 
set up on pins AO through A10 and latched onto the chip by CAS. All addresses must be stable on or before 
the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as 
well as the row decoder. CAS is used as a chip select, activating the output buffer as well as latching the address 
bits into the column-address buffer. 

write enable (W). 

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

data In (0) 

8-46 

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

~1ExAs 
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data out (Q) 

SMJ44100 
4194304-WORD 8Y 1·81T 

DYNAMIC RANDOM·ACCESS MEMORY 
SGMS040D - JANUARY 1991 - REVISED JUNE 1995 

The high-impedance state output buffer provides direct TTL compatibility (no pull up resistor required) with a 
fanout of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output becomes valid after the access time interval 
tCAC that begins with the negative transition of CAS as long as tRAC and tM are satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to a 
high-impedance state. In a delayed-write or read-write cycle, the output follows the sequence for the read cycle. 

refresh 

A refresh operation must be performed at least once every 16 ms to retain data. This can be achieved by strobing 
each ofthe1024 rows (AO-A9, A10 is ignored). A normal read or write cycle refreshes all bits in each row that 
is selected as well as the corresponding row relative to A 10. A RAS-only operation can be used by holding CAS 
at the high (inactive) level, conserving power as the output buffer remains in the high-impedance state. 
Externally generated addresses must be used for a RAS-only refresh. Hidden refresh can be performed while 
maintaining valid data at the output pin. This is accomplished by holding CAS at VIL after a read operation and 
cycling RAS after a specified precharge period, similar to a RAS-only refresh cycle. The external address is 
ignored during the hidden refresh cycles. 

CAS-before-RAS (CBR) refresh 

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

power-up 

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

test mode 

An industry standard design for test (OFT) mode is incorporated in the SMJ441 00. A CSR cycle with W low 
(WCSR) cycle is used to enter test mode. In the test mode, data is written into and read from eight sections of 
the array in parallel. Data is compared upon reading and if all bits are equal, the data-out pin goes high. If any 
one bit is different, the data-out pin goes low. Any combination read, write, read-write, or page-mode can be 
used in test mode. The test mode function reduces test times by enabling the 4M DRAM to be tested as if it were 
a 512K DRAM, where row address 10, column address 10, and also column address 0 are not used. A RAS-only 
or CSR refresh cycle is used to exit the OFT mode. 

"!I1TEXAS 
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SMJ441 00 
4194304-WORD 8Y 1-811 
DYNAMIC RANDOM-ACCESS MEMORY 
SGMS040D - JANUARY 1991 - REVISED JUNE 1995 

logic symbol t 

AO 
Al 

.A2 
A3 
A4 
AS 
AS 
A7 
AS 
A9 

Al0 

W 

D 

9 
10 
11 
12 
14 
15 
18 
17 
18 
22 
5 

r-.. 

3~ 
'" 

24 ~ 
2 ~ 
1 .f"-, 

RAM 4096K X 1 

30Dll/31oo " 

> A41~304 

30D21/31Dl0" 
C30(ROW) 

033l[REFRESH ROW] 
34[PWRDWN] 

C31[COL] 
034 

" I> 33C32 

3331D MEN 
A,32D A'\l 

t This symbol Is In accordance with ANSI/IEEE Sid 91-1984 and lEe Publication 617-12. 
The pin numbers shown are for the HM package. . 
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SMJ441 00 
4194304-WORD BY 1-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 
SGMS040D - JANUARY 1991 - REVISED JUNE 1985 

functional block diagram 

AD 
A1 Column Decode 

• Column sense Ampllfle,. 

• AcId ..... 
Buffe,. 128KArray 128KArray 

• A 
A10 128KArray 

0 
t28KAlray 

D w 

D 
• • • • Q Row • c • • Add ..... • • 

Buffera 0 • d 

• 

absolut. maximum ratings ov.r operating fr .... lr t.mperatur. (unless oth.rwlsenot.d)t 
Voltage range on any pin (see Note 1) ............................................•.... -1 V to 7 V 
Voltage range on Vee ....•••••••••••••••.........•.•••..............•.....•••••• ; ••. -1 Vto7V 
Short-circuit output current ••.••.•••••••.•••••......•...•••..•....•..•..••••...•• ' •••••••• '. •• 50 rnA 
Power dissipation ••••.•••••.•••••••••••••.......•• '. • • • • . . . . . . • • . . • . • • . • . . . . • • • • • . • • . • • • • • •. 1 W 
Operating free-air temperature range, TA ... .. .. . . .. . .. . .. • .. . . .. . .. . .. . • • .. .. . .. ... - 55°C to 125°C 
,Storage temperature range, Tstg •••.• ; •••••••••••..•.•.. " ••....• , ....••••••..•••• ::- 65°C to 150°C 

t Stresses beyond those listed under"absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rsliability. 

NOTE 1: All voltage values are with respect to VSS. 

r.comm.nded operating conditions 

MIN NOM MAX UNrr 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-Ievellnput voltage (see Note 2) -1 0.8 V 

TA Minimum operating temperatura -55 ·e 

Te Maximum operating case temperatura 125 ·e 
. . NOTE 2: The algebraic COnvention, where the mora negative Oess positive) IlIIIit IS designated as mlmmum, IS used for logic-voltage levels only • 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'PARAMETER TEST CONDmONS 

VOH High-level output voltage 10H =-5mA 

VOL Low-level output voltage IOL-4.2mA 

II Input current Oeakage) VCC = 5.5 V, V ... OVto 8.5 V, 
All other pins .. 0 V to VCC 

10 Output current (leakage) VCC = 5.5 V, Vo =OVtoVcc, 
CAS high 

ICCI 
Read- or write-cycle current 

VCC = 5.5 V, Minimum cycle (see Note 3) 

ICC2 Siendby current 
After 1 memory cycle, 
RAS end CAS high, 
VIH .. 2.4 V (TTL) 

Average refresh current 
VCC-5.5V, Minimum cycle, 

ICC3 (RAS only, or CBR) 
RAS cycling, 

(see Note 3) CAS high (RAS only), 
RAS low after CAS low (CBR) 

1CC4 
Average page current VCC-5.5V, tpc .. minimum, 
(see Note 4) RASlow, CAS cycling 

NOTES: 3. Measured with a maximum of one address chenge while RAS .. VIL 
4. Measured with a maximum of one address chenge while CAS .. VIH 

'4410040 '44100-10 '44100-12 
UNIT 

MIN MAX . MIN MAX MIN MAX 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

z10 :t 10 :tl0 tIA 

:tl0 :tl0 :tl0 tIA 

85 80 70 mA 

4 4 4 mA 

85 75 85 mA 

50 40 35 mA 

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

PARAMETER MIN MAX UNIT 

CI(A) Input capacHance, address InputS 7 pF 

Ciio) Input capacHance, data Inputs 7 pF 

Ci(RC) Input capacHance, strobe inputs 10 pF 

CIIWl Input capacHance, wrillHlnable Input . 10 pF 

Co Output capacHance 10 pF 

NOTE 5: Vce - 5 V :t 0.5 V end the bias on Pins under test Is 0 V. CapacHanca.1s sampled only at Initial design and after any mllJor change. 

switching characteristics over recommended ranges of supply voltage range and operating 
free-alr temperature 

'4410040 '44100-10 '44100-12 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tM Access time from column address 40 50 55 ns 

!cAC Access time from CAS low 20 25 30 ns 

tCPA Access time from column precharge 45 50 55 ns 

tRAC Access time from RAS low 80 100 120 ns 

!oFF Output disable time after CAS high (see Note 8) 20 25 30 ns 

NOTE 8: tOFF Is specified when the output Is no longer driven. The output Is disabled when CAS Is brought high. 

~1ExAs .. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

'44100-80 

MIN MAX 
tRC Cycle time, random read or write (see Note 7) 150 

tRWC Cycle time, read-write 175 

tpc Cycle time, page-mode read or write (see Note 8) 50 

tpRWC Cycle time, page-mode read-wri1e 70 

tRASP Pulse duration, page mode, RAS low (see Note 9) 80 100000 

tRAS Pulse duration, non page mode, RAS low (see Note 9) 80 10000 

teAS Pulse duration, CAS low (see Note 10) 20 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 60 

twp Pulse duration, wri1e 15 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row addrass before RAS low 0 

tDS Setup time, data (see Note 11) 0 

tRCS Setup time, raad before CAS low 0 

tCWL Setup time, W low before CAS high 20 

tRWL Setup time, W low before RAS high 20 

twcs 
Setup time, W low before CAS low 

0 (early-write operation only) 

twSR Setup time, W high (CBR refresh only) 10 

teAH Hold time, column address after CAS low 15 

tDHR Hold time, data after RAS low 60 

tDH Hold time, data (see Note 11) 15 

tAR Hold time, column address after RAS low (see Note 13) 60 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, read after CAS high (see Note 12) 0 

tRRH Hold time, read after RAS high (see Note 12) 0 

twCH Hold time, write after CAS low (early-write operation only) 15 

twCR Hold time, write after RAS low (see Note 10) 60 

twHR Hold time, W high (CBR refrash only) 10 

tAWD 
Delay time, column address to W low 

40 (read-write operation only) 

teHR Delay time, RAS low to CAS high (CBR refresh only) 20 

teRP Delay time, CAS high to RAS low 0 

teSH Delay time, -RAS low to CAS high 80 

tCSR Delay time, CAS low to RAS low (eBR refresh only) 10 

tCWD Delay time, CAS low to W low (read-write operation only) 20 

NOTES: 7. All cycle times assume IT = 5 ns. 
8. To assura !PC min, tASC should be .. tep. 
9. In a read-write cycle, tRWD and tRWL must be observed. 

10. In a read-write cycle, teWD and IGWL must be observed. 
11. Referenced to the later of CAS or W in write operations 
12. Either tRRH or tRCH must be satisfied for a read cycle. 
13. The minimum value is measured when tRDC is set to IRCD min as a reference. 

~TEXAS 
INSTRUMENTS 
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'44100-10 '44100-12 

MIN MAX MIN 
UNrr 

MAX 
180 210 ns 

210 245 ns 

60 65 ns 

65 95 ns 

100 100000 120 100000 ns 

100 10000 120 10000 ns 

25 10000 30 10000 ns 

10 15 ns 

70 80 ns 

20 25 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

25 30 ns 

25 30 ns 

0 0 ns 

10 10 ns 

20 20 ns 

75 90 ns 

20 25 ns 

75 90 ns 

15 15 ns 

0 0 ns 

0 0 ns 

20 25 ns 

75 90 ns 

10 10 ns 

50 55 ns 

20 25 ns 

0 0 ns 

100 120 ns 

10 10 ns 

25 30 ns 
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timing. requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

'441CJO.8O '44100-10 '44100-12 

MIN 
UNIT 

) MIN MAX MAX MIN MAX 

tRAD Delay time, RA! low to column address (see Note 14) 15 40 20 50 20 65 n8 

tRAL Delay time, column address to RAS high 40 50 55 n8 

teAL Delay time, column address to ~ high 40 50 55 n8 

tRCD Delay time, RA! low to CAS low (see Note 14) 20 60 25 75 25 90 n8 

tRPC Delay time, RAS high to CAS low 0 0 0 n8 

tRSH Delay time, CA! low to RA! high 20 25 30 n8 

tRWO Delay time, RA! low to W low (read-write operation only) 80 100 120 n8 

tcL2 CAS to output In low Z (see Note 15) 0 0 0 n8 

tREF Refresh time InteMII 16 16 16 ms 

IT Trensition time (see Note 16) 
NOTES: 14. Maximum value 8pecllled only to assure access time. 

8-52 . 

15~ Valid data is presented at the output after ali access times are satisfied. The output can go from the high-impedance state to an 
Invalid-data atate prior to the specified access times as the output is driven when CAS goes low. 

16. Trensltion times (rise and falQ for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 

PARAMETER MEASUREMENT INFORMATION 

BV 

'1VRL -21 •• 

Output UnderT .. t ~ 
Output Under Tnt --+---. 

CL=100pF T 
(see Note A) 

(a) LOAD CIRCUIT 

NOTE A: CL Includes probe and fIXture capacitance. 

CL=100pF 
(snNoteA) 

(b) ALTERNATE LOAD CIRCUIT 

Figure 1. Load Circuits for TIming Parameters 

~1ExAs 
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Vi 
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SMJ441 00 
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PARAMETER MEASUREMENT INFORMATION 

1 1 j4-teAC~ 1 
1 14 ItAA .1 1414---toFF .: 

1 1 QS!:).j ) 
---......j!--HI..z See Note A '©'\ _____ VB_lId ___ ....J )---------

1 1 1 1 
I teLZ r- .1 I 
14 tRAC ~ 

NOTE A: Valid data is presented at the output after all access times are satisfied. The output can go from the high-impedance state to an 
Invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

Figure 2. Read-Cycle Timing 

~TEXAS 
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PARAMETER MEASUREMENT 1NFORMATION 

Q------------_-HI.z--------------
Figure 3. Early-Wrlt.Cycle TIming 

~1ExAs 
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PARAMETER MEASUREMENT INFORMATION 

NOTE A: Valid data is presented at the output after ali access times are satisfied. The output can go from the high-impedance state to an 
invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

Figure 4. Write-Cycle Timing 

-!!1 TEXAS 
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POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 



SMJ44100 
4194304-WORD BY 1·B11 
DYNAMIC RANDOM-ACCESS MEMORY 
SGMS040D - JANUARY 1991 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTE k. Valid data Is presentad at the output after all access times are satisflad. The output can go from the high-impadance state to 
an Invalid-clata state prior to the specified access times as the output is driven when CAS goes low. 

8-56. 

Figure 5. Read-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

NOTES: A. Valid data Is presented at the output aiter all access times are satisfied. The output can go from the. high-Impedance state to an 
invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

B. Access time is tePA or 1M dependent. 

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

s •• Not. A 1 1 
III ~tOH--.I 
1 1 1 ( ... NotitA) 1 

1ooIII11III---toS .1II1II 14+1 -- tOH .1 
1OIII14f----- tos ~ (a •• Not. A) 1 

1 S •• Not. A , ~ f'---....... _-J O~~---------Vi-al-Id-o-am--In---------~~ ~~d ~~~r*~:$38 

Q------------------------------ HI-Z ---------------------------

NOTES: A. Referenced to CAS or W, whichever occurs last. 

8-58 

B. A read cycle or a read-write cycle can be intermixed with a write cycle as long as read and read-write timing speciflCationa are 
not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

1 j+- tCAC-+I 
1 I 

l+-
I 

104 tAA ~ 1 
teLZ-+! j+-toFF~ , 

(see Note A) 1 , 
tRAC , ., 104 tePA 1 ., 1 , !04- , I 1 1 

teLZ-+! I , 
, 

W< 1 
See Note A 

~ )-VelidOut 
Out 

NOTES: A. Valid data is presented at the output after all access times are satisfied. The output can go from the high-impedance state 
to an invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

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

Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

I~ IRC ~I 
I i+-lRAS -+j I __________________________ ~I I I I 

l'~ 11 ~ i ~ ~tRP~ 1..---

tcRP H I I -.I j+ tcRP 

I ~ i~tr -ioi ~t I 
I II ........ ., ~ 

w~*Kh*~ 

D~;~~*E 

Row 

Q -----------------HI-Z---------------

NOTES: A. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 
B. A10 is a don't care. 

8-60 

Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

~I~r---------------------~C--------------------~.I 

j4-- tRP ~ i'IIl~I-------------tRAS ----------1.~1 i 
I I I I I 

~ Ii N yr-----
I I 
I 14- teSR -+i 1 

~pc -+I ~ 1 141~---- teHR ----~.I 
'\ i ---+i !.- IT (a .. Note A) yll 

CAS ~~I ______ ~:---------------------~-. 
twSR ~ .1 "'-1--.... ..-1 IWHR 

AO-A9 ~*Z·t*;:~ 
See Notee 

Q ----------------HI·Z----------------
NOTES: A. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 

B. Al0isadon'tcare. 

Figure 10. Automatic CBR Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

I+-- Refresh Cycle ---+t 
~ Memory Cycle --+j r Refresh Cycle ~ 
I ~ • lAp I 
I I~ .1 I tRAS I I~ .1 lAp I 
II }J. 114 }ltRAS I .. I 

RAS~ Xi Ny· T\ l:-hl ;-
II I II II tcHR~ .1 
I I I ! I ! I .,.. I! T'l i i : -i : II i ~ 

tAR I I~ ~ I I I I I I I : 
I I ~ !++tcAH I I I I I I I 
I r+I !+H-tASC I I I I I I I 

tRAH~1+j I I I I I I I I I I I 
-+j '41tASR I I I I I I I I I I 

"-AIO_:*tff~~ 
I tRRH ~ l~i4:'+I- twHR . ,~~I j++t-twHR I ~tr'HR wi I i~ ,- ,~ ~twsR "-.r. 

WI:: VI? ~ 
I I I 

D :~~~:~~~:~~ 
I+-lAAC -+I . I 

~~=:J-~c -~ f 
Q (see Note A) ~ Valid Oats ~ ~ :r-

NOTE A: Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 

Figure 11. Hldden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 

Q -------------HI-Z-------'.S~'t--------

Figure 12. Hidden-RefreSh-Cycle (Write) Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON,lE<AS 772&1':1443 



SMJ441 00· 
4194304-WORD BY 1·BIT 
DYNAMIC RANDOM·ACCESS MEMORY 
SGMS040D - JANUARY 1991 - REVISED JUNE 1995 

~1EXAS . 
INSTRUMENTS 

8-64 POST OFFICE BOX 1443· HOUSTON,1E<AS 77261-1443 



• Processed to MIL-8TD-883, Class B 
• OrganlzaUon ••• 1 048 576 )( 4 
• Single 5-V Power Supply (:1:10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS REAO 

TIME TIME nME OR WRITE 

(tRAc) (tcAc) (tM> CYCLE 
(MAX) (MAX) (MAX) (MIN) 

SMJ44400-80 80 lIS 20 lIS 40 lIS 150 lIS 

SMJ44400-1 0 100 lIS 25 lIS 45 lIS 180 lIS 

SMJ44400-12 120 lIS 30 lIS 55 lIS 210 lIS 

• Enhanced Page Mode OperaUon for Faster 
Memory Access 
- Higher Data Bandwidth Than 

ConvenUonal Page·Mode Parta 
- Random Slngle·Blt Access Within a Row 

With a Column Address 

• CAS·Before·RAS (CBR) Refresh 

• Long Refresh Period 
1024-Cycle Refresh In 16 ms (Max) 

• 3-State Unlatched Output 

• Low Power Dissipation 
• Texas Instruments Enhanced Performance 

Implanted CMOS (EPIC"') Process 

• A1llnputs/Outputs and Clocks are TTL 
CompaUble 

• Packaging OpUons: 
- 20·Pln, 3OO·MII Ceramic Slde·Brazed DIP 

(JOB suffix) 
- 20·Pln Ceramic Flatpack (HR Suffix) 
- 2o-Pad, 350 )( 675 Ceramic Chip Carrier 

(HLsufflx) 
- 20·Pln Ceramic ZIP (SV suffix) 
- Additional Package Options Planned 

• Military Temperature Range 
-55 to 125°C 

descrIptIon 

SMJ44400 
1 048 576-WORD BY 4-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 

JDB OR HR PACKAGES HLPACKAGE 

DQ1 
DQ2 

Vi 
RAS 

A9 
AO 
A1 
A2 
A3 

Vee 

(TOP VIEW) 

Vss 
DQ4 
DQ3 
C5AS 
OE 
AS 
A7 
A6 
AS A1 

A4 

SVPACKAGE 
(TOP VIEW) 

(TOP VIEW) 

PIN NOMENCLATURE 

AO-A9 
CAS 
DQ1-DQ4 
OE 
RAS 

Vee 
Vss 

Address Inputs 
Column-Address Strobe 
Data InJData Out 
Output Enable 
Row-Address Strobe 
Write Enable 
5-VSupply 
Ground 

Vss 
DQ4 
DQ3 
C5AS 
OE 

AS 
A7 

AS 
AS 
A4 

The SMJ44400 is a series of high-speed 4194304-bit dynamic random-access memories (DRAMs), organized 
as 1 048576 words of four bits each. The series employs state-of-the-art EPIC'M technology for high 
performance, reliability, and low-power operation. 

The SMJ44400 features maximum row access times of 80 ns, 100 ns, and 120 ns. Maximum power dissipation 
is as low as 360 mW operating and 22 mW standby. 

All inputs and outputs, including clocks, are compatible with Series 54 TIL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

EPle is a trademark of Texas Instruments Incorporated. 

~TEXAS 
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description (continued) 

The SMJ44400 is offered in a 300-mil, 20-pin ceramic side-brazed dual-in-Iine package (JOB suffix), a 20-pin 
ceramic flatpack (HR suffix), a 20-pad 350 x 675 ceramic chip carrier (HL suffix), and a 20-pin ceramic zig-zag 
in-line package (SV suffix). All packages are characterized for operation from -55°C to 125°C. 

operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multiplex is eliminated. The 
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CAS 
page cycle time used. With minimum CAS page cycle time, all 1 024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the SMJ44400 to operate at a higher data bandwidth than 
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when 
CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column address 
can be presented immediately after row address hold time has been satisfied, usually well in advance of the 
falling edge of CAS. In this case, data is obtained after tCAC maximum (access time from CAS low), if tM 
maximum (access time from column address) has been satisfied. In the event that column addresses for the 
next cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later 
occurrence of tCAC or tCPA (access time from rising edge of CAS). 

address (AO-A9) 

Twenty address bits are required to decode 1 of 1 048576 storage cell locations. Ten row-address bits are set 
up on inputs AO through A9 and latched onto the chip by RAS. The ten column-address bits are set up on pins 
AO through A9 and latched onto the chip by CAS. All addresses must be stable on or before the falling edges 
of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select, activating the output buffer as well as latching the address bits into the 
column-address buffer. 

write enable (W) 

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

data In/out (DQ1-DQ4) 

8-66 

The high-impedance output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS and OE are brought low. In a read cycle the output becomes valid after all accesfl'times 
are satisfied. The output remains valid while CAS and OE are low. CAS or OE going high returns it to the 
high-impedance state. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON, TEXAS 77251-1443 



output enable (OE) 

SMJ44400 
1 048 576-WORD BY 4-BIT 

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

refresh 

A refresh operation must be performed at least once every 16 ms to retain data. This can be achieved by strobing 
each of the1024 rows (AO-A9). A normal read or write cycle refreshes all bits in each row that is selected. A 
RAS-only operation can be used by holding CAS at the high (inactive) level, conserving power as the output 
buffer remains in the high-impedance state. Externally generated addresses must be used for a RAS-only 
refresh. Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished 
by holding CAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a 
RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles. 

CAS-before-RAS (CBR) and hidden refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter tCSFV and holding it low after RAS 
falls (see parameter tCSR)' For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. During CBR refresh cycles the 
outputs remain in the high-impedance state. 

Hidden refresh can be performed while maintaining valid data at the output pins. This is accomplished by 
holding CAS at VIL after a read operation. RAS is cycled after the specified read cycle parameters are met. 
Hidden refresh can also be used in conjunction with an early-write cycle. CAS is maintained at VIL while RAS 
is cycled, once all the specified early-write parameters are met. Externally generated addresses must be used 
to specify the location to be accessed during the initial RAS cycle of a hidden refresh operation. Subsequent 
RAS cycles (refresh cycles) use the internally-generated addresses and the external address is ignored. 

power up 

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

test mode 

An industry standard Design For Test (DFT) mode is incorporated in the SMJ44400. A CBR with W low (WCBR) 
cycle is used to enter test mode. In the test mode, data is written into and read from eight sections of the array 
in parallel. All data is written into the array through DQ1. Data is compared upon reading and if all bits are equal, 
all DQ pins go high. If anyone bit is different, all the DQ pins go low. Any combination read, write, read-write, 
or page-mode can be used in the test mode. The test mode function reduces test times by enabling the 
1 M x 4-bit DRAM to be tested as if it were a 512K DRAM where column address 0 is not used. A RAS-only or 
CBR refresh cycle is used to exit the DFT mode. 
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logic symbolt 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 

A9 

W 
OE 

OQl 

0Q2 

OQ3 
OQ4 

9 
10 
11 
12 
14 
15 
16 
17 
18 

5 

4 

23 

3 
22 

1 

2 
24 
25 

RAM 1024Kx 4 

20010/2100 .... 

0 
> A 1 048575 

'" 20019/21 09 ... 
C20[Row) 

~ G23I{Refre.h Row) 

'" 24[Power Oown) t----;:: C21[Column) 

" 024 

~ & P>23C22 

'" 23210 24,25EN 

~5 r 
~ 

A,220 
A,Z26 'V 26 

t This symbol is in accordance with ANSI/IEEE Std 91·1984 and lEe Publication 617·12. The pinouts illustrated are for the HL package. 

functional block diagram 

AO':"'-'-' ~~~~~ Ai ----t-+-tl-l Column Oecode 

• Column Sen •• Amplifiers 
• Addrsss 

Buffers 128KArrey 128KArrey 
• 

A9--+--HH 

• Row 
• Addre •• 
• Buffers 

8-68 

R 128KArrey 0 128KArray 

w 

• • • 

128KArrey 
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absolute maximum ratings over operating temperature range (unless otherwise noted)t 
Voltage range on any pin (see Note 1) . . .. . . .. . . . .. .. .. .. . .. . .. . .. .. .. . .. .. .. .. . .. .... - 1 V to 7 V 
Voltage range on Vee ............................................................... - 1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation .......................................................................... 1 W 
Operating temperature range, TA . . . .. . . . .. . . . . . . • . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. - 5S·C to 12S·C 
Storage temperature range, Tstg .................................................. - SS·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input vo~age 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Minimum operating temperature -55 ·C 

TC Maximum operating case temperature 125 ·C 
. .. NOTE 2: The algebraiC convention, where the more negative (less positive) limit IS designated as minimum, IS used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) . 

PARAMETER TEST CONDITIONS 
'44400-80 

MIN MAX 

VOH High-level output vo~age IOH=-5mA 2.4 

VOL Low-level output voltage 10L= 4.2 mA 0.4 

II Input current Qeakage) Vcc = 5 .. 5 V, VI = 0 V to 6.5 V, 
:1:10 All other pins = 0 V to VCC 

10 Output current Qeakage) 
VCC = 5.5 V, Va = OVtoVCC. :1:10 
CAS high 

ICCI 
Read- or write-cycle 

Vcc= 5.5V. Minimum cycle 85 current (see Note 3) 

After 1 memory cycle, 
ICC2 Standby current RAS and CAS high. 4 

VIH =2.4V 

Average refresh current 
Vcc = 5.5 V, Minimum cycle. 

ICC3 (RAS only, or CBR) RAScycling. 
85 

(see Note 3) CAS high (RAS only). 
RAS low after CAS low (CBR) 

ICC4 
Average page current VCC = 5.5 V, tpc = minimum, 

50 (see Note 4) RASlow. CAS cycling 

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

~TEXAS 
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'44400-10 '44400-12 
UNIT 

MIN MAX MIN MAX 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :tlO ~ 

:1:10 :1:10 ~ 

80 70 mA 

4 4 mA 

75 65 mA 

40 35 mA 
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capacitance over recommended ranges of supply voltage and. operating free-air temperature, 
f = 1 MHz (see Note 5) 

PARAMETER MIN MAX UNIT 

Ci(A) Input capacttance, address Inputs 7 pF 

CiJRCl Input capacitance, strobe inputs 10 pF 

CI(w) Input capacHance, wrHe-enable Input 10 pF 

Co Output capacHance 10 pF 
... NOTE 5: VCC ~ 5 V:: 0.5 V and the bias on pins under test is 0 V. CapacHance Is sampled only at Initial design and after any major change. 

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

'44400-80 '4440()'10 '44400-12 

MAX 
UNIT 

MIN MAX MIN MIN MAX 

tM Access time from column address 40 45 55 ns 

tCAC Access time from CAS low 20 25 30 ns 

tePA Access time from column precharge 45 50 55 ns 

tRAC Access time from RAS.low 80 100 120 ns 

toEA Access time from OE low 20 25 30 ns 

toFF Output disable time after CAS high (see Note 6) 20 25 30 ns 

toEZ Output disable time after OE high (see Note 6) 20 25 30 ns 

NOTE 6: toFF and tOEZ are specified when the output Is no longer driven. The outputs are disabled by bnnglng either OE or CAS high. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

'44400-80 

MIN MAX 
tRC Cycle time, random read or write (see Note 7) 150 

tRWC Cycle time, read-write 205 

tpc Cycle time, page-mode read or write (see Note 8) 50 

tpRWC Cycle time, page-mode read-write 100 

tRASP Pulse duration, page mode, RAS low (see Note 9) 80 100000 

tRAS Pulse duration, nonpage mode, RAS low (see Note 9) 80 10000 

teAS Pulse duration, CAS low (see Note 10) 20 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 60 

twp Pulse duration, write 15 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 11) 0 

tRCS Setup time, read before CAS low 0 

tcwL Setup time, W low before CAS high 20 

tRWL Setup time, W low before RAS high 20 

Setup time, W low before CAS low 
twcs (early-write operation only) 0 

twSR Setup time, W high (CBR refresh only) 10 

teAH Hold time, column address after CAS low 15 

tOHR Hold time, data after RAS low 60 

tOH Hold time, data (see Note 11) 15 

tAR Hold time, column address after RAS low (see Note 10) 60 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, read after CAS high (see Note 12) 0 

tRRH Hold time, read after RAS high (see Note 12) 0 

twCH Hold time, write after CAS low (early-write operation only) 15 

twCR Hold time, write after RAS low (see Note 10) 60 

twHR Hold time, W high (CBR refresh only) 10 

toEH Hold time, OE command 20 

tROH Hold time, RAS referenced to OE 20 

tAWO 
Delay time, column address to W low 

70 (read-write operation only) 

tCHR Delay time, RAS low to CAS high (CBR refresh only) 20 

teRP Delay time, CAS high to RAS low 0 

teSH Delay time, RAS low to CAS high 80 

teSR Delay time, CAS low to RAS low (CBR refresh only) 10 

tewo Delay time, CAS . low to W low (read-write operation only) 50 

NOTES: 7. All cycle times assume IT. 5 ns. 
8. To assure tpc min, IAsc should be '" tcp. 
9. In a read-write cycle, tRWO and tRWL must be observed. 

10. In a read-write cycle, tewo and ~L must be observed. 
11. Referenced to the later of CAS or W in write operations 
12. Either tRRH or tRCH must be satisfied for a read cycle. 
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'44400-10 '44400-12 
UNIT 

MIN MAX MIN MAX 
180 210 ns 

245 285 ns 

60 65 ns 

120 135 ns 
100 100000 120 100000 ns 

100 10000 120 10000 ns 

25 10000 30 10000 ns 

10 15 ns 
70 80 ns 

20 25 ns 
0 0 ns 

0 0 ns 

0 0 ns 
0 0 ns 

25 30 ns 

25 30 ns 
.. 

0 0 ns 

10 10 ns 

20 20 ns 

75 90 ns 

20 25 ns 

75 90 ns 

15 15 ns 

0 0 ns 

0 0 ns 

20 25 ns 

75 90 ns 

10 10 ns 
25 30 ns 

25 30 ns 

80 90 ns 

20 25 ns 

0 0 ns 

100 120 ns 

10 10 ns 

60 70 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

'44400-80 '4440()..1 0 '44400-12 
UNIT 

MIN MAX MIN MAX MIN MAX 

tRAD Delay time, RAS low to column address (see Note 13) 15 40 20 50 20 65 ns 

tRAl Delay time, column address to RAS high 40 50 55 ns 

tCAl Delay time, column address to CAS high 40 50 55 ns 

tRCD Delay time, RAS low to CAS low (see Note 13) 20 60 25 75 25 90 ns. 

tRPC Delay tlme,.RAS high to CAS low 0 0 0 ns 

tRSH Delay time, CAS low to RAS high 20 25 30 ns 

tRWD Delay time, RAS low to W low (read-write operation only) 110 135 160 ns 

tCLZ CAS to output in low Z (see Note 14) 0 0 0 ns 

tOED OE to data delay 20 25 30 ns 

tREF Refresh time Interval 16 16 16 ms 

IT Transition time (see Note 15) 

NOTES: 13. Maxtmum value speCified only to assure access time. 

8-72 

14. Valid data is presented at the outputs after all access times are satisfied but can go from the high-impedance state to an invalid-data 
state prior to the specified access times as the outputs are driven when CAS and DE are low. 

15. Transition times (rise and falO for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 

PARAMETER MEASUREMENT INFORMATION 

5V 

,.~ VRL _ ." • 

Output Under Test ~ 
Output Under Test --..---. 

CL=100pF 
(see Note A) I 

(a) LOAD CIRCUIT 

NOTE A: Cl Includes probe and fixture capacitance. 

Cl= 100pF 
(sse Note A) 

(b) ALTERNATE LOAD CIRCUIT 

Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

NOTE k. vaJid data is presented at the outputs after all access times ere satisfied but can go from the high-Impedance state to an 
Invalld-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

T-L I 
~I 

• Figure 3. Early-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

8-76 

DQ1-DQ4 

I· I 
14-- toez 

1 
~I ~toEH 

I 

NOTE A: Valid data Ia presented at the outputs after all access times are satisfied but can go from the high-Impedance atate to an 
InvaUd-data stata prtor to the specified access times as the outputs are driven when CAS and OE are low. 

Figure 5. Read-Write Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

NOTES: A., Valid data Is presented at the Outpuls after all access times are satisfied but can go from the high-Impedance state to an 
Invalid-data state prior to the specified access times as the outpuls are driven when CAS and OE are low. 

B. Access time Is tePA or lAA dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle TIming 
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DQ1-
DQ4 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. Referenced to CAS or W. whichever occurs last. 

8-78 

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

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

lAp --.: ~ 
N, ~ tRASP ---------------~ 

I I II 
I I~ tcSH ~I 4 I 
I I I~ tpRWC I ~I I"" lASH ~i I 
I e-lACD ~~ 1 ~~ lop tcRP ~ I ~, 
I I ~tcAS ~ '{ / I 

tRAD II~ ~III I I I 
I I ~l+tlAsc I I I 
I I~ II I ~I IAR I I I 

~ gtASR I: 7tcAH~~ ~ ~ 
~ R; ~ ;Iumn ~ Column )@Q@:~#~~i~ 

lAAH I I+- II !.- I I+- tcWL -+I I 
I ~ tcwo-:l I I I 
I I~!AWO I I L..o--'--W 
I~ II I lAWD ----+i I~ ~I twP ...----lAWL . ~ 

~III III1 I 

w~111 N _ \l ~ 
I j IW II ~tcPA--+I I 

DQ1-
DQ4 

I I lAcs II I I~ ~ltoEH 
I I~ ! . ~I tAA I!.- tDH -+i I Valid Out I. 
I4--lAAC I~ ~ I4-/- tes I I (s .. Note A) I 

j4:+[ tcAC I I ~ A ..l-J A,. J I ______ ~I~ ~~d ~ V~~d )>rl------
. tcu -+' I.-t I Valid Out . I I 
(s .. Note A) ~ I.- toEZ I . I~ ~I toED I 
~ toEA --.I I I+- toEH ~ I I 

OE m§N.! \Jir---~~~~~~ 

NOTES: A. Valid data is presented at the outputs after all access times are satisfied but can go from the high-Impedance state to an 
Invalld-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 

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

Figure 8. Enhanced-Page-Mode Read-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

1l1li tRC ~I 

l~tRAS--+! 1 __________ ---,;1 I I 1 

RAS tcRPrl't ~l..-tRP~\---
I ~ j4- If ~ IRPC 
I 1 1 I 

CAS ~::~~*:::mmr < II W 
IAsR~ I 

I ~IRAH 
AD-AS ~~~< ~~~*~~n1~~.~~~~~~~ Row ~~;mE~n~~~~~~»< Row 

W~~~;~~;~ 

DQ1-DQ4~~i~{;;~~ 

OE~;~r~·;:~ 
FIgure 9. RAS·Only Refresh TImIng 
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PARAMETER MEASUREMENT INFORMATION 

~I~------------------~C----------------~~I 

14--~p --+t 141~-----1RAs -----------~~I II 
I I I I 

RAS ;T Nyr----
I I I 

~pc.,.I ~ teSR i ~I~--- teHR -------+t~1 
CAS \L ~~tr Y 

twSR I~ ~II 
I ~I~ ----+~t_I twHR 

AO-A9~J:;~r;y::~ 

OE~:;£~*::~ 

DQ1-DQ4 -------.....,.-----HI-Z-------------
Rgure 10. Automatlc-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

j+-- Refresh Cycl. ---+I ' 
!+-- M.mory Cycl. --+j I+-- Refresh Cycle --+! 
I . I I 

IRAS 110IIII ~ 1l1li ~I 1l1li tap .1 1l1li .1 tap 1 
. II. II II IIIRAs I /,~I 
Ui ~I JIr ~i Y ~. . 

. I t liT i T teHR I 1l1li .1 

CAS II ri·r- I I I teAS II I . II I ~x-I I 1 -. ! ! 1 ! 1 ss! 1 .¥ I 
WI l1li ~ I I I I 

I I ~ jllll-+tcAH I I I I I I 1 
I I-+i i+l+tAsC I I I I I I 1 

taAH~1+f 1 I I I I I I I I I I 
tASR~1I11111 II II II 1 

M-M_~~=.~ 
I 'RRH -+i j4- I j++!- twHR I j++!- twHR I r++t- twHR 

wwJi I·[l-~~~~~~ 
I I ~teAC. ~(:f ~ 
1l1li !---+I- tAA I 
1l1li I II .1 'RAc toFF ~ t+-
teu -+I,lj. . ~~ 1 

DQ1-DQ4 .....;..( •• _._No_te_A)~_~ Valid D.te Out )-

I ------------------------~I~--------~I-I toEZ~ 14-

OE ~IIIII---+t- toEA 'I', ~ 
NOTE A: Valid data Is presented at the outputs after all access times are satisfied but can go from the high-impedance state to an 

Invalld-data state prior to the specified access times as the outputs are driven when ~ and ~ are low. 

Figure 11. Hidden-Refresh-Cycle (Read) Timing 

~1EXAs 
INSTRUMENTS 

POST OFFICE BOX 1443 e HOUSTON, TEXAS 77251-1443 



SMJ44400 
1 048 576·WORD BY 4-BIT 

DYNAMIC RANDOM·ACCESS MEMORY 
SGMS041 D - JANUARY 1991 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Figure 12. Hldden-Refresh-cycle (Write) Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 14<43 • HOUSTON, TEXAS 77261-14<43 8-83 



SMJ44400 
1 048 576-WORD BY 4-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 
SGMS041D"'-JANUARY1991-REVlSEDJUNE 1995 

~ThxAs 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



• Organization ••• 16777216 x 1 Bits 
• Single s-v Power Supply (10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS 

TIME TIME 

tRAC tcAC 
(MAX) (MAX) 

ACCESS READ 
TIME OR WRITE 
tAA CYCLE 

(MAX) (MIN) 
'416100-70 70 ns 18 ns 35 ns 130 ns 
'416100-80 SOns 20ns 40ns 150ns 
'416100-10 100 ns 25 ns 45 ns 180 ns 

• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period: 
4096 Cycles Refresh In 32 ms 

• 3-State Unlatched Output 

• Low Power Dissipation 

• All Inputs, Outputs and Clocks Are 
TTL Compatible 

• Operating Free-Air Temperature Range: 
- SsoC to 12SoC 

description 

The SMJ416100 series is a set of high-speed 
16777216-bit dynamic random-access 
memories (DRAMs), organized as 16777216-bit 
words by one bit each. They employ enhanced 
performance implanted CMOS (EPICT") technol
ogy for high performance, reliability, and low 
power. These devices feature maximum RAS 
access times of 70 ns. SO ns. and 10 ns. 

All inputs. outputs. and clocks are compatible with 
Series 54 TTL. All addresses and data-in lines are 
latched on-Chip to simplify system design. Data 
out is unlatched to allow greater system flexibility. 

The SMJ416100 is offered in a 450-mil 
24/2S-terminal surface-mount small-outline 
leadless chip carrier (FNC suffix) and a 450-mil 
2S-lead flatpack (HKB suffix). The packages are 
characterized for operation from 
- 55°C to 125°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

SMJ416100 
16n7216·BIT 

DYNAMIC RANDOM·ACCESS MEMORY 

VCC 
o 

NC 
Vi 

RAS 
A11 
NC 
NC 

A10 
AO 
A1 
A2. 
A3 

VCC 

SGMS045C - NOVEMBER 1992 - REVISED 

FNCPACKAGE 
(TOP VIEW) 

VCC 
D 

NC 
Vi 

RAS 
A11 

A10 
AO 
A1 
A2. 
A3 

VCC =-__ .;;;;1 

HKBPACKAGE 
(TOP VIEW) 

1 28 
2 27 

3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

Vss 
Q 
NC 
CAS 
NC 
A9 

AS 
A7 
A6 
AS 

A4 

Vss 

PIN NOMENCLATURE 

AO-All 
CAS 

Address Inputs 
Column-Address Strobe 
Data In o 

NC 
Q 

RAS 
Iii 
VCC 
VSS 

No Internal Connection 
Data Out 
Row-Address Strobe 
Write Enable 
5-VSupply 
Ground 

Vss 
Q 
NC 
CAS 
NC 
A9 
NC 
NC 
AS 
A7 
A6 
AS 
A4 

Vss 
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logic symbolt 

AO 

A1 

A2 

A3 
A4 

AS 
A6 

A7 

AS 
A9 

A10 
A11 

Vi 
D 

10 

11 

12 

13 

16 

17 

18 

19 

20 

23 

9 
6 

5 

25 

4 

2 

r-... 

~ 
...... 

~ 
~ 

RAM 16M x 1 

30012/2100 

>A 0 
16777215 

31 D23121 D11 

C30[ROW) 

G33 [REFRESH ROW) 

34 [PWR OWN) 

C31 [COL] 

G34 

& 
I> 33C32 

33310 MEN 

A,320 AV 

tThls symbol Is In accordance with ANSI/IEEE Std 91·1984 and IEC Publication 617·12. 

functional block diagram 

AO 
A1 

• Column-
• Address 

• Buffers 

A11 

• Row-
• Addrsss 

• Buffers 
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Column Decode 

Sense Amplifiers 

256KArray 

256KArray 

• • • 

256KArray 
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operation 

enhanced page mode 

SMJ416100 
16m216-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 
SGMS045C - NOVEMBER 1992 - REVISED JUNE 1995 

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

The column-address buffers in this CMOS device are activated on the falling edge of RAS. They act as a 
transparent or flow-through latch while CAS is high. The falling edge of CAS latches the addresses into these 
buffers and also serves as an output-enable. This feature allows the SMJ416100 to operate at a higher data 
bandwidth than conventional page-mode parts because retrieval begins as soon as the column address is valid 
rather than when CAS transitions low. The performance improvement is referred to as enhanced page mode. 
A valid column address can be presented immediately after row-address hold time is satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after tCAC maximum (access time from CAS 
low) if tAA maximum (access time from column address) and tRAC are satisfied. If the column address for the 
next cycle is valid at the time CAS goes high, access time is determined by the later occurrence of tCPA or teAC' 

address (AO-A11) 

Twenty-four address bits are required to decode 1 of 16777216 storage-cell locations. Twelve row-address bits 
are set up on inputs AO through A 11 and latched during a normal access and during RAS-only refresh as the 
device requires 4096 refresh cycles. Twelve column-address bits are set up on AO through A 11 and latched onto 
the chip by CAS. All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, 
activating the output buffer as well as latching the address bits into the column buffer. 

write enable (W) 

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

data In (D) 

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

data out (Q) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Series 54 TTL loads. The output is inthe high-impedance (floating) state until CAS is brought low. In a read cycle, 
the output becomes valid at the latest occurrence of tRAC, tAA, tCAC, or tePA and remains valid while CAS is low. 
CAS going high returns it to the high-impedance state. In a delayed-write or read-modify-write cycle, the output 
does not change but retains the state just read. 
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refresh 

A refresh operation must be performed at least once every 32 ms to retain data by strobing each of the 4096 
rows (AO-A 11). A normal read or write cycle refreshes all bits in each row that is selected. A RAS-only operation 
can be used by holding CAS at a high (inactive) level, conserving power because the output buffer remains in 
the high-impedance state. Externally generated addresses must be used for a RAS-only refresh. Hidden refresh 
can be performed by holding CAS at VIL after a read operation and cycling RAS after the specified precharge 
period, similar to a RAS-only refresh cycle except with CAS held low. Valid data is maintained at the output 
throughout the hidden-refresh cycle. The external address is ignored and the hidden-refresh address is 
generated internally. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter tCSR) and holding it low after 
RAS falls (see parameter tCHR>. For successive CBR-refresh cycles, CAS can remain low while cycling 
RAS. For this mode of refresh, the external addresses are ignored and the refresh address is generated 
internally. 

power up 

8-88 

To achieve proper device operation, an initial pause of 200 Il$ followed by a minimum of eight initialization cycles 
is required after full VCC level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee . . . .. .. . . . . . .. . . • . . . . .. . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . • ... - 1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. - 1 V to 7 V 
Short-circuit output current ...............................................•................ 50 mA 
Power dissipation ........•................................................................. 1 W 
Operating free-air temperature range, T A .......................................... - 55°C to 125°C 
Storage temperature range, T stg .................................................. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are wRh respect to vss. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL loW-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature -55 125 ·C 
.. . .. .. NOTE 2: The algebraiC convention. where the more negative (iess positive) limit IS designated as minimum. IS used for logic-voltage levels only . 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'416100-70 
PARAMETER TEST CONDITIONS 

MIN MAX 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage 10L= 4.2 mA 0.4 

II Input current (leakage) VCC = 5.5 V, VI =OVt06.5V. :1:10 
All others = 0 V to VCC 

10 Output current (leakage) 
VCC=5.5V. Vo =OVtoVCC. :1:10 
CAS high 

ICCl 
Read- or write-cycle 

VCC=5.5V. Minimum cycle 80 current (see Note 3) 

After one memol}' cycle. 
RAS and CAS high. 2 

ICC2 Standby current 
VIH = 2.4 V (TTL) 

After one memol}' cycle. 
RAS and CAS high. 1 
VIH = VCC - 0.2 V (CMOS) 

Average refresh current 
VCC= 5.5V. Minimum cycle. 
RAScycling. 

ICC3 (RAS-only refresh or CBR) 
CAS high (RAS-only refresh). 

80 
(see Note 3) 

RAS low after CAS low (CBR) 

ICC4 
Average page current VCC=5.5V. Minimum cycle. 

65 (see Note 4) RASlow. CAS cycling 

Standby current output VCC= 5.5V. Minimum cycle. 
ICC7 enabie (see Note 5) RAS=ViH. CAS=VIL. 5 

Data out = enabled 

NOTES: 3. Measured with a maximum of one address change while RAS = VIL 
4. Measured with a maximum of one address change while CAS = VIH 
5. Measured with indicated conditions following a normal read cycle 

~TEXAS 
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'416100-80 '416100-10 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 fAA 

:1:10 :1:10 fAA 

70 80 mA 

2 2 mA 

1 1 mA 

70 60 mA 

60 55 mA 

5 5 mA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN MAX UNIT 

CI(A) Input capacitance, AO-A11 t 9 pF 

CI(D) Input capacitanca, D t 8 pF 

CiIRC} Input capacitance, CAS and RASt 8 pF 

CilW\ Input capacitanca, wt 8 pF 

Co Output capacitance t 14 pF 

t Input capacitanca for ZIP (SV suffix) package is 12 pF. 
NOTE 6: Capacitance is sampled only at initial design and after any major changes. Samples are tested at 0 V and 25°C with a 1-MHz signal 

applied to the terminal under test. All other terminals are open. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

PARAMETER 
'416100-70 '416100-60 '416100-10 

UNIT 
MIN MAX MIN MAX MIN MAX 

tM Access time from column address 35 40 45 ns 

tCAC Access time from CAS low 18 20 25 ns 

tCPA Access time from column precharge 40 45 50 ns 

tRAC Access time from RAS low 70 80 100 ns 

toEA Access time from OE low 18 18 18 ns 

toFF Output disable time after CAS high (see Note 8) 0 18 0 20 0 25 ns 

toEZ Output disable time after OE high (see Note 8) 0 18 0 20 0 25 ns 
.. NOTES: 7. Valid data IS presented at the output after all access times are satisfied. Valid data can go from the high-Impedance state to an Invalid 

data state prior to the specified access times as the output is driven when CAS goes low. 

8-90 

8. toFF is specified when the output is no longer driven. The output is disabled by bringing CAS high. 
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timing requirements over recommended ranges of supply voltage and operating free·alr 
temperature 

'416100-70 

MIN MAX 

tRC Cycle time, random read or write (see Note 9) 130 

tRWC Cycle time, read-write (see Note 9) 153 

tpc Cycle time, page mode read or write (see Notes 9 and 10) 45 

tpRWC Cycle time, page mode raad-write (see Note 9) 68 

tRASP Pulse duration, RAS low, page mode (see Note 11) 70 100000 

tRAS Pulse duration, RAS low, nonpage mode (see Note 11) 70 10000 

teAS Pulse duration, CAS low (see Note 12) 18 10000 

tep Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 50 

twp Pulse duration, W low 10 

IASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tDS Setup time, data (see Note 13) 0 

tRCS Setup time, W high before CAS low 0 

teWL Setup time, W low before CAS high 18 

tRWL Setup time, W low before RAS high 18 

twcs Setup time, W low before CAS low (early-write operation only) 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

tCAH Hold time, column address after CAS low 15 

tDH Hold time, data (see Note 13) 15 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 14) 0 

tRRH Hold time, W high after RAS high (see Note 14) 0 

twCH Hold time, W low after CAS low (early-write operation only) 15 

twRH Hold time, W high after RAS low (CBR refresh only) 10 

tRHCP Hold time, RAS high from CAS precharge 40 

tAWD Delay time, column address to W low (read-write operation only) 35 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 

teRP Delay time, CAS high to RAS low 5 

teSH Delay time, RAS low to CAS high 70 

tCSR Delay time, CAS low to RAS low (CBR refresh only) 5 

tCWD Delay time, CAS low to W low (read-write oparation only) 18 

NOTES: 9. All cycle times assume IT = 5 ns, referenced to VIH(mln) and VIL(max). 
10. To assure tpc min, tASC should be .. tep. 
11. In a read-write cycle, tRWD and tRWL must be observed. 
12. In a read-write cycle, tCWD and tG.....WL must be observed. 
13. Referenced to the later of CAS or W in write operations 
14. Either tRRH or tRCH must be satisfied for a read cycle. 
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'416100-80 '416100-10 
UNIT 

MIN MAX MIN MAX 

150 180 ns 

175 210 ns 

50 55 ns 

75 85 ns 

80 100000 100 100000 ns 

80 10000 100 10000 ns 

20 10000 25 10000 ns 

10 10 ns 

60 70 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

20 25 ns 

20 25 ns 

0 0 ns 

10 10 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 5 ns 

15 15 ns 

10 10 ns 

45 50 ns 
40 45 ns 

10 20 ns 

5 5 ns 

80 100 ns 

5 10 ns 

20 25 ns 

8·91 



SMJ416100 
16777216-81T 
DYNAMIC RANDOM-ACCESS MEMORY 
SGMS045C- NOVEMBER 1992 - REVISED JUNE 1995 

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

'416100-70 '416100-80 '416100-10 
UNIT 

MIN MAX MIN MAX MIN MAX 

tRAD Delay time, RAS low to column address (see Note 15) 15 35 15 40 15 55 ns 

tRAL Delay time, column address to RAS high 35 40 45 ns 

teAL Delay time, column address to CAS high 35 40 45 ns 

tRCD Delay time, RAS low to CAS low (see Note 15) 20 52 20 60 20 75 ns 

tRPC Delay time, RAS high to CAS low 0 0 0 ns 

tRSH Delay time, CAS low to RAS high 18 20 25 ns 

tRWD Delay time, RAS low to W low (read-write operation only) 70 80 100 ns 

tepw Delay time, W low after CAS precharge (read-write operation only) 40 45 50 ns 

tREF Refresh time interval 32 32 32 ms 

tr Transition time (see Note 16) 

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

8-92 

16. Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 30 ns. 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

~ RL=2180 

Output Under Test ~ 
CL=100pF T 
(see Note A) 

5V 

Output Under Test ----<.----. 
CL=100pF 
(sHNoteA) 

R1 =8280 

R2=2950 

NOTE A: CL includes probe and fIXture capacitance. 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

VIH/VOHmln 
VILIVOLmax 

LOAD CIRCUIT 

= =~-_____ ---'X'--_ 
VOLTAGE WAVEFORMS 

Figure 1, Load Circuits and Voltage Waveforms 

The ao timing parameters are specified with reference to the minimum valid high-level voltage and the maximum 
valid low-level voltage for each signal. This corresponds to 2.4 V and 0.8 V for inputs; 2.4 V and 0.4 V for outputs 
with the given load circuit. 
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PARAMETER MEASUREMENT INFORMATION 

NOTE A: Output can go from the high-Impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Q --------------HI-Z--------------

Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 4. Wrlte·Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

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

8-96 

Figure 5. Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Column 

141-- tRCS -!... I I tAA 1_ -: tRRH -+I 
I - I I I {see Note A) I~ tRCH ---.I 

~I I : Wi+- tcAC H ~ 

NOTES: A. Access time is tePA. teAC or tAA dependent. 
B. Output can go from the high·impedance state to an invalid-data state prior to the specified access time. 

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

Q ----------------HI·Z----------------
NOTES: A. Referenced to CAS or 'iii, whichever occurs last 

8·98 

B. A read cycle or a read·write cycle can be intermixed w~h write cycles as long as read and read·write timing specifications are not 
violated. 

Figure 7. Enhanced·Page·Mode Write-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

, I t4- teAC -+l I 
, ' ., i41~--- tAA ~ I 

~I~---- tRAC ----~J ~i~--- tePA ---.~: 
________________________ ~~--S.-.-N-ot-.-A--~~ 

:'-toFF~ 
I 
I 

Valid Out >-
NOTES: A Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

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

Figure 8. Enhanced-Page-Mode Read-Wrlte-Cycle Timing 
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8-100 

PARAMETER MEASUREMENT INFORMATION 

I... 'Ac .1 
I I __________________________ ~I ~~s~ I 

RAS ~RP~~ y~'AP~\'-----
-.: I+- tr I -.I 1+ ~RP 

I I tRPC -+l I+- I 
~II 

Q ---------------HI-Z---------------
Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

'~~-------------------~C------------------~~' 
I+-- tRP --+I , 
, I 14~------tRAS _______ ... ~ jeo' ____ _ 

RAS Jf *- tcSR -+!\[ Y 
'I I I 

tRPC -+I ~ I 1~~-------tcHR ____ +l~1 
I I I I 

CAS \L --, i ty Y 
twRP ~ ~ '41~--+~i!- twRH 

AO-A11~:e~~::¥-aX~:~ 

D~:e~~::¥-aX~:~ 

a--------------HI-Z--------------
Figure 10. Automatlc-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

14-- Refresh Cycle ~ 
14-- Memory Cycle ~ I+-- Refresh Cycle ~ 
I 1l1li .1 tRP 14 .1 lAp I 
I 1l1li .1 I tRAS I I I I 
I 1 1 I 1 1l1li .1 I lRAs I I 
II! 1 II I I I I 

RAS N- Yi N Y ~ /~I f----JI 
I I I I I teHR L .1 

I I I I I I 

CAS --+1 +-1---.x~1 r: i I teAS I (f I I 111 
I I I I I II I I 
II I rT teAH I I I I I 
I 1-+t!+H-1 tASC I I I I I 

-4! I II I I I I I 
tRAH I li+j I I I I I I I I I 

-+I ~tASRI I 1 I I I I I 

"_A11_:~?~*FoS" 
I lAR~ -+! j+- ~ !+- twRH I I ~ j+- 'wRH 

B-102 

I I I I I 1 i....I 14- twRH ~ I I 
1l1li I 1.1 tRCS I I I' I I 
I I I 1 I ~ tIIII- twRP I I I I I 
I I I 1 I I 1 --+I j+-twRP I 
I I I I I I 1 I I ~ j4-twRP I 

Figure 11. Hldden.Refresh·Cycle (Read) TIming 
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PARAMETER MEASUREMENT INFORMATION 

t.l I+-twCH 
I I" ~I toH 

tos ...JII~"_~~ I I 
I I 

--------------HI.Z-----~c.(\_j -------
Figure 12. Hldden.Refresh·Cycle (Write) Timing 
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• Organization ••• 4194304 x 4 
• Single S-V Power Supply (10% Tolerance) 

• Performance Ranges: 
ACCESS ACCESS ACCESS READ 

TIME nME TIME OR WRITE 
'RAC 'cAC fAA CYCLE 
(MAX) (MAX) (MAX) (MIN) 

'416400-70 70ns 18ns 35ns 1301lli 
'416400-80 80 ns 20 ns 40 ns 150 ns 
'416400-10 100 ns 25 ns 45 ns 180 ns 

• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 
• Long Refresh Period 

4096 Cycles Refresh In 32 ms 

• 3-State Unlatched Output 
• Low Power Dissipation 
• All Inputs, Outputs. and Clocks are 

TTL Compatible 
• Operating Free-Air Temperature Range 

- 55°C to 125°C 

description 

The SMJ416400 series is a set of high-speed 
16 n7 216-bit dynamic random-access 
memories (DRAMs), organized as 4194304 
words by four bits each. They employ enhanced 
performance implanted CMOS (EPICTII) technol
ogy for high performance, reliability, and low 
power. 

These devices feature maximum RAS access 
times of 70 ns, SO ns, and 100 ns. All inputs, 
outputs, and clocks are compatible with Series 54 
TTL All addresses and data-in lines are latched 
on-chip to simplify system design. Data out Is 
unlatched to allow greater system flexibility. 

The SMJ416400 Is offered In 450-mil24/2S-pin 
surface-mount small-outline leadless-chip carrier 
(FNC suffix), 2S-lead flatpack (HKB suffix), and 
24-lead ZIP (SV suffix) packages. The packages 
are characterized for operation from -55°C to 
125°C. 

EPle is a lrademark of Texas Instruments Incorporated. 
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FNCPACKAGE SVPACKAGE 

Vee 
DQ1 
DQ2 

W 
RAS 
A11 

A10 
AO 
A1 
A2 
A3 

Vee 

Vee 
DQ1 
DQ2 

W 
RAS 
A11 
NC 
NC 

A10 
AO 
A1 
A2 
A3 

Vee 

{TOP VIEW) {TOP VIEW) 

Vss A9 
DQ4 CAS 
DQ3 DQ3 
CAS, Vee 
C5E DQ1 
A9 RAS 

A10 
A1 

M A3 
A7 Vss 
M AS 
AS A7 
A4 
Vss 

HKBPACKAGE 
(TOP VIEW) 

1 28 

2 27 
3 28 

4 25 
5 24 

6 23 

7 22 

6 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

PIN NOMENCLATURE 

AO-All 
eAS 
001-004 
Ne 
OE 
RAS 
W 
vee 
vss 

Address Inputs 
CoIumn-Address Strobe 
Data InJData Out 
No Intemal ConnecUon 
Output Enable 
Row-Addrass Strobe 
Write Enable 
5-V Supply 
Ground 

C5E 
DQ2 
Vss 
DQO 
WE 
A11 
AO 
A2 
Vee 
A4 
A6 
AS 

Vss 
DQ4 
DQ3 
CAS 
OE 
A9 
NC 
NC 
M 
A7 
AS 
AS 
A4 
Vss 
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logic symbolt 

AD 
A1 
A2 
A3 
A4 
AS 
A8 
A7 
A8 
AS 

A10 
A11 

D01 

10 
11 
12 
13 
18 
17 
18 
19 
20 
23 
9 
8 

" 
5 ~ 

r-.. 

25 t----;: 
4 ~ 
24 

2 

RAM4096Kx4 

20D12/21DO 

0 
A iiii'43ii3 

2OO21/21D9 
/21D10 
/21D11 

C21[ROW] 
G23J[REFRESH ROW] 
24[PWRDWN] 

C20[COLUMN] 
024 

" ~ 23C22 

23,20D 24,25EN 

"i5 r 
4-

A,22D 
A,Z26 

V26 
DQ2 

DQ3 
DQ4 

3 
26 
27 

tThIs symbol Is In accordanCe with ANSI/lEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FNC and HKB packages. 

functional block diagram 

AD 
Column Dacodl A1 
Sin .. Ampllfllrs 

258KArnly R 258KArnly 

258KArnly 0 258KArnIy A11 
• w • • • • D • 

I 
C 
0 
d 

258KArnly 

* Column address 10 and column addraes 11 are not used. 
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operation 

enhanced page mode 

SMJ416400 
4194304-WORD BY 4-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 
SGMS0420-MARCH 1992-REVISEOJUNE 1995 

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

The column-address buffers in this CMOS device are activated on the falling edge of RAS. They act as a 
transparent or flow-through latch while CAS is high. The falling edge of CAS latches the addresses into these 
buffers and also serves as an output enable. This feature allows the SMJ416400 to operate at a higher data 
bandwidth than conventional page-mode parts because retrieval begins as soon as the column address is valid, 
rather than when CAS transitions low. The performance improvement is referred to as enhanced page mode. 
Valid column address can be presented immediately after row address hold time has been satisfied, usually well 
in advance of the falling edge of CAS. In this case, data is obtained aftertcAC maximum (access time from CAS 
low) if tAA maximum (access time from column address) and toEA have been satisfied. When the column 
address for the next cycle is valid at the time CAS goes high, access time is determined by the later occurrence 
of tCPA or tcAC' 

address (AO-A11) 

Twenty-two address bits are required to decode 1 of 4194304 storage-cell locations. Twelve row-address bits 
are set on inputs AO through A 11 and latched onto the chip by the row-address strobe, RAS. Ten 
column-address bits are set on AO through A9 and latched onto the chip by the column-address strobe, CAS. 
Row address A 11 is required during a normal access and during RAS-only refresh as the device requires 4096 
refresh cycles. All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to 
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, 
activating the output buffer, as well as latching the address bits into the column-address buffer. 

write enable (W) 

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

data-In/data-out (DQ1-DQ4) 

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

The 3-state output buffer provides direct TIL compatibility (no pullup resistor required) with a fanout of two 
series 54 TIL loads. The output is in the high-impedance (floating) state until CAS is brought low. In a read cycle, 
the output becomes valid at the latest occurrence of tRAC, tAA, tcAC, or tCPA and remains valid while CAS is low. 
CAS going high returns it to the high-impedance state. In a delayed-write or read-modify-write cycle, the output 
does not change, but retains the state just read. 

output enable (OE) 

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

~TEXAS 
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refresh 

A refresh operation must be performed at least once every 32 ms to retain data. This can be achieved by strobing 
each of the 4096 rows (AO-A 11). A normal read or write cycle refreshes all bits in each fOW that is selected. 
A RAS-only operation can be used by holding ~ at a high Qnactlve) level, conserving power as the output 
buffer remains In the high-impedance state. Externa.!!r..llenerated add~s must be used for a RAS-only 
refresh. Hidden refresh can be performed by holding CAS at VIL after a read operation and cycling RAS after 
the specified precharge period, similar to a RAS-only refresh cycle except with CAS held low. Valid data is 
maintained at the output throughout the hidden-refresh cycle. An internal-refresh address provides the refresh 
address during hidden refresh. 

CAS-before-RAS (CBR) refresh 

CBR refresh Is utilized by bringing CAS low earlier than RAS (seC parameter tcsR> and holding it low after RAS 
falls (see parameter tcHR>. For successive CBR refresh cycles, AS can remain low while cycling RAS. Forthls 
mode of refresh, the external addresses are Ignored and the refresh address is generated Internally. 

power up 

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

absolute maximum ratings over operating free-air temperaturet 
Supply voltage range, Vee • . . . . . . . . . . . . . • • • . . . . . . . . .• • . • • . . . • • . . • . . . . • . . . . • . . . . . . . .. -1 V to 7 V 
Voltage range on any pin (see Note 1) •••.•••....•••••.......•••.........••.....•.•••.. - 1 V to 7 V 
Short-circuit output current ...•••.••..•.......•..•...•... ,................................. 50 mA 
Power dissipation. • • • • • • • • • • • • • . • • . . . • • . . • •. . . • . . . • • . . • • • • • • . . • . • • • • • . . • • • • • . . . . . • • • • • • • • .• 1 W 
Operating free-air temperature range, TA •.....••...••..••...••..•.••...•.......... - 55°C to 125°C 
Storage temperature range, Tstg •••.•••••...•.••••.••.•••••.••.••.••.....•..••..•. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum retings" may cause permanent damage to the devlca. These are etress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 .5 5.5 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (sse Nota 2) -1 0.6 V 

TA Operating free-alr temperature -55 125 ·C 
. . NOTE 2: The algebraic convention, where the more negatiVe Oess positlva) limit is designated as minimum, is used for logic-voltage levels only . 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage IOH=-5mA 

VOL Low-level output voltage 10L= 4.2 mA 

II Input current (leakage) 
VI =OVto 6.5 V, 
All others = 0 V to VCC 

10 Output current (leakage) Vo = 0 V to VCC, CAS high 

ICC1 
Read- or wrlte-cycle current 

VCC = 5.5 V, Minimum cycle {see Note) 

VIH = 2.4 V (TTL), 
After 1 memory cycle, 

ICC2 Standby current 
RAS and CAS high 

VIH = VCC - 0.05 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 

Average refresh current 
RAS cycling, 

ICC3 (RAS only or CBR) t CAS high (RAS only), 
RAS low after CAS low (CBR) 

ICC4 
Average page current 
{see Note 4)t RASlow, CAS cycling 

ICC7 
Standby current RAS=VIH, CAS=VIL, 
output enable t Data out = enabled 

t Minimum cycle, VCC = 5.5 V 
NOTES: 3. Measured with a maximum of one address change while RAS = VIL 

4. Measured with a maximum of one address change while CAS = VIH 

'416400-70 '416400-80 '416400-10 
UNIT 

MIN MAX MIN MAX MIN MAX 

2.4 2.4 2.4 V 

0.4 0.4 0.4 V 

.. 10 .. 10 .. 10 !.LA 

.. 10 .. 10 .. 10 !.LA 

80 70 80 mA 

2 2 2 mA 

1 1 1 mA 

80 70 60 mA 

65 60 55 mA 

5 5 5 mA 

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

PARAMETER MIN MAX UNIT 

Ci(A) Input capacitance, AO-A11 * 9 pF 

CilRCl Input capacitance, RAS and CAS * 8 pF 

CiIOE) Input capacitance, OE * 8 pF 

Ci(W) Input capacitance, W* 8 pF 

Co Output capacitance 14 pF 

* Input capacitance for ZIP (SV suffix) package is 12 pF. 
NOTE 5: Capacitance Is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal 

applied to the pin under test. All other pins are open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 6) 

'416400-70 '416400-80 '416400-10 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tAA Access time from column-address 35 40 45 ns 

tCAC Access time from CAS low 18 20 25 ns 

tePA Access time from column precharge 40 45 50 ns 

tRAC Access time from RAS low 70 80 100 ns 

toEA Access time from OE low 18 20 25 ns 

toFF Output disable time after CAS high (see Note 7) 0 18 0 20 0 25 ns 

toEZ Output disable time after OE high (see Note 7) 0 18 0 20 0 25 ns 

NOTES: 6. Valid data IS presented at the outputs after all access times are satisfied but can go from the high-Impedance state to an Invalld-data 
state prior to the specified access times as the outputs are driven when CAS goes low. 

7. toFF and toez are specified when the outputs are no longer driven. The outputs are disabled by bringing either OE or CAS high. 

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

'416400-70 

MIN MAX 

tRC Cycle time, random read or write (see Note 8) 130 

tRWC Cycle time, read-write (see Note 8) 181 

tpc Cycle time, page mode read or write (see Notes 8 and 9) 45 

tpRWC Cycle time, page mode read-write (see Note 8) 96 

tRASP Pulse duration, RAS low, page mode (see Note 10) 70 100009 

tRAS Pulse duration, RAS low, nonpage mode (see Note 10) 70 10000 

tCAS Pulse duration, CAS low (see Note 11) 18 10000 

tcp Pulse duration, CAS high 10 

tRP Pulse duration, RAS high (precharge) 50 

twp Pulse duration, W low 10 

tASC Setup time, column address before CAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 12) 0 

tRCS Setup time, W high before CAS low 0 

tCWL Setup time, W low before CAS high 18 

tRWL Setup time, W low before RAS high 18 

twcs Setup time, W low before CAS low (early-write oparation only) 0 

twRP Setup time, W high before RAS low (CBR refresh only) 10 

teAH Hold time, column address after CAS low 15 

tOH Hold time, data (see Note 12) 15 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after CAS high (see Note 13) 0 

tRRH Hold time, W high after RAS high (see Note 13) 0 

NOTES: 8. All cycle times assume IT = 5 ns, referenced to VIH(mln) and VIL(max)' 

8-110 

9. To assure tpc min, tASC should be :0: tcp. 
10. In a read-write cycle, tRWO and tRWL must be observed. 
11. In a read-write cycle, tewo and ~L must be observed. 
12. Referenced to the later of CAS or W in write operations 
13. Either tRRH or tRCH must be satisfied for a read cycle. 
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'416400-80 '416400-10 
UNIT 

MIN MAX MIN MAX 

150 180 ns 

205 245 ns 

50 55 ns 

105 120 ns 

80 100000 100 100 000 ns 

80 10000 100 10000 ns 

20 10000 25 10000 ns 

10 10 ns 

60 70 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

20 25 ns 

20 25 ns 

0 0 ns 

10 10 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 5 ns 
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timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (continued) 

'416400-70 '416400-80 

MIN MAX MIN MAX 

twCH Hold time, W low after CAS low (earty-wrHe operation only) 15 15 

twRH Hold time, W high after RAS low (CBR refresh only) 10 10 

toEH Hold time, OE command 18 20 

tROH Hold time, RAS referenced to OE 10 10 

tRHCP Hold time, RAS high from CAS precharge 40 45 

tAWO Delay time, column address to W low (read-wrHe operation only) 63 70 

teHR Delay time, RAS low to CAS high (CBR refresh only) 10 10 

teRP Delay time, CAS high to RAS low 5 5 

tCSH Delay time, RAS low to CAS high 70 80 

teSR Delay time, CAS low to RAS low (CBR refresh only) 5 5 

tCWD Delay time, CAS low to W low (read-write operation only) 46 50 

tOED Delay time, OE to data 18 20 

tRAD Delay time, RAS low to column address (see Note 14) 15 35 15 40 

tRAL Delay time, column address to RAS high 35 40 

teAL Delay time, column address to CAS high 35 40 

tRCD Delay time, RAS low to CAS low (see Note 14) 20 52 20 60 

tRPC Delay time, RAS high to CAS low 0 0 

tRSH Delay time, CAS low to RAS high 18 20 

IRWD Delay time, RAS low to W low (read-write operation only) 98 110 

tcpw Delay time, W low after CAS precharge (read-wrHe operation only) 63 70 

tREF Refresh time Interval 32 32 

tr Transition time (see Note 15) 

NOTES: 14. The m8l(lmum value IS specified only to assure access time. 
15. Transition times (rise and fail) for RAS and CAS are to be a minimum of 3 ns and a maximum of 30 ns. 
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'416400-10 
UNrr 

MIN MAX 

15 ns 

10 ns 

25 ns 

10 ns 

50 ns 

80 ns 

20 ns 

5 ns 

100 ns 

10 ns 

60 ns 

25 ns 

15 55 ns 

45 ns 

45 ns 

20 75 ns 

0 ns 

25 ns 

135 ns 

80 ns 

32 ms 
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PARAMETER MEASUREMENT INFORMATION 

1.31 V 

~ RL=21S0 

Output Under Teet ~ 
CL-100pF T 
(see Note A) 

5V 

Output Under Teat --.---. 

CL-100pF 
(aeeNoteA) 

R1.82S0 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

8-112 

VIH/VOH min - -=-==v X 
VIL/VOLmax - -:.==.7\-, ______ -'....., __ _ 

VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and fIXture capacitance. 
B. The actlming parameters are specified with reference to the minimum valid high-level voltage and the maximum valid 

low-level voltage for each signal .. This corresponds to 2.4 V and 0.8 V for inputs; 2.4 V and 0.4 V for outputs with the 
given load circuit. 

Figure 1. Load Circuits and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

NOTE A: Output can go from the hlgh.lmpedance state to an Invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 3. Early-Wrlte-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

+------------------tRC----------------~~ 

----------~.I I 
1 

~------------------------yt~---~P----.J\~---14~------ ~SH ----~~ i 
.1 1 1 
~I ~M--~.I 1 1 

1 I~ 1 ~RP ----+l~ 

IRCD 

~SH -----+l~ I ! 
~-,J\I I, ~~l---~p------~~ 

I' 1 
~--~I---tML----~I~·1 

14 
I~ 

I 
i+---~I - ~AL .1 
1 

I 
-+I I4-~AH 

Column ~1f"I'~~:~~~~l"ft'l~~*~'ft7~~~ ~ __ _ 
1 I 

I~ ~WL .1 I 
I~ tRWL .: 

, ' 1 l1't:1':.~~~~~~~~~~ 

w~g~~g~*~ '~:~~~~*~ 
1 Ii--- twp ----.l 

, tos4I ~ 

I I~ .1 toH 

DQ1-DQ4m8t*~E:. +.... ~~~~~'ft"l':~~o~'""'·X~'ft"l'a::~~~~ft'ft'ft7 
toED~ I+- I 

I 11+4----toEH ---------+1.1 

Figure 4. Write-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

NOTE A: Output can go from the high-Impedance stale to an invalld-data stale prior to the specified access lime. 

8,118 

Figure 5. Read-Wrlte-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

-1 
1 
1,.........1-__ ... 

AO-11~ 

- XIXfXfF 1 I I I W7 '-- tcACt ---!..-..J "\XX w~ I+-tRAD-+I I W 1- I ·1 ~ 
1 I I I.. tcPAt I ~ 
1 I I I I 
1 1 j+- tcAC -----.II I 1 
1 I I 1 
I 14 tAA .1 I 1 
1 I I 1 
~ tRAC .1 j4-t-toFF--+j 
I~ I I I 

DQ1-DQ4---------S-e-e-No-te-A-~ ~ ~~: i-
I 1 1 1 
I I I I 

II ~ l.-toEZ I I 
I I toEZ ~ ·1 

I+- toEA --+i 
I I I+- toEA -+I jrl ~~~ 

OE0QW:~O;~~~~~ tB[ A000 
t Access time is tepA, teAe or tAA dependent. 
NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

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

lAp 14 .1 

i\lr 114 lAASP ~~ 
! r 14 lAHCP * 1'--
, ,4 tcSH .1 , I I 
'I 1104 ~ ~, I 
, I+-- tRCO --+I I , i4- tcRP -.! 
I I I I , 'I-I 
I I ,I , r--- tRSH r---+i 
I i i tcAS -, , ~tcAL--.J' I 
I: tASC fi~ -11 : N yr--: -----
'I 'II Ij.-tcpt+! I I 
l/4- tRAH+I I II II I I 
, I I I I ,I 
, I j+- tcAH -t+!' I I 

1414 __ ."'-1 tASR I , I I I.. tRAL' .1 
AD-A11 X ~ ~ I ~~, :~ Cd_: >¢E~¥.~ 

I+- tRAO -+j ,I I ill ~ tCWL I 
, I4r1tcWL~ , I 
, , I I j+-tRWL-+I 
, 14 , I ., twp I 

W ~~~(~~*~~t~~-~wru~ 'Ii ~:~~~~~~~~~:~ 
seeNoteA~ I I I 

I , I j+-- tOH --+l I 
~ ~ ~ , I 'I 
II I Lo I tOH .. ' I """ I P, I 
I I I I j4-toEH~ 

OQ1-0Q4 

:4 tos ;' ., See Note A : I 
~ Valid oa~ In ~ V~~d )@:~o;~¥-~~~:~ 

, I 
toEH ~ .1 I I 

I - I I I 
: toED -.: r+- I 

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

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

~~ ___________________ tRASP ___________________ t_RP~~ 

I I 1'III� .. f--------- tRHCP ----------.~I I 
I I'IiI-j'II---teSH----+t I I I 
I I I 1l<1li .. 1------- tRSH --------+1.1 I 
: I ~----- tpRWC --+-+I----.! I I I 
I ~I .. ----t+l_ tRCD I i teRP Li! I .1 
I I I I I I 

14--+t--+- tep I 
I I teAS--~ 

-+I ~tASR 1 I 
1 I -+I I I I I tASC I 

tRAD I" ·11 I --.l I I I 

»C "; ~;:: ~ Co... ~~~;tz@§ 
tRAH I I+- II ~ 1 j4- teWL -+I I 

I ~ teWD~ I .1 I I 
I ~ lAWD ---+i r tepw - ~ tRWL----.I 
,.. /I I tRWD .1 1 I 

~II I J.. r-~ .!III ~ I I 
:111 N.. '\~ ~ 

:.: : ~ tRCS I ~ -. ~ hi i I I I I tePA -; I" "'1 tOEH 

I I" I .1 tAA II 1 hi I I 
I I I I.... tDH I 
j+-tRAC,~ I I I I I 

':~~,tosl I I l-.....L 1 I I valid Out I 
r TtcAc I: ~ A1.(;::-A): 
~ ~~~d ~ V~~d )>+-1 _____ _ 

Vr\,,~ I 1 

I III ValldOutl I..~ I 
--+1 j+- toEZ : I'" -I tOED I 

I I I" ., toEH I I 
~to~~1 I I I 
~ ! \J----~~~~ 

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

Figure 8. Enhanced-Page-Mode Read-Write-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

CAS ~V,*~X~*:~ : ~ ~AH W 
tASR --14-+1 i 

AO-A11 ~:*~B:;~ Row )«}~~~~~]X Row 

W~};~t*;~ 

DQ1-DQ4 ~~ 

Figure 9. RAS-Only Refresh Timing 
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tRPC -.I ~ tCSR i "'i~f------- tcHR ---------.t.1 

CAS 'i ~ilT Y 
twRP ~ .1 "-1 ___ -1.*1_ twRH 

AO-A11~~*~~:~~ 

OE~;~~~g~~~~ 

DQ1-DQ4---------------HI·Z --------------
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Figure 10. Automatlc-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

l+-- Ref .... h Cycle ~ I+- Memory Cycle --+! I 

I 14 .1 tAp l+-- Refresh Cycle -+l 
I I I I I I I 
I 14 ·1 I tAAS I 14 .1 tAp I 
I I I I I I I I 
I I I I I 14 .: I, tAAS I I 

RAIN YT N JI 1\ I~ II 1 II II tcHRl1. .1 

- !! 1'i II! -I ! ',I 1 1 '¥i 
I I t-I i+rtcAH I I I I I I I 
I I - I 1...11. I I I I I I I 
l~rrrtASc II II II I 

tRAH~~ I II I I I I I I I 

_--~I-1i' II· ~I ~ 
AO-A11 . Row C~ .~:~~*?;. 

I tARH~ jill- II II II I 
1411.1 tAes I ~ ~twRH +.: twA II I 
I I I I I -+I j.-twAP I j4- H 1 J..-.r-twRH 
I I I I I ~twRP I I I I I I II II II II I ~twRP 1 
III .w I 

Figure 11. Hldden-Refresh-Cycle (Read) Timing 
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Figure 12. Hldden-Refresh-Cycle (Write) nmlng 
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• Organization ••. 1048576 x 16 
• Single S-V Power Supply (:1:10% Tolerance) 
• Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 

tRAC teAC tAA 
MAX MAX MAX 

'41x160-60 60 ns 15ns 30ns 
'41xl60-70 70 ns 18ns 35ns 

READ OR 
WRITE 
CYCLE 

MIN 
110 ns 
130ns 

'41xl60-60 60 na 20 ns 40 ns 150 ns 

• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 
• Long Refresh Period 

- '416160 - 4096 Cycle Refresh In 32 ms 
(Max) 

- '418160 -1024 Cycle Refresh In 8 ms 
(Max) 

• 3-State Unlatched Output 
• Low Power Dissipation 
• Operating Free-Air Temperature Range 

-55°C to 125°C 
• Texas Instruments Enhanced Performance 

Implanted CMOS (EPIC™) Process 
• All Inputs/Outputs Are TTL Compatible 
• Packaging 

50-Lead, 650-Mil-Wlde Ceramic Flatpack 

description 

The SMJ41 x160 series is a set of high-speed, 
16777216-bit dynamic random-access memo
ries organized as 1 048576 words of 16-bits each. 

They employ state-of-the-art EPICT. technology 
for high performance, reliabiiity, and low power at 
low cost. 

These devices feature maximum RAS access 
times of 60 ns, 70 ns, and 80 ns. All addresses and 
data-in lines are latched on-chip to simplify 
system design. Data out is unlatched to allow 
greater system flexibiiity. 

The SMJ41x160 series is offered in a 50-lead, 
650-mil-wide ceramic flatpack and is character
ized for operation from -55°C to 125°C. 

EPIC is a trademark of Texas Instruments Incorporated. 

SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

VCC 
000 
001 
002 
003 

VCC 
004 
005 
DOS 
007 

NC 
NC 
NC 
NC 
NC 
NC 
W 

RAS 
A11t 
A10t 

AO 

A1 
A2 
A3 

VCC 

l 

l 

l 

l 

I 

l 

I 

I 

-APRIL 1 

xxx PACKAGE 
(TOP VIEW) 

1° 50 

2 49 

3 48 

4 47 

5 48 

6 45 

7 44 
8 43 

9 42 

10 41 

11 40 

12 39 

13 38 

14 37 

15 36 

16 35 

17 34 

18 33 

19 32 

20 31 

21 30 

22 29 

23 28 

24 27 

25 26 

J 

J 

J 

J 

J 

J 

J 

J 

VSS 
0015 
0014 
0013 
0012 

VSS 
0011 
0010 
DOg 
DOS 
NC 
NC 
NC 
NC 
NC 
LCAS 
UCAS 
OE 
A9 
AS 
A7 
A6 

A5 

A4 

VSS 

tAl0 and All are NC for SMJ418160. 

AO-All 
000-0015 
LCAS 
UCAS 
NC 
OE 
RAS 
VCC 
VSS 
Iii 

PIN NOMENCLATURE 

Address Inputs 
Data In / Data Out 
Lower Column-Address Strobe 
Upper Column-Address Strobe 
No Internal Connection 
Output Enable 
Row-Address Strobe 
5-VSupply 
Ground 
Write Enable 

PRODUCT PREVIEW InIolllllllon cone...,. prod.etaln Ihllonnotlvt or 
dotlgn phm of _opmont. Characltrlollc data ond _ 
lptCiftCItlOlll Irt dnlgn go .... Tlxulnltrumrit .... II'V' .. the right to 
chlnge or dllcontlnue th ... product. without notice. ~TEXAS 

INSTRUMENTS 
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SMJ416160, SMJ418160 
1 048576-WORD BY 16-BIT HIGH-SPEED DRAM 

S(3MS720A - APRIL 1995 - REVISeD JUNE 1995 

logic symbolt 

RAM1Mx16 

AO 21 2008/2100 
A1 

22 

A2 
23 

A3 
24 

A4 
27 

A5 
A6 
A7 
AS 

A9 

A10* 
A11* 

28 
29 > A1~575 
30 

20015/2107 
31 

20016 
32 

20017 
20 

20018 
19 

20019 

RAS ~ 
> C20[ROW) 

18 
G23/[REFRESH ROW) 

24[PWROWNI 

LCAS f > C21 
G24 

35 & 

31 
23C22 

UCAS .~ 
> C21 
G34 

34 & 

31 
23C32 

w r Z31 

17 23,210 
+ ~,25EN27 

34,25EN37 

OE 33 " 25 

OQO 

001 

2 
., 

c.- A,220 
A,Z26 

3 
V26,27 

OQ2 4 

003 5 

004 7 

OQ5 8 

006 9 .. 
007 10 .. 
008 

009 

41 
A,320 

L V36,37 
A,Z36 

42 

0010 43 

0011 44 

0012 46 

OQ13 47 

OQ14 48 .... 
0015 

49 .... 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
*A10andA11 are NC for SMJ418160. 
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SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

'416160 functional block diagram 

~===t1==r--~~~lIlIillllt~==~c~o~lu~m~n~D~R~o~d~e~==Jk~ 
• Column- Sen .. Amplifiers 
• Add,. .. Buffers 256K Array 256K Array 
• 

A7--+-f-1r1 

• 
• Row-

• Add,... .111111 Buffers p 

4 
A8-_"' __ ~L-____ J 
A11 

'418160 functional block diagram 

AD 
A1 

• Column-
• Add,. .. 

Buffers 
• 

AS 

• 
• Row-

• Add,. .. 
Buffers 

256K Arrey : 256K Array 

• w • • • • • 

Column Decode 

Sen .. Amplifiers 

256KArray 256KArray 
R 256KArrey 0 256KArray 

• w • • • • D • 
e 
e 
0 
d 
e 

256KArray 256KArray 
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DQO-DQ15 

DQO-DQ15 
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SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS72OA-APRIL 1995 - REVISED JUNE 1995 

operation 

dual CAS 

Two CAS terminals (LCAS and UCAS) are provided to give independent control of the 16 data-I/O terminals 
(OQO-OQ15), with LCAS corresponding to OQO-OQ7 and UCAS corresponding to OQ8-0Q15. For read or 
write cycles, the column address is latched on the first XCAS falling edge. Each xCAS going low enables its 
corresponding OQx pin with data associated with the column address latched on the first falling xCAS xgse. 
All address setup and hold parameters are referenced to the first falling xCAS edge. The delay time from AS 
low to valid data out (see parameter tCAd is measured from each individual xCAS to its corresponding OQx 
terminal. 

In order to latch in a new column address, both xCAS terminals must be brought highS The column-precharge 
time (see parameter tep) is measured from the last xCAS rising edge to the first xCA falling edge of the new 
cycle. Keeping acolumn addressvalidwhiletogglingxCAS requiresaminimumsetuptime, tCLCH' OuringteLCH, 
at least one XCAS must be brought low before the other xCAS is taken high. 

For early-write ~s, the data is latched on the first xCAS falling edge. Only the OQs that have the 
corresponding XCAS low are written into. Each xCAS must m~s minimum in order to ensure writing 
into the storage cell. To latch a new address and new data, all xCAS terminals must be high and meet tcp. 

enhanced page mode 

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

Unlike conventional page-mode ORAMs, the column-address buffers in this device are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while xCAS is high. The falling edge of the 
first XCAS latches the column addresses. This feature allows the device to operate at a higher data bandwidth 
than conventional page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when XCAS transitions low. This performance improvement is referred to.as enhanced page mode. A valid 
column address can be presented immediately after tRAH (row-address hold time) has been satisfied, usually 
well in advance of the falling edge of xCAS. In this case, data is obtained after tCAC maximum (access time from 
xCAS low) if tAA maximum (access time from column address) has been satisfied. In the event that column 
addresses for the next page cycle are valid at the time xCAS goes high, minimum access time for the next cycle 
Is determined by tePA (access time from rising edge of the last xCAS). 

address: AO-A11 ('416160) and AO-AS f418160) 

Twenty address bits are required to decode one of the 1 048576 storage cell locations. For the SMJ416160, 
12 row-address bits are set up on AO through A 11 and latched onto the chip by RAS. Eight column-address bits 
are set up on AO through A7 and latched onto the chip ~he first xCAS. For the SMJ418160, 10 row address 
bits are set up on AO-AS and latched onto the chip by RAS. Ten column address bits are set up on AO-AS and 
latched onto the chip by the first xCAS. All addresses must be stable on or before the falling edge of RAS and 
xCAS. RAS is similar to a chip enable in that it activates tl:le sense amplifiers as well as the row decoder. xCAS 
is used as a chip select, activating its corresponding output buffer and latching the address bits into the 
column-address buffers. 

write enable (W) 

8-126 

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low selects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to xCAS 
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
OE grounded. 

~1ExAs 
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data In (DQO-DQ15) 

SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A-APRIL 1995-REVISEDJUNE 1995 

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

data out (DQO-DQ15) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until xCAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tCAC (which begins with 
the negative transition of xCAS) as long as tRAC and tAA are satisfied. 

output enable (OE) 

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

RAS-only refresh '416160 

A refresh operation must be performed at least once every 32 ms to retain data. This can be achieved by strobing 
each of the 4096 rows (AO-A11). A normal read or write cycle refreshes all bits in each row that is selected. 
A RAS-only operation can be used by holding both xCAS at the high (inactive) level, conserving power as the 
output buffers remain in the high-i..."",dance state. Externally generated addresses must be used for a 
RAS-only refresh. 

RAS-only refresh '418160 

A refresh operation must be performed at least once every 8 ms to retain data. This can be achieved by strobing 
each of the 1024 rows (AO-A9). A normal read or write cycle refreshes all bits in each row that is selected. A 
RAS-only operation can be used by holding both xCAS at the high (inactive) level, conserving power as the 
output buffers remain in the high-impedance state. Externally generated addresses must be used for a 
RAS-only refresh. 

hidden refresh 

Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished by holding 
xCAS at VIL after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refresh is utilized by bringing at least one xCAS low earlier than RAS (see parameter tcSFV and holding 
it low after RAS falls (see parameter tCHFV' For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

power up 

To achieve proper device operation, an initial pause of 200 JAS followed by a minimum of eight initialization cycles 
is required after power up to the full V CC level. These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 

~TEXAS 
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SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A- APRIL 1995 - REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage range, Vee: ...•...................................................•.. - 1 V to 7 V 
Voltage range on any pin (see Note 1): ................................................ -1 V to 7 V 
Short-circuit output current .............................•.................................. 50 mA 
Power dissipation ...................................•...................................... 1 W 
Operating free-air temperature range, T A .......................................... - 55°C to 125°C 
Storage temperature range, Tstg .................................................. - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the devica. These are stress ratings only, and 
functional operation of the devica at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect devica reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voitage 2.4 6.5 V 

VIL loW-level input voltage (see Note 2) -1 0.8 V 

Operating free-air temperature -55 125 ·e TA 
. . :xJ NOTE 2: The algebraic convention, where the more negative (less positive) IImtt is designated as minimUm, Is used for logic-voltage levels only . o 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SMJ416160 

TEST CONDITIONSt 
'416160-60 '416160-70 

PARAMETER 
MIN MAX 

VOH 
High-level output 

10H =-5mA 2.4 
voltage 

VOL low-level output voltage 10L= 4.2 mA 0.4 

II Input current (leakage) 
VCC = 5.5 V, VI = OVto 6.5 V, 

:tl0 
All others = 0 V to VCC 

10 Output current (leakage) 
VCC = 5.5 V, Vo =OVtoVCC, 

:tl0 
xCAS high 

ICC1*§ Read- or write-cycle current VCC =5.5V, Minimum cycle 90 

V,H = 2.4 V (TTL), 
After one memory cycle, 2 

ICC2 Standby current 
RAS and xCAS high 

V,H = VCC - 0.2 V (CMOS), 
After one memory cycle, 1 
RAS and xCAS high 

VCC=5.5V, Minimum cycle, 

iCC3§ 
Average refresh current RAScycling, 

90 (RAS only refresh or CBR) xCAS high (RAS only), 
RAS low after xCAS low (CBR) 

ICC4*'11 Average page current 
VCC=5.5V, tpC=MIN, 

90 
RASlow, xCAScycling 

ICC7*'11 
Standby current, outP4ts RAS=V,H, xCAS= V'L, 5 enabled Data out = enabled 
.. . . 

t For conditions shown as MINIMAX, use the appropriate value specified in the timing reqUIrements . 
* Measured with outputs open 
§ Measured with a maximum of one address change while RAS = V,L 
'II Measured with a maximum of one address change while xCAS = V,H 

~TEXAS 
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MIN MAX 

2.4 

0.4 

:tl0 

:tl0 

80 

2 

1 

80 

80 

5 

'416160·80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

:tl0 i.&A 

:tl0 i.&A 

70 mA 

2 mA 

1 mA 

70 mA 

70 mA 

5 mA 
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SMJ416160, SMJ418160 
1 048576-WORD BY 16-BIT HIGH-SPEED DRAM 

SGMS72OA-APRIL 1995 - REVISED JUNE 1995 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SMJ418160 

TEST CONDITIONSt 
'418160·60 '418160·70 

PARAMETER 
MIN MAX 

VOH 
High-level output 

IOH=-5mA 2.4 voltage 

VOL Low-level output vo~age IOL=4.2mA 0.4 

II Input current (leakage) VCC=5.5V, VI =OVto 6.5 V, 
:1:10 All others = 0 V to VCC 

10 Output current Qeakage) VCC = 5.5 V, VO=OVtoVCC, 
:1:10 

xCAShigh 

ICC1:j:§ Read- or write-cycle current VCC = 5.5 V, Minimum cycle 190 

VIH = 2.4 V (TTL), 
After one memory cycle. 2 

ICC2 Standby current 
RAS and xCAS high 

VIH = VCC - 0.2 V (CMOS). 
After one memory cycle. 1 
RAS and xCAS high 

VCC=5.5V. Minimum cycle. 

ICC3§ 
Average refresh current RAScycling. 

190 (RAS only refresh or CBR) xCAS high (RAS only). 
RAS low after xCAS low (CBR) 

ICC4*'11 Average page current VCC= 5.5V. tpC=MIN. 
190 

RASlow. xCAScycling 

ICC7*'11 
Standby current. outputs RAS=VIH. xCAS=VIL. 5 enabled Data out = enabled .. . . t For conditions shown as MIN/MAX. use the appropriate value specified In the timing reqUIrements . 

* Measured with outputs open 
§ Measured with a maximum of one address change while RAS = VIL 
'I[ Measured with a maximum of one address change while xCAS = VIH 

MIN MAX 

2.4 

0.4 

:1:10 

:1:10 

180 

2 

1 

180 

180 

5 

'418160·80 
UNIT 

MIN MAX 

2.4 V 

0.4 V 

:1:10 fAA 

",10 fAA 

170 mA~ 

2 mA 

1 mA 

170 mA 

170 mA 

5 mA 

capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 

PARAMETER MIN MAX UNIT 

CIIA) Input capacitance. AO-A 11 10 pF 

Ci(OE) Input capacitance. OE 10 pF 

CiIRC) Input capacitance. xCAS and RAS 10 pF 

CilWl Input capacitance. W 10 pF 

Co Output capacitance 10 pF 
... NOTE 3: Capacitance Is sampled only at Initial deSign and after any major changes. Samples are tested at 0 V and 25°C with a I-MHz signal 

applied to the pin under test. All other pins are open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 4) 

PARAMETER 
'41xl60-60 '41x160-70 '41xl60-80 

UNIT 
MIN MAX MIN MAX MIN MAX 

tM Access time from column address 30 35 40 ns 

teAC Access time from xCAS low 15 18 20 ns 

tePA Access time from column precharge 35 40 45 ns 

tRAC Access time from RAS low 60 70 80 ns 

toEA Access time from OE low 15 18 20 ns 

toFF Output disable time after xCAS high (see Note 5) 0 15 0 18 0 20 ns 

tOEZ Output disable time after OE high (see Note 5) 0 15 0 18 0 20 ns 

NOTES: 4. Valid data Is presented at the outputs after all access times are satisfied but can go from the high-Impedance state to an Invalid-data 
state prior to the specified access time as the outputs are driven when xCAS and OE are low. 

5. toFF and tOEZ are specified when the output is no longer driven. The outputs are disabled by bringing either OE or xCAS high. 

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

'41x160-60 

MIN MAX 

tRC Cycle time, read (see Note 6) 110 

twc Cycle time, write (see Note 6) 110 

tRWC Cycle time, read-write (see Note 6) 155 

tpc Cycle time, page-mode read or write (see Notes 6 and 7) 40 

tpRWC Cycle time, page-mode read-write (see Note 6) 85 

tRASP Pulse duration, RAS low, page mode (see Note 8) 60 100000 

tRAS Pulse duration, RAS low, non page mode (see Note 8) 60 10000 

tCAS Pulse duration, xCAS low (see Note 9) 15 10000 

tRP Pulse duration, RAS high (precharge) 40 

twp Pulse duration, W low 10 

tASC Setup time, column address before xCAS low 0 

tASR Setup time, row address before RAS low 0 

tos Setup time, data (see Note 10) 0 

tRCS Setup time, W high before xCAS low 0 

tCWL Setup time, W low before xCAS high 15 

tRWL Setup time, W low before RAS high 15 

twcs Setup time, W low before xCAS low (early-write operation only) 0 

tCAH Hold time, column address after xCAS low 10 

tOH Hold time, data (see Note 10) 10 

tRAH Hold time, row address after RAS low 10 

tRCH Hold time, W high after xCAS high (see Note 11) 0 

tRRH Hold time, W high after RAS high (see Note 11) 0 

twCH Hold time, W low after xCAS low (early-write operation orily) 10 

NOTES: 6. All cycle times assume IT = 5 ns, referenced to VIH(min) and VIL(max). 
7. To assure tpc min, tASC should be .. to tcP' 
8. In a read-write cycle, tRWD and tRWL must be observed. 
9. In a read-write cycle, tCWD and teWL must be observed. 

10. Referenced to the later of xCAS or iN in write operations 
11. Either tRRH or tRCH must be satisfied for a read cycle. 

~TEXAS 
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'41x160-70 '41x16D-60 
UNIT 

MIN MAX MIN MAX 

130 150 ns 

130 150 ns 

181 205 ns 

45 50 ns 

96 105 ns 

70 100000 80 100000 ns 

70 10000 80 10000 ns 

18 10000 20 10000 ns 

50 60 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

18 20 ns 

18 20 ns 

0 0 ns 

15 15 ns 

15 15 ns 

10 10 ns 

0 0 ns 

0 0 ns 

15 15 ns 
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SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A- APRil 1995 - REVISED JUNE 1995 

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

'41x160-60 

MIN MAX 

tCLCH Hold time, iCAS low to xCAS high 5 

tRHCP Hold time, RAS high from xCAS precharge 35 

tOEH Hold time, OE command 15 

tROH Hold time, RAS referenced to OE 10 

tcp Delay time, xCAS high (precharge) 10 

tAWD Delay time, column address to W low (read-write operation only) 55 

tCHR Delay time, RAS low to xCAS high (CBR refresh only) 10 

tCRP Delay time, xCAS high to RAS low 5 

tCSH Delay time, RAS low to xCAS high 60 

tCSR Delay time, xCAS low to RAS low (CBR refresh only) 5 

tCWD Delay time, xCAS low to W low (read-write operation only) .40 

toED Delay time, OE to data 15 

tRAD Delay time, RAS low to column address (see Note 12) 15 30 

tRAL Delay time, column address to RAS high . 30 

tCAL Delay time, column address to xCAS high 30 

tRCD Delay time, RAS low to xCAS low (see Note 12) 20 45 

tRPC Delay time, RAS high to xCAS low 0 

tRSH Delay time, xCAS low to RAS high 15 

tRWD Delay time, RAS low to W low (read-write operation only) 85 

tcpw Delay time, W low after xCAS precharge (read-write operation only) 60 

Refresh time interval 
1'416160 32 

tREF 
1'418160 8 

IT Transition time (see Note 13) 

NOTES: 12. The maximum value IS specified only to assure access time. 

8-132 

13. Transition times (rise and fall) should be a minimum of 3 ns and a maximum of 30 ns. 
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'41x160-70 '41x160-60 
UNIT 

MIN MAX MIN MAX 

5 5 ns 

40 45 ns 

18 20 ns 

10 10 ns 

10 10 ns 

63 70 ns 

10 10 ns 

5 5 ns 

70 80 ns 

5 5 ns 

46 50 ns 

18 20 ns 

15 35 15 40 ns 

35 40 ns 

35 40 ns 

20 52 20 60 ns 

0 0 ns 

18 20 ns 

98 110 ns 

68 75 ns 

32 32 
ms 
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PARAMETER MEASUREMENT INFORMATION 

1.31 V 

Output Under Test 

CL=100pF 
(see Note A) I 

5V 

Output Under Test-..... --..... 

CL .. 100pF 
(see Note A) 

R1.8280 

R2 .. 29S0 

(8) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

VIH/VOHMIN~ V 
VIL!VOL MAX --=-=-" ____________ A--

(c) VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and fixture capacitance. 
B. The ac timing parameters are specified with reference to the minimum valid high-level voltage 

and the maximum valid low-level voltage for each signal. This corresponds to 2.4 V and 0.8 V 
for inputs; 2.4 V and 0.4 V for outputs with the given load circuit. 

Figure 1. Load Circuits and Voltage Waveforms 
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SMJ416160, SMJ418160 . 
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PARAMETER MEASUREMENT INFORMAT:ION 

Addre .. 

~ . ~C ,~ 

~ ~S 1t" 1\ 
IT -.J. 14- I I I ---It== ~CD -1 ! j4-~p ~ 

1 }~teAS~/ 11 I l\-
I . Ir KtclCH II I I 
I I I I (se. Note A) ~ I I tep -4-1 ---tl~ t I i '{ I ;1: 'f"p J 
1-1 teSH I 1 ~I f i I I 
I I I ;+---- ~SH I I ~ I 
~tRAD~ I I I I I I 
!..-I..- I II II II 
1- ~i tRAH I I I I I I I 
I I tASC~ I I I I I 

tASR---: i4+ I 14 I I teAL ~ ~ I I I 

~ + ~~+~f.1*._~_ 
I I~ I I lot ~ ~RH 

41 I I teAH I.. I 
tRCS rl ~ I j4---,- ~CH ~ 

'Ii I ~ tcAC --.I I 
I ( ... Note B) I 14-'- tOFF ---' 

I I4--tAA~ 1 I 
I I 1 I ~ 

- DQO-DQ1S 
~ S •• Note D fll))t------~-~) 

---+~-S-"-N-o-te-C-tR-A-C-~~ Valid Data Out i )-------
~ I 141 ~ toEZ 

~ ~14----+1 ~OH ~ 

m:~~~~*:~toEA~ ~:~O;~~*:m 
NOTES: A. To hold th. address latched by the first xCAS going low, the parameter tcLCH must be met. 

B. !cAc Is measured from XCAS to its corresponding DQx. . 
C. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
D. XCAS order Is arbitrary. 

Figure 2. Read-Cycle Timing 
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Address 

w 

OQO-OQ15 

SMJ416160, SMJ418160 
1 048576-WORD BY 16-BIT HIGH·SPEED DRAM 

SGMS720A - APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

I 
I 

I+-toEO~ 
I 

Valid Data In 

~~~ tos (see Note B) 
I 
14 tOEH--~~ 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. xCAS order Is arbitrary. 

Figure 3. Write-Cycle Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS 77251-1443 8-135 

;: 
W 

~ a: 
D. 
t
O 
::J o o a: 
D. 



"'C 
:D o 
C 
c: o 
-I 
"'C 
:D m 

SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A- APRil 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

Address 

< - OQO-OQ1S m :e 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. xCAS order Is arbitrary. 

8·136 

Figure 4. Early-Wrlte-Cycle Timing 
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Address 

Vi 

OQ8-0Q1S 

OQO-OQ7 

SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A - APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 
B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
C. !Qe&. is measured from xCAS to its corresponding DOx. 
D. xCAS order is arbitrary. 

Figure 5. Read-Modlfy-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

N lAASP lAP~ 
. I I 

I4-lACD ~ 14- teRP ..:.--.... 
I I ..l..-.....:! 

I N I~ tRHCP ,. ~ 
I . ~I I I.. tRSH ~ 
I telCH I I I 
I (e •• Note A) I" tpc .. 

~ iteSHH I I I I 
I I I I I 

I ItcAS~ ~I I I I 

-II II I Il4-teP-../1 I I 
~ ; IASR I: 'LJ1 \ . t~I---+I-!-----
I tRAH ~ I I I It-- teAL ----.! i I 

I I ~ ~~ teAH I ~ tRAl ~ 
Addreee Column ""N\.N\.N\.fV\J Don't Cere 

lRAD I I I 

Vi ~~;tr: I I I ~ teAC ~ Wi 
I I 1.1 (e .. Note B) I I 
I I 1 .. 1 tAA ~ I 

L I J ~I tePA --.... -.11 tRCS --lorf-+I--~-II . (eee Note C) 

Be. Note D 

14~--- tRAC ~ I 
I 
I 

DQ8-DQ15 ------..... ___ _ 

Bee Note D 
DQO-DQ7 -------____ _ 

NOTES: A. To hold the address latched by the first XCAS going low, the parameter tCLCH must be met. 
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B. teAC Is measured from xCAS to Its corresponding OQx. 
C. Access time Is tePA or tAA dependent 
O. Output can go from the high-impedance state to an invalid~ata atate prior to the specified access time. 
E. A write cycle or read-modify-wrlte cycle can be mixed wHh the read cycles as long as the write- and read-modlfy-write-tlmlng 

specifications are not violated. 
F. xCAS order Is arbHrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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Address 

OQ8-
OQ15 

OQO
OQ7 

SMJ416160, SMJ418160 
1 048576·WORD BY 16·BIT HIGH·SPEED DRAM 

SGMS720A - APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

r--------------------tRASP------------------~~;~ 
~ i4-j4--tRSH -J 1'---
II \ ( I i 
1 1 1 1 I 1 14-- tCLCH -..! ~ tRHCP ~ 1 

I 14-- tRCO ~ (see Note A) :~ tpc ~ 1 1 
1 !.. 1 leSH ~ j+- tcp 4 I I+- tCRP ~ 

J ! tASR rt- tCAS ---r \l ( ! 
1 I ~ .1 leAH 1 1 1 
I tASC -+I 14+1 1 1 ~ 1 
I I 1 1 -I 1 

-.I i+- tRAH I 1 1 1 ~---lRAL _-,-I _ ... .1 
r--!.L.I I 1 ~~~~~~~~~~ 

Column V'v'V\l'V\l'V\lV Don't Care vvvvvv'Vv 

NOTES: A To hold the address latched by the first xCAS going low, the parameter tCLCH must be met. 
B. Referenced to the first xCAS or W, whichever occurs last 
C. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write-timing 

specifications are not violated. 
D. xCAS order is arbitrary. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

tRP ~ j+-

~I ~ .... ------------------~~~----
i 14 tCSH ~, __ tRSH ----.I , 
, I+- tRCD -.I , I~ -+i i+-Ii .t'! tpRWC ~: / [I teRP 

, , ~ teAS ~. i\ I ." 
, , I I , I~ ~, tep I " 

, I I " I, I 'I II+--- teLCH --+i I I II 
. . I I (see Note A) T \. ~ 1,Fit:'-----
: : : I '\ II '= ~ 

1 i·HASR " I I': tASC -+i ~ I 

Address ~i~,,_~ ~,m' ~ 
tRAH -+i :.- I I j+- teWD -+i I I teWL l1li .,' 

, j4:-t- tAWD --+I I~ .: twp '~~I 
-W _1::tRWD~: .I~ I _1,,1 'N ~ \L ~ i 'I ~teAC iT ,'F-r-~~~~~~ 

tRCS ~ , I I tAA, ,... ., foIIIIl~r-----..t-1 - tOEH 
, tAA I.. ~, -+I ~ tDS I'" ., tePA I 

I " (see Note B) I 
I+-- tRAC ~ "~ ~I tDH: 1 

, (see Note C) I 
...Jr,-I-----:!I.. 

DQO-DQ15 Valid In 
I 
I 
I 
1 

ValidOu 
~I I 

~tOEA~' I~ toEH I I , -+I I+- toEZ 

\ 
I~ ·1 tOED 

OE - ) ! 
NOTES: A. To hold the address latched by the first xCAS going low. the parameter tcLCH must be met. 
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B. Access time is tCPA or tM dependent. 
C. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
D. xCAS order is arbitrary. 
E. A read or wrHe cycle can be intennixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are 

not violated. 
F. tcAC is measured from xCAS to its corresponding DQx. 

Figure 8. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

xCAS ~::~~EX¥-~e:~ i i See Note A ~ 
tASR II1II ~ ~ ~ tRAH 

Addrese 0@::~~EX~~~~:~ Row )@:~£n;!:~~r~:W< Row 

DQO-DQ15 ---------- HI-Z ------------

NOTE A: All xCAS must be high. 

Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

Figure 10. Hldden-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

1~~-----------------tRC----------------~·1 

~tRP~ 1~~------tRAS-------".1 I 
I I I I I __ ~A N y~----
I I I 

_I j+-tCSR- I 
tRPC-" ~ -I .. ~---tcHR-------~.1 

\J.. ~~lT Y 
w ~:e~i::¥:X~:~ 

Address ~:e~~::¥:X~:~ 

OE ~:e~~'::~~{~:~ 

OQO-OQ1S HI-Z-------------
NOTE A: Any xCAS can be used. 

Figure 11. Automatic-xCBR-Refresh-Cycle Timing 
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• Military Operating Temperature Range 
- 55°C to 125°C 

• Performance Ranges: 
ACCESS ACCESS ACCESS ACCESS 

TIME TIME TIME 
ROW COLUMN SERIAL 

ADDRESS ENABLE DATA 
(MAX) (MAX) (MAX) 

ta(R) ta(C) ta(SQ) 
'44C251B-10 100ns 25 ns 30 ns 
'44C251B-12 120ns 30ns 35ns 

• Class B High-Reliability Processing 

• DRAM: 262144 Words x 4 Bits 
SAM: 512 Words x 4 Bits 

TIME 
SERIAL 
ENABLE 

(MAX) 

ta(SE) 
20 ns 
25 ns 

• Single 5-V Power Supply (:t10% Tolerance) 

• Dual Port Accessibility-Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Bldirectlonal-Data-Transfer Function 
Between the DRAM and the Serial-Data 
Register 

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

• Wrlte-Per-Bit Feature for Selective Write to 
Each RAM 110; Two Wrlte-Per-Blt Modes to 
Simplify System Design 

description 

The' SMJ44C251 8 multiport video RAM is a 
high-speed, dual-ported memory device. It 
consists of a dynamic random-access memory 
(DRAM) organized as 262144 words of 4 bits 
each interfaced to a serial-data register or 
serial-access memory (SAM) organized as 512 
words of 4 bits each. The SMJ44C251 8 supports 
three types of operation: random access to and 
from the DRAM, serial access to and from the 
serial register, and bidirectional transfer of data 
between any row in the DRAM and the serial 
register. Except during transfer operations, the 
SMJ44C251B can be accessed simultaneously 

SMJ44C251B 
262144 BY 4-BIT MULTIPORT VIDEO RAM 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Alllnputs/Outputs and Clocks Are TTL 
Compatible 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 33-MHz Uninterrupted Serial-Data 
Streams 

• 3-State Serial II0s Allow Easy Multiplexing 
of Video-Data Streams 

• 512 Selectable Serial-Register Starting 
Locations 

• Texas Instruments EPIC'M Process 

• Packaging: 
- 28-Pln J-Leaded Ceramic Chip Carrier 

Package (HJ Suffix) 
- 28-Pln Leadless CeramiC Chip Carrier 

Package (HM Suffix) 
- 28-Pln CeramiC Sidebrazed DIP 

(JD Suffix) 
- 28-Pln Zig-Zag In-Line (ZIP). Ceramic 

Package (SV Suffix) 

• Split Serial-Data Register for Simplified 
Real-Time Register Reload 

AO-AS 
CAS 
DOO-D03 
SE 
RAS 
SC 
SDOO-SD03 
fAG 
W 
DSF 
OSF 

vec 
vss 
GND 

PIN NOMENCLATURE 

Address Inputs 
Column Enable 
DRAM Data In-Out/Write-Mask Bit 
Serial Enable 
Row Enable 
Serial Data Clock 
Serial Data In-Out 
Transfer Register/O Output Enable 
Write-Mask Select/Write Enable 
Special Function Select 
Split-Register Activity Status 
5-VSupply 
Ground 
Ground (Important: Not connected 
to internal V SS) 

and asynchronously from the DRAM and SAM ports. During a transfer operation, the 512 columns of the DRAM 
are connected to the 512 positions in the serial data register. The 512 x 4-bit serial-data register can be loaded 
from the memory row (transfer read), or the contents of the 512 x 4-bit serial-data register can be written to the 
memory row (transfer write). 

EPIC is a trademark of Texas Instruments Incorporated, 

~TEXAS 
INSTRUMENTS 
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Copyright C> 1995, Texas Instruments Incorporated 
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pinouts 

HJPACKAGE HMPACKAGE JDPACKAGE SVPACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 

SC Vss SC Vss SC Vss 
2 002 soao 2 SOO3 SOOO SOO3 SOOO SOO3 4 SE SOO1 SOO2 SOO1 SOO2 SOO1 SOO2 SOO3 

TRG SE TRG SE TRG SE 
SC 

000 003 000 003 000 003 SOO1 
001 002 001 002 001 002 000 

W OSF W OSF OSF W 
GNO CAS GNO CAS GNO CAS RAS 
RAS OSF RAS OSF RAS OSF AS 

AS AO AS AO AS AO A4 
AS A1 A6 A1 A6 A1 A7 
A5 A2 A5 A2 A5 A2 A2 
A4 A3 A4 A3 A4 A3 AO 

Vee A7 Vee A7 Vee A7 CAS 

description (continued) 

8-146 

The SMJ44C251 B is equipped with several features designed to provide higher system-level bandwidth and 
to simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates 
can be achieved by the device's 4 x 4 block-write mode. The block-write mode allows four bits of data (present 
in an on-Chip color-data register) to be written to any combination of four adjacent .column-address locations. 
As many as 16 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking any combination ofthe four input/outputs on anywrite cycle. 
The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent write 
cycles. The mask register eliminates having to provide mask data on every mask-write cycle. 

The SMJ44C251 B offers a split-register transfer read (DRAM to SAM) feature for the serial tester (SAM port). 
This feature enables real-time register reload implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register reload (for example, reloads done during CRT retrace periods), the single-register mode of operation 
is retained to simplify design. The SAM can also be configured in input mode, accepting serial data from an 
external device. Once the serial register within the SAM is loaded, its contents can be transferred to the 
corresponding column positions in any row in memory in a single memory cycle. 

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

All inputs, outputs, and clock signals on the SMJ44C251 B are compatible with Series 54 TIL devices. All 
address lines and data-in lines are latched on-chip to simplify system design. All data-out lines are unlatched 
to allow greater system flexibility. 
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INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 



description (continued) 
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Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup, row-address hold, and address multiplex is 
eliminated, and a memory cycle time reduction of up to 3x can be achieved, compared to minimum RAS cycle 
times. The maximum number of columns that can be accessed is determined by the maximum RAS low time 
and page-mode cycle time used. The SMJ44C251B allows a full page (512 cycles) of information to be 
accessed in read, write, or read-modify-write mode during a Single RAS-Iow period using relatively conservative 
page-mode cycle times. 

The SMJ44C251 B employs state-of-the-art Texas Instruments EPIC'M scaled CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with improved reliability. For surface 
mount technology, the SMJ44C251 B is offered in a 28-pin J-Ieaded chip carrier package (HJ suffix) or a 28-pin 
leadless ceramic chip carrier package (HM suffix). The SMJ44C251 B is offered in a 28-pin 400-mil dual-in-Iine 
ceramic sidebrazed package (JO suffix) or a 28-pin ZIP ceramic package (SV suffix) for through-hole insertion. 
The L suffix device is rated for operation from O·C to 70·C. The M suffix device is rated for operation from - 55·C 
to 125·C. 

The SMJ44C251 B and other multiport video RAMs are supported by a broad line of video/graphic processors 
from Texas Instruments, including the SMJ34010 and the SMJ34020 graphics processors. 

functional block diagram 

SDQO 
SDQl 
SDQ2 
SDQ3 
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Function Table 

FUNCTION 

CBR refresh 

Register-to-memory transfer 
(trensfer write) 

Alternate transfer write 
(independent of SE) 

Serial-write-mode enable 
(pseudo-transfer write) 

Memory-to-register transfer 
(transfer read) 

Split-register-transfer read 
(must reload tap) 

Load and use write mask, 
Write data to DRAM 

Load and use write mask, 
Block write to DRAM 

Persistent write-per-bit, 
Write data to DRAM 

Persistent write-per-bit, 
Block write to DRAM 

Normal DRAM read/write 
(nonmasked) 

Block write to DRAM 
(nonmasked) 

Load write mask 

Load color register 

Legend: 
H = High 
L=Low 
X = Don't care 

RASFALL 

CAS TRG WI: 

L X X 

H L L 

H L L 

H L L 

H L H 

H L H 

H H L 

H H L 

H H L 

H H L 

H H H 

H H H 

H H H 

H H H 

t R = random access operation; T = transfer operation 

DSF SE 

X X 

X L 

H X 

L H 

L X 

H X 

L X 

L X 

H X 

H X 

L X 

L X 

H X 

H X 

'" In persistent write-per-bit function, W must be high during the refresh cycle. 
§ DQO-D03 are latched on the later of War CAS falling edge. 
Col Mask = H: Write to address/column location enabled 
DO Mask = H: Write to I/O enabled 

CAS 
FALL 

DSF 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

L 

H 

L 

H 
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ADDRESS 

RAS CAS 

·X X 

Row Tap 
Addr Point 

Row Tap 
Addr Point 

Refresh Tap 
Addr Point 

Row Tap 
Addr Point 

Row Tap 
Addr Point 

Row Col 
Addr Addr 

Row BlkAddr 
Addr /42-AS 
Row Col 
Addr Addr 

Row BlkAddr 
Addr /42-AS 

Row Col 
Addr Addr 

Row BlkAddr 
Addr /42-AS 

Refresh 
X Addr 

Refresh 
X Addr 
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DQO-DQ3 

CASt 
TVPEt 

RAS Vi 
X X R 

X X T 

X X T 

X X T 

X X T 

X X T 

DQ Valid 
R Mask Data 

DO Col 
R Mask Mask 

X 
Valid 

R Data 

X 
Col 

R Mask 

X 
valid 

R Data 

X 
Col 

R Mask 

X 
DO 

R Mask 

X 
Color 

R Data 



SMJ44C2518 
262144 8Y 4·81T MULTIPORTVIDEO RAM 

SGMS058A- MARCH 1995 - REVISED JUNE 1995 

operation 

Depending on the type of operation chosen, the signals of the SMJ44C251 B perform different functions. Table 1 
summarizes the signal descriptions and the operational modes they control. 

Table 1. Detailed Signal Description Versus Operational Mode 

PIN DRAM TRANSFER SAM 

AO-AS Row, column address Row, tap address 

CAS Column enable, output enable Tap-address strobe 

Dai DRAM data I/O, write mask bits 

DSF Block-write enable Split-register enable 
Persistent write-per-blt enable Alternate write-transfer enable 
Color-register load enable 

RAS Row enable Row enable 

SE Serial-in mode enable Serial enable 

SC Serial clock 

SDa Serial-data I/O 
TRG a output enable Transfer enable 

IN Write 'mable, write-per-bit select Transfer-write enable 

aSF Split register 
Active status 

NC/GND Make no external connection or tie to system V SS. 

VCC 5-V supply (typical) 

VSS Device ground 

The SMJ44C251 B has three kinds of operations: random-access operations typical of a DRAM, transfer 
operations from memory arrays to the SAM, and serial-access operations through the SAM port. The signals 
used to control these operations are described here, followed by discussions of the operations themselves. 

address (AD-AS) 

For DRAM operation, 1S address bits are required to decode one of the 262144 storage cell locations. Nine 
row-address bits are set up on AO-AS and latched onto the chip on the falling edge of. RAS. Nine 
column-address bits are set up on AO-AS and latched onto the chip on the falling edge of CAS. All addresses 
must be stable on or before the falling edges of RAS and CAS. 

During the transfer operation, the states of AO-AS are latched on the falling edge of RAS to select one of the 
512 rows where the transfer occurs. To select one of 512 tap pOints (starting positions) for the serial-data input 
or output, the appropriate 9-bit column address (AO-A8) must be valid when CAS falls. 

row-address strobe (RAS) 

RAS is similar to a chip enable because all DRAM cycles and transfer cycles are initiated by the falling edge 
of RAS. RAS is a control input that latches the states of row address, W, TRG, SE, CAS, and DSF onto the chip 
to invoke DRAM and transfer functions. 

column-address strobe (CAS) 

CAS is a control input that latches the states of column address and DSF to control DRAM and transfer functions. 
When CAS is brought low during a transfer cycle, it latches the new tap point for the serial-data input or output. 
CAS also acts as an output enable for the DRAM outputs DQO-DQ3. 
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output enable/transfer select (TRG) 

TRG selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held high as 
RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM outputs DOO-D03. For 
transfer operation, TRG must be brought low before RAS falls. 

wrlte·mask select, write enable (W) 

In DRAM operation, W enables data to be written to the DRAM. W is also used to select the DRAM write-per-bit 
mode. Holding W low on the falling edge of RAS invokes the write-per-bit operation. The SMJ44C251 B supports 
both the normal write-per-bit mode and the persistent write-per-bit mode. 

For transfer operation, W selects either a read-transfer operation (DRAM to SAM) or a write-transfer operation 
(SAM to DRAM). During a transfer cycle, if W is high when RAS falls, a read transfer occurs; if W is low, a write 
transfer occurs. 

special function select (DSF) 

DSF is latched on the falling edge of RAS or CAS, similar to an address. DSF determines which of the following 
functions are invoked on a particular cycle: 

• Persistent write-per-bit 
• Block write 
• Split-register transfer read 
• Mask-register load for the persistent write-per-bit mode 
• Color-register load for the block-write mode 

DRAM data I/O, write-mask data (DQO-DQ3) 

DRAM data is written via DO terminals during a write or read-modify-write cycle. In an early-write cycle, W is 
brought low prior to CAS and the data is strobed in by CAS with data setup and hold times referenced to this 
signal. In a delayed-write or read-modify-write cycle, W is brought low after CAS and the data is strobed in by 
W with data setup and hold times referenced to this Signal. 

The 3-state DO output buffers provide direct TIL compatibility (no pullup resistors) with a fanout of two Series 
54 TIL loads. Data out is the same polarity as data in. The outputs are in the high-impedance (floating) state 
as long as CAS and TRG are held high. Data does not appear at the outputs until both CAS and TRG are brought 
low. Once the outputs are valid, they remain valid while CAS and TRG are low. CAS or TRG going high returns 
the outputs to the high-impedance state. In a register-transfer operation, the DO outputs remain in the 
high-impedance state for the entire cycle. 

The write-per-bit mask is latched into the device via the random DO terminals by the falling edge of RAS. This 
mask selects which of the four random I/Os are written. 

serial data I/O (SDQO-SDQ3) 

Serial inputs and serial outputs share common I/O terminals. Serial-input or serial-output mode is determined 
by the previous transfer cycle. If the previous transfer cycle was a read transfer, the data register is in 
serial-output mode. While in serial-output mode, data in SAM is accessed from the least significant bit to the 
most significant bit. The data registers operate modulo 512; so after bit 511 is accessed, the next bits to be 
accessed are 00, 01, 02, etc. If the previous transfer cycle was either a write transfer or a pseudo transfer, the 
data register is in serial-input mode and signal data can be input to the register. 

serial clock (SC) 

8-150 

Serial data is accessed in or out of the data register on the rising edge of SC. The SMJ44C251 B is designed 
to work with a wide range of clock-duty cycles to simplify system design. There is no refresh requirement 
because the data registers that comprise the SAM are static. There is also no minimum SC clock operating 
frequency. 
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During serial-access operations SE is used as an enable/disable for SDQ in both the input and output modes. 
If SE is held as RAS falls during a write-transfer cycle, a pseudo-transfer write occurs. There is no actual transfer, 
but the data register switches from the output mode to the input mode. 

no connect/ground (NC/GND) 

NC/GND is reserved for the manufacturer's test operation. It is an input and should be tied to system ground 
or left floating for proper device operation. 

special function output (aSF) 

During split-register operation the QSF output indicates which half of the SAM is being accessed. When QSF 
is low, the serial-address pointer is accessing the lower (least significant) 256 bits of SAM. When QSF is high, 
the serial-address pointer is accessing the higher (most significant) 256 bits of SAM. QSF changes state upon 
crossing the boundary between the two SAM halves in the split-register mode. 

During normal transfer operations QSF changes state upon completing a transfer cycle. This state is determined 
by the tap point being loaded during the transfer cycle. 

power up 

To achieve proper device operation, an initial pause of 200 !-IS is required after power-up, followed by a minimum 
of eight RAS cycles or eight CBR cycles, a memory-to-register transfer cycle, and two SC cycles. . 
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random·access operation 

The random-access operation functions are summarized in Table 2 and described in the following sections. 

Table 2. Random.Access·Operatlon Functions 

FUNCTION 

CBR refresh 

Load and use write mask, 
Write data to DRAM 

Load and use write mask, 
Block write to DRAM 

Persistent write-per-bit, 
Write data to DRAM 

Persistent write-per-bit, 
Block write to DRAM 

Normal DRAM read/write 
(nonmasked) 

Block write to DRAM 
(non masked) 

Load write mask 

Load color register 

Legend: 
H = High 
L=Low 
X= Don't care 

CAS 

L 

H 

H 

H 

H 

H 

H 

H 

H 

RASFALL 

TRG wt DSF 

X X X 

H L L 

H L L 

H L H 

H L H 

H H L 

H H L 

H H H 

H H H 

t In persistent write-per-bit function, iN must be high during the refresh cycle. 
* DQO-DQ3 are latched on the later of iN or CAS falling edge. 
Col Mask = H: Write to address/column location enabled 
DQ Mask = H: Write to I/O enabled 

enhanced page mode 

CAS 
ADDRESS FALL 

SE DSF RAS CAS 

X X X X 

X L 
Row Col 
Addr Addr 

X H 
Row BlkAddr 
Addr A2-AS 

X L 
Row Col 
Addr Addr 

X H 
Row BlkAddr 
Addr A2-AS 

X L 
Row Col 
Addr Addr 

X H 
Row BlkAddr 
Addr A2-AS 

X L 
Refresh 

X Addr 

X H, Refresh 
X Addr 

DQO-DQ3 

CAS* RAS W 
X X 

DQ Valid 
Mask Data 

DQ Col 
Mask Mask 

X 
Valid 
Data 

X 
Col 

Mask 

X 
Valid 
Data 

X 
Col 

Mask 

X 
DQ 

Mask 

X 
Color 
Data 

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

Unlike conventional page-mode operation, the enhanced page mode allows the SMJ44C251 B to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be presented immediately after row-address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data can be obtained after ta(C) max 
(access time from CAS low), if ta(CA) max (access time from column address) has been satisfied. 

refresh 

8-152 

There are three types of refresh available on the SMJ44C251 B: RAS-only refresh, CBR refresh, and hidden 
refresh. 
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A refresh operation must be performed to each row at least once e~ 8 ms to retain data. Unless CAS is 
applied, the output buffers are In the high-impedance state, so the RAS-only refresh sequence avoids any 
output during refresh. Extemal~nerated addresses must be supplied during RAS-only refresh. Strobing each 
of the 512 row addresses with RAS causes all bits in each row to be refreshed. CAS can remain high (inactive) 
for this refresh sequence to conserve power. 

CAi-betore-RAS (CBR) refresh 

CBR refresh is accomplished by bringing CAS low earlier than RAS. The external row address Is Ignored and 
the refresh row address is generated Internally when using CBR refresh. Other cycles can be performed In 
between CBR cycles without disturbing the internal address generation. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM-read cycle and cycling RAS. The output data 
of the DRAM-read cycle remains valid while the refresh is being carried out. Uke the CBR refresh, the refreshed 
row addresses are generated Internally during the hidden refresh. 

wrlte-per-blt 

The write-per-bit feature allows masking of any combination of the four Das on any write cycle (see Figure 1). 
The write-per-bit operation is invoked only when W is held low on the falling edge of RAS. If W is held high on 
the falling edge of RAS, write-per-bit is not enabled and the write operation Is performed to all four Das. The 
SMJ44C251 B offers two write-per-bit modes: the nonpersistent write-per-bit mode and the persistent 
write-per-bit mode. 

nonpersistent write-per-bit 

When DSF is low On the falling edge of RAS, the write mask is reloaded. A 4-bit code (the write-per-bit mask) 
is inputto the device via the random Da terminals and latched on the falling edge of RAS. The write-per-bit mask 
selects which of the four random II0s are written and which are not. After RAS has latched the on~chlp 
write-per-blt mask, Input data is driven onto the Da terminals and is latched on the later falling edge of CAS or 
W. When a data low is strobed Into a particular 1/0 on the falling edge of RAS, data is not written to that 1/0. When 
a data high Is strobed Into a particular 1/0 on the falling edge of RAS, data Is written to that 1/0. 

peralstent write-per-bit 

When DSF is high on the falling edge of RAS, the write-per-bit mask is not reloaded: it retains the value stored 
during the last write-per-bit mask reload. This. mode of operation is known as perSistent write-per-bit because 
the write-per-bit mask is persistent over an arbitrary number of write cycles. The write-per-blt mask reload can 
be done during the nonpersistent write-per-bit cycle or by the mask-register-Ioad cycle. 
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I Nonperslstant Wrlte-Per-Blt Wrlte-Mssk-Reglster losd Persistent Wrlte-Per-Blt I 
I I 

RAS[\ I \ I \ n 
I 

CAS I I I \ Ii 
AO-AS 

DQO
DQ3 

DQMask Write Data DQMssk Write Data 

DQ Mask = H: Write to I/O ensbled 
l: Write to I/O disabled 

Figure 1_ Example of Wrlte-Per-Blt Operations 

block write 

The block-write mode allows data (present in an on-chip color register) to be written into four consecutive 
column-address locations. The 4-bit color register is loaded by the color-register-Ioad cycle. Both write-par-bit 
modes can be applied in the block-write cycle. The block-write mode also offers the 4 x 4 column-mask 
capability. 

load color register 

The 10ad-color-registe~le is performed using normal DRAM write-cycle timing except that DSF Is held high 
on the falling edges of RAS and CAS. A 4-bit code is input to the color register via the random I/O terminals and 
latched on the later of the falling edge of CAS or W. After the color register is loaded, it retains data until power 
is lost or until another load-color-register cycle is executed. 

block write cycle 

8-154 

After the color register is loaded, the block-write cycle can begin as a normal DRAM write cycle with DSF held 
high on the falling edge of CAS (see Figures 2, 3, and 4). When the block-write cycle is invoked, each data bit 
in the 4-bit color register is written to selected bits of the four adjacent columns of the corresponding random 
I/O. 

During block-write cycles, only the seven most significant column addresses (A2-AS) are latched on the falling 
edge of CAS. The two least significant addresses (AO-A1) are replaced by four DO bits (DOO-003), which 
are also latched on the later of the falling edge of CAS or W. These four bits are used as a column mask, and 
they indicate which of the four column-address locations addressed by A2-AS are. written with the contents of 
the color register during the block-write cycle. DOO enables a write to column-address A 1 = 0 (low), AO = 0 (low); 
D01 enables a write to column-address A1 = 0 (low), AO = 1 (high); D02 enables a write to column-address 
A1 = 1 (high), AO = 0 (low); D03 enables a write to column-address A1 = 1 (high), AO = 1 (high). A hi!;jh logic 
level enables a write, and a low logic level disables the write. A maximum of 16 bits (4 x 4) can be written to 
memory during each CAS cycle in the block-write mode. 
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I I I I Load-Color-Reglater Cycle I Block-Write Cyelet Block-Write Cyelet Block-Write Cyelet I 
I I (no DQ mask) (Ioed and use DQ mask) (use previously 

loadea DQ mssk) I 
RASi' I I \ I \ 1'-+-""'\ Ii 

I ~I----~ ~----~ ~ 
CAS I ~I \ I \ I \ Ii 

wtW _~ _~ _~ ~ 

TROW ~ .~ ~ : 
DSF~ W ~ IIW ~ IlIItII/ '@§§§$' 'U'" 
I--.~~~~~-..~~~~ 

DQO-DQ3 

t IN must be low during the block-write cycle. 
NOTE: Doo-DQ3 are latched on the later of IN or CAS falling edge except In block 6 (see legend). 
Legend: 

1. Refresh address 
2. Row address 
3. Block address (A2 -AS) 
4. Color-register data 
5. Column-mask date 
6. DO-mask data. DQO-DQ3 are latched on the falling edge of RAS • 
• Uc=ccucuun""u'= don't care 

Figure 2. Example Block-Write Diagram Operations 

DO >-........... --, 

N N+1 N+2 N+3 

Figure 3. Block-Write Circuit Block Diagram 
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COLUMN COLOR 
DQMASK 

MASK REGISTER 
DATA 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 

DQa 1 a a DQa Masked a a a 

DQl 1 1 a 

DQ2 a 1 1 

Block Write 

=> 
DQl Masked a 0 0 

DQ2 Masked Masked Masked Masked 

DQ3 1 1 1 DQ3 Masked 1 1 1 

Figure 4. Example of Block Write Operation With DQ Mask and Address Mask 

transfer operation 

Transfer operations between the memory ~rays (DRAM) and the data registers (SAM) are invoked by bringing 
TRG low before RAS falls. The states of W, SE, and DSF, which are also latched on the falling edge of RAS, 
determine which transfer operation is invoked. Figure 5 shows an overview of data flow between the random 
and the serial interfaces. 

8·156 

TRG 

AS 
OSF 

W 
SE 

SC 

Aa-AS 

Transfer· 
Control 
logic 

Random-Access Port 
Col Col Col Col 

a 255 256 511 

Row r------t------, 
a 

Row 

Memory Array 
262144Blts 

511 '-...,. __ ... __ ..,..--' 

256 

Transfer· 

AS--------~~------~~~ 

SOQO-SDQ3_,.. ..... 

4 
DQO-DQ3 

Figure 5. Block Diagram Showing One Random and One Serlal·I/O Interface 
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As shown in Table 3, the SMJ44C251 B supports five basic modes of transfer operation: 

• Register-to-memory transfer (normal write transfer, SAM to DRAM) 
• Alternate-write transfer (independent of the state of SE) 
• Memory-to-register transfer (pseudo-transfer write). Switches serial port from serial-out mode to serial-in 

mode. No actual data transfer takes place between the DRAM and the SAM. 
• Memory-to-register transfer (normal-read transfer, transfer entire contents of DRAM row to SAM) 
• Split-register-read transfer (divides the SAM into a low and a high half. Only one half is transferred to the 

SAM while the other half is read from the serial I/O port.) 

FUNCTION 

Register-to-memory transfer 
(normal write transfer) 

Alternate-write transfer 
(independent of SE) 

Serial-write-mode enable 
(pseudo-transfer write) 

Memory-to-register transfer 
(normal read transfer) 

Split-register-read transfer 
(must reload tap) 

Legend: 
H = High 
L=Low 
X=Don'tcare 

write transfer 

Table 3. Transfer-Operation Functions 

RASFALL CAS ADDRESS DQO-DQ3 
FALL 

CAS TRG W DSF SE DSF RAS CAS RAS 
CAS 
W 

H L L X L X 
Row, Tap 

X X Addr Point 

H L L H X X 
Row Tap 

X X Addr Point 

H L L L H X 
Refresh Tap 

X X Addr Point 

H L H L X X 
Row Tap 

X X Addr Point 

H L H H X X 
Row Tap 

X X Addr Point 

All write-transfer cycles (exceptthe pseudo write transfer) transfer the entire content of SAM to the selected row 
in the DRAM. To invoke a write-transfer cycle, W must be low when RAS falls. There are three possible 
write-transfer operations: normal-write transfer, alternate-write transfer, and pseudo-write transfer. 

All write-transfer cycles switch the serial port to the serial-in mode. 

normal-write transfer (SAM-to-DRAM transfer) 

A normal-write transfer cycle loads the contents ofthe serial-data register to a selected row in the memory array. 
TRG, W, and SE are brought low and latched at the falling edge of RAS. Nine row-address bits (AO-AS) are 
also latched at the falling edge of RAS to select one of the 512 rows available as the destination of the data 
transfer. The nine column-address bits (AO-AS) are latched at the falling edge of CAS to select one of the 512 
tap paints in SAM that are available for the next serial input. 

During a write-transfer operation before RAS falls, the serial-input operation must be suspended after a 
minimum delay of id(SCRL) but can be resumed after a minimum delay of td(RHSC) after RAS goes high 
(see Figure 6). 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 8-157 



SMJ44C251B 
262144 BY 4·BIT MULTIPORTVIDEO RAM 

SGMS058A - MARCH 1995 - REVISED JUNE 1995 

normal-write transfer (SAM-to-DRAM transfer) (continued) 

~ A I ~. __________________________ -J. I 

! \~----------/: 
AO-A8~,-_"I"':'_o_w __ )@2X Tap Point ~ 
TRG~ ! 

W~ ! I~ 
SE~! _ 

1oIII1~c----l~~I-- tcI(SCRL) ~ 
I tcI(RHSC) -.I I+-

SC ~;.--~\\~\\~~~~\\\~\\~~\\~~\\~~~~\\~~~~\'\ ~ 

Figure 6. Normal-Wrlte-Transfer-Cycle Timing 

alternate-write transfer (refer to Figure 30) 

When DSF is brought high and latched at the falling .edge of RAS in the normal-write-transfer cycle, the 
alternate-write transfer occurs. 

pseudo-write transfer (write-mode control) (refer to Figure 28) 

1:0 invoke the pseudo-write transfer (write-mode control cycle), SE is brought high and latched at the falling edge 
of RAS. The pseudo-write transfer does not actually invoke any data transfer but switches the mode of the serial 
port from the serial-out (read) mode to the serial-in (write) mode. 

Before serial data can be clocked into the serial port via the soa terminals and the SC input, the SDa terminals 
must be switched into input mode. Because the transfer does not occur during the pseudo-transfer write, the 
row address (AD-AS) is in the don't care state and the column address (AD-AS), which is latched on the falling 
edge of CAS, selects one of the 512 tap pOints in the SAM that are available for the next serial input. 

read transfer (DRAM-to-SAM transfer) (refer to Figure 7) 

During a read-transfer cycle, data from the selected row in DRAM is transferred to SAM. There are two 
read-transfer operations: normal-read transfer and split-register-read transfer. 

normal-read transfer (refer to Figure .7) 

8-158 

The normal-read-transfer operation loads data from a selected row in DRAM into SAM. TRG is brought low and 
latched at the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the falling edge of RAS 
to select one of the 512 rows available for transfer. The nine column-address bits (AO-AS) are latched at the 
falling edge of CAS to select one of the SAM's 512 available tap points where the serial data is read out. 

A normal-read transfer can be performed in three ways: early-load read transfer, real-time or midline-load read 
transfer, and late-load read transfer. Each of these offers the flexibility of controlling the TRG trailing edge in 
the read-transfer cycle (see Figure 7). 
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normal-read transfer (continued) 

Early-Load Read Tranafer I Real-lime-Reload Read Transfer I Late-Load Read Transfar 

RAS j\ Ii' f"""i\ /'---"--'1 
CAS I \ /1 \ / I '----.J: 

I I I 1 
AD-AS 

~ J I I 1 
'i'RG 1 \.J 1 \ / 1 \ / 1 

1 I I 1 
sc I I I I 

Figure 7. Normal-Read-Transfer Timings 

spllt-reglster-read transfer 

In split-register-read-transfer operation, the serial-data register is split into halves. The low half contains bits 
0-255, and the high half contains 256-511. While one half is being read out of the SAM port, the other half can 
be loaded from the memory array. 

To invoke a split-register read-transfer cycle, DSF is brought high, TRG is brought low, and both are latched at 
the falling edge of RAS. Nine row-address bits (AO-A8) are also latched at the falling edge of RAS to select 
one of the 512 rows available for the transfer. The nine column-address bits (AO-A8) are latched at the falling 
edge of CAS, where address bits AO -A7 select one of the 255 tap points in the specified half of SAM and 
address bit AS selects which half is to be transferred. If AS is a logic low, the low half is transferred. If AS is a 
logic high, the high half is transferred. SAM locations 255 and 511 cannot be used as tap points. 

A normal-read transfer must precede the split-register-read transfer to ensure proper operation. After the 
normal-read-transfer cycle, the first split-register read transfer can follow immediately without any minimum SC 
requirement. However, there is a minimum requirement of a rising edge of SC between split-register 
read-transfer cycles. 

aSF indicates which half of the SAM is being accessed during serial-access operation. When aSF is low, the 
serial-address pOinter is accessing the lower (least significant) 256 bits of the SAM. When aSF is high, the 
pointer is accessing the higher (most significant) 256 bits of the SAM. aSF changes state upon completing a 
normal-read-transfer cycle. The tap point loaded during the current transfer cycle determines the state of aSF. 
In split-register read-transfer mode, aSF changes state when a boundary between the two register halves is 
reached (see Figure 12 and Figure 13). 
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spllt·reglster·read transfer (continued) 

8-160 

OSF 

Read Transfer 
WIth Tap Point N 

'1o... __ ---J1 
Spllt·Reglster 
Read Transfer 

''-___ oJl 

\ I 'I 
1 

',,---+i~----IJI , I 

I f\ 
I "------------------

SC 
1 

----------~I--~----------------------~~ I ~I ld(GHQSF) Point N 

QSF 
Cld(CLQSF) --X~----------------

Figure 8. Example of a Spl1t·Reglster Read·Transfer Cycle After a Normal Read·Transfer Cycle 

Spllt·Reglster 
Read Transfer Spllt·Reglster 

With Tap Point N Read Transfer 

RAS \ Ii ~ I 
1 1 

\ ~ 
1 \ I CAS 1 

I I 
TRG ~ I 1 \1 I I I I 
OSF ~ I h I 

ld(RHMS) I .. ~I ld(MSRL) 

SC 

OSF 

14----I~*I- ta(SCQSF) 

-----------------------------~X~---------
Figure 9. A Spllt·Reglster Read·Transfer Cycle After a Spllt·Reglster Read·Transfer Cycle 
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The serial-read and serial-write operations can be performed through the SAM port simultaneously and 
asynchronously with DRAM operations except during transfer operations. The preceding transfer operation 
determines the input or output state of the SAM port. If the preceding transfer operation is a read-transfer 
operation, the SAM port is in the output mode. If the preceding transfer operation is a write- or 
pseudo-write-transfer operation, the SAM port is in the input mode. 

Serial data can be read out of or written into SAM by clocking SC starting at the tap point loaded by the preceding 
transfer cycle, proceeding sequentially to the most significant bit (bit 511), then wrapping around to the least 
significant bit (bit 0) (see Figure 10). 

..... Tapl-+ooo 510 I 511 I 
I 

Figure 10. Serial Pointer Direction for Serial Read/Write 

For split-register read-transfer operation, serial data can be read out from the active half of SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle, then proceeding sequentially 
to the most significant bit of the half, bit 255 or bit 511. If there is a split-register-read transfer to the inactive half 
during this period, the serial pOinter pOints next to the tap-point location loaded by that split register (see 
Figure 15, Case I). Ifthere is no split-register read transfer to the inactive half during this period, the serial pointer 
points next to bit 256 or bit 0, respectively (see Figure 15, Case II). 

Figure 11. Serial Pointer for Split-Register Read 
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absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ............................................... -1 V to 7 V 
Voltage range on any pin (see Note 1) ................................................. -1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation .......•.................................................................. 1 W 
Operating free-air temperature range, TA: L suffix ...................................... O°C to 70°C 

M suffix ................................. - 55°C to 125°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other condnions beyond those Indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.9 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.6 V 

Lsuffix 0 70 
TA Operating free-air tern perature ·e 

M suffix -55 125 

L suffIX 70 
Te Operating case temperature ·e 

Msuffix 125 
.. . . NOTE 2: The algebraic convention, where the more negatIVe (less positive) limit Is deSignated as minimum, IS used for logic-voltage levels only • 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage IOH=-5mA 2.4 V 

VOL Low-level output voltage (see Note) IOL = 4.2 rnA 0.4 V 

II Input leakage current VCC=5V, VI = OVto 5.8 V, 
:t10 !AA All others open 

10 Output leakage current (see Note 4) VCC = 5.5 V, VO-OVtoVCC :t10 !AA 

TEST CONDITIONSt 
SAM '440251B-10 '44C251B-12 

PARAMETER (SEE NOTE S) PORT UNIT 
MIN MAX MIN MAX 

ICC1 Operating current Ie(rd) and 1e(W) = MIN Standby 100 90 

ICC1A Operating current IeCSC) = MIN Active 110 100 

ICC2 Standby current All clocks = VCC Standby 15 15 

ICC2A Standby current IelSC) = MIN Active 35 35 

ICC3 RAS-only refresh current IeCrd) and 1e(W) = MIN Standby 100 90 

ICC3A RAS-only refresh current Ie(SC) = MIN Active 110 100 
rnA 

ICC4 Page-mode current IeCP) = MIN Standby 65 60 

ICC4A Page-mode current Ie(SC) = MIN Active 70 65 

ICC5 CAS-before-RAS current IeCrd) and 1e(W) = MIN Standby 90 80 

ICC5A CAS-befora-RAS current Ie(SC) = MIN Active 110 100 

ICC6 Data-transfer current IeCrd) and 1e(W) = MIN Standby 100 90 

ICC6A Data-transfer current Ie(SC) = MIN Active 110 100 
. . 

t For conditIOns shown as MINIMAX, use the appropriate value specified In the timing requirements . 
NOTES: 3. The SMJ44C251B may exhibit simultaneous switching noise as described in the Texas Instruments Advanced CMOS Logic 

DeSigner's Handbook. This phenomenon Is exhibited on the DO terminals when the SOO terminals are switched and on the SOO 
terminals when the DO terminals are switched. This may cause VOL and VOH to exceed the data-book limitfor ashort period of time, 
depending upon output loading and temperature. Care should be taken to provide proper termination, decoupling, and layout of the 
device to minimize simultaneous switching effects. 

4. SE is disabled for SOO output leakage tests. 
5. ICC (standby) denotes that the SAM port is inactive (standby) and the DRAM port is active (except for ICC21. 

iCCA (active) denotes that the SAM port is active and the DRAM port is active (except for ICC21. 
ICC is measured with no load on DO or SOO. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN MAX UNIT 

CI(A) Input capacitance. AO-A8 7 pF 

CiLRC}. Input capacitance. CAS and RAS 7 pF 

CoCO) Output capacitance. SDQs and DQs 9 pF 

Co(QSF) Output capacitance. QSF 9 pF 
... 

NOTE 6: Capacitance Is sampled only at Imtlal deSign and after any major change. Samples are tested at 0 V and 25°C with a l-MHz signal 
applied to the terminal under test. All other terminals are open. 

switching characteristics over recommended ranges of supply voltage· and operating free-air 
temperature (see Note 7) 

TEST ALT. '44C251B-l0 
PARAMETER 

CONDITIONS t SYMBOL 

talC) Access time from CAS !d(RLCL) = MAX teAC 

lalCA) Access time from column address !dIRLCL) = MAX tAA 

ta(CP) Access time from CAS high !d(RLCL) = MAX tePA 

talR) Access time from RAS !dIRLCL) = MAX tRAC 

ta(G) Access time of DQO-DQ3 from TRG low toEA 

talSQ) Access time of SDQO-SDQ3 from SC high CL=30pF tSCA 

ta(SE) Access time of SDQO-SDQ3 from SE low CL=30pF tSEA 

!dis(CH) 
Disable time. random output from CAS high 

CL=100pF tOFF (see Note 8) 

!dis (G) 
Disable time. random output from TRG high 

CL= 100pF toez (see Note 8) 

!dis(SE) 
Disable time. serial output from SE high 

CL=30pF tsez (see Note 8) 
. . t For conditions shown as MIN/MAX. use the appropriate value specified In the timing reqUirements . 

NOTES: 7. Switching times assume CL = 100 pF unless otherwise noted (see Figure 12). 
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8. !dis(CH).!dis(G). and !dis(SE) are specified when the output is no longer driven. 
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25 

50 

55 

100 

25 

30 

20 

0 20 

0 20 

0 20 

'44C251B-12 
UNIT 

MIN MAX 

30 ns 

60 ns 

65 ns 

120 ns 

30 ns 

35 ns 

25 ns 

0 20 ns 

0 20 ns 

0 20 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

telrd) Cycle time, read (see Note 9) 

te(W) Cycle time, write (see Note 9) 

telrdWl Cycle time, read-modIfy-write (see Note 9) 

te(P) Cycle time, page-mode read or write (see Note 9) 

te(rdWP) Cycle time, page-mode read-modify-write (see Note 9) 

te(TRD) Cycle time, read transfer (see Note 9) 

te(TW) Cycle time, write transfer (see Note 9) 

te(SC) Cycle time, serial clock (see Notes 9 and 10) 

tw(CH) Pulse duration, CAS high 

tw(CL) Pulse duration, CAS low (see Note 11) 

tw(RH) Pulse duration, RAS high 

iwIRL) Pulse duration, RAS low (see Note 12) 

iw(WL) Pulse duration, W low 

tw(TRG) Pulse duration, TRG low 

tw(SCH) Pulse duration, SC high 

tw(SCL) Pulse duration, SC low 

iw(SEL) Pulse duration, SE low 

iwJSEH) Pulse duration, SE high 

iw(GH) Pulse duration, TRG high 

twJRL}P Pulse duration, RAS low (page mode) 

isu(CA) Setup time, coiumn address 

tsu(SFC) Setup time, DSF before CAS low 

isulRA) Setup time, row address 

lsuIWMR) Setup time, W before RAS low 

tsu(DOR) Setup time, DO before RAS low 

isu(TRG) Setup time, TRG before RAS low 

lsulSEl Setup time, SE before RAS low (see Note 13) 

isuISESC) Setup time, serial write disable 

isu(SFR) Setup time, DSF before RAS low 

isuiDCL) Setup time, data before CAS low 

isu(DWL) Setup time, data before W low 

Isu(rd) Setup time, read command 

isu(WCL) Setup time, early write command before CAS low 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 9. All cycle times assume tt = 5 ns. 

ALT. '44C251B-10 '44C251B-12 
UNIT SYMBOL MIN MAX MIN MAX 

tRC 190 220 ns 

twc 190 220 ns 

tRMW 250 290 ns 

tpc 60 70 ns 

tpRMW 105 125 ns 

tRC 190 220 ns 

twc 190 220 ns 

!SCC 30 35 ns 

tcPN 20 30 ns 

teAS 25 75000 30 75000 ns 

tRP 80 90 ns 

tRAS 100 75000 120 75000 ns 

twp 25 25 ns 

25 30 ns 

tsc 10 12 ns 

tscp 10 12 ns 

tSE 35 40 ns 

tSEP 35 40 ns 

ITp 30 30 ns 

100 75000 120 75000 ns 

tASC 0 0 ns 

tFSC 0 0 ns 

tASR 0 0 ns 

twSR 0 0 ns 

tMS 0 0 ns 

ITHS 0 0 ns 

tESR 0 0 ns 

tSWIS' 10 15 ns 

tFSR 0 0 ns 

tDse 0 0 ns 

tDSW 0 0 ns 

tRCS 0 0 ns 

twcs 0 0 ns 

10. When the odd tap Is used (tap address can be 0-511, and odd taps are I, 3, 5, etc.), the cycle time for SC In the first serial data 
out cycle needs to be 70 ns minimum. 

11. In a read-modify-write cycle,Id(CLWL) and isu(WCH) must be observed. Depending on the user's transition times, this may require 
additional CAS low time [tw(CL)]' 

12. In a read-modify-write cycle,Id(RLWL) and tsu(WRH) must be Observed. Depending on the user's transition times, this may require 
additional RAS low time [twiRL)], 

13. Register-to-memory (write) transfer cycles only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

tsu(WCH) Setup time, write before CAS high 

tsu(WRHI Setup time, write before RAS high with TRG = W = low 

lsu{SDS) Setup time, SDO before SC high 

th{CLCA) Hold time, column address after CAS low 

th{SFCI Hold time, DSF after CAS low 

th{RA) Hold time, row address after RAS low 

thITRGl Hold time, TRG after RAS low 

theSE) Hold time, SE after RAS low with TRG = W = low (see Note 13) 

thlRWMl Hold time, write mask, transfer enable after RAS low 

th{RDO) Hold time, DO after RAS low (write-mask operation) 

th(SFR) Hold time, DSF after RAS low 

thlRLCAI Hold time, column address after RAS low (see Note 14) 

th{CLDI Hold time, data after CAS low 

th{RLD) Hold time, data after RAS low (see Note 14) 

thCWlDl Hold time, data after W low 

th{CHrd\ Hold time, read after CAS high (see Note 15) 

th(RHrd) Hold time, read after RAS high (see Note 15) 

th{CLW) Hold time, write after CAS low 

th{RLW) Hold time, write after RAS low (see Note 14) 

th(INLGl Hold time, TRG after W low (see Note 16) 

th{SDS) Hold time, SDO after SC high 

th(SHSO) Hold time, SDO after SC high 

thlRSFl Hold time, DSF after RAS low 

th{SCSE) Hold time, serial·write disable 

id{RLCHI Delay time, RAS low to CAS high 

td(CHRL) Delay time, CAS high to RAS low 

idlCLRt-I) Delay time, CAS low to RAS high 

id{CLWLl Delay time, CAS low to W low (see Notes 17 and) 

id(RLCLl Delay time, RAS low to CAS low (see Note 19) 

id(CARHI Delay time, column address to RAS high 

id{RLWL) Delay time, RAS low to W low (see Note 17) 

td(CAWL) Delay time, column address to W low (see Note 17) 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 13. Register-to-memory (write) transfer cycles only 

ALT. '44C251B-l0 
SYMBOL MIN MAX 

tcWL 25 

tRWL 25 

tSDS 0 

tcAH 20 

tcFH 20 

tRAH 15 

trLH 15 

tREH 15 

tRWH 15 

tMH 15 

tRFH 15 

tAR 45 

tDH 20 

tDHR 45 

tDH 20 

tRCH 0 

tRRH 10 

twCH 30 

twCR 50 

toEH 25 

tSDH 5 

!sOH 5 

tFHR 45 

!sWIH 20 

tCSH 100 

tcRP 0 

tRSH 25 

tcWD 55 

tRCD 25 75 

tRAL 50 

tRWD 130 

tAWD 85 

14. The minimum value is measured when id(RLCL) is set to id(RLCL) min as a reference. 
15. Either th(RHrd) or t(CHrd) must be satisfied for a read cycle. 
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16. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 
17. Read-modify-write operation only 
18. TRG must disabie the output buffers prior to applying data to the DO terminals. 
19. The maximum value is specified only to assure RAS access time. 
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'44C251B-12 

MIN MAX 
UNIT 

30 ns 

30 ns 

0 ns 

20 ns 

20 ns 

15 ns 

15 ns 

15 ns 

15 ns 

15 ns 

15 ns 

45 ns 

25 ns 

50 ns 

25 ns 

0 ns 

10 ns 

35 ns 

55 ns 

30 ns 

5 ns 

5 ns 

45 ns 

20 ns 

120 ns 

0 ns 

30 ns 

65 ns 

25 90 ns 

60 ns 

155 ns 

100 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature {contlnued)t 

id(RLCH)RF Delay time. RAS low to CAS high (see Note 20) 

id{CLRL.)RF Delay time, CAS low to RAS low (see Note 20) 

idCRHCLIRF Delay time, RAS high to CAS low (see Note 20) 

id(CLGH) Delay time, CAS low to TRG high for DRAM read cycles 

idiGHDl Delay time, TRG high before data applied at DQ 

id(RLTH) 
Delay time. RAS low to TRG high (real-tlme-reload reed-transfer cycle 
only) 

idCRLSHI Delay time, RAS low to first SC high after TRG high (see Note 21) 

id(CLSH) Delay time, CAS low to first SC high after TRG high (see Note 21) 

idCSCTRI Delay time, SC high to 'fRG high (see Notes 21 and 22) 

idCTHRHI Delay time, TRG high to RAS high (see Notes 22 and 23) 

id(SCRL) 
Delay time, SC high to RAS low with TRG = W = low 
(see Notes 13 and 26) 

id(SCSE) Delay time, SC high to SE high in serial-input mode 

idCRHSCI Delay time, RAS high to SC high (see Note 13) 

id(THRL) Delay time, TRG high to RAS low (see Note 22) 

id(THSC) Delay time, TRG high to SC high (see Notes 22) 

idCSESCI Delay time, SE low to SC high (see Note 25) 

id(RHMS) 
Delay time, RAS high to last (most slgnlflCallt) riSing edge of SC before 
boundary switch during split-register read-transfer cycles 

idiCLGI-i} Delay time, CAS low to TR~ high In real-time read-transfer cycles 

idCCASHI Delay time, column address to first SC In early-load read-transfer cycles 

id(CAGH) 
Delay time, column address to TRG high in real-time read-transfer 
cycles 

id(RLCA) Delay time, RAS low to column address 

Icl(DCL} Delay time, data to CAS low 

idCDGLI Delay time, data to TRG low 

idCRLSD) Delay time, RAS low to serial-input data 

id(GLRH) Delay time, TRG low to RAS high 

t liming measurements are referenced to VIL max and VIH min. 
NOTES: 13. Reglster-to-memory (write) transfer cycles only 

19. The maximum value is specified only to assure RAS access time. 
20. CAS-before-RAS refresh operation only 
21. Early-load read-transfer cycle only 
22. Real-time-reload read-transfer cycle only 
23. Late-load read-transfer cycle only 

ALT. 
SYMBOL 

teHR 

teSR 

tRPC 

toED 

tRTH 

tRSD 

teSD 

ITSL 

ITRD 

tSRS 

tSRD 

ITRP 

ITSD 

taws 

teTH 

tASD 

tATH 

tRAD 

tDZC 

tDZO 

taDD 

tROH 

24. Memory-to-register (read) and register-to-memory (write) transfer cycles only 
25. Serial data-in cycles only 

'44C251B-10 '44C251B-12 
UNIT 

MIN MAX MIN MAX 

25 25 ns 

10 10 n8 

10 10 n8 

25 30 ns 

25 30 ns 

90 95 ns 

130 140 ns 

40 45 ns 

15 20 ns 

-10 -10 ns 

10 20 ns 

20 20 ns 

25 30 ns 

iw(RH) iw(RH) n8 

35 40 ns 

10 15 ns 

15 20 ns 

5 5 ns 

45 50 ns 

10 10 ns 

15 50 15 60 ns 

0 0 ns 

0 0 ns 

50 50 ns 

25 30 ns 

26. In a read-transfer cycle, the state of SC when RAS falls is a don't care condition. However, to assure proper sequencing of the internal 
clock circuitry, there can be no positive transitions of SC for at least 10 ns prior to when RAS goes low. 

27. In a memory-to-register (read) transfer cycle, id(SCRL) applies only when the SAM was previously in serial-input mode. 
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timing requirements over recommended ranges of supply voltage and operating free-alr 
temperature (concluded)t 

ALT. '44C251B·10 
SYMBOL MIN MAX 

tcI(MSRL) 
Delay time, last (most slgnlflcant) rising edge of SC to AAS low before 

25 boundary switch during split-register read-transfer cycles 

tcI(SCQSF) 
Delay time,last (255 or 511) rising edge of SC to QSF switching at the 

tsaD 40 boundary during spilt-register read-transfer cycles (see Note 7) 

tcI(CLQSF) 
Delay time, (5AS low to QSF switching In read-transfer or write-transfer 

tcaD 35 cycIss (see Note 7) 

tcI(GHQSF) 
Delay time, 'fAG high to QSF switching In read-transfer orwrlte-transfer 

trQD 30 cyclss (see Note 7) 

tcI(RLQSF) 
Delay time, AAS low to QSF switching In read-transfer or write-transfer 

tRQD 75 cycles (see Note 7) 

Irt Refresh time interval, memory tREF 8 

It Transition time tr 3 50 

t Timing measurements are referenced to VIL max and VIH min. 
NOTE 7: Switching times assume CL. 100 pF unless otherwise noted (see Figure 12). 

PARAMETER MEASUREMENT INFORMATION 

8-168 

Vss 

Figure 12. Load Circuit 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

'44C251B·12 
UNIT 

MIN MAX 

25 ns 

40 ns 

35 ns 

30 na 

75 ns 

8 ma 

3 50 na 
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PARAMETER MEASUREMENt INFORMATION 

~ ~~ ~ 
I loll tw(RL) ~ I 

RAS ----.ij\t lcI{RLCH) ~! V,-- tw(RH) --:\'--__ _ 

it ~ ~ IoII--lcI(CLRH)I---.i I I 
I I4--lcI(RLCL) ~ L ----.! N-t-lcI{CHRL) ~ 
I I I' ... (CL) -, ! I 
f.I 14- th(RA) N li i i tw(CH) ----t~ .... --
I I I I I4----'-lcI(CLGH) ~ I 
I l4-j--ih(RLCA) I ~ I II 

tsu(RA) ~ j4j tsu(CA)--III ~ ~ th(CLCA) I II 

AD-" ~:+)®( :+~ ~'----_ 
I I i I I I III 

W~!I!I !~ ~ I I4---lcIls(CH)~ 
lcI(DGL) 14 I ~ I I loll- ta(G) --: I4--lcIls(G) -., 

n::;::-{ I I I 
DQO-DQ3 ~ I I I ( Valid Output )>-----

i I :'-ts(C)~ 
I 14-l1li\ -- ta(CA) ~ 
14-1011----ta(R) -----.t~ 

Figure 13. Read-Cycle TIming 
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PARAMETER MEASUREMENT INFORMATION 

14~--------------------~~--------------------~~ 
___ ~I 1414--------------- tw(RL.) ________________ -.!.I I 

RAS N ..v-~tW(RHI4L 
II k ~ ~, I 

i4!1111-----------IcI(RLCH) -----------+1 I 
tt-.l ~ I.e I I 

I ~ b(RLCL) -...:" IcI(CLRH) ~ 
... ~I IcI(CHRL) ~ 

--+j tsu(RA) I ~ tw(CL.) .r-+-....;;.~~--~ ...... I 

I..J..-.I 14- th(RA) I I I 
I I ~ th(RLCA) I l1li I tw(CH) ----tl~ 

.. -.. ~~~:~ ~ ... ------
tsu(SFR) ~ j4j I j4 ~ th(SFC) I I 

th(SF~) ~ J4- -..: !.+ tsu(sFd I I 

DSF~::2~~ 
tsu(TRG) --: ~ I I I I 

TRG~n_14-
~ 14- tsu(WMR) 

I I 14 I I tsu(WCH) ~ I 
I I I I. I I +- ~I 
I I ~ I I '8u(WRH) ~ 
I I :4 I I I th(RLW) ~ 

_ ~h(RWM) 14-~ *tsu(W. CL) : 

W 3 ~lr th(CLW) ~ 
I I I 

tsu(OQR) -.I i4+ 14 I II tw(WL) ~ 
I I tsu(OCL) ~ 

th(ROQ)-.I J4- I 1414----- th(eL.O) -----~~ 
I l1li I I th(RLO) ., 

OQO-OQ3 ~------5-----~~ 

Figure 14. Early-Write-Cycle Timing 

Table 4. Write-Cycle State Tabie 

CYCLE 
1 2 

Wrne operation L L 

Write-mask load/use, write DOs to I/Os L L 

Use previous write mask, write DOs to I/Os H L 

Load write mask on later.of W fall and CAS fall H L 

8-170 
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STATE 

3 4 5 

H 00n1 care Valid data 

L Write mask Valid data 

L Don't care Valid data 

H Don't care Wrnemask 
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~ ~~ ~ 
___ ... 1 14 twIRL) ~ 1 

RAS N Vi L 
: i4 1 ~ tw(RH) --.I 

tt -.I !.- I tcI(RLCH) i ~ j4- It I 
~ i4f tcI(CHRL) j4 tcI(CLRH) 1 ~ I 

I 1 tcI(RLCL) -.I J rt-+- tcI(CHRL) --.! 
i.1 L ~~ ~ 1 

CAS AA."A''V' ~I I4- th(RA) I r 1 ..... k-t-- ___ -.!-I 
1 1 "'I~ 1 tw(CH) I'!I 

!.. I I 
tcI(RLCA) : r: ~14 : I tcI(CARH) J 

1 r+-- th(RLCA) I • I 1 

! I taU(CA)~ 14+ I 1 : 

........ ~~, '1~~.' 
AO-A8~ C~lumn ~\,.,. _____ _ 

I ~ th(RSF) .1 I I 
tau(SFR) ~ !4T I ~ ~ lh(SFC) I I 

lh(SFR) H-.i j4- --.I 14+ tau(SFC) I I 

DSF~ :. ~'--__ 

~ j4T tau(TRG) I I I 

TRG xx.xx>q ! J I~ . :~ tau(WRH) I ~ ~ 
~ I"""'" rth(RWM) I ~ th(WLG) I .; ~ 

14: : _ I tcI(GHD) I ~ 14 tau(WCH) ~ 
!'III I I I th(RLW) ~ 

~MR) ~ : I th(CLW) ~ 

w~ IN ~ 
~ I4-l- tau(DQR) taU(DWL)-4 I4-j4 tw(WL) ~ 

I ~ I+- th(RDQ) I 14-- th(WLD) ------.I 

I 14 I th(RLD) ~ 
DQO-DQ3~ 5 ~ 

Figure 15. Delayed-Wrlte-Cycle Timing (Output-Enable-Controlled Write) 

CYCLE 

Write operation 

Write-mask load/use, wrHe Das to I/Os 

Use previous write mask, write DQs to I/Os 

load write mask on later of W fall and CAS fall 

Table 5. Write-Cycle State Table 

1 2 

L L 

L L 

H L 

H L 

~TEXAS 
INSTRUMENTS 
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STATE 

3 4 

H Don'teare 

L Write mask 

L Don'teare 

H Don't eare 

5 

Valid data 

Valid data 

Valid data 

Write mask 
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~ ~~~ ~ 

I ~ twIRL) ~~ 
RAS N IcI(RLCH) ~ } I I ~ 
IcI(CHRL)1 it+1 i4--1cI(RLCL) ~ IcI(CLRH) I~ 14 ~ Iw(RH) 

, I I ---""-N r- tw(CL) ~utl I !:II ~ IcI(CHRL) 

CAS th(RA) ill.. I I I I j\ 
I I -, I I j4- tw(CH) --.r "-

laU(RA)-J i4+ tsu(CA)~ ~ ~ th(CLCA) I I 
I I 14- IcI(RLCA) -.I I ( I I I 
I I I I II1II I I IcI(CARH) I~ 

AD-AS ~: ~ 5@( ~+ ~E~¥;'~ 
I I th(RSF) LI ~~ II 

th(SFR) 
lau(SFR)~ 

DSF~ 

I ~ ~ -.j r-rlau(SFC) I I 
~ I I: ~th(SFC) ~ 
rr1 ~ 2 ~~~~~~~*;; 
I ~ ~~ lau(~) . I I tsu(WCH) 

I I th(TRG) I'll I I IcI(CAWL) ~ ,. ~ lau(WRH) 

: I I I : I~ r ~ rtW;;.:(.;.;TR.;.;G~) __ -!'!-I-I __ ===~~~~~ 
TRG§§011 II 11~\l V! th(WLG) i ~ ~ 

~ l*t lau(TRG) ~ III I I : I 
I I IcI(DCL)~ ~ I th(RLW) I I ~ 

th(RWM) I 14 ~ II I t: I I th(CLW) ~ I -J 
I~ I I I I r I IcI(CLWL) ~, I I 

lau(WMR)--I -- I II I jot I ~ I IcI(CLGH) I I I 

w ~ :~, XV!I ~ I: I~ Is(CA) I; ~~~""~ 
I ~ lei (RLWL) I ~ t ~th(WLD) 

I IcI(DGL),. ~I *- td(GHD) --.I I I 
~ Ia(R) ~ I II I 

laU(DQR)~ 

DQO-~ 
DQ3 

~ 't~ ~ ~ ~{C} I; ---I ,... ".tDWLl 1 

4 fi:l:ll;l K OV~~~~)@( 5 ~ 
II I 

ta(G) ~ 101- ~IcIIS(G) 

Figure 16. Read-Write/Read-Modify-Write-Cycle Timing 

CYCLE 

Wr~e operation 

WrHe-mask load/use, write cas to I/Os 

Use previous write mask, write cas to 1I0s 

Load write mask on later of W fa!! and CAS fa!! 

Table 6. Write-Cycle State Table 

1 2 

L L 

L L 

H L 

H L 

-!II TEXAS 
INSTRUMENTS 

8-172 POST OFFICE BOX 1443· HOUSTON, TEXAS n2S1-1443 

STATE 

3 

H 

L 

L 

H 

4 5 

Don't care Valid data 

Write mask Valid data 

Con't care Valid data 

Con't care Write mask 
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tw(RH)~ 

RAS ~~~t-_-_-_-_-_-_-_-:.-_-:.-_-_-_-_-_-_-_-_-_-_-_-_tw_(R_L)_P:::::::::::;::::::::::~~ 
: I tc ~~ tcI(CLRH) ----' I i 
I ~ tcI(RLCL) (rdWP) I I 

tcI(CHRL) r tw(CH) --: i I+- tcI(CHRL) I 

I I 
I ~ tcI(RLCA) --1 I 

tau(RA)~ ~I ~ taU(CA) 14 ~ I ~If---- ta(CP) ~I---~ 
I 14-----tcl(RLCH) ..1....: ....LI ___ ~ I I 
I I tJ,(RA) --.j I ... ~ -....- I I j1III I th(RLCA) _....!.I--1...I-_~ ~--+i tcI(CARH) -+---.! 

AO-AS ~...,.....,.-_RO_W ___ )@{ ___ c.,..ol_um..--n_~ 
I I I I 

Column 

~I--~- tclls(G) 
14---tlr-tcl(CLGH) I I 

w~~-i------til--t---'-;~~~~t.ta~(c~)11~~~I-CI4::~ta:(G:)~:~rI -tt-----~~~ 
I 14- ta(CA) -.I I 14- ta(CA) t ~ 

OQO
OQ3 

~ta(G)~ ~ I 
____ ~~--- ta(R)* i '!J..I _tcl_IS_(C_H).-!:!~:r-_ ta(CP) t ~ 

Oata In Valid Output ___ --T 

I 14-- tcI(OCL) ~ 
t Access time is ta(CPI or ta(CA) dependent. * Output can go from tfte high-impedance state to an invalid data state prior to the specified access time. 
NOTE: Awrlte cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modlfy-wrltetiming specifications 

are not violated and the proper polarity of DSF is selected on the falling edges of RAS and CAS to select the desired write mode (normal, 
block write, etc.) 

Figure 17. Enhanced-Page-Mode Read-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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14 tw(RL)P ~ 

RAS~ ~ 
I 14 tc:t(RLCH) ~ tw(RH) ~ I ~ II 14 I+- tc:t(C~RH) 9 I 
I tc:t(RLCL) ~ ~ ~I I I , 

--.I i1 tc:t(CHRL)tw(CL) ~ ~ I 'w(CH) I I !4- tc:t(CHRL) -.! 

CAS W I I tsu(CA) 14 If.LY' i'LJ' . , 
I ~ th(RA) -.. I 'I I 'I I ' 
I ~.~ ---..! 'L. I 'I I , 

tau(RA)-toi j4f "'(RLC~ -I , r I ~ th(CLCA) , I I , 

AO-.. ~:_ ~t~g~: ~ ~:~ ~ 
I, ,4 th(RSF) ~~ ~ tsu(SFC) 

t8u(SFR) -+I i4-t- t8U(SFC) r- ~ L I: I I I 

DSF~ :~~~FRJw : ~~~Fq~ ~,~~~ 
I ;G ~(~G) I I t8U(WCH) -+1 J;::: 

-+i t8u(TRG) 

L I . See Note A 

~ tau(WMR) tsu(WCH) 

; ~_ ~ I. I I i4- tsu(WRH) -.I 

w:J( :. S'7'7~--~~ 
: I tsU(OWL)t~ I Itt 

t8u(OQR)-.i ..,.;... " I' I 14- h(CLO) ---.! 
, ,- I tsU(DCL)t!4 I ~ , 
I L t -.OJ II I+-- th(WLO) t --.I, 
, ~ h(ROQ)---.., 

~ J. I th(RLO) ~ 

OQO-OQ3 --.J\ 4)0{ 5 ~ 5 ~ 
t Referenced to CAS or W, whichever occurs last 
NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modIfy-write timing 

specifications. TRG must remain high throughout the entire page-mode operation to assure page-mode cycle time if the late-write 
feature Is used. Ifthe early-write-cycle timing is used, the state ofTRG is a don't care after the minimum period Ih(TRG) from the felling 
edge of RAS. 

Figure 18. Enhanced-Page-Mode Write-Cycle Timing 

CYCLE 

Write operation 

Write-mask load/use, write DOs to I/Os 

Use previous write mask, write DOs to I/Os 

Load write mask on later of W fall and CAS fall 

Table 7. Write-Cycle State Table 

1 2 

L L 

L L 

H L 

H L 

~lEXAS 
INSTRUMENTS 
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STATE 

3 

H 

L 

L 

H 

4 5 

Don't care Valid data 

Write mask Valid data 

Don't care Valid data 

Don't care Write mask 
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r{t-----------tw(RL)P-----------t~~ 

I } I 
RAS I ,..-----------------------1 I I 

tcI(CHRL) -J.-.I l1li1 w tcI(RLCH) to ~ N 141 tcI(CLRH) ~ ~ tw(RH) 
I~ (rdwp) I.., tcI(CHRL\ 14 ~ 

I I J4- tcI(RLCL) ~ ~I 14 ~ tw(CH) '1 .J.! -I 

CASW" II ~-{ tw(CL)~i N /I&!-il ---
I l1li .J tcI(RLCA) 1"1 I II I tcI(CARH) I ~ 

tsU(RA)~ I ~ ~ I tsu(CA) I I I I I 
th(RA) ~ 14- I I l1li ~ Ih(CLCA) I I I I 

"-M~~~':~ ~: ~+ ~ 
~FR) I C ih(SFC) I I I j4 ~ th(SFC) I I 

tsu(SFR) I I tsu(SFC) ;.- tsu(SFC) I 

OSF ~~~~~~~~§ 
I I 14 I.. tsu(rd) 

th(TRG) I 1'1 I ItcI(CLWL) -1 
tsu(TRG) ~ ~ I l1li--;1-1...- tcI(CAWL) I 

I I l1li-1 -+-1 -++--!-I tcI(RLWL) ~ 
I I I I tcI(CLGH) 

I I I I 

I ~l"I-1tsu(WCH) 
I I tsu(WRH) -t+tI 
I I I 
I I I 

-tJ 1++ tcI(OCL) I 

I ~ tcI(CLGH) I 
~--~--r---~ I~~~-+-------

I I 
I II 
I III !III----tl-;- tcI(GHO) 

Vi 

Figure 19. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 

Table 8. Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 5 

Write operation L L H Don't care Valid data 

Write-mask load/use, write Das to I/Os L L L Write mask Valid data 

Use previous write mask, write DOs to I/Os H L L Don't care Valid data 

Load write mask on later of W fall and CAS fall H L H Don't care Write mask 

~1ExAs 
INSTRUMENTS 
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:4 10IIII t tc(W) ~ . ., 

RAS ---........ N w(RL) ]I! L 
" 

'.. +~ h, "!.- tw(RH)....!, ,'" ... (RLCH) .. , 
, , ~ IOIIII-tt I 

tt -+: r- ' ~ tc!(CHRL) --.! 
tc!(CHRL) ~ j41 1l1li tc!(CLRH) : : ., 

I , I+- tc!(RLCL) -.I , , ' 
, 'I J, j~I----------........ 

CAS": I N: tw(CL) %1 I "-
~ ""'--- t , , I+t-- tw(CH) ---.I 
, , ,...- h(RA) I , I 

tau(RA) ~ ~ th(RSF) -r---+I , I 

AO-"~:*~~~'--__ 
tau(SFR) -+I I+l , 'III ., th(SFC) I I 

I , _ I I' , I I 
I, tSU(SFC)~ i+1 , I I 

I I , '" I I 
lh(SFR) ~ 14- I I, , I I 

I II i+I-- th(RSF) -!----.I, I I' 
I'IIII~ 

oSF"!:WI: ~ 
~ I+- th(TRG)I I - '-----

tau(TRG) -+j i+i I I I I I 

mo"ii_ 
I I ,III I I tau(WCH) .1 I 

I : 1l1li I I tau(WRH) .1 
tau(WMR) -+I I4-j I I I 

I 14 I I I th(RLW) _____ ~.I 
I I I I I I I -+i I+- th(RWM) I I 

I 1 -.I I. ~ . I 
~~~~I..---!-I .el ~~. I r-r tau(WCL) I 

w .. : ~: :4 th(CLW) ---J~ 
I I , I 

j4' , tw(WL) -----+1.1 
tau(DCL) ~ i...-lllll th(CLD) ----"'-' ~., 
II... I t ____ -+; .. , 
.... I h(RLO) PI 

OQO-OQ3 ~~ ___ v._al_ld_C_OI_or_D_at_al_np_u_t _~~ 
Figure 20. Load-Color-Reglster-Cycle Timing (Early-Write Load) 

~TEXAS 
INSTRUMENTS 
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I'" tc(W) .1 
1 14 I 1 

RAS -----of.j{ \v(RL) 11 l\-
I I... tcI(RLCH) .1 I I'" .1 \v(RH) 

~~tt I~~tt I 
, ... ·1 I tcI(CHR4 I'" tcI(CLRH) I .1 : 

i Ii "IRL"'> --::r Iw(c~ : :t- "(CHRLj ~ 
CAS ~ I I!x. ..11 I '1\.. 

: : 1 I I I 1 I 
tau(RA) -+I !,..J'" tt.(RSF) I .11 I II1II+- \v(CH) ---+I 

1 41 I+- th(RA) 1 I I I 

AO-M ~¥';'1Po~~,--__ 
(SFC) 

th(SFR) I I r- 14 ., 1 tau(SFC) I I 
tau(SFR) -+I .i+1' 1 I 

OSF §0§W! rw' ~,-, ___ _ 
~I 1 I I I'" to (WCH) .1' 

tsu(TRG) ~ i+i I"U , 

, 1 I I '4 tau(WRH) ., 

TRG ~! ! ... tcI(GHO) i ! 'th(RWL) .1 ~ 
tau(WMR) -.J ~ 1II1II-1"'---'1---'-- th(CLW) ----+'.: I 

I I 1 II1II1 ... ----- th(WLG) I ., 

XXXXXX1" I 1 '\ ~ ~, W Y:IX!U 1 1 I ~t---- \v(WL) -----t~ 

I tau (OWL) --+-.i I 
I 1 ~I ... -- tt.(WLO) ---+I 
I... 1 th(RLO) .: 

OQO-OQ3~ Valid ColorOsta Input ~ 

Figure 21. Load-Color-Reglster-Cycle Timing (Delayed-Write Load) 

~TEXAS 
INSTRUMENTS 
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loll tc(W) ~ 

---NI ~ twIRl) ~;r " 
RAS 7 ~.l:- tw(RH) -.! "---

I Ie b d _I '- -I 
tt -.I =- ... (RLCH) i ..... ...- tt 1 

tct(RLCl) 1 14 ~ 1 +. tct(CHRL) --+I 
tct(CHRl) ~ I4i I tct(CLRH) 1 , 1 

CAS §W'" I I N tw(CL) 'U';'~..fl--t-W-(C-H-) --.""'~ 
1 14-- th(RLCA) ~ 1 1 

tct(RLCA) 1 I.. ~ , ,I 1 1 
th(RA) L.l f4- I' j4 ~ th(CLCAl 1 1 

11 I i4, , tct(CARH) , ~ 

ta~(RAl ~ I 1 I 1li taU(CAlI 1 1 
AD-AS Row ~ 

I t~RSF) ~' ..... -----
th(SFR) ~ j+- I I.. .1 th(SFC) A2-AS 

taU~SFR)~ I ~ l4i taU(SFC~) I I 

DSF 1 II . 
I ~-------

taU(TRG) ~ ~ r-:: . I 1 

TRG §W"'I 1 ~ 
I I 
I I 141 I tau(WCH) ~ I 

I 141 I tau(WRH) ~ 
tau(WCL) -.I !+t 

th(RWM) I+i i4- I I j4-- th(CLW) --+j 

taU(~WR) ->t r ~: r "'",LWl ~ 
VI 2~i i tw(WL) ~ 

1 I ~(RLD) ., 
th(RDQ) ~ j4- ~""""T tau(DCL) I 

tau(DQR) ~ 14- I I ~ th(CLD) --+I 
DQO-DQ3~ 4 ~ 

Figure 22. Block-Write-Cycle Timing (Early Write) 

Table 9. Block-Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 4 

Write-mask load/use, block write L L Write mask Column mask 

Use previous write mask, block write 

Write mask disabled, block write to all I/Os 

Write mask data 0: I/O write disable 
1: I/O write enable 

Column mask data Dan = 0 column write disable 
(n = O. 1, 2. 3) 1 column write enable 

H L Don't care 

L H Don'teare 

DOD - column 0 (address A 1 = 0, AO = 0) 
001 - column 1 (address A 1 = O. AD = 1) 
002 - column 2 (address A 1 = 1. AO = 0) 
o03-column 3 (address Al = 1. AO = 1) 

~TEXAS 
INSTRUMENTS 
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Column mask 

Column mask 
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TRG ~ I I : I,. tau(WRH) i.1 ~ 
~I I tct(GHD) ----;.! :.--- tsu(WCH) --+j I 

I I I 
I II" 1 I th(RLW) ., I 
I I I -+I ~ tsu(WMR) I" i th(CLW) ., I 

I +I I+- th(RWM) I I" th(WLG) I ~ 

~ I I 
W ~ I N.l+--tW(WL)~I<:J~~~----

..... i4r L I I I 
~I I -I ... u(DQR) ~ ~ tau(DWL) 

'-.: j4- ih(RDQ) I !+- th(WLD) -+I 
, 1,.1 th(RLD) .' 

DQO-DQ3~ 4 ~ 
Figure 23. Block-Wrlte-Cycle Timing (Delayed-Write) 

Table 10. Block-Wrlte-Cycle State Table 

CYCLE 

Write-mask load/use, block wrne 

Use previous wrne mask, block write 

Write mask disabled, block write to aill/Os 

Write mask data 0: I/O write disable 
1: I/O write enable 

Column mask data Dan = 0 column write disable 
(n = 0, 1, 2, 3) 1 column write enable 

STATE 

1 2 3 

L L Wrnemask 

H L Don't care 

L H Don't care 

oao - column 0 (address A 1 = 0, AO = 0) 
Oal - column 1 (address A 1 = 0, AO = 1) 
Oa2 - column 2 (address A 1 = 1, AO = 0) 
Oa3 - column 3 (address A 1 = 1, AO = 1) 

~TEXAS 
INSTRUMENTS 
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4 

Column mask 

Column mask 

Column mask 

8-179 
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Row Block Address AO-AS A2-AS 
I 

OSF 

th(SFR) 1 I" ·1 I I+- th(SFC) -.I II ~ th(SFC) -+I 
1 I I 1+-+1-+- 1 I I 

->I :~'(s,"1 I I I ,-""" w~ ... (S"" i .. 
~_ 1 YIt? II _ 

I I 
I 1 I+- th(TRG) I I I 

Wrr\'{'"~ ': ... NoaA : I 
I I 1 _I 

-+I ~ tsu(WMR) I.. I "I tsu(WCH) ., j4- tsu(WCH) 
1 I I I 1 1 

th(RWM) I I.. ~ I.. I .1 tw(WL) I" "I tsu(WRH) :x::. ~ii ~~ w 

I 1 tsU(OV:L) t~ I j.-- th(CLO) t ---.I 
-+I I+t tsu(OQR) I ~ th(WLO)t ---.I 

I 1 ~I I I 
I i+ th(ROQ) ~ ~tSu(OCL) t I 

OQO-OQ3 =X: I" 3 5i(:t
h

(RLO) 4 ~ 
t Referenced to CAS or W, whichever occurs last 
NOTE A: TRG must remain high throughout the entire page-mode operation to assure page-mode cycle time if the late write feature is used. If 

the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period th(TRG) from the falling edge of RAS. 

Figure 24. Enhanced-Page-Mode Block-Write-Cycle Timing 

Table 11. Enhanced-Page-Mode Block-Write-Cycle Table 

CYCLE 

Write-mask load/use, block write 

Use previous write mask, block wr~e 

WrHe mask disabled, block wrHe to ali I/Os 

Write mask data 0: I/O write disable 
1 : I/O wrHe enable 

Column mask data DOn = 0 column wr~e disable 
(n = 0, 1, 2, 3) 1 column wrHe enable 

STATE 

1 2 3 

L L Write mask 

H L Oon'tcare 

L H Oon'teare 

000 - column 0 (address A 1 = 0, AO = 0) 
001 - column 1 (address A1 = 0, AO = 1) 
002 - column 2 (address A 1 = 1, AO = 0) 
003-column 3 (address A1 = 1, AD = 1) 
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AO-AS 

DSF 
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PARAMETER MEASUREMENT INFORMATION 

I ~ ~ th(TRG) 
lsu(TRG) ~~I---~~ I 

NOTE A: In persistent write-per-bit function, W must be high at the falling edge of RAS during the refresh cycle, 

Figure 25. RAS-Only Refresh-Cycle Timing 
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14i4---------tc(rd) --------~.I 

~ tw(RH) ~ : 

____ ~J1 1\t~~~~===~_~_(_RL_)===~~_~~jI'~-------------
~ ~ ~(RHCL)RF I 
I rill ~ I ~(CLRL)RF 

~~~~7t'7':rl ---"\l : :.- ~(RLCH)RF ----',( 

I I 
j4-- ~(CHRL) ~ 

I 
AO-AS g~*g~~:~ 

I 

OSF ~E~c¥o~ 
I 

~E~E~ 
I 

"~B:1E~ 
~~IS(CH) 

OQO-OQ3 Valid ou~)--------------- HI-Z _____________ _ 

NOTE A: In persistent write-per-bit operation. Vii must be high at the falling edge of RAS during the refresh cycle. 
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Figure 26_ CBR-Refresh-Cycle Timing 
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DSF~~1E~~ 
~ ," -+l ,~+- tsu(TRG) I , 

I I I. '., ts(G) I 
I 'I _ I I I I I tctls(G) ----l+I+I 

-+I ~ th(TRG) I I I I 
TRG ¥ '\J..I I I I /' , I :: i I '/, I I 

tsu(RD)~1 I I , , , 

W~ I!! ~:~¥-n~g~~~::~ 
I -+I '+- ts(C) ~ 
~~~ ~~~~ 

~~ { ~~ ~ ~ 
Figure 27. Hidden-Refresh-Cycle Timing 
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14 te(TW) ~ 
_____ 1 14 tw(RL)· ~ . I rr- ~(RLCL)~ tI ~ i'''----

I I ~(RLCH) I I~ I 
~(CHRL)---l4-~ ----...,1 I 14-- ~(CARH) ~ H tw(RH) --.I iii: I I I 

I i taU(CA)~\(- tw(CL) Tilt ~ 
I j4- ~(RLCA) ~ I!.---.L I j4-- tw(CH) ~ 

th(RA) --j4---tI I I I th(CLCA) I 

tau(RA) -J+-,.!:~ 141 th(RL<f) I ~,.I 
AO-AS ~ RO~~ T~~~;t:~¥'~:~§~E:~ 

I th(SFR) I 
taU(SFR~ i I ~ 

DSF~ II I 
-II 

th(TRG)~ I I 
tau TRG ~ I I ~~~~~~~~~~~~~~~~~~~~ 

I I I 1V\/V\./V'v'VVVVVV'.A/\/\. Don't Care vvVVVVVV'VV'VV'./V\,/\/\A TRG VVVVVV~I 

taU(WMR)~ 
I I 

W~I 
-I 

I 

I 

DQO-DQ3 ------_...II~ ______ _ 

14 I I~ 

SDQO-SDQ3 Valid Data Output 

QSF 

~ ~(RLQSF) ~ 

Tap Point 
BltA7 

NOTE: The write-mode-control cycle is used to change the SOQs from the output mode to the input mode. This allows serial data to be written 
into the data register. This figure assumes that the device was originally in the serial-read mcide. 
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Figure 28. Wrlte-Mode-Control Pseudo-Transfer Timing 
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14 tc(TW) ~ 
____ ...,.1 "" twIRL) ~ I 

rr-~(RLCL)-1 rt i'~--
1 1 ~(RLCH) I I ~ 1 

~(CHRL) -lo~f----.t~ 1 I+-- ~(CARH) ~ !--+- tw(RH) --.I 
I 1 1 I 1 I I 

i tsU(CA)~=y- tw(CL) --;-yt t J'---
j+- ~(RLCA) --.I ~ lit- w(CH) ~ 

th(RA) IIIiI .. I 1 ~th(CLCA) 1 
1 1 14- ~(CARH) ----+I 1 

~ IIIiI th(RLCA) 1 ~ 1 

AMS ~ : ~- ~ ~~"'_::eSE:~ 
DSF~:~!~;~:~£~:~ ~i~ 

tsu(TRG)~ 1 I I I 
~~~ I 1 1 I ~~W~~~~~~~~~~~~~ 

TRG I 1 1 I Don't Car. XXXX>O<XX>COOXX>O 

.iIII---I~lI-th(RWM) ~ ~(RHSC) 

i ~:~!:¥':e:~ 
tsU(WMR) 

1 

w~ 
1 1 1 I 1 

DQO-DQ3 1 HI-Z ------rl-------
1+ tw(SCH) ~ 1 1 1 14 ~ tw(SCH) 

~(SCRL) ~ , II :: 1 1 1 

SC ~l I I \ S. \. \ \. 1: \,--_ 
~ ~ tsu(SDS) I I tw(SCL) ~ .-1 I t 

-J~ ~-H~h~~ 
SDQO-SDQ3 A Dataln ~taln ~ 

14 ~ \4 ~ I th(SE) I I 
tsu(SE) 1 I I I I 

I 1 ~ ~ SE~ 1 
td(SESC) 

1 ~~ QSF 

: 
T~polnt 

ItA7 

14 ~(GHQSF) ~ 
~ ~(RLQSF) ~ 

Figure 29. Data-Register-to-Memory Transfer Timing, Serial Input Enabled 
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PARAMETER MEASUREMENT INFORMATION 

14 tc(TW) ~ 
____ -.il /'II tw(RL) ~ I 

RAS ~ tcI(RLCL) --.: !l~ i\ i "t I ~ 1 ""---
I 1 tcI(RLCH). 1 ~ 1 

tcI(CHRL)--l4-I4---"'~ 1 14-- tcI(CARH) ~ W tw(RH) ~ 
I 1 1 I I : I 

CAS XNV<T i ~}. ~ tw(CL) +--11 } 
'£AU ~ !sulCAl ~ \- I -1 i+-- tw(CH) ----l "--r.- tcI(RLCA) ~ ~ t 

th(RA) I r' .1 1 1 I h(CLCA) i 
!su(RA) --I+--! !III th(RLCA) . 1 ~ I 

AO-AS ~ : ~ow ~ T~t~~t ~~~~:R~~~:!~§~~~~:~~~' 
L ~ r' ~ th(SFR) I I 

QSF 

_~R~----r-"j I ~ I 

: I 00- "'(CLQS~ ~ 

I 14 tcI(GHQSF) ~ 
j4 tcI(RLQSF) ~ 

Tap Point 
BltA7 

Figure 30. Alternate Data-Register-to-Memory Transfer-Cycle Timing 
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14 tc(TRO) ~ 
I 14 tw(RL) ~ i -----.i1\i lcl(RLCL) ~I i,A '\ 

RAS ! "Q ! ~ tw(RH) ----.i ,,\-, __ _ 

lcI(CHRL) 14 ~ F lcI(RLCH) F tw(CL) +=:I 
~ I I Itt lcI(CARH) :::.I I 

CAS W I F lcI(RLCA) ~~'\l. Y 
I ~ th(RA) -.t I I 

AO-AS 

OSF 

OQO-OQ3 

se 

SOQO-SOQ3 

QSF 

H 

I I taU(bA) --I i+T~ th(CLCA) 

tsu(RA) ~ !.-- th(RLCA) +-+-~ 
~~~~~~~~~~~~ 

ap Point ·~VV'vvvvvvVV' Don't Car. V'-'~""'''-A.AAIV 
AO-A8 

I 

-i,~ 
tau(TRG) ~ k th(TRG) I I 

_ II L k~m""""1J~W"""""o/"'T7'W'T"r-lfi!~~~~~~~ 
14 ~th(RWM) (i- I+- tw(GH) ----+i 

"'(WIIR)-j<-->I I i ~ 

L --------------------------------------------------------------
NOTES: A. Early-load operation is defined as Ih(TRG) min < Ih(TRG) < Ict(RLTH) min. 

B. DQ outputs remain in the high-impedance state for the entire memory-to-data-registertransfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 512 locations in each data register are written 
from the 512 corresponding columns of the selected row. The data that is transferred Into the data registers can be either shifted 
out or transferred back Into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., sa is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 31, Memory-to-Data-Reglster Transfer-Cycle Timing. Early-Load Operation 
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14 tc(TRD) -------~~ 
I 14 tw(RL) .1 I 
I j4- tcI(RLCL} ~ I I 

-----'lIi'11 ~ II} fl ' 
tcI(CHRL). 1"= .;t!4 tw(RH) 1 \.. .... ---

-'i.;. .. t---~~ 14 tcI(RLCH} ~ 1 
~ I I ~tw(CL)~ 1 

<tllV II N IY 1 
I r tcI(RLCA) -.j I 1 1 I 

•• _I ~1tt(RLCA} II I ~ 1 1 
teu(RA} ~ I -.j 14- teu(CA) 1 I 

AD-AS 

th(RA} : .4 ~ ~ 1 ~ th(CLCA} 

~ Row ~:~ ~:~~?;!g:'~f~ 
I I \T:;~ ~ 

DSF 

teu(SFR) ~ i4 ~ th(SFR) 1 AD-AS 1 1 

~ :! I_~~~t~a!::~ 10\'= . ~ I ~ tcI(THRL}~ 
1 1 1 tcI(CAGH} 14 1 ~ ;,-14_ • .:..1 .......;tcI;..:.(T;.;.H;.;.;R...;:H);....."lI:l':l'~~~~~~~ 

~ II4- tcl(RLTH) I 0 ~ 
teu(WMR) ~ r , Itt(RWM} 1 1 j4-- tw(GH) -----.I 

w OOW' I ~;~~it€~~~~ 
I ~ . 
1 tcI(SCTR) 14 I .1 14 ~ tcI(THSC) 

DQO-DQ3 1 I I HI-Z-l-I---t-I---------
tw(SCH) --1+/4 ---.!~ ;1: 1 I 
---'1 I\.: \: }~ta(SQ)~\'--~tl 

~ ta(SQ) +: \4 ~ tw(SCL) 1 r tc~SC) ~ 

SC 

SDQO-SDQ3 

Itt(SHSQ) l1li ~ I 1 I I: :h(SHSQ) 14 ~ 1 

Old Data :x Old Data : X . Old Data X~ __ N_e_w_D_a_ta __ 

NOTES: 
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: :1

1 

- "(GHQS~ --Zl"-__ Ta_p_p_O_ln_t_B_lt_A7 __ 

H 14 ... -- tcI(CLQSF) ---~ .. 
L ________ I~ ... ==========~tcI~(R~LQ~S~F)l:========~~I~ _____ _ 

QSF 

A. Late-load operation Is defined as id(THRH) < 0 ns. 
B. DO outputs remain In the high-Impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-reglster 

transfer cycle Is used to load the data registers in parallel from the memory array. The 512 locations In each data register are written 
from the 512 corresponding columns of the selected row. The data that is transferred into the data registers can be either shifted 
out or transferred back Into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., sa is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 32. Memory-to-Data-Reglster Transfer-Cycle Timing, 
Real-Time-Reload Operation/late-Load Operation 
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,.. tc(TRD) ~ 
, I.. tw(RL)~ I 

--------~ I I I 
}~ tcI(RLCL) ---+j J1 tw(RH) 11\ 

.-._--..j ~I- tcI(RLCH) i 1..:1 ~ 1 "-----
tcI(CHRL) i4 I I H tcI(CARH) ~ I I 
vvvvvJ. I I IN1 U I <lltl( i ~ tcI(RLCA) 4 I ~ tw(CL) 111 i 

I • _ I I.. th(RLCA) I I ~ I I 
tsu(RA) ~ , I ~ Iti(CLCA) 

AO-AS 

I I i+- th(RA) --l ~ ~ tsu(CA) I ~ 

~ +w ~;i~:~:e~~'X¥.~~~ 
DSF 

w 

th(SFR)~ :~~~tcI(CAGH) ~ 
~ ~ i tsu(SFR) ~:e~fr::~~~~: 

I I tcI(THRH) 
I" ~I tsu(TR tcI(CLGH) I.. ~ I , I 
I I I I' tcI(THRL) 

/v\AAAA-" Iti(TRG) ~ I'<V'V'VVVV Don't Care fV"V'-tv"" 

'" tsu(WMR) rl ~r--
~II 

I I 
DQO-DQ3 I I 

tcI(SCRL) i4 ~ I 
I I ,.1 .. -----

---.tf ! i\~\~~ __ +_~~~-
tsu(SDS) ~ j41 ~ tcI(SDRL) 

I I4--.j- th(SDS) 

SC 

SDQO-SDQ3 ~Valldln) I ( Valid Out 

NOTES: 

I ~-----r--~--------~-J 

: 
QSF Tap Point bit A7 

H 

L -------------------------------------------------------------------
A. Late-load operation is defined as id(THRH) < 0 ns. 
B. DO outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 

transfer cycle is used to load the data registers in parallel from the memory array. The 512 locations in each data register are written 
from the 512 corresponding columns of the selected row. The data that is transferred into the data registers may be either shifted 
out or transferred back into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., SO is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 33. Memory-to-Oata-Reglster Transfer-Cycle Timing, soa Ports Previously In Serial-Input Mode 
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PARAMETER MEASUREMENT INFORMATION 

1+---------tc(TRD)------+i~1 

'+i--I-- tw(CH) -I---~~I 

1 
1 

~ 1'- th(SFR) 1 
teu(SFR) -+I ~ 1 1 

DSF mw I !~~~n~J~¥-~ ~ I+- th(RWM) i 
teu(WMR) +I !+-I . 1 

"~l~~~$~ 
DQO-DQ3 1 HI-Z--+-I-----------

;+_~~I 1 
tcJ(MSRL)1 tcJ(RHMS) -+I *-1 

!+--- tc(SC) ~ l 
*- tw(SCL) -+1 1 I I+--- tc(SC) --+1 

r--i.. 1 1 1 .-.-"", 
SC 

Bit 255 or TapPolntM Bit 255 or Tap 
Bit 511 Bit 511 PolntN SDQO-SDQ3 

8-190 

QSF 

H 
SE 

I'" ., tcJ(SCQSF) 
1 

X 
1 I++t- ta(SQ) 

tcJ(SCQSF) I.- ~I 

Old MSB:~ X NewMSB 

L ________________ ~~/~j---------------

Figure 34. Split-Register-Mode Read-Transfer-Cycle Timing 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



RAS 

CAS 
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TRQ 

DSF 

CASE I 

SC 
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~_..ri~\'-_--i"S 1 \ r,~~ , I 

~~~ 
-----+-~~Pc::x=x ~~ ::x::x:::>< 

RowTap1 1 RowTap2 1 RowTap2 RowTap1 
(low) (hIgh) 1 (low) 1 (hIgh) 

---+~\.....I \~~S__ '--.J 

-----;-...Ir--\\----'",s--V'----;~S--
1 1 
1 1 
1 1 
1 1 

~II Tap1··· ~II Bit Tap2 sO_ 
QSF \ 

255 (hIgh). \' 611 (low) 25S 

',s---V 'I \ \r-J 

CASE II 

SC 

1 1 
1 1 
1 1 
1 1 

--------------~-------~~~sO-
(low) 2551 (high) . rt 1 611 (low) 25S 

QSF \ ,. V jJ I \ t. r 
')--j 1 J'r-" 

CASElli 

SC 

1 1 
1 1 
1 1 

--------------~--------~~~~sO-
(low) 2551 (high) 1 511 (low) 255 

QSF \ '" Ii \', r \ ,. r ,'r-----i 1 ,'r-" 
Spl" Register to the 1 Split Register to the 1 Spilt Register to the 

Normal Read Tranafer High Half of the I Low Half of the 1 High Half of the 
Data Register 1 Date Register 1 Data Register 

NOTES: A. In order to achieve proper spilt-register operation. a normal raad transfer should be performed befora the first split-register transfer 
cycle. this Is necessary to Initialize the data register and the starting tap location. First serial access can then begin either after the 
normal read-transfer cycle (CASE I). during the first spilt-register cycle (CASE II). or even after the first split-register transfer cycle 
(CASE III). There is no minimum requirement of SC clock between the normal read-transfer cycle and the first spllt-register cycle. 

B. Aspllt register transfer Intothe inactive haltis notallowed untilld(MSRL) is met.IdCMSRL) iSthe minimum delay time between the rising 
edge of the serial clock of the last bit (bit 25S or 511) and the falling edge of RAS of the spilt-register transfer cycle Into the Inactive 
haH.AfterIdIMSRL)lsmet,thesplit-registertransferintotheinactivehaHmustalsosatisfytheld(RHMS) requlrement.IdIRHMS) Isthe 
minimum de1ay time between the rising edge of RAS of the spilt-register transfer cycle into the inactlve half and the iIslng edge of 
the serial clock of the last bit (bit 255 or 511). There is a minimum requirement of one rising edge of SC clock between two spilt-register 
transfer cycles. 

Figure 35. Spllt·Register·Transfer Operating Sequence 
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SC 

PARAMETER MEASUREMENT INFORMATION 

tsu(TRG) -.t 
I 

~ 
~~:::::~~-*"=-t-----------------------

~ ... h(TRG) 

14 tc(SC) ~4 tc(SC) .1 
1+ tw(SCH) ~ ~ .: tw(SCH) ~ tw(SCH) ., 

----..,..A \['"-11 \['"-11 \'---
~ ~ , tsu(SO~ ~ ~ I tsu(SO~ ~ ~ I, tsu(SO~ 
I' I' 1 
1 ~ lh(SOS) I ~ th(SDS) 1 ~ th(SOS) 

SOQO-SOQ3 ~ Valid I" ~ Valid In ~ Valid I" ~ 
NOTES: A. The serial data-In cycle Is used to input serial data into the data registers. Before data can be written Into the data registers via the 

soa terminals, the device must be put Into the write mode by performing a write-mode-control (pseudo-transfer) cycle or any other 
write-transfer cycle. A read-transfer cycle Is the only cycle that takes the serial port (SAM) out of the write mode and puts It Into the 
read mode, disabling the Input data. Data is written starting at the location specified by the Input address loaded on the previous 
transfer cycle. 

8-192 

B. While accessing data in the serial-data registers, the state of TRG is a don~ care as long as TRG is held high when RAS goes low 
to prevent data transfers between memory and data registers. 

Figure 36. Serlal-Wrlte-Cycle Timing {SE = V,L> 
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lsu(TRG) -.! 
I 
~~:~---~~:~;=-t-----------------------
~ .., h(TRG) 

~ 
loiii tc(SC) ."- tc(SC) .I 
~ 'w(SCH) ~ r .1 'w(SCH) ~ 'w(SCH) -.t 

---"tA \[ .. ~ 11 \r"~~ 11 \'---~ ~ f "'(SOS) II 10 ~ I ... (SDS) 

I 1 Iii I 1 1 
I I ~ th(SDS) 1 1 I 1 ~ th(SDS) 

~~~I.~+m~ 
lct(SESC) -+j i4-f lsu(SESC) 14 ~ t4-- th(SCSE) ~ I 

lct(SCSE) i4 .: 14 'w(SEH) ~~I I lct(SESC) 

SE ~'w(SEL) ~ \I.. 
NOTES: A. The serial data-In cycle is used to input serial data into the data registers. Before data can be written into the data registers via the 

soa terminals, the device must be put into the write mode by performing a write-mode-control (pseudo-transfer) cycle or any other 
write-transfer cycle. A read-transfer cycle is the only cycle that takes the serial port (SAM) out of the write mode and puts it into the 
read mode, disabling the input data. Data is written starting at the location specified by the input address loaded on the previous 
transfer cycle. 

B. While accessing data In the serial-data registers, the state of TRG Is a don't care as long as TRG Is held high when RAS goes low 
to prevent data transfers between memory and data registers. 

Figure 37. Serlal-Wrlte-Cycle Timing (SE·ControliedWrlte) 
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SC 

PARAMETER MEASUREMENT INFORMATION 

tsu(TRG) --.I 
I 

~ 
~~~-----~I---t---------------------

,..~---I."'- h(TRG) 

1l1li tc(SC) .1l1li tc(SC) .1 
1_ t (SC ).... !oII1III-----.,.MI- tW(SCH) 1+1 tw(SCH)-+I 

~. H", I ~ '1w{SC4~ j, ~. --~A \f tw(SCL) 11 ~ JI: .""",. __ 
1,l1li ~ ts(SQ) 1l1li ~ ta(SQ) 1l1li ~ ta(SQ) 

1 I, 1 1 lIIII---tt-i th(SHSQ) th(SHSQ) --1+--+1 , th(SHSQ) ~ , 

SOQO-S003 --Vi-a-lid-O-ut--..IXIo----Vi-a-lid-O-u-t----.l~ Valid Out X Valid Out 

NOTES: A. While reading data through the serial-data register, the state of TRG is a don't care as long as TRG is held high when RAS goes 
low. This is to avoid the initiation of a register-to-memory-to-register data-transfer operation. 

8-194 

B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SOO, the device must be put 
into the read mode by performing a transfer-read cycle. Arly transfer-write cycles occurring between the transfer-read cycle and the 
subsequent shifting out of data take the device out of the read mode and put it in the write mode, not allowing the reading of data. 

Figure 38. Serlal-Read-Cycle Timing (SE = VaL> 
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14 tc(SC) ~~ tc(SC) ., 

I+- tw(SCH) ~ 14 ~I tw(SCH) ~ tw(SCH) .., 

-----i;f \[-11 \[--~ 11 \'---
114 ~ ta(SQ) ~ ~ ta(SQ) 14 ~ ta(SQ) 

I I I I 
--.I I4T Ih(SHSQ) ta(SE) 1 14- th(SHSQ) ~ I 

--------L I ~----Valid Out Valid Out Valid Out 

I~----------#~----
I I I 
~ II! 

_______ IcI_IS_(S_E)...I)jpl ----~--.I~r-
NOTES: A. While reading data through the serial-data register, the state of i'RG Is a don't care as long as TRG Is held high when RAS goas 

low. This Is to avoid the Initiation of a register-to-memory-to-reglster data-transfer operation. 
B. The serial data-out cycle Is used to read data out of the data registers. Before data can be read via SDQ, the device must be put 

Into the read mode by performing a transfer-read cycle. Any transfer-write cycles occurring between the transfer-read cycle and the 
subsequent shifting out of data take the device out of the read mode and put It In the write mode, not allowing the reading of data. 

Figure 39. Serlal-Read-Cycle TIming (SE-Controlled Read) 

devIce symbolizatIon 

n 

P 
F 

-§,! 
Spsed (-10, -12) 

SMJ44C251 B .:If! 
Package Code 

R 
A T ~ JD=ZIP 

Lot Traceability Code 

Data Code 

Assembly Sits Code 

Die Rsvlslon Code 

Water Fab Code 
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• Organization: 
- DRAM: 262144 Words x 16 Bits 
- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data-Transfer Function From the DRAM to 
the Serial-Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast 
Area-Fill Operations; as Many as Four 
Memory-Address Locations Written Per 
Cycle From the 16-Blt On-Chip Color 
Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM VO; Two Wrlte-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and 
Hidden-Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 45-MHz Uninterrupted Serial-Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 
• Spllt-Reglster-Transfer Read for Simplified 

Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video-Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Performance Ranges: 

ACCESS TIME ACCESS TIME DRAM DRAM 
ROW ENABLE SERIAL DATA CYCLE TIME PAGE MODE 

t.(A) ta(SQ) tc(W) tc(p) 
(MAX) (MAX) (MIN) (MIN) 

SMJ55161-70 70 ns 20ns 130ns 45 ns 
SMJ55161-80 80 ns 25 ns 150ns 50ns 

EPIC is a trademark of Texas Instruments Incorporated. 

AO-A8 
CASL,CASU 
000-0015 
DSF 
NC/GND 

OSF 
RAS 
SC 
SE 
SOO-S015 
TRG 
VCC 
VSS 
WE 

SMJ55161 
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Vcc 
TAG 
Vss 
sao 
oao 
sal 
001 
vcc 
sa2 
DQ2 
sa3 
Da3 
vss 
SQ4 
DQ4 

sas 
005 
Vcc 
sas 
DQ5 
sa7 
007 
Vss 

CASL 

WE 
RAS 

AS 
A7 

AS 
AS 
A4 

Vcc 

f 
E 

~ 

HKCPACKAGE 
(TOP VIEW) 

10 V 64 
2 83 
3 82 
4 81 
5 80 
6 :8 7 
6 57 g 
9 68 
10 65 
11 64 
12 63 
13 52 
14 51 
15 50 
18 49 
17 

U 18 
19 
20 
21 
22 43g 
23 42 g 
24 41 g 
25 40 

28 39 
27 39 
29 37 
29 36 

30 35 
31 34 
32 33 

PIN NOMENCLATURE 

Address Inputs 

sc 
Se 
Vss 
SQ15 
0015 
SQl. 
0014 
Vcc 
SQ13 

0013 
SQ12 
0012 
Vss 
SQII 
0011 
SQl0 

0010 
Vee 
SQ5 

DQ5 
SQ8 
DQ5 

Vss 
OSF 
NC/GND 
CASU 
aSF 
AO 
AI 

A2 
A3 
Vss 

Column-Address StrObe/Byte Selects 
DRAM Data I/O, Write Mask Data 
Special-Function Select 
No Connect/Ground (Important: Not 
connected internally to V SS) 
Special-Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial-Data Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Write-Enable Select 

• Texas Instruments EPIC'M Process 

• Designed to Work With the Texas 
Instruments Graphics Family 

SERIAL OPERATING CURRENT OPERATING CURRENT 
CYCLE TIME SERIAL PORT STANDBY SERIAL PORT ACTIVE 

tc(SC) ICCl ICC1A 
(MIN) (MAX) (MAX) 

22n5 165mA 210mA 
30 ns 160mA 195mA 

~TEXAS 
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GBPACKAGE 
(BOTTOM VIEW) 

000000000J 
000000000 H 

0000 0000 G 

000 000 F 

00 00 E 

000 000 0 

0000 0000 c 

000000000 B 

G00000000 A 

2 3 4 5 6 7 8 9 
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PIN PIN 
NO. NAME NO. NAME NO. 
Jl oal J2 sa3 J3 
Hl 000 H2 sa2 H3 
Gl sao G2 sal G3 
Fl 'fRG F2 VSSl F3 
El so E2 VOOl 
01 SE 02 VSSl 03 
01 sa15 C2 VSSl C3 

Bl 0015 B2 oa14 B3 

Al sa14 A2 sa13 A3 

PIN PIN 
NAME NO. NAME 

AD B9 oal 
Al 09 oa2 
A2 09 oa3 
A3 08 0Q4 

A4 E9 oa5 
A5 F9 006 
M G9 oa7 
A7 H9 oas 
AS J9 oa9 

CAS[ JS oal0 
CAW C8 oal1 
000 H1 

SMJ55161 
262144 BY 16-BIT 

MULTIPORT VIDEO RAM 
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GB Package Pin Assignments - By location 

PIN PIN PIN PIN PIN 
NAME NO. NAME NO. NAME NO. NAME NO. NAME 
003 J4 oa4 J5 oa5 J6 006 J7 sa7 
oa2 H4 sa4 H5 sa5 H6 sas H7 oa7 

V002 G4 VSS2 G6 V002 G7 VSS2 
VOOl F7 VOOl 

VOOl 07 VSSl 
V002 C4 VSS2 06 V002 C7 VSS2 
oa13 B4 oa12 B5 oall B6 oal0 B7 sas 
sa12 A4 sall A5 sal0 A6 Soo A7 009 

GB Package Pin Assignments - By Signal 

NO. 
Jl 
H3 
J3 
J4 
J5 
JS 
H7 
M 

A7 
B6 
B5 

NAME 
oa12 
0013 
0014 
0015 
OSF 
aSF 
RAe 

so 
SE 

sao 
sal 

PIN PIN 
NO. NAME 
B4 sa2 
B3 sa3 
B2 sa4 
Bl sa5 
BS SQ6-
AS sa7 
GS sas 
El sa9 
01 sal0 
Gl sall 
G2 sa12 

~TEXAS 
INSTRUMENTS 

NO. 
H2 
J2 
H4 
H5 
H6 
J7 
B7 
AS 

A5 

A4 

A3 
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PIN 
NAME 
sa13 
sa14 
salS 
TRG 

VOOl 
VOOl 
VOOl 
VOOl 
VOOl 
VOD2 
VOD2 

PIN PIN 
NO. NAME NO. NAME 
J6 CAS[ J9 M 

HS WE H9 A7 
GS RAS G9 M 

FS VOOl F9 A5 

ES VSSl E9 A4 

08 A3 D9 A2 

C8 CASU 09 Al 
B8 OSF B9 AD 

M oas AS aSF 

PIN 
NO. NAME NO. 
A2 V002 G6 
Al V002 C8 

01 VSSl F2 
Fl VSSl 02 
E2 VSSl 02 
F3 VSSl 07 
03 VSSl ES 
F7 VSS2 G4 
FS VSS2 C4 

G3 VSS2 G7 
03 VSS2 C7 

WE HS 
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8-200 

The SMJ55161 multiport video RAM is a high-speed, dual-port memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 144 words of 16 bits each interfaced to a serial-data register 
(serial-access memory (SAM)) organized as 256 words of 16 bits each. The SMJ55161 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the SMJ55161 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The SMJ55161 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates are 
achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-Chip color-data register) to be written to any combination of four adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The SMJ55161 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The 
SMJ55161 also offers extended-data output mode. The extended-data output mode is effective in both the 
page-mode and standard DRAM cycles. 

The SMJ55161 offers a split-register-transfer read (DRAM-to-SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for continuous serial-data streams without critical 
timing requirements. The register is divided into a high half and a low half. While one half is being read out of 
the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT-retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 45 MHz. During the split-register-transfer read operations, internal 'circuitry detects when the last bit pOSition 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the SMJ55161 are compatible with Series 74 TIL. All address lines and 
data-in lines are latched on-Chip to simplify system design. All data-out lines are unlatched to allow greater 
system flexibility. 

The SMJ55161 employs state-of-the-art Texas Instruments (TI) enhanced performance implanted CMOS 
(EPICTM) scaled-CMOS, double-level polysilicon/polycide gate technology combining very high performance 
with improved reliability. 

The SMJ55161 is offered in a 68-pin ceramic pin-grid-array package (G8 suffix) and a 64-pin ceramic flatpack 
(HKC suffix). 

The SMJ55161 and other TI multiport video RAMs are supported by a broad line of graphic processors and 
control devices from TI. Refer to Tables 1 and 2 for additional function and description information. 
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functional block diagram 
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functional block diagram (continued) 

OQI 
OQI+1 
OQI+2 
OQI+3 LlLJ.~""---' 

SQI--.r---. 
SQI + 1----oIH 
SQI +2----oIH 
SQI + 3--«-_---1 
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512)( 512 
Memory 

Array 
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~----------------~ 

1 of 4 Sub-Blocks 
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RASFALL CASx ADDRESS DQO-DQ15t FALL 
FUNCTION 

CASx* TRG WE DSF DSF RAS CASx§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop-point 
setll L X L H X Stop 

Point# X X 

CBR refresh (option reset)1I L X H L X X X X 

CBR refresh (no reset)"" L X H H X X X X 

Full-register-transfer read H L H L X Row Tap X Addr Point 

Split-register-transfer read H L H H X Row Tap X Addr Point 

DRAM write H H L L L Row Col Write 
(nonpersistent write-per-blt) Addr Addr Mask 

DRAM block write Row Block Write H H L L H Addr (nonpersistent write-per-bit) Addr A2.-AS Mask 

DRAM write H H L L L Row Col X (persistent write-per-bit) Addr Addr 

DRAM block write Row Block 
H H L L H Addr X (persistent write-per-bit) Addr A2.-AS 

DRAM write (nonmasked) H H H L L Row Col X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2.-AS 

Load write-mask registerD H H H H L Refresh X X Addr 

Load color register H H H H H Refresh X X Addr 
Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 
X = Don'tcare 

t 000-0015 are latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. 
* Logic L is selected when either or both CASL and CASU are low. 
§ The column address and block address are latched on the first failing edge of CASx. 
\I CBRS cycle should be performed immediately after the powerup initialization cycle. 
# AO-J!t.:3, AS: don't care; A4-A7: stop-pOint code 
II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
>l:CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-pOint mode. 

CASL 
MNE 

CASU 
CODE 

WE 

X -
X CBRS 

X CBR 

X CBRN 

X RT 

X SRT 

Valid RWM Date 

Col BWM Mask 

Valid RWM Data 

Col BWM Mask 

Valid RW Data 

Col 
Mask BW 

Write LMR Mask 

Color LCR Data 

DLoad-wrlte-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode Is reset only by the CBR (option reset) 
cycle. 
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Table 1. Pin Description Versus Operational Mocfe 

PIN DRAM TRANSFER 

AO-AS Row, column address Row address, tap point 

CASL Column-address strobe, DO output enable Tap-address strobe CASU 
DO DRAM data VO, write mask 

DSF Block-write enable Split-reglster-trensf8renable 
Wrlte-mask-register load enable 
Color-register load enable 
CBR (option reset) 

AM Row-address strobe Row-address strobe 
/ 

SE 

SC 

SQ 

"fAG DQ output enable Transfer enable 

WE Write enable, write-per-blt enable 

OSF 

NC/GND Either make no external connection or tie to system GND (VSS) 

Veet 5-Vsupply 

vsst Ground 

SAM 

SO output enable, 
QSF output enable 

Serial clock 

Serlal-data output 

Serial-register stetus 

t For proper device operation, all Vee pins must be connected to a S-V supply, and all VSS pins must be tied to ground. 

pin definitions 

addreS8 (AO:-AS) 

Eighteen address bits are required to decode one of 262 144 storage cell locations. Nine row-address bits are 
set up on pins AO-AB and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-AS and latched onto the chip on the first falling edge of CASx. All addresses must be stable on 
or before the falling edge of RAS and the first falling edge <>f CASx. 

During the full-register-transfer read operation, the states of AO-AS are latched on the falling edge of RAS to 
select one of the 512 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
AO-A8 are latched. The most significant column-address bit (AS) selects which half of the row is transferred 
to the SAM. The appropriate a-bit column address (AO-A7) selects one of 256 tap pOints (starling positions) 
for the serial-data output. 

During the split-register-transfer read operation, address bit A7 is ignored atthe falling edge ofCASx. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use,the low half of 
the SAM is loaded with the low halfofthe DRAM half row and vice versa. Column address (AS) selects the DRAM 
half row. The remaining seven address bits (AO-A6) are used to select one of 127 possible starting locations 
within the SAM. Locations 127 and 255 are not valid tap points. 

row-addre88 strobe (RAS) 

RAS is similar to a chip enable so that all, DRAM cycles and transfer cycles~ initiated bX the falling edge of 
RAS. RAS is a control Input that latches the states of the row address, WE, TRG, CASL, C SU, and DSF onto 
the chip to Invoke DRAM and transfer-read functions of the SMJ55161. 

~1ExAs ,,' 
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column-address strobe (CASL, CASU) 
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CASL and CASU are control inputs that latch the states of the column address and DSF to control DRAM and 
transfer functions of the SMJ55161. CASx also act as output enables for the DRAM output pins 000-0015. 
In DRAM operation, CASL enables data to be written to or read from the lower byte (000-007), and CASU 
enables data to be written to or from the upper byte (008-0015). In transfer operations, address bits AO-AB 
are latched at the first falling edge of CASx as the start position (tap) for the serial-data output (SOO-S015). 

output enable/transfer select (TRG) 

TRG selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held high as 
RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM output pins 000-0015. 
For transfer operation, TRG must be brought low before RAS falls. 

write-mask select, write enable (WE) 

In DRAM operation, WE enables data to be written to the DRAM. WE is also used to select the DRAM 
write-per-bit mode. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. The 
SMJ55161 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special-function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx, similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 
• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop-point set (CBRS) 
• Biock write 
• Loading write-mask register for the persistent write-per-bit mode (LMR) 
• Loading color register for the block-write mode 
• Split-register-transfer read 

DRAM data I/O, write mask data (DQO-DQ15) 

DRAM data is written or read through the common I/O DO pins. The 3-state DO-output buffers provide direct 
TIL compatibility (no pullup resistors) with a fanout of one Series 54 TIL load. Data out is the same polarity 
as data in. During a normal access cycle, the outputs remain in the high-impedance state until TRG is brought 
low. Data appears at the outputs until TRG returns high, CASx returns high following RAS returning high, or RAS 
returns high following CASx returning high. The write mask is latched into the device via the random DO pins 
by the falling edge of RAS and is used on all write-per-bit cycles. In a transfer operation, the DO outputs remain 
in the high-impedance state for the entire cycle. 

serial-data outputs (SQO-SQ15) 

Serial data is read from the SO pins. The SO output buffers provide direct TIL compatibility (no pullup resistors) 
with a fanout of one Series 54 TIL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial-enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The SMJ55161 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC-clock operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the sa outputs. SE low enables the 
serial-data output. SE high disables the serial-data output. SE is also used as an enable/disable for output pin 
aSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial-clock scheme minimizes access time 
of serial output from SE low because the serial-clock input buffer and the serial-address counter are not disabled 
bySE. 

special-function output (QSF) 

aSF is an output pin that indicates which half of the SAM is being accessed. When aSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When aSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. 

During full-register-transfer operations, aSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. aSF is enabled by SE.lf SE is high, the aSF output 
is in the high-impedance state. 

no connect/ground (NC/GND) 

8·206 

NC/GND should be tied to system ground or left floating for proper device operation .. 
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functional operation description 

random access operation 
DRAM Function Table 

SMJ55161 
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RASFALL CASx ADDRESS DQO-DQ16t 
FALL . 

FUNCTION 
CASx* TRG WE DSF DSF RAS CASx§ RAS 

Reserved (do not use) L L L L X X X X 
CBR refresh (no reset) end stop-point 
set'll L X L H X Stop 

Pointl# X X 

CBR refresh (option reset)iI L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

DRAM write H H L L L Row Col Write 
(nonpersistent write-per-bit) Addr Addr Mask 

DRAM block write Row Block Write 
(nonpersistent write-per-bit) H H L L H Addr Addr Mask M.-AS 

DRAM write H H L L L Row Col X (persistent write-per-bit) Addr Addr 

DRAM block write Row Block 

(persistent write-per-bit) H H L L H Addr Addr X 
M.-AS 

DRAM write (nonmasked) H H H L L Row Col X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

M.-AS 

Load write-mask register [J H H H H L Refresh X X Addr 

Load color register H H H H H Refresh X X Addr 
Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to VO enabled 
X = Don'tcare 

t 000-0015 are latched on eitherthe first falling edge of CASx or the falling edge of WE, whichever occurs later. 
* Logic L is selected when either or both CASL and CASU are low. 
§ The column address and block address are latched on the first falling edge of CASx. 
'I CBRS cycle should be performed immediately after the power-up initialization cycle. 
1# AO-A3. AS: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent write-per-bit mode end stop-point mode. 
:/cCBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

MNE 
CASL cODe 
CASU 

WE 

X -
X CBRS 

X CBR 

X CBRN 

Valid RWM Date 

Col 
Mask BWM 

Valid RWM Data 

Col 
Mask BWM 

Valid RW Date 

Col 
Mask BW 

Write LMR Mask 

Color LCR Data 

[J Loed-write-mask-register cycle sets the persistent wrlte-per-blt mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. This mode eliminates the time required for row-address setup, row-address hold, 
and address multiplex. The maximum RAS low time and CAS page cycle time used determines the number of 
columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the SMJ55161 to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immediately after the row-address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after ta(C) max 
(access time from CASx low) if ta(CA) max (access time from co~umn address) has been satisfied. 

refresh 

CAS-before-RAS (CSR) refresh 

CSR refreshes are accomplished by bringing either or both CASL and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CSR refresh cycles 
are available. The CSR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. 
The CSRN and CSRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 512 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is c.ompleted within the required time period, trf(MA)' The output buffers remain in the high-impedance state 
dunng the CSR refresh cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding both CASL and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is carried out. Like the CSR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

8-208 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRG are low, the 
output buffers remain in the high-impedance state to conserve power. Externally-generated addresses must 
be supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each 
row to be refreshed. 
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The SMJ55161 features extended data output during DRAM accesses. While RAS and TRG are low, the DRAM 
output remains valid. The output remains valid even when CASx returns high until WE is low, TRG is high, or 
both CASx and RAS are high (see Figures 1 and 2). The extended-data-output mode functions in all read cycles 
including DRAM read, page-mode read, and read-modify-write cycles (see Figure 3). 

RAS 

CASx 

OQO-OQ15 

TRG 

CASx 

OQO-OQ15 

TRG 

\ Ii 
I 
I 
I 

\ / I , 

~ ~ 
I 

( Valid Output { 
j4- leIla(G) -.I 
I 

\ ) 
Figure 1. DRAM Read Cycle With RAS-Controlled Output 

\ A 
' ... ~ I 

I 

( Valid Output { 
I+- leIla(G) -.I 
I 

\ ) 
Figure 2. DRAM Read Cycle With CASx-Controlied Output 
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extended-data output (continued) 

RM ~~ ______________________ JI 

\ I: \ I 
1 1 1 

AO-A8 ~co:umn~+umn~ 
1 1 I" 1 1 ~I ta(CP) 

: I.. ~I ta(C) I .. 1 ~I ta(CA) 
1 1 I" ~I ta(C) 

ta(CA) I.. ~: th(ClQ) I.. ~I: 
---------« Valid Output X"--~-al-Id-O-ut-p-ut-""}-DQO-DQ1S 

\_----------------~I 
Figure 3. DRAM Page-Read Cycle With Extended Output 
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Byte operation can be applied in ORAM-read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles, and load-color-register cycles. In byte operation, the column address (AO-AS) is latched at the first 
falling edge of CASx. In read cycles, CASL enables the lower byte (000-007) and CASU enables the upper 
byte (00S-0015) (see Figure 4). 

RAS ~ / 
,~. ------------------~ 

AO-AS 

000-007 

008-0015 

1\ / 
i 1 

tsu(CA) i ~ \ / 
1 I.. --I th(CLCA)' 

~ R_ ~COI:~~~~~~ 
ta(C) I.. __ I 

--------------------------~(~---L~:'-w-.r-B-~-e-o-ut-p-ut--~)~-----
ta(C) ,.. __ I 

----------------------------~i ______ ~I~~u-pp-.~rB~~~)~-----I \. Output . 

I+- ta(G) -+i 

~~I ____________________ ~;__ 

Figure 4. Example of a Byte-Read Cycle 
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byte operation (continued) 

8-212 

In byte-write operation, CASL enables data to be written to the lower byte (000-007), and CASU enables data 
to be written to the upper byte (008-0015). In an early write cycle, WE is brought low prior to both CASx 
signals, and data setup and hold times for 000-0015 are referenced to the first falling edge of CASx 
(see Figure 5). 

WE \ / 
~. ----------------

~~i ----------------~/ 
I I 

tsu(CAl 1 H \'-____ ....J/ 
i ! ':" ~ "'(cLCA> 

AO-AS ~ Row ~ ~ol.umn ~ 
tsu(DCLl 14 ~I I 

I 1414---I~-+-11 - th(CLDl 
I I 

DQO-DQ15 ~ Valid Input ~ 

Figure 5. Example of an Early-Write Cycle 
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For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data 
is strobed in with data setup and hold times for 000-0015 referenced to WE (see Figure 6). 

~~~----------------~I 
\~------------~I 

I ~ \\ \\ \\\\ \\\ 

i\to------JI 
tsu(DWL) --II ..... -~.I I 

I : 114"'---I.~:- th(WLO) 

DQO-DQ1S Valid Input ~1f:~~~~~rn7 

Figure 6. Example of a late-Write Cycle 
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wrlte-per-blt 

The write-per-bitfeature allows masking any combination of the 16 DOs on any write cycle. The write-par-bit 
operation is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The SMJ55161 offers two write-per-bit modes: 
nonpersistent write-per-bit and persistent write-per-bit. 

nonpersistent wrlte-per-blt 

8-214 

When WE is low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary code (the write-per-bit 
mask) is input to the device via the DO pins and latched on the falling edge of RAS. The write-per-bit mask 
selects which of the 161/0s are to be written and which are not. After RAS has latched the on-chip write-per-bit 
mask, input data is driven onto the DO pins and is latched on either the first falling edge of CASx or the falling 
edge of WE, whichever occurs later. CASL enables the lower byte (000-007) to be written through the mask 
and CASU enables the upper byte (008-0015) to be written through the mask. If a data low (write mask = 0) 
is strobed into a particular I/O pin on the falling edge of RAS, data is not written to that I/O. If a data high 
(write mask = 1) is stro,bed into a particular I/O pin on the .falling edge of RAS, data is written to that I/O 
(see Figure 7). 

!\II>--______ --J� 
1 1 
1 1 

1 1 
1 1 
1 1 
1 1 

~1~1~1 !\~ ____ ~~~~~~~. 

RAS 

CASL 

CASU 

\ WE 

1 1 
1 1 
1 1 
1 I 

\'--____ --JI 
\~ ___ _.JI 

1 1 I 
tau(DQR) -, -+1." --'-~.I I I 141 .. ,.---+.If-- th{WLO) 

I 141 .. _-~ .. I- th(RDQ) 1 I 
1 I 1414-+l~I~ tsu(DWL) 
1 I 1 I 

DQO-DQ1S ~ Writ. Mask ~ Valid Input ~ 

Figure 7. Example of a Nonpersistent Wrlte-Per-Bit (Late-Write) Operation 
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persistent write-per-bit 
.The persistent write-per-bit mode is initiated by performing a load-write-mask-register (LMR) cycle. In the 
persistent write-per-bit mode, the write-per-bit mask is overwritten but remains valid over an arbitrary number 
of write cycles until another LMR cycle is performed or power is removed. 

The LMR cycle is performed using DRAM write-cycle timing with DSF held high on the falling edge of RAS and 
held low on the first falling edge of CASx. A bin~e is input to the write-mask register via the random I/O 
pins and latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. Byte 
write control can be applied to the write mask during the LMR cycle. The persistent write-per-bit mode can then 
be used in exactly the same way as the nonpersistent write-per-bit mode except that the input data on the falling 
edge of RAS is ignored. When the device is set to the persistent write-per-bit mode, it remains in this mode and 
is reset only by a CBR refresh (option-reset) cycle (see Figure 8). 

hi Load-Wrlte-Maak Reglater I Peralstent Write-Par-Bit CBR Refrash (option reset) . I 
I :......J 

RASI I I \ I \ I I 
I I I 

CASxI '\ I: \ I I \ rl 
I I I I 

AO-AS 

I Address I I. I 

DSFFt VA ~ & ~ ~ 
WEFt 'W$. . ~ Am\ ~ ~ 

~~~5 ~Wrlte-MaSk~ Valid ~ 
I Date I Input I 

Maak Data • 1: Write to 1/0 enabled 
= 0: Write to 1/0 disabled 

Figure 8. Example of a Persistent Wrlte-Per-Blt Operation 
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block write 

8-216 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as 4 columns x 4 DOs and repeated in four quadrants. In this manner, each of the 
four 1-megabit quadrants can have up to four consecutive columns written at a time with up to 4 DOs per column 
(see Figure 9). 

One Row of 0-511 

OQ15ffiI] 

OQ14ffiI] 

OQ13ffiI] 

OQ12ffiI] 

OQ11ffiI] 

OQ10ffiI] 

OQ9ffiI] 

OQsffiI] 

OQ7ffiI] 

OQsffiI] 

OQ5ffiI] 

OQ4ffiI] 

OQ3ffiI] 

OQ2ffiI] 

OQ1ffiI] 

DOO~ 
4 ConsecutIve Columns of 0-511 

Figure 9. Block-Write Operation 

4th Quadrant 

Each 1-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DO data is provided by 4 bits from the on-chip color register. 
Bits 0-3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register. and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4-7, 8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 14). 
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block write (continued) 

oM 

I 
c: 
E = 8 

oM 

I 
I 

DQ15lITO 

DQ14 lITO 

DQ13 lITO 

~O DQ12 ~~ r--, 
lITO 

.J._, I 
DQ11 I I 

"'; rrrn -1 I II 
cI' DQ10WlJ 12 ~ I l-, 

,f lITO 13 [-.I~ I! 
DQ9 14 ~ t -' 

15 -' 

One Row of 0-511 

DQ7lITO 

~ DQ15lITO 

J> DQ15lITO 

r--' 

DQ8(OJ] r--' 
~. :..J._, I 

10 
11 

_, I I 
I I I 
I l J 
~ -' 

r-' 

rrrn .J._, I 
/'; DQ3WlJ -, I I 
cI' DQ2 rrrn 4 M++M I I I 

.... WlJ ,I -' 
DQ1 rrrn : I 

0 
1 
2 
3 

WlJ 7 +t-t-t.c)L 

1 2 3 4 15 15 7 8 9 10 11 ,0 12 13 14 15 I 
~------------------------------~vr---------------------------------~ 

.Color Register 

Figure 10. Block Write With Masks 
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block write (continued) 

8-218 

A set of four columns makes a block, resulting in 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 11. 

Block 0 Block 1 •••.••.••.••.••.••.••• Block 127 
,r---...JA"'--""vr---...JA \ I A", __ ",,\ 

On.RowofO~511 I 1 ·1 1 1 I 
o 2 3 4 5 8 7 .......................... . 511 

\"'-----------'vr-------------J' 
Columns 

Figure 11. Block Columns Organization 

During block-write cycles, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of CASx to decode one of the 128 blocks. Address bits AO-A1 are ignored. Each 1-megabit 
quadrant has the same block selected. 

A block-write cycle is entered in a manner similar to a DRAM write cycle except DSF is held high on the first 
falling edge of CASx. As in a DRAM write operation, CASLand CASU enable the corresponding lower and upper 
DRAM DQ bytes to be written. The column-mask data is input via the DQs and is latched on either the first falling 
edge of CASx or the falling edge of WE, whichever occurs later. The 16-bit color-data register muSt be loaded 
prior to performing a block write as described below. Refer to the write-per-bit section for details on use of the 
write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (AO-A8 from left to right) 

bit 0 bit 15 
color-data register = 1011 1011 1100 0111 

write-mask register = 1110 1111 1111 1011 
column-mask register = 1111 0000 0111 1010 

1st 2nd 3rd 4th 
Quad Quad Quad Quad 

Column-address bits AO and A 1 are ignored. Block 0 (columns 0 -3) is selected for each 1-megabit quadrant. 
The first quadrant has DQO-DQ2 written with bits 0-2 from the color-data register (101) to all four columns of 
block O. OQ3 is not written and retains its previous data due to write-mask-register-bit 3 being O. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to column-mask bits 4-7 being 0, so 
that no data is written. 

The third quadrant (DQ8-OQ11 ) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1-3 of its block O. Column 0 is not written and retains its previous data on all four OQs due to 
column-mask-register-bit 8 being O. 
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The fourth quadrant (0012-0015) has 0012, 0014, and 0015 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block O. 0013 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all ~Os due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 12 after 
the block-write operation shown in the previous example. 

OQ1511 1 0 11 1 0 I 
OQ1411 1 0 11 1 0 I 

OQ131 0 1 0 1 0 1 0 I 
~2~ 

Columns 0 1 2 3 

Figure 12. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

The load-color-register cycle is performed using normal ORAM write-cycle timing except that OSF is held high 
on the falling edges of RAS, CASL, and CASU. The color register is loaded from pins 000-0015, which are 
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx 
is low, only the corresponding byte of the color register is loaded. When the color register is loaded, it retains 
data until power is lost or until another load-color-register cycle is performed (see Figures 13 and 14). 

I Load-Color-Reglster Cycle I 
I I 

Block-Writs Cycle 
(no write mask) 

I Block·Wrlte Cycle I 
I (load and use write mask) I 

I I 
RAS !-r'\~==~ __ -J;-r-\,I __ I 

CASxl \ II 

I I 

rh..,...4..1 ~==~-_/I 
\ ..... _...JI I \ /-i 

AO-AS 2 3 2 

WE 

TRG 

OSF 
OQO-OQ1S 4 6 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-AS) is latched on the first falling edge of CASx. 
4. Color-register data 
5. Write-mask data: OQO-OQ15 are latched on the falling edge of RAS. 
6. Column-mask data: OQI-OQi+3 (I = 0, 4, 8, 12) are latched on eitherthe first falling edge of CASx or the falling edge of WE, whichever 

occurs latar . 
• cc:c::o:::o:'CCot = don't care 

Figure 13. Example of Block Writes 
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load color register (continued) 

I Load-Wrlte-Uask-Rsglater Cycle 

I 
I 

RAS 

~=~--

Loed-Color-Regl8ter Cycle Persistent Block-Write Cycle 
. (use 108ded write Inok) 

DSF ~:;;;;:~~:J~::::~~:;;;;:~~~~~~~~~~~~;;~~~~~ DQO-DQ15 B 
Legend: 

1. Refresh address 
2. Row address 
3. Block address (A2-A8) Is latched on the first falling edge of CASx. 
4. Color-register data 
5. Write-mask data: 000 -0015 are latched on the falling edge of CASx. 
6. Column-mask data: 001-00i+3 (I = 0, 4, 6, 12) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 

occurs later. 
= don't care 

Figure 14. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by TRG being brought low 
and WE being held high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of 
RAS, determines whether the full-register-transfer read operation or the split-register-transfer read operation 
Is performed. 

Table 2. SAM Function Table 

RASFAlL 

FUNCTION 

CASxt TRG 

Full-register-transfer read H 

Split-registar-trensfar read H 

t logic L IS selected when either CASL or CASU are low. 
X = don'tcare 

L 

L 

WE 

H 

H 

CASx 
FALL 

DSF DSF 

L X 

H X 
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Row Tap 
Addr Point 

Row ' Tap 
Addr Point 
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ful/-register-trsnsfer resd 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO-AS) are latched at the first falling edge of CASx, where address bit AS selects which half of the row is 
transferred. Address bits AO-A7 select one of the SAM's 256 available tap pOints from which the serial data 
is read out (see Figure 15). 

AS=O A8=1 o 255256 

o 255 

511 

512 x 512 
Memory Array 

256-Blt 
Data Register, 

Figure 15. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each ofthese offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 16). 

Early Load Real-TIme Load Late Load 
\ \ \ 

RAS i ' rr' rr' I 
\ \ \ \ 

CAsx\ \ II \ II '--./ I 
I I I \ 

AO-AS\ Row Tap ~ Row Tap Row Tap \ 
Point \ Point \ Point 

TRG !\...J I \ I I \ II 
I I I I 

WE~~~~ 
\ \ 

~~I J ~ __ +\ __ -J 

Figure 16. Example of Full-Reglster-Transfer Read Operations 
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split-reglster-transfer read 

In the split-reglster-transfer-read operation, the serial-data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 12S-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 

o 

o 255 

511 

512 x 512 
Memory Array 

256-8lt 
Data Register 

Figure 17. Split-Register-Transfer Read 

To invoke a split-register-transfer-read cycle, DSF is brought high, TRG is brought low, and both are latched 
at the falling edge of RAS. Nine row-address bits (AO-AS) are also latched at the falling edge of RAS to select 
one ofthe 512 rows available for the transfer. Eight of the nine column-address bits (AO-A6 and AS) are latched 
at the first falling edge of CASx. Column-address bit AS selects which half of the row is to be transferred. 
Column-address bits AO-A6 selects one of the 127 tap points in the specified half of the SAM. Column-address 
bit A7 is Ignored, and the split-register transfer is internally controlled to select the inactive register half. 

A8=O AS= 1 AS =1 A8=O 
;A-.. ;A-.. ;A-.. ;A-.. 

0 511 0 A7 = ot 511 0 A7=1t 511 o A7=Ot 511 

DRAM II m m II 
SAM A B 'f@~ .~ C B .~ C 0 .~ E 0 

SQ SQ SQ SQ 

t A7 shown Is Internally controlled. 

8-222 

Figure 18. Example of a Split-Register-Transfer Read Oper.atlon 

A fUIl-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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split-register-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low. 
the serial-address pointer is accessing the lower (least significant) 128 bits of the SAM. When QSF is high. the 
pOinter is accessing the higher (most significant) 128 bits of the SAM. aSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 

RAS 

CASx 

TRG 

DSF 

SC 

QSF 

Full-Reglster-Transfer Read 
With Tap Point N 

Spllt-Reglster
Transfer Read 

\ "'--__ --'/ \ ..... ___ ..J/ 

\ / \"-_-J/ 
1 

"'--__ ~: -JA \~ ______ ~/ 
I I 

\ 

I: ;--\~ ____________ __ 
1 1 
1 1 __________ ~L----~I----------------------_~ !;OO::O td(CLQSF) -+j Point N 

_________________ 1_4 ____ ~)(~~~(-GH-Q-S-F~)--------------__ __ 

Figure 19. Example of a Spllt-Reglster-Transfer Read After a Full-Register-Transfer Read 

Spllt-Reglster-
Transfer Read Spllt-Reglster-

With Tap POint N Transfer Read 

RAS \' I( 1\ / 
1 1 

\ ~ 
1 \ / CASx 
1 

1 1 

TRG~ I 1 \: I 1 
1 I 

DSF~ 1 h 1 .J ~(RHMS) I- ~(MSRL) 

SC 

1+---."'1- ~(SCQSF) 

QSF ------------------------------~>t}--------------------

Figure 20. Example of Successive Spllt-Reglster-Transfer Read Operations 
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serlal·read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the. SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 21. 

011121 ..... 1 Tapl-.···1254 12SSI 
I 

Figure 21. Serial-Pointer Direction for Serial Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register transfer (see Figure 22). 

Figure 22. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pOinter points next to 
bit 128 or bit 0, respectively (see Figure 23). 

Figure 23. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

8-224 

The SMJ55161 offers programmable stop-paint mode for split-register-transfer read operation. This mode can· 
be used to improve two-dimensional drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 24). 

0 

I I 
Partition ~ { Length 

127 128 

I· . ·1 I I 

1. .. 1 1 
Figure 24. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS also latqpes row addresses 
A4-A7 which are used to define the SAM's partition length. The other row-address inputS are don't cares. 
Stop-point mode should be initiated after the initialization cycles are performed (see Table 3). 

Table 3. Programming Code for Stop-Point Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF 
PARTITION PARTITIONS 

STOP-POINT LOCATIONS 
LENQTH AS A7 A8 AS A4 AO-A3 

16 X L L L L X 16 
15,31.47.63.79.95.111.127.143.159.175. 
191.207.223.239.255 

32 X L L L H X 6 31.63.95.127.159.191.223.255 

64 X L L H H X 4 63.127.191.255 

128 
X L H H H X 2 127.255 (default) 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines the SAM 
partition in which the serial output begins and at which stop point the serial output stops coming from one half 
of the SAM and switches to the opposite half of the SAM (see Figure 25). 

~ ~ Full ,..-___ ..... Split 

RAS . -{'ead XFEi ~ead XFE'l 

Tap = HI Tap=Ll 

Split 
~eadXFEi 

Tap=H2 

Split ~ r
~eadXFEFf 

Tap = L2 

HI 191 Ll 83 H2 • 255 L2 
, SC ________ .... ~ ••• ~ ••• ~ •••••• .J'\.f\... 

SAM Low Half SAM High Half 
0 Ll 83 L2 127 128 HI 191 H2 255 

[ ! t 1 f 1 : :: ~ 

.. .. 
Figure 25. Example of Split-Register Operation With Programmable Stop Points 
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256-/512·blt compatibility of spllt·reglster programmable stop point 

The stop-point mode is designed to be compatible with both 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle. Initiated, the stop-point mode b~mes active. In the stop-point mode, ~d only In the .stop-point 
mode, the cOlumn-address bits AY7 and Aya are Internally swapped to assure compatibility (see Figure 26). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit Aya is a don't care and AY7 
decodes the DRAM row half for the split-register transfer. During stop-point mode, a CBR (option reset) cycle 
is not recommended, because this ends the stop-point mode and restores address bits AY7 and Aya to their 
normal functions. Consistent use of CBR cycles ensures that the SMJ55161 remains in normal mode. 

NONSTOP-POINT MODE 

o 255 

512,,512 
Memory Array 

2M-Bit 
Data Reglater 

STOP-POINT MODE 
AY8-0 AY8.1 

AY7.0 AY7.1 AY7.0 AY7.1 

o 255 

512" 512 
Memory Array 

2M-Bit 
Date Register 

Figure 26. DRAM·to·SAM Mapping, Nonstop·Polnt Versus Stop Point 

IMPORTANT: For proper device operation, a stop-point-mode (CBRS) cycle should be initiated immediately 
after the power-up initialization cycles are performed. 

power up 

8-228 

To achieve proper device operation, an initial pause of 200 J.IS is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are req\Jlred to Initialize the SAM port. 

After initialization, the Internal state of the SMJ55161 is as follows: 

STATE AFTERINITIAUZATION 

QSF Defined by the transfer cycle during Initialization 
Write mode Nonpersistent mode 
Write-mask register Undefined 
Color register Undefined 
Serial-register tap point Defined by the transfer cycle during Initialization 
SAM port Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ......... .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. ... -1 V to 7 V 
Voltage range on any pin ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 V to 7 V 
Short-circuit output current ................................................................ 50 mA 
Power dissipation ......................................................................... 1.1 W 
Operating free-air temperature range, TA .......................................... ,- 55°C to 125°C 
Storage temperature range, Tstg .................................................. -65°C to 150·C 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, end 
functional operation of the device at these or any other conditions beyond those Indicated under 'recommended operating conditions' Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input vo~age 2.4 6.5 V 

VIL Low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature -55 125 ·C 

NOTE 2: The algebraiC convention, where the more negative (less positive) limit is deSignated as minimum, is used for logic-voltage levels only. 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

TEST CONDITIONS * SAM 
PARAMETER PORT 

VOH High-level output voltage 10H =-1 mA 

VOL loW-level output voltage IOL=2mA 

VCC = 5.5 V, 
II Input current (leakage) VI = 0 V to 5.8 V, 

All other pins at 0 V to VCC 

10 Output current (leakage) (see Note 3) VCC = 5.5 V, Vo = OVtoVCC 

ICCI Operating current § See Note 4 Standby 

ICC1A Operating current § !crSC) = MIN Active 

ICC2 Standby current All clocks = VCC Standby 

ICC2A Standby current !c(SC) = MIN Active 

ICC3 RAS-only refresh current See Note 4 Standby 

ICC3A RAS-only refresh current !crSC) = MIN, See Note 4 Active 

ICC4 Page-mode current § !c(P) = MIN, See Note 5 Standby 

ICC4A Page-mode current § !crSe) = MIN, See Note 5 Active 

ICC5 CBR current See Note 4 Standby 

ICC5A CBR current !cISC) = MIN, See Note 4 Active 

ICC6 Data-transfer current See Note 4 Standby 

ICC6A Data-transfer current !c(SC) = MIN Active 
.. .. . . * For conditions shown as MINIMAX, use the appropriate value specified In the timing reqUIrements . 

§ Measured with outputs open 
NOTES: 3. SE is disabled for sa output leakage tests. 

4. Measured with one address change while RAS = VIL; !c(rd), !c(W).!c(TRD) = MIN 
5. Measured with one address change while CASx = VIH 

"!!} TEXAS 
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'55161-70 '55161-80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 iAA 

:1:10 :1:10 iAA 
165 160 mA 

210 195 rnA 

12 12 mA 

70 65 mA 

165 160 mA 

215 195 mA 

100 95 mA 

145 130 mA 

165 160 rnA 

210 195 mA 

180 170 lilA 

225 200 mA 

8-227 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN TYP MAX UNIT 

Ci(A) Input capacitance, address Inputs 5 10 pF 

CHRO} Input capacitance, address-strobe inputs 8 10 pF 

CIlWl Input capacitance, write-enable Input 7 10 pF 

CI(SC) Input capacitance, serial clock 6 10 pF 

CI(SE) Input capacitance, serial enable 7 10 pF 

CI(DSF) Input capacitance, special function 7 10 pF 

Ci(TRG) Input capacitance, transfer-register input 7 10 pF 

CoCO) Output capacitance, SO and DO 12 15 pF 

CorOSF) Output capacitance, OSF 10 12 pF 

NOTE 6: VCC = 5 V:t 0.5 V, and the bias on pins under test Is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

TEST ALT. '55161-70 '55161-80 
PARAMETER 

CONDITIONSt SYMBOL 
UNIT 

MIN MAX MIN MAX 

ta(C) Access time from CASx id(RLCL) = MAX tCAC 20 20 ns 

ta(CA) Access time from column address id(RLCL) = MAX tAA 35 40 ns 

ta(CP) Access time from CASx high id(RLCL) = MAX tCPA 40 45 ns 

ta(R) Access time from RAS id(RLCL) = MAX tRAC 70 80 ns 

ta(G) Access time of DO from TRG low toEA 20 20 ns 

ta(SO) Access time of SO from SC high CL=30pF tSCA 20 25 ns 

ta(SE) Access time of SO from SE low CL = 30 pF !sEA 15 20 ns 

idis(CH) 
Disable time, random output from CASx high 

CL=50pF toFF 0 20 0 20 ns 
(see Note 8) 

idis(RH) 
Disable time, random output from RAS high 

CL=50pF 0 20 0 20 ns 
(see Note 8) 

idis(G) 
Disable time, random output from TRG high 

CL=50pF tOEZ 0 20 0 20 ns 
(see Note 8) 

idis(WL) 
Disable time, random output from WE low 

CL=50pF twEZ 0 20 0 20 ns 
(see Note 8) 

idis(SE) 
Disable time, serial output from SE high 

CL = 30 pF tSEZ 0 15 0 20 ns 
(see Not~8) 

.. 
t For conditions shown as MINIMAX, use the appropriate value speCified In the timing reqUirements . 
NOTES: 7. Switching times for RAM-port output are measured with a load equivalent to 1 TTL load and 50 pF. Data-out reference level: 

8-228 

VOH /VOL = 2 V/0.8 V. Switching times for SAM-port output are measured with a load equivalentto 1 TTLioad and 30 pF. Serial-data 
out reference level: VOH I VOL = 2 V/0.8 V. 

8. idis(CH), idis(RH), idis(G), idis(WL), and idis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

te(rd) Cycle time, read 

te/Wl Cycle time. write 

te(rdW) Cycle time, read-modlfy-write 

te(Pl Cycle time, page-mode read, write 

te(RDWP) Cycle time, page-mode read-modlfy-write 

teITRDl Cycle time, transfer read 

te(SC) Cycle time, serial clock (see Note 9) 

tw(CH) Pulse duration, CASx high 

twlCLl Pulse duration, CASx low (see Note 10) 

1w(RH) Pulse duration, RAS high 

1wlRLl Pulse duration, RAS low (see Note 11) 

twlWLl Pulse duration, WE low 

tw(TRG) Pulse duration, TRG low 

tw(SCH) Pulse duration, SC high 

twlSCLl Pulse duration, SC low 

tw(GH) Pulse duration, TRG high 

tw(RL)P Pulse duration, RAS low (page mode) 

\sulCAl Setup time, column address before CASx low 

\su(SFC) Setup time, DSF before CASx low 

\suiRAl Setup time, row address before RAS low 

lsu(WMR) Setup time, WE before RAS low 

lsu(DOR) Setup time, DO before RAS low 

lsuITRGl Setup time, TRG high before RAS low 

lsu(SFR) Setup time, DSF low before RAS low 

tsu(DCL) Setup time, data valid before CASx low 

lsulDWLl Setup time, data valid before WE low 

\su(rd) Setup time, read command, WE high before CASx low 

\su(WCL) Setup time, early-write command, WE low before CASx low 

tsulWCHl Setup time, WE low before CASx high, write 

\sulWRH) Setup time, WE low before RAS high, write 

tl1(CLCA) Hold time, column address after CASx low 

thlSFCl Hold time, DSF after CASx low 

thlRAl Hold time, row address after RAS low 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

ALT. '55161-70 '65161-80 
SYMBOL UNIT 

MIN MAX MIN MAX 
tRC 130 150 ns 

twc 130 150 ns 

tRMW 175 200 ns 
tpc 45 50 ns 

tPRMW 85 90 ns 

tRC 130 150 ns 

tscc 22 30 ns 

tePN 10 10 ns 

teAS 20 10000 20 10000 ns 

tRP 50 80 ns 

tRAS 70 10000 80 10000 ns 

twp 10 15 ns 
20 20 ns 

tsc 8 10 ns 

tscp 8 10 ns 

1TP 20 20 ns 

tRASP 70 100000 80 100000 ns 

tASC 0 0 ns 

tFSC 0 0 ns 

tASR 0 0 ns 

twSR 0 0 ns 

tMS 0 0 ns 

1THS 0 0 ns 

tFSR 0 0 ns 

tDSC 0 0 ns 

tDSW 0 0 ns 

tRCS 0 0 ns 

twcs 0 0 ns 

teWL 15 20 ns 

tRWL 20 20 ns 

tCAH 10 15 ns 

teFH 15 15 ns 

tRAH 10 10 ns 

10. In a read-modify-write cycle, Id(CLWL) and lsu(WCH) must be obselVed. Depending on the user's transition times, this can require 
additional CASx low time [tw(CL»)' 

11. In a read-modify-write cycle, Id(RLWL) and lsu(WRH) must be obselVed. Depending on the user's transition times, this can require 
additional RAS low time [tw(RL))' 
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timing requirements over .recommended ranges of supply voltage and operating free-air 
temperature (continued) t 

ALT. '55161-70 
SYMBOL MIN MAX 

thCTRGI Hold time, TRG after RAS low trHH 15 

th(RWMI Hold time, write mask after RAS low tRWH 15 

th(R[)O) Hold time, DO after RAS low (write-mask operation) tMH 15 

th(SFRI Hold time, DSF after RAS low tRFH 10 

th(RLCAI Hold time, column address valid after RAS low (see Note 12) tAR 30 

th(CLD) Hold time, data valid after CASx low tDH 15 

th/RLDI Hold time, data valid after RAS low (see Note 12) tDHR 35 

th(WLDI Hold time, data valid after WE low tDH 15 

th(CHrd) Hold time, read, WE high after CASx high (see Note 13) tRCH 0 

th/RHrdl Hold time, read, WE high after RAS high (see Note 13) tRRH 0 

th(CLW) Hold time, write, WE low after CASx low twCH 15 

thlRI.Wl Hold time, write, WE low after AAS low (see Note 12) twCR 35 

th(WLGI Hold time, TRG high after WE low (see Note 14) tOEH 10 

th(SHSOI Hold time, SO valid after SC high tSOH 2 

th(RSF) Hold time, DSF after RAS low tFHR 35 

th(CLOI Hold time, output valid after CASx low tDHC 0 

Delay time, RAS low to CASx high I tCSH 70 
ld(RLCH) I See Note 15 tCHR 10 

ld(CHRLI Delay time, CASx high to RAS low tCRP 0 

ld/CLRHI Delay time, CASx low to RAS high tRSH 20 

ld(CLWLI Delay time, CASx low to WE low (see Notes 16 and 17) leWD 45 

td.(RLCL) Delay time, RAS low to CASx low (see Note 1S) tRCD 20 50 

ld(CARHI Delay time, column address valid to AAS high tRAL 35 

ld(CACHI Delay time, column address valid to CASx high tCAL 35 

ld(RLWL). Delay time, RAS low to WE low (see Note 16) tRWD 95 

ld(CAWLI Delay time, column address valid to WE low (see Note 16) tAWD 60 

ld(CLRLI Delay time, CASx low to RAS low (see Note 15) leSR 0 

ld(RHCLI Delay time, RAS high to CASx low (see Note 15) tRPC 0 

ld(CLGHI Delay time, CASx low to TRG high for DRAM read cycles 20 

ld(GHDI Delay time, TRG high before data applied at DQ tOED 15 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 12. The minimum value Is measured when ld(RLCL) is set to ld(RLCL) min as a reference. 

13. Eitherth(RHrd) or ld(CHrd) must be satisfied for a read cycle. 
14. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

S-230 

15. CBR refresh operation only 
16. Read-modify-write operation only 
17. TRG must disable the output buffers priorto applying data to the DO pins. 
1S. The maximum value is specified only to assure RAS access time. 
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'65161-80 
UNIT 

MIN MAX 

15 ns 

15 ns 

15 ns 

10 ns 

35 ns 

15 ns 

35 ns 

15 ns 

0 ns 

0 ns 

15 ns 

35 ns 

10 ns 

2 ns 

35 ns 

0 ns 

SO 
ns 

15 

0 ns 

20 ns 

50 ns 

20 60 ns 

40 ns 

40 ns 

105 ns 

65 ns 

0 ns 

0 ns 

20 ns 

15 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

ALT. '55161-70 '55161-80 
SYMBOL 

UNIT 
MIN MAX MIN MAX 

tg(RLTIil Delay time, RAS low to TRG high (see Note 19) tRTH 55 60 ns 

1cICRLSH) Delay time, RAS low to first SC high after TRG high (see Note 20) tRSD 70 80 ns 

1cICRLCA) Delay time, RAS low to column address valid tRAD 15 35 15 40 ns 

1cI(GLRH) Deiay time, TRG low to RAS high tROH 20 20 ns 

1cICCLSH) Delay time, CASx low to first SC high after TRG high (see Note 20) teSD 20 25 ns 

1cI(SCTR) Delay time, SC high to TRG high (see Notes 19 and 20) ITSL 5 5 ns 

\gfrHRI-Il Delay time, TRG high to RAS high (see 19) ITRD -10 -10 ns 

1cI(THRLl Delay time, TRG high to RAS low (see Note 21) ITRP 50 60 ns 

1cI(THSC) Delay time, TRG high to SC high (see Note 19) ITSD 15 20 ns 

1cI{RHMS) 
Delay time, RAS high to iast (most significant) rising edge of SC before 

20 20 ns boundary switch during split-register-transfer read cyclas 

1cICCLTH) Delay time, CASx low to TRG high in real-time-transfer read cycles tCTH 15 15 ns 

1cI(CASH) Delay time, column address to first SC in early-load-transfer read cycles tASD 25 30 ns 

1cI(CAGH) 
Delay time, column address to TRG high in real-time-transfer read 

lATH 20 20 ns cycles 

1cI(DCL) Delay time, data to CASx low tDZC 0 0 ns 

1cICDGLl Delay time, data to TRG low tozo 0 0 ns 

1cI(MSRL) 
Delay time, last (most significant) rising edge of SC to RAS low before 

20 20 ns boundary switch during spIH-register-transfer read cycles 

1cI(SCOSF) 
Delay time, last (127 or 255) rising edge of SC to OSF switching at the 

tSOD 25 30 ns boundary during split-register-transfer read cycles (see Note 22) 

1cI(CLOSF) 
Delay time, CASx low to OSF switching in transfer-read cycles 

teoo 30 35 ns (see Note 22) 

1cI(GHOSF) 
Delay time, TRG high to OSF switching in transfer-read cycles 

lToo 25 30 ns (see Note 22) 

1cI(RLOSF) 
Delay time, RAS low to OSF switching in transfer-read cycles 

tROD 70 75 ns (see Note 22) 

trf(MA) Refresh time interval, memory tREF 8 8 ms 

tt TransHion time IT 3 50 3 50 ns 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 19. Real-time-load transfer read or late-load-transfer read cycle only 

20. Early-load-transfer read cycle only 
21. Full-reglster-(read) transfer cycles only 
22. Switching times for OSF output are measured with a load equivalent to 1 TIL load and 30 pF, and output reference level Is 

VOH /VOL = 2 V/0.8 V. 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ , ~ ~~ ~ , 
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tt ~ I i+- teI(CLRH) --.I , , I I+- teI(RLCL) --.I I I I 
~ 14- teI(CHRL) I" ~(CL) ~ 

vwJ. I I }.J I , lit 1\ 
CASx <ttl II I I ~ . 1 1 ~ ~~(CH)~ '----

teI(RLCA) ~ ., I , I I I I 
th(RA) ~ '+-, ,.., , teI(CARH) --+i , , I 

I '" ," th(RLCA) --+l I I I' , 
, I , 1 I I , 

tau(RA) ~ ~, ,.." teI(CACH) I'~ I 

~'lltauCA) '~ .. ~ 
AD-AS Row OC7umn ~ 

1':1 ~ th(SFR) I I' , 

taU(SFR)+I~ _I .. . 
OSF~I' , 

~" 

WE~:: ! ~,,~) i!4 ~ 
, I I, 1+ tells (G) ~ 

teI(OGL) ---t',"e----I-.!.I ,I ~ ta(G) +I' , 
\ I " 
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I I ~ ta(C)---+J 

I I.. ta(CA) .: 

I" ta(R) ., 

Figure 27. Read-Cycle,Tlmlng With CASx-Controlied Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
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Figure 28. Read-Cycle Timing With RAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 
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I j+-lcI(RLCL) -.I lcI(CLRH) i ~, I 

~ rt lcI(CHRL) ~ tw(CL) ~ ilcl(CHRL) ~ 

CASx ~ I I N Y~twCH ----J'-
I !4-- th(RLCA) ~ I r i () -I 

th(RA) --t..I I+- L , I 1 
I I I -.I ~ tsu(CA) I I 

lcI(RLCA) I 141 ~ 1 L ~ lcI(CACH) . ~ 1 
1 I I __ th(CLCA) I _I 

tsu~mnv\} ~. 
AO-AS ~~umn ~ 

tsu(SFR) -.I j4t -+I I 1 tsu(SFC) I 1 

i I 14-- th(RSF) ---.I I I 

th(SFR) M· r- I I ~I ~ . 

DSF~II~II~ 
I I I I 
~ 14- th(TRG) I I I 

TRG~'wn~ 
I I 

tsu(WMR) -.I H 14 I I tsu(WRH) ~ i I r- i I I th(RLW) ~ 
lh(RWM)~ 14-. I I ~ th(CLW) ~ 

~. ~ !+ttsu(WCL) I 

WE 1 .: : .tw(WL) ~ 
I ~ J4t tsu(DCL) 

tsu(DQR)~ 14+ I 1_ - 1 
I I _ th(CLD)--.! 

th(RDQ)~ 14- I 1 

~~"~l th(RLD) ~ 
DQO-DQ1S ~ 3 _ 

Figure 29. Early-Write-Cycle Timing 

Table 4, Early-Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 

Write operation (nonmasked) H Don't care Valid data 

Write operation wkh nonpersistent write-per-bit 

Write operation with persistent write-per-bit 

~TEXAS 
INSTRUMENTS 

L 

L 

8-234 POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

Write mask Valid data 

Don'teare Valid data 
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TRG ~ I : i I I~ lsu(WRH) i~: ~ 
-+j 1+1- tsu(TRG) I I I~ lsu(WCH) ---.l I 

! _ iii I~ I th(CLW) ~I I 
1411 tc!(GHO) n ' I I 

I _I~ I I th(RLW) ~I I 
-+i ~ tsu(WMR) I I I I I 
~ I l~ th(WLG) J~ 

WE ~ : ~ tw(WL) ~~ 
1 _I lsu(OWL) ~ ~ 

lsu(OQR) ~ ~ I I i+-- th(WLO) -.I 
I -+j ~ th(ROQ) I I I 
I I~I I I th(RLO) ~I 

OQO-OQ15 ~ 3 ~ 
Figure 30. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 

Tabie 5. Late-Write-Cycle State Tabie 

CYCLE 
1 

Write operation (nonmasked) H 

WrRe operation wRh nonpersistent write-per-bit L 

WrRe operation with persistent wrRe-per-bit 

~TEXAS 
INSTRUMENTS 

L 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

STATE 

2 

Oon'tcare 

WrRemask 

Don't care 

3 

Valid-data 

Valid data 

Valid data 
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PARAMETER MEASUREMENT INFORMATION 

I~ ~~------------------~ 
___ "",I 14 twIRL) ---------------l~ 

~~----------------------~ I I~ tcI(RLCH) ----------,~ 
tt ~ i+ . I~ tcI(CLRH) ------+--I~ 

I ~ tcI(RLCL) -+I 
I tcI(CHRL) I 

~~~~~--~,~14~----

AO-AS 

14-!-+------- tsu(WRH) --------~ 

.' 
I 
I -------

14----Ih(CLD) ~ 

14-----+---- th(RLD) .: 

DQO-DQ15 ..,..,...,...""""",,.....'""'............. Write Mask See Note A _ 

t Load-wrlte-mask-register cycle puts the device into the persistent wr~e-per-bit mode. 

8-236 

Figure 31. Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 

-!!1 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 
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DSF 

DQO-DQ1S 
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PARAMETER MEASUREMENT INFORMATION 

I~ tc(W) ~I 
__ --.;1 I~ twIRL) ~I 1 

N yi ~ I ~ tcI(RLCH) ~I 1 I+- tw(RH) -+j 
it -+f j4- I~ tcI(CLRH) I ~ I I 
-+! ~ tcI(CHRL) I I 1411 tcI(CHRL) ~ 

1 I :+- tcI(RLCL) -.: I ~ ~ tt 

'X'WWge I I ~~ tw(CL) .;.vtlo--+I-----.... ~ 
5!tlU 1 Ii} " !+i-- tw(CH) ~ 'L.. 

~ 
th(RA) f..l 14- 1 I ill I 

1 j'4-- lh(RSF) I~ I I 
tau(SFR) -+I i4t -+I ~ tsu(SFC) I I 

~~Ii'~~_= .. ~II~'-~ 
~!!. ! I~ tsu~RH)!~:~ 

-+I ~ tau(TRG) 1 I~ tau~CH) ~I 1 
I . 1 1 I~ I th(CLW) ~I 1 

i.W- tcI(GHD) -+t 1 1 I 
: I~ I th~RLW)~1 1 

tsu~MR)-+! ~ I~ th~LG) 1 ~I 
I Ii+- th(RWM) +-+I I 1 

NQQQ<T I N'~ tw(WL) ~'= "a.:&;/ 1 I I~ _ 

: tsu(DWL) +! i4-
1 I II i+- th~LD) -+I 
1 1 I 
I~ 1 th(RLD) ~I 

~ Write Maskt ~ 
t Load-write-mask-reglster cycle puts the device into the persistent write-per-bit mode. 

Figure 32. Load-Write-Mask-Reglster-Cycle Timing (late-Write Load) 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 8-237 
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PARAMETER MEASUREMENT INFORMATION 

loiii tc(rdW) ., 

'l1li tw(RL) .,' 

---{~ Id(RLCH) .~I ~' 
RAS I~ , I I 

-+! ~ Id(CHRL) . ,. Id(CLRH) ~ (RH) 

vvvJ. : i+-1d(RLCL) -:!1111 tw(CL) .; ir. ., Id(CHRL) 

CASx <tll I i ~I N Jtf1 ~ 
I ,l1li ., Ih(RA! I , , ,1+ tw(CH) +I 
I I I -.. i4- lsu(CA) , , 

" I I ~ j4-th(CLCA) " 
I ~th(RLC~~ " 

.'''''-1 ~~~~~~!: ~::=-
AO-AS ~:~~ol~mn_"_ 

~th(RSF) ,~ 
-+I !.+ tsu(SFR) : ~ th(SFC) , , 

th(SFR) I 11l1li .' -+I ,l1li' I ~ 
~" 0mJ',1 1-OSF~II ~ , 

I L ~ Isu(rd) ,l1li., I tsu(WCH) 
- th(TRG) ~ I+-IsU(WRH) -+I 

I I , 1l1li i II Id(CAWL) ., I 
, I I , 'l1li ., tw , 

, , ',' " ~~-"';"-+--""I:I~~~~'f'I:!<:7~~ 
1---1'II1----.~, ~~~~~~~ , , I ' 

I th(RLW) I ., 
I4l- lsu(TRG) I th(CLW) -1-, +----.~I 
~ lsu(WMR) 'l1li I 1d(6LWL) ---+I , 
, I II Id(OCL), I I 

th(RWM) j jllll ~ 'l1li I ., I Id(CLGH) I 

14--H-+I- talCAI ' I 14----;---~1_1_- Id(RLWL) ----.I '!......-t---....... ~~~~~~~ 
I II1II-- ta(R) I , I ..... - h(WLO) "'1 

II1II+ lsu(OQR) lIIII,IIIII---j.~:~1 i td(OGL) :l1li ., I Id(GHO) I 
I 
I 

OQO-OQ15 ~~ 7~;: ~ ~ .. '~ ~ 
II J..I--

ta(G)-.l1+- Idls(G) 

Figure 33. Read-Wrlte-/Read-Modlfy-Wrlte-Cycle Timing 

Table 6. Read-Wrlte-/Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 

Write operation (nonmasked) 

Write operation with nonpersistent write-per-bit 

Write operation with persistent write-per-bit 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 

Don'teare 

Write mask 

Don'teare 

3 

Valid data 

Valid data 

Valid data 
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tW(RH) -+i l+-
I", tw(RL)P .1 I I 

RAS N rf\-
i !.. tcs(RLCL) I+-- tcs(CLRH) ----.: : . 

~ ~ tcs(CHRL) I+-- tw(CH) ---+I I .... 1 I.-lt 
I..... LI II I I ~ tcs(RLCA) -... 

I I I I I !.1'" tcs(RLCH) I tc(p) I :.: : 
tau(RA) -+j I 1+ th(RA) ~U(CA):'" .1 I... .1 lh(CLCA) 14---- tcs(qACH) ~ I I 

III ~I I I I I I b _I 

AD-AS ~: ;~R_ !.$leA) +'.. ~,':-~ ~~~~~ ) ~~i., I I I I ~ .: "<CLG~I 
OSF ~ rrtau(SFR)_: 

-II. 
I I... .1 lh(TRG) I I I I I I I 

~ ~ tau(TRG) ~I I I I I I I I I 
TRG mil I II I I I IT, I 

'tI I I I I I I I I I yl I 

WE. 

OQO
OQ15 

-+i ~ tau(WMR\ I I I I I 1 1 I 
I'" I tau(rd) I .1 I I I th(RHrd) --+! i+-

I I I I I 
I I I I -+I I+- talC) I 
I I I ~ ta(CA) -+I I tcsla(WL) ~I 

tcs(OGL) 1:'" .1 I+- ta(G) t---.J I tcsla(RH) ~ 
I'" II ta(R) I .1 I+-- 1.- tcsla(G) -.! 

----i. (aee Note 8) 1 Jr------=;.:.:;:=;:.c....--,L Jr----~--!. 
Oats Out Oats In 

I 
14-- tcs(OCL) ----+I 

NOTES: A. Access time Is ta(CP) or ta(CA) dependent. 
B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 
C. A write cycle or a read-modlfy-wr~e cycle can be mixed with the read cycles as long as the write and read-modify-write timing 

specificetlons are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CASx to select the desired 
wr~e mode (normal, block write, etc.). 

Figure 34. Enhanced-Page-Mode Read-Cycle Timing 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS 77251-1443 8-239 
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. PARAMETER MEASUREMENT INFORMATION 

~ rI4l41------------- tW(RL)P -----------~}~ 

RAS. i)~4======~~~~======.r~--------------~~::~{ !~ ~!~ 
1 I tcl(RLCH) 14 tc(P) ___ ...J~~I tw(RH~~ 
1 I0Il4'---- tcl(RLCL) ---~ I+-- tw(CH) ~I ~ tcl(CLRH) 1 

-+I !+t tcl(CHRL) '4--~- tw(CL) I:+- tcl(CHRL) -+' .-------.i. I 
CASx 1 ~ tcl(RLCA) ---+I 1 I I 
tau(RA) +l I+t tau(CA) ~ ~ f4--+--~1 - th(CLCA) ! ..... 1 ---I 1 

1 I+- th(RA) -+I 1 1 I I I+- tcl(CACH) -+t 1 

: I I< : "(RLCAj I I .~..,.....~ 1"_,. .~ 
AD';~ I : R_ )0( H-~ 7'llA ~WO,: .~ 

1+11 i+t tau(SFR) 1 1 h I I II I 1 
4 tcl(RSF)'" I I I 

II!+- th(SFR) -+! 1 1!"III4--!-~~oI-l th(SFC) I t4 I ~ th(SFC) 

DS~ ~ 1 ~~ ; f : ~~14--~~1-2~~ _ 

~ !+f tau(TRG) I I 1 1 

"oW! F"""~~\ ::: Soo • .-A : 

. . ~ !++ tau(WMR) ..... t ... .1 tBu(WCH) =+J, 1+-. 1 
I I !+ th(RWM) +i I'" Bu(WCH) -rI 14-
i-I--"-----i. L7'V'~~ i+ tw(WL) -+l $)~~~~~~~ 1 tau(WRH) -+I 

"""Ar\/V',,,,,,I I I 1 /'f-Y"v .... Y,,'":'''' v" v" "'./'0 "',,, ""AI"'''I\."VI\. 

L .. d --hi tBu(DWL) (Bee Note B) 
~ 1""'0" tBu(DQR) ~ I 

1 1 tBu(DCL) I I hi 14 ~I th(CLD) (see Note B) 
1 1 (see Note B) 14 1 "I 1 
1 1+ th(RDQ) ~ I 14 . ~I th(WLD) (see Note B) 

1 14. I I th(RLD) -----~~I 

~~~~~~ ___ 4 _____ )0(~-------5--------~~ 5 
NOTES: A. Referenced to the first falling edge of CASx or the falling edge of WE, whichever occurs later 

B. A read cycle or a read-modlfy-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late write 
feature is used.lftheearlywrite-cycletiming is used, the state ofTRG is a don't care after the minimum periodth(TRG) from the failing 
edge of RAS. 

Figure 35. Enhanced-Page-Mode Write-Cycle Timing 

Table 7. Enhanced-Page-Mode Write-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (nonmasked) L L H Don~ care 

Write operation with nonpersistent write-per-bit L L . L Write mask 

Write operation with persistent write-per-bit L L L Don~ care 

Load-write mask on either the firstfalling edge of CASx or the 
falling edge of WE, whichever occurs later. t H L H Don~care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

Load-write-mask-re Ister cle uts the device in the ersistent wrlte- er-bit mode. Column address at the fallin ed e of CASx Is a don't care g cy p p p g g 
during this cycle. 

8-240 

~TEXAS 
INSTRUMENTS 
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AO-AS 

DSF 

DQO-DQI5 

PARAMETER MEASUREMENT INFORMATION 

1!1'-1-~:f 

I 
II -+I I+- tclla{G) 

-+II+- ta{c> (H. Note A) 

NOTES: A. Output can go from the high-Impedance state to an invalid-data state prior to the specified access tim •• 

SGMS058 - MAYI995 

B. 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. 

Figure 36. Enhanced·Page-Mode Read-Modlfy-Wrlte-Cycle Timing 
Table 8. Enhanced-Page-Mode Read-Modify-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (nonmasked) L L H Don't care 

Write operation with nonpersistent write-per-bit L L L Write mask 

Write operetlon with persistent wrlte-per-bit L L L Don't care 

Load write-mask register on either the first failing edge of 
CASx or the falling edge of WE, whichever occurs later. t H L H Don't care 

5 

Valid data 

Validdsta 

Validdsta 

Write mask 

Load-wrlta-mask-re Ister Ie uts the device in the erslstent wrlte- er-blt mode. Column address at the fallin ed e of CASx is a don't cere g cyc p p p g g 
during this cycle. 

~1ExAs 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 
lw(RH) -+I i+-

I~ lw(RL)P ~I 1 

RAS N rf\-
, -!. IcI(RLCL) i4--1cI(CLRH) ~ I 

~ ~ IcI(CHRL) I -. +-tt 

I ~ IcI(RLCA) ~ I I i 
i I~ . IcI(RLCH) tc(P): .1 I 

tsu(RA) -+i ~L t ~u(CA) II~ ., I~ .1 th(CLCA) \4--1cI(CACH) ---+i I I, 
, I ~ h(RA) "I I I I I I 1 

, : :4 I "(IWCA) : ~ == ,4 i; "'(CARH) ------, 

AO-AS ~ .. Row \n>J COlu~n ~ C~lumn ~ 
~ I I 

I _ I~ .1 th(SFR) I I I I~ .: IcI(CLGH) 

-+J rltsu(SFR) _I . 

DSF &A : i 
I I~ .1 th(TRG) I I I+- tsuCNCL) -+i I 1 

-+! I tsu(TRG) 1 I I I : I i++I- th(CLW) 

II I II I III I I~----
I I I -+: i4t tsuCNMRI I I I I 

I~ I tsu(rd) -1---" I I 

TRG 

I I I I I I 
WE Xf.T I II I I ~.--lwCNL)-i-I-+--t.y 

U I II I' See Note A -+I *- te(C) 1-

DQO
DQ15 

-.I 1 I I I I I I I I+- ts(CA) I •• .1 blslWL) I I~ .1 
lei (DGL) : i~ .1 ~ta(G)~ I~"', ... ,n I I 

I~ I ta(R) I .1 I ~ tsu(DCL) I 
___ -.1.1 (see Note B) I J ~ ~ ~ 

Data In ") I '" Data Out K Data In )>--------
~ . I 
~ IcI(DCL) ---+i 

th(CLD) 

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

8-242 

B. A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
speCifications are not violated and the proper polarity of DSF Is selected on the failing edge of RAS and CASx to select the desired 
write mode (normal, block write, etc.). 

Figure 37. Enhanced-Page-Mode Read-/Wrlte-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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~ ~ ~ 
___ ~I I'" twIRL) .1 1 

}....I iii 'L 
: t hi f i+- tw(RH) -+I 

I'" tcI(RLCH) ... ~ I+- it I 
tt -+II j+- I'" tcI(CLRH) I .11 I 

I+- tcI(RLCL) ~ I "'1iV M 1<. ~ lw{Cu ~ ~"'(CHRU_ 
CASx ~ ~_ 11 r~i -. J'-

I I 1 I 1 I 1 

-+I ~ tau(RA) 1 I I 1 

III!~ 
AD-AS • 

I I t I - : I th(SFC) 1 1 
I I'" th(RSF)I~ 1 I 

tau(SFR) +'1 io4t -+i ~ tau(SFC) 1 1 

~~lh(SFR)11 _II 
~II~II~ 

TRGwf l:_ 
I I 

~ :...+ tau(WMR) I... I I tau(WCH) .1 I 
I 1 I... I I tau(WRH) .1 
I I~ I I I th(RLW) .1 

lh(RWM) -t-t-! 1+ 1 I I... th(CLW) .1 

wf 
I 1 -.: ~ tau(WCL) 1 

WE I \XJOOhl I I __ 

:~II ~ 
I I...: 1 tw(WL) ., 

: -+I i-4t tau(DCL) 

I 1 104 th(CLD) ---I.~I 
104 I th(RLD) -----~.I 

I I 

~~5 ~"_ ___ "'_a_lId_C_O_lo_rl_np_u_t __ ..:6~ 
Figure 38. Load-Color-Register-Cycle Timing (Early-Write Load) 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I 14 tw(RL) .1 I 

RAS -----..N Iii' L 
I t.. ...1 r I.- tw(RH) -.I 

~ I I~ tct(RLCH) .. ~ I+- It , 
tt ~ r- 14 tct(CLRH) : .1 , 
~ I 1 _ ~ tct(RLCL) -+I I !4+- tct(CHRL) -+I 

tct(C~ ~I ~ ~ I 
CASx W I I k~ tw(CL) ~I I i\-

I 14-- th(RSF) , , .1 I 14 I tw(CH) .1 
th I I ~ , , 1 I I 

AO-AS ~~~ 
tsu(SFR)..., i4t 'r4 ., th(SFC) " 

th(SFR) ~ J+- ---+t I4-j- tsu(SFC) '. ' 

DSFWiiWi_ 
-.J ~ tsu(TRG) I I I 

TRG ~! ! 14 14 th(CLW) tsu(WRH) ·1 1 .1 ~ 
~ tct(GHO) --'1 14 tsu(WCH) .1 , 

I I~ I th(RLW) .,' 
-+t I4t tsu(WMR) I '... ,I 

I I I I.... th(WLG), ., 

WE~! !N""" ~~ 
I I !_I 
I ~ ~ tsu(OWL) 

I I I ~th(WLO)~ 
14 I ,th(RLO) .1 

OQO-OQ15 ~~ ~ 
~ Valid Color Input ~ 

8-244 

Figure 39. Load-Color-Reglster-Cycle Timing (late-Write Load) 

~TEXAS 
INSTRUMENTS 
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PARAMETER MEASUREMENT INFORMATION 

. Figure 40. Block-Wrlte-Cycle TIming (Early Write) 

Table 9. Block-Write-Cycle State Table 

CYCLE 

Block-write operation (nonmasked) 

Block-write o~ration with nonpersistent wrlte-per-blt 

Block-write operation with persistent write-per-Hit 
Write-mask data 0: VO write disable 

1: Vo write enable 
Column-mask data OQI- 001 + 3 0: column-wrlte disable 

o • 0, 4, 8, 12) 1 : column-write enable 

~1ExAs 
INSTRUMENTS 

1 

H 

L 

L 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 

STATE 

2 3 

Don't care Column mask 

Write mask Column mask 

·Don'tcare Column mask 
Example: 
OQO - column 0 (address A1 • 0, NJ ~ 0) 
OQ1 - column 1 (addr8$S A1 = 0, NJ. 1) 
OQ2 - column 2 (address A1 '" 1, NJ = 0) 
OQ3-column 3 (addressA1 = 1, NJ '" 1) 
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AO-AS 

OSF 

OQO-OQ15 

PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
__ ......j,1 I~ tw(RL) .1 1 

N .0 L i 1~ I . I ~tw(RH)~ 
tt -+I !+- I~ lcI(RLCH) lcI(CLRH) ., 11 j+- tt : 

b _... L i4-lcI(RLCL) -+j I ~ lcI(CHRL) ---.I 
... (C~ J""T r- tw(CL) ~ J I 

~ ! ! I Nfi : i'--
lcI(RLCA) I I~ .I~ 1 I lcI(CACH) --+j ~ ~ --+I I j.-- th(RLCA) --+I I I tw(CH) 

th(RA) ~ I+- I~ 1 I I lcI(CARH) I .1 
I I 1 ~ ~ tsu(CA) I I 

ts~II~_:::: 
~RSF) ~ Block Address 

tsu(SFR) -+: 14+ -+I ~ tsu(SFC) A2-A8 I I 
th(SFR) ~ W I~ .1:: 
~II~:-

I I I 
-+j ~ tsu(TRG) ! 1 I 

~II i~ th(CLW) .11 I~ 
~ lcI(GHO) ~ r tsu(WCH) --+j II 

I I~ I th(RLW) .1 I I 

-+I ~lt (WMR) II I" tsu(WRH) -T--+' 1 
I-I ~ ~ ~ .1 

I +j I+- th(RWM) I I (WLG) I 

~ I Nl+--tW(WL)~I'f:I~~~~~~'<:f ~ I I 

I I 1!'------..c.A<~~~~~~~ 
+! ~ tsu(OQR) -t.i I+- tsu(OWL) 

: -+l 14- th(ROQ) I i I+- th(WLO) -+I 
1 1 .. 1 I I th(RLO) ~I 

~~~r 1 ~3_ 

Figure 41. Block-Wrlte-Cycle Timing (Late Write) 

Table 10. Block-Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 

Block-write operation (nonmasked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data DQi - DQi + 3 0: column-write disable 
(I = O. 4, 8, 12) 1: column-write enable 

~TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don1 care· Column mask 

Example: 
DQO - column 0 (address A 1 = 0, AO = 0) 
DQ1-column1 (addressAl =O,AO=l) 
OQ2-column 2 (addressA1 = 1, AO = 0) 
DQ3 - column 3 (address A1 = 1, AO = 1) 
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MULTIPaRT VIDEO RAM 
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PARAMETER MEASUREMENT INFORMATION 

I" \ tw(RL)P .1 

RAS ~ lei .1 ,.. Ie .,.0 
II I.. (RLCH) I (P) tw(R':, 
! _ I IeI(RLCL) -..r I I+- tw(CH) ~ j+- IeI(C~H) I I 

-+I ~I IeI(CHRL) '''.1 , tw(CL) I I IeI(CHRL) ," I .1 
vx41, ' I 

CASx ~ i.-1eI(RLCA) --.I N .y I 1\1"-----":/ I 
I I tau(CA) ~ I I j+- IeI(CACH) -.II II 

Ih(RA) I.. .1, I I" 1 .1 th(CLCA) i I 
-+I w.. tau(RA) I th(RLCA) I 1.1 I.. I I IeI(CAR~ .1 

"-M §§X Row _~ :~Il~~re .. : ~ :Bl~~:arn~ ~, 
th(SFR) I I.. ... I 1 1 I 1 I I I J+- th(SFC) ---+( I j+- Ih(SFC) --+I I 

-+i 1.+1 I tau(SFR) II ~ tau(SFC) I Wi 1+-+1- tau(SFC) I ~I I 
~! 111- 1-

DSF )<XX)!. I I ~ I I I I H \+-1ti(TRG) I I I I 
-+I j4-j-t tau(TRG) I I I 'I 

fRO W II \ : : : S •• NowA : : 

-.: ~ taU(WMR) I .. ; I .1 tau(WCH) -+l I+- tau(WCH) 
I I I I I I 

Ih(RWM) II: ,:.. ..1 l"j I ·1 tw(WL) I.. ·ltau(WRH) 

.... §§X::' ~!: ~~ 
I tall(DWL) (see Now A) -+I ~ I I" .1 Ih(CLD) (se. Now A) 

-.J I4t tau(DQR) I ~ Ih(WLD) (s •• Not. A) -+I . I 1+ th(RDQ) -+l ~ tau(DCL) (s •• Not. A) 1 
I ,.. lA1 Ih(RLD) ~ 

~~5§§X 2 ~ 3 ~3~ 
NOTES: A. Referenced to the first failing edge of CASx or the failing edge of WE, whichever occurs later 

B. To assure page-mode cycle time, 'i'RG must remain high throughout the entire page-mode operation If the late-write faature Is used. 
If the early-write cycle timing is used, the state of TRG is a don't care after the minimum period th(TRG) from the failing edge of RAS. 

Figure 42. Enhanced-Page-Mode Block-Wrlte-Cycle Timing 

Table 11. Enhanced-Page-Mode Block-Wrlte-Cycle State Table 

CYCLE 

Block-write operetlon (nonmasked) 

Block-write operation with nonpersistent wrlte-per-blt 

Block-write operation with persistent wrlte-per-blt 

Write-mask date 0: VO write disable 
1: VO write enable 

Column-mask data DOI- 001 + 3 0: column-write disable 
o • 0, 4, 8, 12) 1 : column-write enable 

-!!1TEXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 3 

Don't care Column mask 

Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (addreas AI = 0, AO • 0) 
001 - column 1 (address AI .. 0, AO .1) 
002 - column 2 (addreas AI .. I, AO = 0) 
003 - column 3 (addreas AI = I, AO .. 1) 

8·247 
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PARAMETER MEASUREMENT INFORMATION 

I'" te(rd) .1 Nl4-r-- tw(RL)·· ~YT L 
---l ~ It f4- tw(RH) --.j 

IcI(CHRL) -+I ... .--~.I 1 IcI(RHCL) r -.I I+- IcI(CHRL) 

1 : : 1 Wi . I 

~II 

1 1 .,,;;::= 
tau(TRG) I'" .1 I 

000-. 
OQ15 

8-248 

Figure 43. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
~ tw(RH) ----+I \00IIII1 ... 1---- twIRl) -----.t., I iT N 0l<-i ----

---'!... .: tcI(RHCL): I -+' I+- tt 

~~~!":Iitclr(C_LR_L~) ,'" .1 I+- tcI(RLCH) -+I 

CASXm&t ~ :1 y 
, . I I 
I+-- tcI(CHRl) --+i I 

I I 
tau(RA) -l<I1 ... 1----...1 !<41"'1-~.t-1 - th(RA) 

~~~~~~~ I I I ~~. 
AO-A8~"' __ T"""lr--_Jl~ 

- I i 
tau(SFR) -+1"'4---l.~1 \ooIIII1"'1-~.+-1 - th(SFR) 

DSF~:':~ 

OQO-OQ1S 

Figure 44. CBR-Refresh.Cycle Timing 

CYCLE 

CBR refresh with option reset 

CBR refresh with no reset 

CBR refresh with stop-point set and no reset 

Table 12. CBR-Cycle State Table 

1 

Don't care 

Don't care 

Stop address 

-!!1TEXAS 
INSTRUMENTS 
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STATE 

2 3 

L H 

H H 

H L 
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PARAMETER MEASUREMENT INFORMATION 

DSF 

j4- Memory Read Cycle + Refresh Cycle .:~ Refresh Cycle ~ 
, ~ tc(fct) .1 , 
I+-- tc(rd) ., \4-- .1 
, tw(RH) I~ ~ tw(RH) I~ .1 tc(rd) , 

~ It ~~N V ~ Ir-L.r 
! _ , I~.: I lcI(CARH) I : I lcI(RLCH): II~ ., 

;A.~ lcI(CHRL) I I ~ :.- tt 'I I 

~ " Ii\~! : : tw(CL) i' :1 ',', I:~ 
: :~.': 'llcI(RLCA) i : , I , 
,,1 1 1,1 'I -.I ~I tsu(RA) I, 
I I ,~, I+- th(CLCA) I I I -+I ~ tau(RA) 

: :~ ~taU(CA) I I : ::~ ~ : : ~ ., th(RA) 
~ ~ th(RA) -.I :.+- tau(RA) I' I , th(RA) , 'I I I 

-+I ~ tsu(RA) 'I ',I ~., th(RA) I I I I I I I , , 

~:,:~ 1,1 ~»<7~= 
I I . I I I I -+j ~""~FR) -+: t;L ""(SFR) -+j ;"'(SFR) 
~';4_'~~~)(114_ 

I, I I' ~ th(RHrd) I , , I I+-
--.J ~ tsufTRG) 'I I I lcIISfCH) -.I I 

I...., I4"h- thfTRG) , I I I 'lcIIS(G) ~ W ' "\ II l.J 'J I I I II· II ) , \,."-., lcI(GLRH1 I I I 
I !'iF 1,1 II 'I', 'I 

tau(rd) ~ , ~ ~ tau(WMR) -+: ~ tau(WMR) -.! /.4f- tau(WMR) 

AD-AS 

~ I I W "-~~ ~ 3
14 ~~ 14"1 ""'" 

WE ~ I~"~".:.\ 3 -~ fl&4¥A 3 • 

~~~ I 
DQD-DQ15 ---c{ Data out~: >-

Figure 45. Hidden-Refresh-Cycle TIming 

Table 13. Hidden-Refresh-Cycle State Table 

CYCLE 
1 

CBR refresh with option reset Don't care 

CBR refresh with no reset Don't care 

CBR refresh with stop-point set and no option reset Stop address 

8-250 
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STATE 

2 3 

L H 

H H 

H L 



AO-AS 

DSF 

DQO-DQ15 

SC 

SQ 

QSF 

SMJ55161 
262144 BY 16·BIT 

MULTIPaRT VIDEO RAM 
SGMS056- MAY 1995 

PARAMETER MEASUREMENT INFORMATION 

~ tc(TRD) ~ 
1 14 tw(RL) ~ I ------.i 14-- tcI(RLCL) ~ I 

~i I i/~ tw(RH) .J\ 
J t tcI(RLCH) : . L~ ~--

tcI(CHRL) -I414....--+'~ I I4--+- .tcI(CARH) ----I I 
~ II II 1 
<llll)' I ~ lci(RLCA) --.I i\tt-- tw(CL) --y : r- th(RA) ~ -J ~I tau(CA) 

L ~ I I I 14 ~ th(CLCA) 

.. u(RA) I :;4 th)0«RLCA) I i xxx.xxxv Row Tap Point 
~~~~~ _ AO-AS 

tau(SFR) -l+---+I 14 -.I th(SJR) I 
~ II""~~~~~~~·~~~~~~~~~ 
-11-

tsu(TRG) 14 ~!.--.I- th(TRG) I I 

~ II ,I ~1'M(/;..,...,~;.,-,~-r-,.W/;-I-7~"""'~"""'~~-tw(-GH)--+l""'~~~~~~~ 
4 ~ th(RWM) fL I 

tau(WMR)~ 1 I _= 
m§W*1!~ 

I I 
I I I HI-Z+I---..I.I-----------

14- lci(SCTR) ~ !.- tcI(6LSH) -...! 
tw(SCH) 14 ~ 1 1 i4 ~I tw(SCL) 

I 14 tcI(RLSH) I ~ 

-JJ:.. !\\\\\\\\\\\~\\~ ~~tW(SCH)~\ Ii 
j4- ta(SQ) --Itt I I 14 tc(SC) til 

lh(SHSQ) 14 ~: I I:! ""_ ::- ~(SO) i1 
Old Data X . Old Da:a A New Data 

I 

: ~~ 14-- tcI(GHQSF) ---'~ 
. _ ___ Tap Point Bit A7 

H tcI(CLQSF) J 
14 tcI(RLQSF) ------ti" 

L 

NOTES: A. DO outputs remain In the high-Impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is In the serial-read mode (i.e., the SO is enabled), allOWing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO - A7: register tap point; AS: identifies the DRAM row half 
D. Early-load operation is defined as th(TRG) min < th(TRG) < Id(RLTH) min. 

Figure 46. Full-Register Transfer-Read Timing, Early-Load Operations 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION r tc(TRD) ~ 
I MI twIRL) ~ I 

-----.--~ IcI(RLCL) ----: JA. tw(RH) ~'-__ _ 

IcI(CHRL) -i!+4 ---+l~ ~ IcI(RLCH) I ~ I 
I . I...L..J I 

M)QQ<T I l+--1cI(RLCA) -+I U-tw(CL) I Y I 
~ I 14- ~ II - I - I 

I· th(RA) ~ j4T tau(CA) I· I 
tsu(RA) ~ I..-- th(~LCA) I I to! I I 

I I I . I I ~ th(CLCA) I 

AO-AS ~ :~_ ~T~~m~ 
tau(SFR) ~ 14 ~I th(SFR) I I I 

~ll 
-II~ 

DSF 

tau(WMR)~ 

DQO-DQt5 

SC 

SQ 

QSF 

NOTES: A. DQ outputs remain In the high-Impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

8-252 

B. Once data is transferred into the data registers. the SAM is in the serial-read mode (i.e .• the sa is enabled). allowing data to be shifted 
out ofthe registers. Also. the first bltto read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO-A7: register tap point; A6: identifies the DRAM row half 
D. Late load operation is defined as id(THRH) < 0 ns. 

Figure 47. Full-Register Transfer Read-Timing, Real-Time Load Operation/Late-Load Operation 

~TEXAS 
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AD-AS 

DSF 

SMJ55161 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
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PARAMETER MEASUREMENT INFORMATION 

,l1li tc(TRD) ., 

, 1l1li twIRL) .1 ~ tw(RH) -.! 
___ --,j' II1II- tct(RLCL) ~ ! ~ ~I 

N 1 y( \ 
tct(CHRL) --I++i - 1 - 1 ...... ------

I '1l1li tct(RLCH) .1 101IIII1l1li1---41-- tw(CH) --~~ 
~LCAI 1l1li ~ i4-tw(CL) ~ ~ 1 ~ 
<tllll.. I: tau(CA) lllll ~\l It I ~ 

ih(RA) ~ I+- I I I 
L ,~~I I' I I I I 
.. u(RA) ~ :' 1l1li ._::: 
~ R~W.)®{TapPolntAD-AS_"_ 

tau(TRG) -+! ~ See Note A I 

:~ 
~II 

~ 14- th(SFR) I 

tau(SFR)-+j ~. II ~ .. 

mw-ii 
~ l+ih(RWM) 

taU(WMR)-+j r--_i ~. I 

WE§W'i. 
I DQD

DQ15 I HI-Z __ J-I -----------

1 I 
tct(MSRL) -14--".1 tct(RHMS) +I ~I 

i4--- tc(SC) --.-., 

: *-- tc(SC) ---JIoI 

SC 
I ~--~ 

Bit 127 or Tap PolntM Bit 127 or Tap 
Bit 255 Bit 255 PolntN SQ 

1l1li ., tct(SCQSF) 1 *+t-ta(SQ) , tct(SCQSF) 1l1li .1 

X MSBOld:: X NewMSB QSF 

H 

(( 

II 
L ________________ ~\~------------------

NOTE A: AO-A6: tap point of the given half; A7: don't care; AS: identifies the DRAM row half 

Figure 48. Split-Register-Transfer-Read Timing 

~TEXAS 
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PARAMETER MEASUREMENT INFORMATION 

tau(TRG) ~ ~~~~---------~~~~-t-h(T-R-G-)----------------------

14i4'----tc(SC) ---~.I 

14~----tc(SC).: ~14----I~-'-1 - tw(SCH) 

L f'IIIj4'----1.,~I- tw(SCH) I I 
IIIIIf"'Il-----t~ .... 1 -tw(SCH) I I I I 
I '- ~ I 4. j4-tW(SCL)~ I ~ ___ -IIf""i---"""'\l.'4- tw(SCL) -.1.0 ~ 0"";---"""\\.,,"---
~ ~ ta(SQ)~ !e--I~M- ta(SQ) I - .., 
I I I I !4~--I ... ~ta(SQ) 

SC 

-.t I4t th(SHSQ) th(SHSQ) --jII14t--~~ I th(SHSQ)--jII ... .-~~ i 
SQ ------~~~--------va-II-d-O-ut------~:xt~------~-al-Id-O-u-t---I--~~:x:~ ___ va_I_ld_O_ut __ _ 

~ I4-ta(SE) 
I 

~_I __________________________________ __ 

NOTES: A. While the data is being read through the serial-data register, TRG is a don't care; however TRG must be held high when RAS goes 
low. This Is to avoid the Initiation of a register-data transfer operation. 

8-254 

B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put 
into the read mode by performing a transfer-read cycle. 

Figure 49. Serlal-Read-Cycle Timing (SE = Vld 

~TEXAS 
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SC 

SQ 

SMJ55161 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SGMS056 - MAY 1995 

PARAMETER MEASUREMENT INFORMATION 

~~~~---------~~~~-~-~-R-G-)----------------------
1OII1'II----tc(SC) ---~~ 

1OIIi4----tc(SC) ~I..i i 
1 ~ !41 --~~I- 'w(SCH) 1OII1'II----t~N--'w(SCH) 

'wISCH) -!OI~I----"'~ I 
~ ~ ~ 1 ~ j4- tw(SCL) ~ I ~ 
/!"J., 14- tw(SCL) -.101 ~ jlfrl ---"""~\ 

----!... _I t '----
I' ~ a(SQ) I.! 1 

-.! L.. ! j4 1 ta(SQ) 14 .1 --.- ta(SQ) 
~I r-r- th(SHSQ) _I I _ 

Valid Out 

1 I ~I I~ ta(SE)!,. ... -tot-+-1 I ,.. th(SHSQ) 

I 
I 

Valid Out VBlldOut 

14-+1- 'dls(SE) 

-_---I) 

1 
I 
I 
I 

~~I _____________________ ~ ___ __ 

NOTES: A. While the data is being read through the serial-data register, TRG is a don't care; howeverTRG must be held high when RAS goes 
low. This Is to avoid the initiation of a register-data transfer operation. 

B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put into 
the read mode by performing a transfer-read cycle. 

Figure 50. Serial-Read Timing (SE-Controlled Read) 
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RAS 

CASx 

ADDR 

TRG 

DSF 

CASE I 

SC 

QSF 

CASE II 

SC 

QSF 

CASElli 

SC 

PARAMETER MEASUREMENT INFORMATION 

"' I ,--_J---t-"""''--_...J,-J-,I, I' r,~r--

~~r--
:x::::x::::>< 

RowTap1 
(low) 

'-' 

===i==~~~ \~ 
(high) I (low) I (hIgh) 

\...J S~~r--
---_r---'(\ 11~r-V'-----;r--

I I 
I I 
I I 
I I I 

I I' 
Tap1 ~~~ 
(low) II 1271 (high) II I 255 (low) 127 

------~\~--~.I----------~S~ "1 \ ~'y---f 
I I I 
I I I 
I I I 
I I I 

---------+-I--.... ~~~~ 
I (low) 1271 (hIgh) II I 255 (low) 127 

---\~--II~-___ ~IIr-{ "1 \ s'y---f 
I I I 
I I I 
I I I 

------------~I ---------~~~~ 
I (low) 1271 (hIgh) I 255 (lOw) 127 

QSF ____ \.10.. __ +-1 _______ --\1' It . liS I \ I.r 
I l'r-f I I'r'--"' 
I Spilt Register to the I Split Reglater to the I Split Reglater to the 

Full-Reglater-Tranafer Read I High Half of the I Low Half of the I High Half of the 
I Data Reglater I Data Register I Data Reglater 

NOTES: A. To achieve proper spilt-register operallon. a full-register-transfer read must be performed before the first spllt-register-transfer 

8-258 

. cycle. This is necessary to Initialize the data register and the starting tap location. First serial access can begin either after the 
full-reglster-transfer read cycle (CASE I). during the first split-register-transfer cycle (CASE II). or even after the first 
split-registar-transfer cycle (CASE .III). There is no minimum requirement of SC clock between the full-reglstar transfer-read cycle 
and the first spllt-reglstar cycle. 

B. A spilt-register transfer into the inactive half is not allowed until id(MSRL) is met. id(MSRUis the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 127 o(255) and the failing edge of RAS 01 the split-reglster-transfer cycle Into the 
Inactive half. After the id (MSRL) requirement Is met. the split-register transfer into the inactive half must also satisfy the minimum 
id(RHMS) requlrement.ld(RHMS) Is the minimum delay time between the rising edge ofRAS ofthesplit-reglster-trailsfercycle Into 
the Inactive half and the rising edge of the, serial clock ofthe last bit (bit 127 or 255). . 

Figure 51. Split-Register Operating Sequence 

-!I1TEXAS 
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Spee d (-70, -80) 

Tempere ture Range 
ekageCode Pa 

Lot Traee ability Code 
Date Code 

y Site Code 
vlalonCode 
r Fab Code 

Assembl 
OleRe 

Wafe 
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• Organization: 
- DRAM: 262144 Words x 16 Bits 
- SAM: 256Words x.16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data-Transfer Function From the DRAM to 
the Serial-Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast 
Area-Fill Operations; As Many as Four 
Memory-Address locations Written Per 
Cycle From the 16-Blt On-Chip Color 
Register 

• Wrlte-Per-Blt Feature for Selective Write to 
Each RAM I/O; Two Wrlte-Per-Blt Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and 
Hidden-Refresh Modes 

• Long Refresh Period 
Every 8 ms (Max) 

• Up to 45-MHz Uninterrupted Serlal~Data 
Streams 

• 256 Selectable Serial-Register Starting 
locations 

• SE-Controlled Register-Status QSF 
• Spllt-Reglster-Transfer Read for Simplified 

Real-TIme Register Load 
• Programmable Split-Register Stop Point 
• 3-State Serial Outputs Allow Easy 

Multiplexing of Video-Data Streams 
• All Inputs/Outputs and Clocks TTL 

Compatible 
• Compatible With JEDEC Standards 
• Texas Instruments EPICTM CMOS Process 
• Designed to Work With the 

Texas Instruments Graphics Family 
• Performance Ranges: 

AO-AS 
CAS 
000-0015 
OSF 
NC/GNO 

OSF 
RAS 
SC 
SE 
SOO-S015 
TRG 
VCC 

~
WEL,WEU 

SMJ55166 
262144 BY 16-BIT 

MULTIPaRT VIDEO RAM 

HKCPACKAGE 
(TOP VIEW) 

Vee 
lRG 
vss 
sao 
DQO 

SQl 
001 
Vee 
SQ2 Ii8 
CO2 10 && 
SQ3 11 154 
DQ3 12 63 

Vss 13 &2 
SQ4 14 51 
DQ4 15 50 
sas 18 48 
DQ5 17 
Vee 18 
8as 18 
DQ5 20 
SQ7 21 
007 22 
Vss 23 
WEL 24 41 
WEU 25 40 
RAS 28 39 

NJ 27 39 
A7 28 37 
NJ 29 38 
A5 30 38 
M 31 34 

Vee 32 33 

PIN NOMENCLATURE 

Address Inputs 
Column-Address Strobe 

so 
BE 
vss 
SQl& 
DQl& 
SQ14 
0014 
Vee 
SQ13 
DQ13 
SQ12 
0012 
Vss 
SQll 
DQll 
SQl0 
0010 
Vee 
SQ8 
DQ8 
SQ8 

DQ8 

Vss 
DSF 
Ne/GND 
CAS 
QSF 
AD 
Al 
A2 
AS 
VSS 

DRAM Data I/O, Write Mask Data 
Special-Function Select 
No Connect/ Ground (Important: Not 
connected internally to V SS) 
Special-Function Output 
Row-Address Strobe 
Serial Clock 
Serial Enable 
Serial-Data Output 
Output Enable, Transfer Select 
5-V Supply (TYP) 
Ground 
DRAM Byte-Write-Enable Selects 

ACCESS TIME ACCESS TIME DRAM DRAM SERIAL OPERATING CURRENT OPERATING CURRENT 
ROW ENABLE SERIAL DATA CYCLE TIME PAGE MODE CYCLE TIME 

1a(R) 1a(SQ) tc(W) tc(P> tc(SC) 
(MAX) (MAX) (MIN) (MIN) (MIN) 

SMJ55166-70 70ns 20ns 130ns 45 ns 22ns 
SMJ5S166-80 BOns 25ns 150ns 50ns 30ns 

EPIC Is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

SERIAL PORT STANDBY SERIAL PORT ACTIVE 
ICC1 ICC1A 
(MAX) (MAX) 

165mA' 210mA 
160mA 195mA 

Copyright C 1995, Texas Instrumentllincorporated 
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GBPACKAGE 
(BOTTOM VIEW) 

000000000J 
000000000 H 

0000 0000 G 

000 000 F 

00 00 E 

000 000 0 

0000 0000 c 

000000000 B 

000000000 A 

2 3 4 5 6 7 8 9 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 



PIN PIN 

NO. NAME NO. NAME NO. 

J1 oa1 J2 sa3 J3 
H1 oao H2 sa2 H3 
G1 sao G2 sa1 G3 
F1 TRG F2 VSS1 F3 
E1 SC E2 V001 
01 SE 02 VSS1 03 
C1 sa1S C2 VSS1 C3 
81 oa1S 82 oa14 83 
A1 sa14 A2 sa13 A3 

PIN PIN 

NAME NO. NAME 

AO 89 oa2 
A1 C9 oa3 
A2 09 oa4 
A3 08 oas 
A4 E9 DaB 
AS F9 oa7 
AS G9 oa8 
A7 H9 oa9 
A8 J9 oa10 

CAS C6 oa11 
oao H1 oa12 
oa1 J1 

SMJ55166 
262144 BY 16·BIT 

MULTIPaRT VIDEO RAM 
SGMS057A - APRIL 1995 - REVISED JUNE 1995 

GB Package Pin Assignments - By location 

PIN PIN PIN PIN PIN 

NAME NO. NAME NO. NAME NO. NAME NO. NAME 

oa3 J4 oa4 JS oas JS DaB J7 sa7 
oa2 H4 sa4 HS sas HS sas H7 OQ7 

V002 G4 VSS2 GS V002 G7 VSS2 
V001 F7 V001 

V001 07 VSS1 
V002 C4 VSS2 C6 V002 C7 VSS2 
oa13 84 oa12 85 oa11 BS oa10 87 sa8 
sa12 A4 sa11 AS sa10 AS sa9 A7 oa9 

GB Package Pin Assignments - By Signals 

NO. 

H3 
J3 
J4 
JS 
JS 
H7 
AS 

A7 
8S 
85 
84 

PIN PIN 

NAME NO. NAME 

oa13 83 sa3 
oa14 82 sa4 
oa1S 81 sas 
OSF 88 sas 
aSF A9 sa7 
RAS G8 sa8 
SC E1 sa9 
SE 01 sa10 
sao G1 sa11 
sa1 G2 sa12 
sa2 H2 sa13 

~TEXAS 
INSTRUMENTS 
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J2 
H4 
HS 
HS 
J7 
87 
AS 
AS 
A4 
A3 
A2 
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PIN 

NAME 

sa14 
sa1S 
TRG 

V001 
V001 
V001 
V001 
V001 
V002 
V002 
V002 

PIN PIN 

NO. NAME NO. NAME 

J8 WEL J9 AS 

H8 WEU H9 A7 
G8 RAS G9 AS 

F8 V001 F9 AS 

E8 VSS1 E9 A4 

08 A3 09 A2 

C6 CAS C9 A1 
88 OSF 89 AO 
AS oa8 A9 aSF 

PIN 

NO. NAME NO. 

A1 V002 CS 
C1 VSS1 F2 
F1 VSS1 02 
E2 VSS1 C2 
F3 VSS1 07 
03 VSS1 E8 
F7 VSS2 G4 
Fa VSS2 C4 
G3 VSS2 G7 
C3 VSS2 C7 
GS WEL J8 

WEU H8 

8-2S1 
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description 

8-262 

The SMJ55166 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262144 words of 16 bits each interfaced to a serial-data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The SMJ55166 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the SMJ55166 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The SMJ55166 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates are 
achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-chip color-data register) to be written to any combination of four adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The SMJ55166 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The SMJ55166 also 
offers extended-data-output mode. The extended-data-output mode is effective in both the page-mode and 
standard DRAM cycles. 

The SMJ55166 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial-data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT-retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 45 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
Is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the SMJ55166 are compatible with Series 54 TIL. All address lines and 
data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater system 
flexibility. 

The SMJ55166 employs state-of-the-art TI enhanced performance implanted CMOS (EPIC) scaled-CMOS, 
double-level polysilicon/polycide gate technology for very-high performance combined with improved reliability. 

The SMJ55166 is offered in a 68-pin ceramic pin-grid-array package (GB suffix) and a 64-pin ceramic flatpack 
(HKC suffix). 

The SMJ55166 and other TI multiport video RAMs are supported by a broad line of graphics processors and 
control devices from TI. Table 1 provides pin descriptions. 
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functional block diagram 
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functional block diagram (continued) 

OQI 
OQI+1 
OQI+2 
OQI+3 L...I....I ......... ..----, 
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Function Table 
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RASFAlL 
CAS 

ADDRESS DQO-DQ15t 
FALL 

FUNCTION 
CAS TRG WEx* DSF DSF RAS CAS§ RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop-point 
set' L X L H X 

Stop 
Polnt# X X 

CBR refresh (option reset)1I L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

Full-register-transfer read H L H L X 
Row Tap 

X Addr Point 

Spllt-register-transfer read H L H H X 
Row Tap 

X Addr Point 

DRAM write 
H H L L L 

Row Col Write 
(nonpersistent write-per-bit) Addr Addr Mask 

DRAM block write Row Block Write 
(nonpersistent write-per-bit) H H L L H Addr Addr Mask 

A2.-AS 

DRAM write 
H H L L L 

Row Col 
X (persistent write-per-blt) Addr Addr 

DRAM block write Row Block 

(persistent write-per-bit) H H L L H Addr Addr X 
A2.-AS 

DRAM write (nonmasked) H H H L L 
Row Col 

X Addr Addr 

Row 
Block 

DRAM block write (non masked) H H H L H Addr Addr X 
A2.-AS 

Load write-mask register Cl H H H H L 
Refresh 

X X Addr 

Load color register H H H H H 
Refresh 

X X Addr 

Legend: 
Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 
X = Don'tcare 

t DQO-DQ15 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. 
* logiC L is selected when either or both WEL and WEU are low. 
§ The column address and block address are latched on the first falling edge of CAS. 
'II CBRS cycle should be performed immediately after the powerup initialization cycle. 
# AO-A3, AS: don't care; A4-A7: stop-point code 
II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 

WEL 
WEU 
CAS 

X 

X 

X 

X 

X 

X 

Valid 
Data 

Col 
Mask 

Valid 
Data 

Col 
Mask 

Valid 
Data 

Col 
Mask 

Write 
Mask 

Color 
Data 

*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. , 

MNE 
CODE 

-
CBRS 

CBR 

CBRN 

RT 

SRT 

RWM 

BWM 

RWM 

BWM 

RW 

BW 

LMR 

LCR 

ClLoad-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 1. Pin Description Versus Operational Mode 

PIN DRAM TRANSFER 

AO-AS Row, column address Row address, tap point 

CAS Column-address strobe, Da output enable Tap-address strobe 

Da DRAM data I/O, write mask 

DSF Block-write enable Spill-register-transferenable 
Write-mask-register load enable 
Color-register load enable 
CBR (option reset) 

RAS Row-address strobe Row-address strobe 

SE 

SC 

sa 

TRG Da output enable Transfer enable 

WEL Write enable, write-per-bit enable 
WEU 

aSF 

NC/GND Either make no external connection or tie to system GND (VSS) 

vcct 5-V supply 

vsst Ground 

SAM 

sa output enable, 
aSF output enable 

Serial clock 

Serial-data output 

Serial-register status 

t For proper device operation, all VCC pins must be connected to a 5-V supply and all VSS pins must be tied to ground. 

pin definitions 

address (AO-AS) 

Eighteen address bits are required to decode one of 262 144 storage cell locations. Nine row-address bits are 
set up on pins AO-AS and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins AO-AS and latched onto the chip on the falling edge of CAS. All addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of AO-AS are latched on the falling edge of RAS to 
select one ofthe 512 rows where the transfer occurs. Atthe falling edge of CAS, the column-address bits AO-AS 
are latched. The most significant column-address bit (AS) selects which half ofthe row is transferred to the SAM. 
The appropriate S-bit column address (AO-A7) selects one of 256 tap points (starting positions) for the 
serial-data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row and vice versa. Column address (AS) selects the DRAM 
half row. The remaining seven. address bits (AO-A6) are used to select 1 of 127 possible starting locations within 
the SAM. Locations 127 and 255 are not valid tap points. 

row-address strobe (RAS) 

8-266 

RAS is similar to a chip enable so that all DRAM cycles and transfer cycles are initiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the SMJ55166. 
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column-address strobe (CAS) 
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CAS is a control input that latches the states of the column address and OSF to control ORAM and transfer 
functions of the SMJ55166. CAS also acts as output enable for the ORAM output pins 000-0015. In transfer 
operations, address bits AO-A8 are latched at the falling edge of CAS as the start position (tap) for the 
serial-data output (SOO -S015). 

output enable/transfer select (TRG) 

TRG selects either ORAM or transfer operation as RAS falls. For ORAM operation, TRG must be held high as 
RAS falls. Ouring ORAM operation, TRG functions as an output enable for the ORAM output pins 000-0015. 
For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In ORAM operation, WEL enables data to be written to the lower byte (000-007) and WEU enables data to 
be written to the upper byte (008-0015) of the ORAM. Both WEL and WEU have to be held high together to 
select the read mode. Bringing either or both WEL and WEU low selects the write mode. WEL and WEU are 
also used to select the ORAM write-per-bit mode. Holding either or both WEL and WEU low on the falling edge 
of RAS invokes the write-per-bit operation. The SMJ55166 supports both the nonpersistent write-per-bit mode 
and the persistent write-per-bit mode. 

special-function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CAS, similar to an address. OSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 
• CBR refresh with no reset (CBRN) 
• CBR refresh with no reset and stop-point set (CBRS) 
• Block write (BW) 
• Loading write-mask register for the persistent write-per-bit mode (LMR) 
• Loading color register for the block-write mode (LCR) 
• Split-register-transfer read (SRT) 

DRAM data I/O, write mask data (DQO-DQ15) 

DRAM data is written or read through the common 1/0 00 pins. The 3-state OO-output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 54 TTL load. Oata out is the same polarity 
as data in. The outputs are in the high-impedance (floating) state as long as either TRG or CAS is held high. 
Data does not appear at the outputs until after both CAS and TRG have been brought low. The write mask is 
latched into the device via the random DO pins by the falling edge of RAS and is used on all write-per-bitcycles. 
In a transfer operation, the DO outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO-SQ15) 

Serial data is read from SO. SO output buffers provide direct TTL compatibility (no pullup reSistors) with a fanout 
of one Series 54 TTL load. The serial outputs are in the high-impedance (floating) state while the serial-enable 
pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The SMJ55166 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the 
serial-data output. SE high disables the serial-data output. SE is also used as an enable/disable for output pin 
QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of Sr:;. This ungated serial-clock scheme minimizes access time 
of serial output from SE low because the serial-clock input buffer and the serial-address counter are not disabled 
bySE. 

special-function output (QSF) 

QSF is an output pin that indicates which half ofthe SAM is being accessed. When QSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the SAM. When QSF is high, the pointer is accessing 
the higher (most significant) 128 bits of the SAM. QSF changes state upon crossing a boundary between the 
two SAM halves. 

During full-register-transfer operations, QSF can change state upon completing the ~cle~his state is 
determined by the tap pOint loaded during the transfer cycle. QSF output is enabled by SE. If SE is high, the 
QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

8-288 

NC/GND should be tied to system ground or left floating for proper device operation. Table 2 contains DRAM 
functions. 
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functional operation description 

Table 2. DRAM Function Table 
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RASFALL 
CAS ADDRESS DQO-DQ15t 
FALL 

FUNCTION 
CAS TRG WEx* DSF DSF RAS CASt RAS 

Reserved (do not use) L L L L X X X X 

CBR refresh (no reset) and stop-point 
set' L X L H X 

Stop 
Point' 

X X 

CBR refresh (option reset) II L X H L X X X X 

CBR refresh (no reset)* L X H H X X X X 

PRAM write 
H H L L L 

Row Col Write 
(nonpersistent wrlte-per-blt) Addr Addr Mask 

DRAM block write Row Block Write 
(nonpersistent write-per-bit) H H. L L H Addr Addr Mask 

A2-AS 

DRAM write 
H H L L L 

Row Col 
X (persistent write-per-bit) Addr Addr 

DRAM block write Row Block 

(persistent write-per-bit) H H L L H Addr Addr X 
A2-AS 

DRAM write (nonmasked) H H H L L 
Row Col 

X Addr Addr 

Row Block 
DRAM block write (nonmasked) H H H L H Addr Addr X 

A2-AS 

Load write-mask register [J H H H H L 
Refresh 

X X Addr 

Load color register H H H H H 
Refresh 

X X Addr 

Legend: 
Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 
X = Oon'tcare 

t 000-0015 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. * Logic L is selected when either or both WEL and WEU are low. 
§ The column address and block address are latched on the first falling edge of CAS. 
\! CBRS cycle should be performed immediately after the power-up initialization cycle. 
, AO-M., AS: don't care; A4-A7: stop-point code ' 
II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
>'<CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

MNE 
WEL 
WEU 

CODE 

CAS 
X -
X CBRS 

X CBR 

X CBRN 

Valid 
RWM Data 

Col 
Mask BWM 

Valid RWM Data 

Col 
Mask BWM 

Valid 
RW Data 

Col 
Mask BW 

Write 
LMR Mask 

Color 
LCR Data 

[JLoad-write-mask-register cycle sets the persistent write-per-bit mode. The perSistent write-per-bit mode Is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. This mode eliminates the time required for row-address setup, row-address hold, 
and address multiplex. The maximum RAS low time and CAS page cycle time used determines the number of 
columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the SMJ55166 to operate at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be presented immediately after the row-address hold time has been 
satisfied, usually well in advance ofthe falling edge of CAS. In this case, data is obtained after ta(C) max (access 
time from CAS low) if ta(CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CBR refresh cycles are available. The CBR 
refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. The CBRN and CBRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 512 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf(MA)' The output buffers remain in the high-impedance state during the CBR refresh 
cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is carried out. Like the CBR refresh, the refreshed row 
addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low,the 
output buffers remain in the high-impedance state to conserve power. Externally generated addresses must be 
supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row 
to be refreshed. 

extended data output 

8-270 

The SMJ55166 features extended data output during DRAM accesses. While RAS and TRG are low, the DRAM 
output remains valid. The output remains valid even when CAS returns high until WEx is low, TRG is high, or 
both CAS and RAS are high (see Figure 1 and Figure 2). The extended data-output mode functions in all read 
cycles including DRAM read, page-mode read, and read-modify-write cycles (see Figure 3). 

RAS ~~ ____________________________ -J A 
I 

DQO-DQ15 

TRG 

I 

/ ~'-------' !~ 

< Valid Output 

I~ 

I ~'--____ -J 

Figure 1. DRAM Read Cycle With RAS-Controlled Output 
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extended data output (continued) 

\'------....,.,/ 
\'-_________ --Jhl4~-_t~+_, - tc\18(CH) 

1 

DQO-DQ15 ----------------~('-___ ~_II_d_O_ut_p_~ __ ~»------
14-1 .. ----.!~I- tc\18(G) 

TRG \'---__ -JI 
Figure 2. DRAM Read Cycle With CAS-Controlled Output 

\~---------~---------------------~/ 
\_---';1 \ _ _._1 

I 1 . I -.. ~+~~~-, 
1 I I.. I I ~I ta(CP) 

ta(C) I I.. ~I 114 .. -III-----I.,~I- ta(CA) 
_+lII--__ .. ~1 I.. .,11 ta(C) ta(CA) I.. p. 

I th(CLQ) I.. ~ I 

DQO-DQ15 -------------------<{ Valid Output X~--y,-al-ld-O-u-tP-ut-""'\>_ 

\'------------------~I 
Figure 3. DRAM Page-Read Cycle With Extended Output 
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byte-write operatIon 

Byte-write operations can be applied in DRAM-write cycles, block-write cycles, load-write-mask-register cycles, 
and load-color-register cycles. Holding either or both WEL and WEU low selects the write mode. In normal write 
cycles, WEL enables data to be written to the lower byte (DQO-DQ7) and WEU enables data to be written to 
the upper byte (DQa-DQ15). For early-write cycles, one WEx is brought low before CAS falls. The other WEx 
can be brought low before CAS falls or after CAS falls. The data is strobed in with data setup and hold times 
for DQO-DQ15 referenced to CAS (see Figure 4). 

\'--_____ ---J/ 

~~----------__ J' 
i I 

WELt \ I I / 
~ ......................... I~I .................................... -J 

I I 

~'\~~"\~ 
tsu(OCL) --I0Il1111------.;.1 I 

: I 
I I'II11IIf------I.*I-- th(CLD) 

OQO-OQ15 ~ Valid Input ~ 

t Either WEU or WEL can be brought low prior to CAS to initiate an early-write cycle. 
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Figure 4. Example of an Early-Write Cycle 
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byte-write operation (continued) 
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For late-write or read-modify-write cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WEU are brought low to select the corresponding byte or bytes to be written. Data is 
strobed in ~ither or both WEL and WEU with data setup and hold times for OQO-OQ15 referenced to 
whichever WEx falls earlier (see Figure 5). 

\~----------------~I 
\~------------~I 

!\ ____ --..J1 
I 1 
I I 
: I 
I I 

tau(DWL) --+II141------.,.--~~1 1 
1 I 

\ I 
I 14 ~I th(WLD) 

DQO-DQ15~~ ________ ~_a_lId_l_np_u_t ________ ~~ 
Figure 5. Example of a Late-Write Cycle 
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wrlte-per-blt 

Thewrlt8-per-blt .feature allows masking any combination of the 16 OQs on any writ~le. The write-per-bit 
operation Is Invoked when either WEL or WEU are held low on the falling edge of RAS. Assertion of either 
Individual WEi allows entry of the entire 16-bit mask on OQO-OQ15. Byte control of the mask Input Is not 
allowed. If both WE[ and WEU are held high on the failing edge of RAS, the write operation is performed without 
any masking. The SMJ55166 offers two write-per-bit modes: nonpersistent wrlte-per-bit and persistent 
write-per-bit. 

nonpersistent write-per-bit 

8-274 

When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 16-bit binary 
code (the wrlte-per-bit mask) is input to the device via the random OQ pins and latched on the falling edge of 
RAS. The write-per-bit mask selects which of the 16 tandom I/Os are to be written and which are not. After RAS 
has latched the on-Chip write-per-bit mask, input data is driven onto the OQ pins and is latched on either the 
first failing edge of WEx or the falling edge of CAS, whichever occurs later. WEL enables the lower byte 
(OQO-OQ7) to be written through the mask and WEU enables the upper byte (OQ8-0Q15) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the falling edge of RAS, 
data Is not written to that I/O. If a data high (write mask = 1) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that I/O (see Figure 6). . 

!\ __ --____ I 
I I 
I I \'--_____ 1 I I 
I I 
I I 
I I 

\ ! II ~"'------'~~~~ 
I I I I 

--""'\ I I ,..--------.01.1 I 

WED \ I I I N"'------'~~~~ 
teu(DOR) I~ ~I I I I I 141~-____ ~t!-: - lh(Roo) I I 

I I I I teu(OWL) --!oI:~t--~~1 I 
I I 1 114~--+l~I- lh(WLD) 

000-0015 ~"'-W-rlte-Ma-.-k""'"'ll.~"'-w-r-lte-I-np-ut-""I~ 

Figure 6. Example of a Nonpersistent Wrlte-Per-Blt (late-Write) Operation 
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persistent writs-per-bit 

The persistent write-par-bit mode is initiated by performing a load-write-mask-register (LMR) cycle. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The LMR cycle is performed using DRAM write-cycle timing with DSF held high on the falling edge of RAS and 
held low on the falling edge of CAS. A binary code is input to the write-mask register via the random I/O pins 
and latched on either the first WEx falling edge or the falling edge of CAS, whichever occurs later. Byte write 
control Can be applied to the write mask during the LMR cycle. The persistent wrlte-per-bit mode can then be 
used in exactly the same way as the nonpersistent write-per-bit mode except that the input data on the falling 
edge of RAS is ignored. When the device is set to the persistent write-per-bit mode, it remains in this mode and 
is reset only by a CBR refresh (option reset) cycle (see Figure 7). 

I Load Wrlte-Meak Raglatar Paralatent Wrlte-Par-EI1t CBR Ratreah (opUon rent) , 

RAS h 1---'--\ 1 \ . j----i I ,"-____ ..J I , 

I ' I· -----J 
CAS \1 ,. \ 1 ,\ 1 , , , , , 

I . 
AO-AS 

'Addreaa' , , 

DSFP ~.. .ft..~ ~ 
WExP ~ ~ em. ~ ~ 
DQO~ ~ ~ 
DQ15; Wrlta-Ma8k~ Valid \A.ll.ll.A.ii.IioIioIoIIoAo~l~ioIoIIoAoy"y.AAA.iy"yA.ii.lioliololloAoy"y.AAA.iy"yMollj 

I Date I Input 

Mask Data • 1: Write to I/O enabled 
= 0: Wrlta to I/O disabled 

Figure 7. Example of a Persistent Wrlte-Per-Blt Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as 4 columns x 4 cas and repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four cas per 
column (see Figure 8). 

One Row of 0-511 

DQ15 [ill 

DQ14 [ill 

DQ13 [ill 

DQ12 [ill 

DQ11[ill 

DQ10[ill 

DQ9[ill 

DQS[ill 

DQ7[ill 

Dae[ill 

DQ5[ill 

D04[ill 

DQ3[ill 

D02[ill 

.DQ1[ill 

-~ 
4 Consecutive Columns of 0-511 

Figure 8. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all ofthe four columns from being written 
with data. Nonpersistent wrlte-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The CO data is provided by four bits from the on-chip color register. 
Bits 0 -3 from the 16-bit write-mask register, bits 0 -3 from the 16-bit column-mask register, and bits 0 -3 from 
the 16-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 -11, and 12 -15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 9). 
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block write (continued) 

I 
c 
E 
::I 

8 

OQ15DIIJ 

OQ14DIIJ 

OQ13DIIJ 

OQ12 ~J 
rlr" r--, 

DIIJ 
f" ..1_, I 

OQ11 I I 
-, I 

,,-0; OQ10DIIJ 12 r-±[1Ii~-++i-I I t J 
./' DIIJ 13 ['1l~ I I 

r--' 

OQ9 14 ~) r.J 
15 +t--t--H~ L.J 

OQ8[l] r--' 
..1_, I 

8 
9 

10 

-, I 
I I 
I I 

~ J 
11 -++-t-h~ .J 

I 
I 
I 

.J 

DIIJ 
..1_, I 

#' OQ3 _, I I 
~~.p OQ2 DIIJ 4 r++~ I I J 

" DIIJ 5 I .J OQ1 6 

OQO 
r--' 

..1_, I 
-, I I 

r-i-+++-t I I I 
o I I .J 
1 I 
2 
3 -++-t-h~ 

7 +t-+-t-o'l .J 

7 

\ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 I 
~--------------------~v~----------------------~ 

Color RegIster 

Figure 9. Block Write With Masks 
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block write (continued) 

8-278 

Every four columns make a block, which results in 128 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 10. 

Block 0 Block 1 ...................... Block 127 
,,-_---J!\'-__ -,y,-_---J!\, I !\'---"", 

One Row of 0-511 I I I I I 
7 .••.......•.•....•....•..•• 511 

'-------------...,yr-------------JI 
o 2 3 4 5 6 

Columns 

Figure 10. Block Columns Organization 

During block-write cycles, only the seven most significant column addresses (A2 -A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits AO -A 1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block-write cycle is entered .in a manner similar to a DRAM write cycle except DSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DQ bytes to be written, respectively. The column-mask data is input via the DQs and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (AO -A8 from left to right) 

bit 0 bit 15 
color-data register 1011 1011 1100 0111 

write-mask register 1110 1111 1111 1011 
column-mask register = 1111 0000 0111 1010 

1st 2nd 3rd 4th 
Quad Quad Quad Quad 

Column-address bits AO and A 1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQO-DQ2 written with bits 0-2 from the color-data register (101) to all four columns 
of block O. D03 is not written and retains its previous data due to write-mask-register-bit 3 being a O. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column-mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (DQ8-DQ11) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1-3 of its block O. Column 0 is not written and retains its previous data on all four DOs due to 
cOlumn-mask-register-bit 8 being O. 

The fourth quadrant (D012-DQ15) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block O. D013 retains its previous data on all columns. due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 11 after 
the block-write operation shown in the previous example. 
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block write (continued) 

DQ1SI1 I 01 1 I 0 I 
DQ1411 I 0 11 I 0 I 

DQ131 0 I 0 I 0 I 0 I 4th Quadrant 

DQ12~ 
Columns 0 1 2 3 

Figure 11. Example of Fourth Quadrant After Block-Write Operation 

load color register 

The load-color-register cycle is performed using normal DRAM write-cycle timing except that OSF is held high 
on the falling edges of RAS and CAS. The color register is loaded from pins 000 -0015, which are latched 
on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. If only one WEx is low, 
only the corresponding byte of the color register is loaded. When the color register is loaded, it retains data until 
power is lost or until another load-color-register cycle is performed (see Figures 12 and 13). 

I Load-Color-Reglster Cycle I 
I I 
I I 

_RAS ~i'-===~---J/I\.I 
CAS I \. .... __ -.J1 

Block-WrIte Cycle 
(no wrIte mask) 

I 
I 
I 

\.~-~~ 

Block-Write Cycle I 
(load and use write mask) I 

I 
/I 

\ /-1 

AO-AS ~~==~~~~~~~~~~::2~~~~3~~~~~~~~2~~~~~~::~;; WEx ~ 
TRG 

DSF ~;:~;;;~~~~;~~~~::i;~:~~~s~~i~~;~~~~~~~~~j[~~~~~~~~~ DQO-DQ1S E 4 6 6 

Legend: 
1. Refresh address 
2. Row address 
3. Block address (A2-AS) Is latched on the falling edge of CAS. 

. 4. Color-register data 
5. Write-mask data: 000-0015 are latched on the falling edge of RAS. 
6. Column-mask data: DOi-DOI + 3 (i = O. 4. 8. 12) are latched on either the first falling edge ofWEx or the falling edge of CAS. whichever 

occurs later. 
fcc"Bc::****** = don't care 

Figure 12. Example of Block Writes 
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load color register (continued) 

I Load-Mask-Reglster Cycle I load-Color-Register Cycle I Perelatent Block-Write Cycle I 
I I I (use loaded write mask) I 
I I I I 

_RAS ·~i'~====~-....J~--+-+--===~---J~1 _______ /1 
CAS I '"", __ ..,,1 '10.. __ ..,,1 '~ __ -I/-i 
AO-A8~~~!§2 ~ WEx~ 

TRG 

OSF~S:=~~~= OQO-OQ15 ~ 5 4 6 

Legend: 
1 . Refresh address 
2. Row address 
3. Block address (A2-AS) is latched on the falling edge of CAS. 
4. Color-register data 
5. Write-mask data: 000 -0015 are latched on the falling edge of CAS. 
6. Column-mask data: DOI-DQI + 30 = 0,4,8, 12) are latched on either the first WEx falling edge or the falling edge of CAS, whichever 

occurs later. coooowmw = don't care 

Figure 13. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low and 
holding WEx high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 

Table 3. SAM Function Table 

RASFALL CAS 
FALL 

FUNCTION 
CAS TRG wExt OSF OSF 

Full-register-transfer read H L H L X 

Split-register-transfer read H L H H X 

t LogiC L Is selected when eHher or both WEL and WEU are low. 
X = don'tcare 
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full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO-A8) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO -A8) are latched atthe falling edge of CAS, where address bitA8 selects which half ofthe row is transferred. 
Address bits AO -A7 select one of the SAM 256 available tap points from which the serial data is read out (see 
Figure 14). 

o AS=O AS=1 
255 256 511 

512 x 512 
Memory Array 

256-Blt 
Data Register 

Figure 14. Full-Register-Transfer Read 

A full-register-transfer read can be performed In three ways: early load, real-time load (or midline load), or late 
load. Each ofthese offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 15). 

Early Load Real-Time Load 
I I I 

Late Load 

RAS r--'\ /I\. /1\. ______ ...,,1 
I . I I - . 
I I I I 

CAS I \ II \ II '--.I I 
I I I I 

AO-AS I Row Tap Row Tap Row Tap I 
Point I Point I' Point 

TRG!\J j \ I j \ n 
I I I I 

WExp~~~ 
I 
I 

Figure 15. Example of Full-Reglster-Transfer Read Operations 
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spilt-register-transfer read 

In the split-register-transfer read operation, the serial-data register is split into halves (see Figure 16). The low 
half contains bits 0 -127, and the high half contains bits 128 - 255. While one half is being read out of the SAM 
port, the other half can be loaded from the memory array. 

o 511 

512 x512 
Memory Array 

256-Blt 
Data Register 

Figure 16. Split-Register-Transfer Read 

To invoke a split-register-transfer read cycle, DSF is brought high, TRG is brought low, and both are latched at 
the falling edge of RAS. Nine row-address bits (AO -A8) are also latched at the falling edge of RAS to select 
one ofthe 512 rows available for the transfer. Eight of the nine column-address bits (AO -A6 and A8) are latched 
at the falling edge of CAS. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits AO-A6 select one of the 127 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half 
(see Figure 17). 

A8=O A8=1 A8=1 A8=O r---.. r---.. r---.. r---.. 
0 511 0 A7 = ot 511 0 A7 = 1t 511 o A7"Ot 511 

DRAM m m m m 
SAM A B 'f@i~ '&ri C B '~ C 0 '~ E 0 

SQ SQ SQ SQ 

t A7 shown is internally controlled. 

8-282 

Figure 17. Example of a Split-Register-Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the fUIl-register-transfer read cycle, the first split"register-transfer read can follow immediately without any 
minimum SC clock requirement. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ55166 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SGMS057A - APRIL 1995 - REVISED JUNE 1995 

spllt-reglster-transfer read (continued) 

aSF indicates which half of the register is being accessed during serial-access operation. When aSF is low, 
the serial-address pointer is accessing the lower (least significant) 128 bits of the SAM. When aSF is high, the 
pointer is accessing the higher (most signifipant) 128 bits of the SAM. aSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
aSF. aSF also changes state when a boundary between two register halves is reached (see Figure 18 and 
Figure 19). 

Full-Reglster-Trensfer Read Spllt-Reglster-
With Tap Point N Transfer Read 

RAS \ I \ I 
CAS \ I \ I 
TRG \ Ii \ I 

I 

OSF 
I 1\ I 
I 
I 

~ SC I~ : ld(CLQSF) ~I PolntN 

I~ 

~ 
ld(GHQSF) 

QSF 

Figure 18. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read 

Spllt-Reglster
Transfer Read 

With Tap Point N 
Spllt-Reglster
Transfer Read 

\~ ______ ~Ii ~~ ______ ~I 
I I 

\. J II \. / '----.J/j '--. ----J. - I 1-

: \1 I 
I 

OSF~ : h 
...... -;ld=(R=H:M=S=-) ~I"'~=~--="" --;;::~~.LI-ld(M""S-R-L)-------

SC 

14---~~I- ld(SCQSF) 

QSF ----------------------------~)(~-----------------

Figure 19. Example of Successive Spllt-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 20. 

r' OI1121·· .. ·ITapl-.···125412551 
I 

Figure 20. SerIal-PoInter DIrectIon for SerIal Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting atthe tap point loaded by the preceding split-register-transfercycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 21). 

Figure 21. Serial Pointer for Split-Reglster-Transfer Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pOinter points next to 
bit 128 or bit 0, respectively (see Figure 22). 

Figure 22. Serial Pointer for Split-Register-Transfer Read - Case II 

spllt·reglster programmable stop point 

The SMJ55166 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve two-dimensional drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose lengths are programmed via row addresses A4-A7 in a CSR set 
(CBRS) cycle. The last serial-address location of each partition is the stop point (see Figure 23). 

0 127 128 255 

I I I· • ·1 I I I· • ·1 I 
PartItIon t. { 1. .. 1 1 1. .. 1 Length 

8·284 

Figure 23. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM partition length. The other row-address inputs are don't cares. 
Stop-point mode should be initiated after the initialization cycles are performed (see Table 4). 

Table 4. Programming Code for Stop-Point Mode 

MAXIMUM ADDRESS AT RAS IN CBRS CYCLE NUMBER OF PARTITION 
PARTITIONS 

STOP-POINT LOCATIONS 
LENGTH AS A7 A6 AS A4 AO-A3 

16 X L L L L X 16 15,31,47,63,79,95,111,127,143,159,175, 
191,207,223,239,255 

32 X L L L H X 8 31,63,95,127,159,191,223,255 

64 X L L H H X 4 63,127,191,255 

128 X L H H H X 2 127,255 jdefaultl 

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines the SAM 
partition in which the serial output begins and at which stop point the serial output stops coming from one half 
of the SAM and switches to the opposite half of the SAM (see Figure 24). 

Tap = H1 Tap = L1 Tap=H2 Tap=L2 

H1 191 L1 63 H2 255 L2 
SC ________ ...... ~ ••• ~ ••• ~ •••••• ~ 

0 
SAM LowHaH SAM High Half 

L1 63 L2 127 126 H1 191 H2 255 

t 1 t : : 1 • f 1 .. .. ~ ~ 

Figure 24. Example of Split-Register Operation With Programmable Stop Points 
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256-/512-blt compatibility of split-register programmable stop point 

The stop-point mode is designed.to be compatible with both 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only In the stop-point 
mode, the column-address bits AY7 ~d Aya are internally swapped to assure compatibility (see Figure 25). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cye/es. For 
example, during the split-register-transfer cycle with stop point, column-address bit Ayais a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR (option reset) cycle 
is not recommended because this ends the stop-point mode and restores address bits AY7 and Aya to their 
normal functions. Consistent use of CBR cycles ensures that the SMJ55166 remains in normal mode. 

NONSTOP POINT MODE 
AYB-O AYB=1 

AY7.0 AY7.1 AY7 .. 0 AY7.1 

o 255 

512)( 512 
Memory Array 

255·8It 
Date Register 

STOP-POINT MODE 

512)( 512 
Memory Array 

255-8It 
Date Reglater 

Figure 25~ DRAM-ta-SAM Mapping, Nonstop Point Versus Stop Point 

IMPORTANT: For proper device operation, a stop-point-mode (CBRS) cycle should be initiated immediately 
after the power-up initialization cycles are performed. 

power up 

8-286 

To achieve proper deviC?8 operation, an initial pause of 200 jAS is required after power up followed by a minimum 
of eight RAScycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are required to initialize the SAM port. 

After initialization, the internal state of the SMJ55166 Is as follows: 

STATE AFTER INITIAUZATION 

aSF Defined by the transfer cycle during initialization 
Write mode Nonpersistent mode 
Write-mask register Undefined 
Color register Undefined 
Serial-register tap point Defined by the transfer cycle during initialization 
SAM port Output mode 

~1ExAs 
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absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) ................................................ -1 Vto 7V 
Voltage range on any pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 V to 7 V 
Short-circuit output current ................................................................ SO mA 
Power dissipation ........................................................................ 1.1 W 
Operating free-air temperature range, TA .......................................... - SS·C to 12S·C 
Storage temperature range, Tstg .................................................. -6S·C to 1S0·C 

t Stresses beyond those listed under"absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maxlmum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to VSS. 

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL low-level Input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature -55 125 ·c 
.. . .. . . NOTE 2: The algebraiC convention, where the more negative (less positive) hmlt IS deSignated as minimUm, IS used for logic-voltage levels only • 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SAM 
PARAMETER TEST CONDITIONS; PORT 

VOH High-level output voltage 10H =-1 rnA 

VOL Low-level output voltage IOL=2 mA 

VCC = 5.5 V, 
II Input current (leakage) VI = OVt05.8V, 

All other pins at 0 V to VCC 

10 
Output current (leakage) 

VCC = 5.5 V, Vo = OVtoVcc (see Note 3) 

ICC 1 Operating current § See Note 4 Standby 

ICC1A Operating current § Ie/SC) = MIN Active 

ICC2 Standby current All clocks = VCC Standby 

ICC2A Standby current Ie/SC) = MIN Active 

ICC3 RAS-only refresh current See Note 4 Standby 

ICC3A RAS-only refresh current IeISCI = MIN, See Note 4 Active 

ICC4 Page-mode current § Ie/P) = MIN, See Note 5 Standby 

ICC4A Page-mode current § Ie(SC) = MIN, See Note 5 Active 

ICC5 CBRcurrent See Note 4 Standby 

ICC5A CBRcurrent Ie/SC) = MIN, See Note 4 Active 

ICC6 Data-transfer current See Note 4 Standby 

ICC6A Data-transfer current Ie(SC) = MIN Active 
.. .. . . ; For conditions shown as MINIMAX, use the appropriate value specified in the timing reqUIrements . 

§ Measured with outputs open 
NOTES: 3. SE is disabled for sa output leakage tests. 

4. Measured with one address change while RAS = VIL.and Ie(rd), Ie(W), Ie(TRD) = MIN 
5. Measured with one address change while CASx = VIH 

~TEXAS 
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'55166-70 '55166~80 

MIN MAX MIN MAX 
UNIT 

2.4 2.4 V 

0.4 0.4 V 

:1:10 :1:10 IIA 

:1:10 :1:10 IIA 

165 160 mA 

210 195 mA 

12 12 mA 

70 65 mA 

165 160 mA 

215 195 mA 

100 95 mA 

145 130 mA 

165 160 rnA 

210 195 mA 

180 170 mA 

225 200 mA 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 

PARAMETER MIN TYP MAX UNIT 

CilA} Input capacitance. AO-AS 5 10 pF 

CI(RC} Input capacitance. CAS and RAS 8 10 pF 

Ci(W) Input capacitance. WEL and WEU 7 10 pF 

eIISC} Input capacitance. SC 6 10 pF 

CI(SE} Input capacitance. SE 7 10 pF 

Ci(D~El Input capacitance. OSF 7 10 pF 

CiITRG} Input capacitance. TRG 7 10 pF 

CoCO) Output capacitance. SO and DO 12 15 pF 

Co(OSF) Output capacitance. OSF 10 12 pF 

NOTE 6: VCC = 5 V:I: 0.5 V.and the bias on pins under test IS 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 

TEST ALT. '55166-70 '55166-80 
PARAMETER UNIT 

CONDITIONS t SYMBOL MIN MAX MIN MAX 

ta(C) Access time from CAS Id(RLCL) = MAX tCAC 20 20 ns 

ta(CA) Access time from column address Id(RLCL) = MAX tM 35 40 ns 

ta(CP) Access time from CAS high Id(RLCL) = MAX tCPA 40 45 ns 

ta(R) Access time from RAS Id(RLCL) = MAX tRAC 70 80 ns 

ta(G) Access time of DO from TRG low tOEA 20 \ 20 ns 

ta(Sa) Access time of SO from SC high CL = 30 pF tSCA 20 25 ns 

ta(SE) Access time of SO from SE low CL=30pF tSEA 15 20 ns 

ldis(CH) 
Disable time, random output from CAS high 

CL=50pF toFF 0 20 0 20 ns 
(see Note 8) 

ldis(RH) 
Disable time. random output from RAS high 

CL=50pF 0 20 0 20 ns 
(see Note 8) 

ldis(G) 
Disable time. random output from TRG high 

CL=50pF toEZ 0 20 0 20 ns 
(see Note 8) 

ldis(WL) 
Disable time, random output from WE low 

CL=50pF IWEZ 0 20 0 20 ns 
(see Note 8) 

Idls(SE} Disable time. serial output from SE high (see Note 8) CL = 30 pF tSEZ 0 15 0 20 ns 

t For conditions shown as MINIMAX, use the appropriate value specified in the timing requirements. 
NOTES: 7. Switching times for RAM-port output are measured with a load equivalent to 1 TTL load and 50 pF. Data-out reference level: 

8-288 

VOH !VOL = 2 V/0.8 V. Switching times for SAM-port output are measured with a load equlvalentto 1 TTLioad and 30 pF. Serial-data 
out reference level: VOH I VOL = 2 VlO.8 V. 

8. ldis(CH). ldis(RH).ldis(G).ldis(WL), and ldis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 

Ie(rd) Cycle time, read 

IeIWl Cycle time, write 

le(rdW) Cycle time, read·modify·write 

Ie(P) Cycle time, page-mode read, write 

Ie(RDWP) Cycle time, page-mode read-modify-write 

IelTRDI Cycle time, transfer read 

Ie(SC) Cycle time, SC (see Note 9) 

tw(CH) Pulse duration, CAS high 

tw(CLl Pulse duration, CAS low (see Note 10) 

tw(RH) Pulse duration, RAS high 

twiRL) Pulse duration, RAS low (see Note 11) 

twCWLl Pulse duration, WEx low 

twlTRG) Pulse duration, TRG low 

tw(SCH) Pulse duration, SC high 

tw(SCLI Pulse duration, SC low 

tw(GH) Pulse duration, TRG high 

tw(RL)P Pulse duration, RAS low (page mode) 

tsu(CA) Setup time, column address before CAS low 

tsu(SFC) Setup time, DSF before CAS low 

tsu(RA) Setup time, row address before RAS low 

tsu(WMR) Setup time, WEx before RAS low 

tsu(DOR) Setup time, DO before RAS low 

tsulTRGI Setup time, TRG high before RAS low 

tsu(SFR) Setup time, DSF low before RAS low 

tsu(DCL) Setup time, data valid before CAS low 

tsulDWLI Setup time, data valid before WEx low 

tsu(rd) Setup time, read command, WEx high before CAS low 

tsu(WCL) Setup time, early write command, WEx low before CAS low 

tsy{W~Hl Setup time, WEx low before CAS high, write 

tsu(WRH) Setup time, WEx low before RAS high, write 

th(CLCA) Hold time, column address after CAS low 

th(SFC) Hold time, DSF after CAS low 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

ALT. '55166·70 '55166·80 
SYMBOL UNIT 

MIN MAX MIN MAX 

tRC 130 150 ns 

twc 130 150 ns 

tRMW 175 200 ns 

tpc 45 50 ns 

tpRMW 85 90 ns 

tRC 130 150 ns 

tscc 22 30 ns 

tePN 10 10 ns 

teAS 20 10000 20 10000 ns 

tRP 50 60 ns 

tRAS 70 10000 80 10000 ns 

twp 10 15 ns 

20 20 ns 

tsc 8 10 ns 

tscp 8 10 ns 

trP 20 20 ns 

tRASP 70 100000 80 100000 ns 

tASC 0 0 ns 

tFSC 0 0 ns 

tASR 0 0 ns 

twSR 0 0 ns 

tMS 0 0 ns 

trHS 0 0 ns 

tFSR 0 0 ns 

tDSC 0 0 ns 

tDSW 0 0 ns 

tRCS 0 0 ns 

twcs 0 0 ns 

teWL 15 20 ns 

tRWL 20 20 ns 

tCAH 10 15 ns 

teFH 15 15 ns 

10. In a read-modify-write cycle,Id(CLWL) and tsu(WCH) must be observed. Depending on the user's transition times, this can require 
additional CAS low time [tw(CL)]' 

11. In a read-modify-write cycle,Id(RLWL) and tsu(WRH) must be observed. Depending on the user's trensition times, this can require 
additional RAS low time [twIRL)]' 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 8-289 



SMJ55166 
262144 BY 16·BIT 
MULTIPORT VIDEO RAM 
SGMS057A-APRIL 1995- REVISED JUNE 1995 

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

ALT. '55166-70 
SYMBOL MIN MAX 

th(RA) Hold time, row address after RAS low tRAH 10 

thfTRG) Hold time, TRG after RAS low trHH 15 

thlRWM) Hold time, write mask after RAS low tRWH 15 

th(RDQ) Hold time, DQ after RAS low (write-mask operation) tMH 15 

th(SFR) Hold time, DSF after RAS low tRFH 10 

th(RlCA) Hold time, column address valid after RAS low (see Note 12) tAR 30 

th(CLD) Hold time, data valid after CAS low tDH 15 

th~RLI~} Hold time, data valid after RAS low (see Note 12) tDHR 35 

th(WlD) Hold time, data valid after WE>< low tDH 15 

th(CHrd) Hold time, read, WEx high after CAS high (see Note 13) tRCH 0 

thlRHrcIl Hold time, read, WEx high after RAS high (see Note 13) tRRH 0 

th(CLW) Hold time, write, WEx low after CAS low twCH 15 

th(RLW) Hold time, write, WEx low after RAS low (see Note 12) twCR 35 

th(WLG) Hold time, TRG high after WEx low (see Note 14) tOEH 10 

th(SHSQ) Hold time, SQ after SC high tSOH 2 

th(RSF) Hold time, DSF after RAS low tFHR 35 

th(CLQ) Hold time, Output after CAS low tDHC 0 

Delay time, RAS low to CAS high I toSH 70 
Id(RlCH) I See Note 15 tCHR 10 

Id(CHRL) Delay time, CAS high to RAS low toRP 0 

tq(ClRHL Delay time, CAS low to RAS high tRSH 20 

Id(CLWL) Delay time, CAS low to WEx low (see Notes 16 and 1 n toWD 45 

Id(RLCl) Delay time, RAS low to CAS low (see Note 18) tRCD 20 50 

Id(CARH) Delay time, column address valid to RAS high tRAl 35 

IdCCACH) Delay time, column address valid to CAS high tCAl 35 

Id(RLWL) Delay time, RAS low to WEx low (see Note 16) tRWD 85 

Id(CAWL) Delay time, column address valid to WE>< low (see Note 16) tAWD 60 

Id(CLRl) Delay time, CAS low to RAS low (see Note 15) toSR 0 

Id(RHCL) Delay time, RAS high to CAS low (see Note 15) tRPC 0 

IdCCLGH) Delay time, CAS low to TRG high for DRAM read cycles 20 

Id(GHD) Delay time, TRG high before data applied at DQ tOED 15 

t liming measurements are referenced to Vil max and VIH min. 
NOTES: 12. The minimum value is measured when Id(RLCL) is set to Id(RLCL) min as a reference. 

13. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle. 
14. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

8-290 

15. CBR refresh operation only 
16. Read-modify-write operation only 
17. TRG must disable the output buffers prior to applying data to the DQ pins. 
18. The maximum value is specified only to assure RAS access time. 
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'55166-80 
UNIT 

MIN MAX 

10 ns 

15 ns 

15 ns 

15 ns 

10 ns 

35 ns 

15 ns 

35 ns 

15 ns 

0 ns 

0 ns 

15 ns 

35 ns 

10 ns 

2 ns 

35 ns 

0 ns 

80 
ns 

15 

0 ns 

20 ns 

50 ns 

20 60 ns 

40 ns 

40 ns 

100 ns 

65 ns 

0 ns 

0 ns 

20 ns 

15 ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 

ALT. '55166-70 '55166-80 
SYMBOL UNIT 

MIN MAX MIN MAX 

teI(RLTHI Delay time, RAS low to TRG high (see Note 19) tRTH 55 60 ns 

teI(RLSHI Delay time, RAS low to first SC high after TRG high (see Note 20) tRSD 70 80 ns 

teI(RLCAI Delay time, RAS low to column address valid tRAD 15 35 15 40 ns 

tel (GLRHI Delay time, TRG low to RAS high tROH 20 20 ns 

tel (CLSHI Delay time, CAS low to first SC high after TRG high (see Note 20) teSD 20 25 ns 

tel (SCTRI Delay time, SC high to TRG high (see Notes 19 and 20) trSL 5 5 ns 

teI(THRH) Delay time, TRG high to RAS high (see Note 19) trRD -10 -10 ns 

Ic!/THRL) Delay time, TRG high to RAS low (see Note 21) trRP 50 60 ns 

telcrHSCI Delay time, TRG high to SC high (see Note 19) trSD 15 20 ns 

tel (RHMS) 
Delay time, RAS high to last (most significant) rising edge of SC before 

20 20 ns boundary switch during split-register-transfer read cycles 

teI(CLTHI Delay time, CAS low to TRG high in real-time-transfer read cycles tCTH 15 15 ns 

teI(CASH) Delay time, column address to first SC in early-load-transfer read cycles tASD 25 30 ns 

teI(CAGH) 
Delay time, column address to TRG high in real-time-transfer read 

tATH 20 20 ns cycles 

teI(DCLI Deley time, data to CAS low tozc 0 0 ns 

teI(OGL) Delay time, data to TRG low tozo 0 0 ns 

teI(MSRL) 
Delay time, last (most significant) rising edge of SC to RAS low before 

20 20 ns boundary switch during split-transfer read cycles 

teI(SCaSF) 
Delay time, last (127 or255) rising edge ofSC to aSF switching at the 

tsao 25 30 ns boundary during split-register-transfer read cycles (see Note 22) 

teI(CLaSF) 
Delay time, CAS low to aSF switching in transfer read cycles 

teao 30 35 ns (see Note 22) 

teI(GHaSF) 
Delay time, TRG high to aSF switching In transfer read cycles 

trao 25 30 ns (see Note 22) 

teI(RLaSF) 
Delay time, RAS low to aSF switching In transfer read cycles 

tRao 70 75 ns (see Note 22) 

'rfIMAI Refresh time interval, memory tREF 8 8 ms 

It Trensition time tr 3 50 3 50 ns 

t Timing measurements are referenced to VIL max and VIH min. 
NOTES: 19. Real-time-load transfer read or late-load-transfer read cycle only 

20. Early-load-transfer read cycle only 
21. Full-register-(read) transfer cycles only 
22. Switching times for aSF output are measured with a load equivalent to 1 TTL load and 30 pF, and the output reference level is 

VOH IVOL = 2 V/0.8 V. 
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PARAMETER MEASUREMENT INFORMATION 

~IIII 
WEx 1 I 1 1 1 ""<XXXXXXXXXX 

1 1 1 Ic:Ils(CH) 1 I" ~'XXXXXXXXXXX 
1 1 1 1 1 

Ic:I(DGL) I": ., 1 1 ~ ta(G) ~ 1+ Ic:Ils(G) -+i 

OQO-OQ15 Data In) I : 1 ( Data Out )>------
1 1 1 
1 1 *-- talC) ----+1 
: I.. ta(CA) .1 
I" ta(R) .1 

Figure 26. Read-Cycle Timing With CAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
I 14 tw(RL) .1 I 
I 14 lcI(RLCH) .1 I 1 

---..l~ ~ I I I 

RAS 11 i VI i''----
I I I j4- tw(RH) -.I It"1 ~ i+-lcI(CLRH) '-+I I 
I I4-lcI(RLCL) ~ . I I I 

-+I i4+-lcI(CHRL) II+- tw(CL) ---.II I I 
~II I II 

CAS W i i I\~ 0r"".""': ..,.:--tW-(CH-)--.... ~\'-__ 

I I i ~ I I I -
lcI(RLCA) j4 .14 I I lcI(CARH) ~ I 
lh(RA)~ 14- I I I : I I I 

I 14 I th(RLCA) ---.I I 1 I I 

tsu(RA) ~ 14: I • ill .1 lcI(CACH) 

~~~ .. -.. ~:~~.~ 
,..;. i4- th(SFR) I I I I I 

tSU(SFR)-+lj4t _: ~ 
DSF~II I 
~II 

I : 1 : ~ lcI(CLGH) i--+I: 
lsu(TRG) -+f b 1 I I 14 I .1 II lcI(GLRH) - ~~~~~ i·~= TRG~II~_ i-~ 

I 1 I 
tsu(rd) -14+1 I I -+j .,!.14- th(RHrd) 

~II I lh(CHrd) rill I"J 

WEx_i i i :i~ 
I I 1 I 1+ lcIls(G) -+! 

lcI(DGL) I. i .1 I I i4- ta(G) +I 14- lcIls(RH) ~ 

DQO-DQ15 Data In ) I I i ( Data Out )>------
i : i+- ta(C) --.1 
: I. ls(CA) .: 

I. ta(R) .1 
Figure 27. Read·Cycle Timing With RAS·Controlied Output 
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PARAMETER MEASUREMENT INFORMATION 

~ ~~ ~ 
__ -.j,1 14 twIRL) ~, 1 

RAS N .vT L 
I '4 tci(RLCH) ~I I',' 

tt -+j 14- 14 tci(CLRH) 1 ~I I+- tw(RH) -+1 
1 1+ tci(RLCL) ~ 1 -+I i+- tt , 

~ Ii tci(CHRL) ~ tw(CL) .' t tci(CHRL) -+I 

CAS )f;fff/', N Vi+t- tw(CH) ~"--I 14- th(RLCA) --+I I 1 
th(RA) ~ 14- 141 tci(CACH) ~I 1 

'I -+i ~ tsu(CA) I 1 
tci(RLCA) ,41 ~ I ,4 ~,th(CLCA) 1 1 

~~JmJ~I~' ~ 
AO-Aa ~~umn~ 

tsu(SFR) -+' I4t -+l I I tsu(SFC) 1 1 I 1 14-- th(RSF) --.I 1 1 
Ih(SFR) ~ i+- 1 1 14 ~:~ 

nSF mx::~I: ~ 
1 1 I 1 

1+1 I+- th(TRG) I I I 
tsu(TRG) -+i 14t' I 

TRG ~:: 
II~ 

tau(WMR) -.I H- 14 1 1 tau(WRH) .1 
: I 14 : I: th(RLW) ~I 

th(RWM) +t.I I+- I I j4 th(CLW) . .1 
~ ~tsu(WCL) 1 

WEx ~~I: tw(WL) ~ 
1 1 I I 

tsu(OQR) -+I i4f- I I+--- th(CLO) -.! 
th(ROQ~ -.I I+- ~ I+- tau(OCL) : 

~~~ th(RLO) ~ 
OQO-OQ15 ~ 3_ 

Figure 28. Early-Wrlte-Cycle Timing 

Table 5. Early-Wrlte-Cycle State Table 

STATE 
CYCLE 

1 2 3 

WrHe operation (non masked) H Don't care Valid data 

Write operation with nonpersistent write-per-blt 

Write operation wRh persistent wrRe-per-bR 

~TEXAS 
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Write mask Valid data 

Don't care Valid data 
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TRG ~ II i: I~ tsu(WRH) i ~I ~ 
-..: ~ tsu(TRG) : I I~ tsu(WCH) --.I : 

I I I I~ I th(CLW) ~I I 
~I I lcI(GHO) ~ I I I 

~ I -I I t ~I I 
-+j !.f tsu(WMR) : : I h(RLW) I I 
~ I I~ th(WLG) I ~I 

WEx ~_. : if tw(WL) ~~ 
I_I tsu(OWL) -t.l i4i" 

tsU(OQR)-+j 'l I. I I !+- th(WLO) -+I 
I -+j ~ th(ROQ) I I I 
I I~I. I I th(RLO) .. : 

OQO-OQ15 ~ 3 ~ 
Figure 29. late-Write-Cycle Timing (Output-Enable-Controlled Write) 

Table 6. late-Write-Cycle State Table 

CYCLE 
1 

Write operation (non masked) H 

Write operation with nonpersistent write-per-bit L 

Write operation with persistent write-per-bit 

~TEXAS 
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STATE 

2 

Don~ care 

Write mask 

Don~ care 

3 

Valid data 

Valid data 

Valid data 
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PARAMETER MEASUREMENT INFORMATION 

~-------------------~~------------------~.I 
14------------tw(RL) ---------+1.1 I 

------------~y~tw(RH)~'---
~-----------lcl(RLCH) ----------~.I 1 1 1 

14----1c1(CLRH) 1 .1 1 1 
~ !+-tt 

AO-AB 

DSF 

~-l-___ tsu(WRH) ---------+i 

1 
1 

WEx -----~ 
~--th(CLD) ~ 

14---"--- th(RLD) .1 
DQO-DQ1S ~'0"1:7'~~~~'=" Write Maskt _ 

t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 
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Figure 30. Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 
~ ~ ~ 
1 1II1II lw(RL) ~ 1 

--~N 0 ~ 
1 1II1II tcI(RLCH) ~I I ~ lw(RH) ~ 

It -+I I11III-- 1II1II tcI(CLRH) I ~ 1 I 
-+i IIIIII-i- tcI(CHRL) I I I4'"h tcI(CHRL) ~ 

I I I+- tcI(RLCL) -+I I ~ 14- It 

VWY#- I I ':\!11111 lw(CL) .; J.k-r----~ 
'tl:tU 1 I I f ,Y~ I lw(CH) ~ ~ 

1h(RA) -f.I I+- 1 I I I I 

1 j+-- Ih(RSF) /----+I 1 1 
~u(SFR) -+I iIIIIIt -+I /II1II+ ~u(SFq 1 I 

lh(sFRttMlIIIII- I 11II1II ~_= 
~II~·-~ 
vvvvvf I I I 1II1II tau(WRH) I ~I ~ ~III II 1-

-+j *'-1 ~u(TRG) I 1II1II tau(WCH) ~I I. 
I 1 1II1II I Ih(CLW) ~I 
i...f-t:- tcI(GHO) --JIj I I I 

wlllll I Ih(RLW) ~I 1 

~U(WMR)i r-1+::1h(RWM)~ I'11III' ltt(WLG) ~I ~ 

WEx )QQQW. r-- I *' lw(WL) ~ ~ I 1 I .... · ________ ~~~~~~~~WoOolooI~ 

I ~u(DWL)~ iIIIIIt 
I I II ~1h(WLD) ~ 
I 1 I 

~.'" .: _ . Write Maskt ~ OQO-OQ15 

t Load-write-mssk-reglster cycle puts the device Into the persistent wrlte-per-blt mode. 

Figure 31. Load-Wrlte-Mask"Reglster-Cycle Timing (late-Write Load) 
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1-- fc(rdW) ~, 
1-- tw(Rl) ~I 1 

--{ J-- tel ~~~I RAS I-{ (RLCH) I I , 

~ ~ tcI(CHRl) --.!__ tcI(CLRH) ~tw(RH) 
~ I ~ tel(RLCL) .; ~ tw(CL) ~ lr ~'tel(CHRL) 

c~S W I F ~i th(RA) !~ ¥f] i\..-
ts -+I I, tsu(CA) -+I ~ , ,I I 

u(RA) i+j-, I ~ th(CLCA) tw(CH) , ,1-- ~I 
I I l4--I- th(RLCA) !-+-+I , , 
I I I , '__" , tel(CACH) ~, , 

VV\.~I:!telr~r!: _I~ 
AO-AS w4 ~ow ~~Olumn __ 

,~th(RSF) I' ~, II 
-.I ~ tsu(SFR) " ~ th(SFC) 

th(SFR) 111 __ ~: -+\,--: I ~ . 
DSF~II ~'I , 
~II ~" " ! _ ~ tsu(rd) ,.. ~I I tsu(WCH) 

......- th(TRG) H-=--t-+I, i4- L (WRH) ~ 
, , ,,__ II tel(CAWL) ~I"u---r! 
I I , , I,,.. .1 tw(TRG) , 

TRG I , , ,I ' i f' ~:~+J;=~.~1~~~~~~~8 
I : ' I I th(RL~ ~I 
~ ~ tsu(TRG) 1-- I I th(CLW)' ~: 
-.I, ~ tsu(WMR) ',4 h' '--1 I tel(CLWL) 4 ' 

I I , ,....... I tel(OCL) 1 I ' I 
th(RWM) 1-- ~ ,I I ,__, ·1 I tel(CLGH) N' , I 
~}" ~~ II . -~-.J 

WEx ~ I I~ =-J 1-- :: t! ta(CA) I 1 tw(WL) ~ 
I I+-- ta(R) I II ~, tcI(R,LWL) 4 i+ th(WLD) ~ 

-.I ~ tsu(OQR) ,-- ~: I' tel(DGL) j-- ~, I tel(GHD) , 

V'\?\} 1--
2

. 't ~ I. ~i ~~: ,nO 14- ~,(DWL) : 

DQO-DQ15 ~ Rllt) k ~~:. l{l)\ 3 ~ 
I, : . _ I 

ta(G) --+l 14- ~ tells(G) 

Figure 32. Read-Write-/Read-Modlfy-Write-Cycle TIming 

Table 7. Read-Wrlte-/Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 

Write operation (nonmasked) 

Write operation with nonpersistent write-par-bit 

Write operation with parsistent wrlte-per-blt 

~1EXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 

Don't care 

Write mask 

Don't care 

3 

Valid data 

Valid data 

Valid data 



tsu(RA) -+J 
I 
I 

AO-AS ~ 

-+I 

DSF &l 

DQO
DQ15 

SMJ55166 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SGMS057A - APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

I 
I4---lcI(DCL) --.I 

t Access time is ta(CP) or ta(CA) dependent. * Output can go from tfle high-impedance state to an invalid-data state prior to the specified access time. 
NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-wrlte timing 

specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired 
write mode (normal, block write, etc.). 

Figure 33. Enhanced-Page-Mode Read-Cycle Timing 

-!II TEXAS 
INSTRUMENTS 
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TRG W! I \ ::; See Note A : 

-+! ~ ~U(WMR) I~ ., tsu(WCH) tsu(WCH) =+l_ I+- I 
I : ::.- th(RWM) -+j 1+ tW(Wl) --.! ~ tsU(W~R~H)~-+I~~~~ 

WEx.~ .. 3 ~II ~~ 
*~II 

-+I 1++ tsu(OQR) -+I ~ tsu(OWl) t 

:: tsu(OCl) t I~ I .: :.- th(ClO) t -+l 
, 1+ th(ROQ) ~ I ~ th(WlO)t ., 
, ,~. I I th(RlO) ., 

~~~~ 4)®( 5 ~ 5 ~ 
t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 
NOTE A: A read cycle or a read-modlfy-write cycle can be intermixed with write cycles, observing read and read-modify-wrlte timing 

specifications. To assure page-mode cycle time, TAG must remain high throughout the entire page-mode operation if the late-wrHe 
feature is used. Ifthe early-write-cycle timing is used, the state ofTAG is a don't care after the minimum period th(TAG) from the falling 
edge of RAS. 

Figure 34. Enhanced-Page-Mode Write-Cycle Timing 

Table 8. Enhanced-Page-Mode Write-Cycle State Table 

STATE 
CYCLE 

1 2 3 4 

Write operation (nonmasked) L L H Don~ care 

Write operation with nonpersistent write-per-bit L L L Write mask 

Write operation with persistent wrHe-per-bit L L L Don~care 

Load-wrHe-mask register on eHher the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later.:I: H L H Don't care 

5 

Valid data 

Valid data 

Valid data 

Write mask 

Load-write-mask-re ister cle g cy p uts the device In the p ersistent write-pe r-bit mode. Column address at the fallin ad e of CAS is a don't care g g 
during this cycle. 

8-300 
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~ tw(RL)P----------... ~ 

I 14 tcl(RLCH) .1 ~ tcl(CLRH) ~ l+-t tw(RH) 
~ j'4t tcl(CHRL) 14 tc(ROWP) 1 1.1 1 

~.. ·1 tcl(RLCL) tw(CH) tcl(CHRL) i1!=~-
~ I+- "'(RA) 1 14 tw(CL) ---+I I I 

tcl(RLCA) L.. 141 --= 4 tau(CA) 141 I I tcl(CARH) I .1 
-to! ~ tau(RA) 1 ,4 .1 th(CLCA) I I I I I 

~ th(R~~Zm~: COIU~~ tcl(CAC'~ 
~FR)I 14 Ii ~ 
-+I r-t tau(SFR) I 14 .1 th(SFC) 141 ,.-;--: ;----1·01-1 -tl- tau(SFC) I 1 

I ~ tau(SFC) 1 1 14 .: th(SFC) I I 

I tsu(rd) tau(WCH) ~ I I tau(WCH) -+I 1+-1 
j+- tcl(CLWL) -+I I -+I i4.J- tcl(OCL) II II 

I I I tcl(CAWL) 4 I I I 
I 14 I I.: tcl(RLWL) ·1 1 l-+i /4-tcl(CLGH) I I 

th(TRG) 14 I .: I :4 .: tcl(CLGH) I : 1 I tau(WRH) ~ 
W-+l J4t taU(TRGN) 14 I ~I'; !w(TRG) I I I I I 

I I I : 1/ I lIi';'l ;":";';';'~I "'1-1 --'---!I-~ 11 
III II I I II Ilj'--ofl 

~ tau(WMR) 1/ I I I 1 I fi I4t tw(TRG) 
1 I I j+- th(RWM) I I tw(WL) j4 I II I 

II Ii j4- ta(C)t I I II 1 LIJ~~~ 
14 II ~I ta(CA) t : Ii ~ 14+ tau (OWL) M tau(OQR)· I I th(WLO) 14 I II I th(WLO) 14 .I 
I++j- tcl(DCL) I I I II 14 .1 t~ I 

-.11+ th(ROQ) tau (OWL) -+I I+- "-;--+-+1- ta(CP} ti ... (GHO) I 
I I Jr----.L. 

XX>OOOT-i-< 

I I 
I I ~ j+-ta(G)t I 1 

tcl(OGL) -+I 14- I tcl(GHO) ..J.t.-.I 
j4- ta(R) t --+I 

II 
tcl(OGL) -+I 't I 1 

II -+I I+- tclls(G) 
-+114- talC) t 

t Output can go from the high-Impedance state to an invalid-data state prior to the specified access time. 
NOTE A: 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. 

Figure 35. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
Table 9. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle State Table 

CYCLE 
STATE 

1 2 3 4 

Write operation (non masked) L L H Don't care 

Write operation with nonpersistent write-per-bit L L L Write mask 

Write operation with persistent write-per-bit L L L Don'teare 

Load-write-mask register on either the first falling edge of H L H Don'teare WEx or the falling edge of CAS, whichever occurs later.; 

5 

Valid data 

Valid data 

Valid data 

Write mask 

:1= Load-wnte-mask-reglster cycle sets the deVice to the persistent wnte-per-bit mode. Column address at the failing edge of CAS IS a don't care 
during this cycle. 

~TEXAS 
INSTRUMENTS 
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, '... ~ th(TRG) I 1 tau(WCL) I... .1 , , 
1 tau(TRG) , 1 1 1 : ' , , 

, , I' : 1 "'" I 
, 1 " , 1 

-+: ~ tau(WMR\' I 1 • ./ I, 1 ' 
,"" tau(rd) .. , 1 I. , 

WEx W I I i I ~ta(C) ~~tw(W~~y' 
, I I ~ ta(CA) t +I I I:... .' th(CLO) 

DQO
DQ15 

lci(DGL) " ,'''' ., J+-- ta(G) .J----.-..il ~ I ~ , 
tau(DCL) ~ I ~ , 

___ ' ... ...,;1 t.,.' I "1 "I."~ ~ r- , ~ 
Data In > . ! \ Data Out ;--\ Data 'n )>-. -------

i+-:-lci(DCL) --+t 
t Access time is ta(CP) or la(CA) dependent. * Output can go from the high-impedance state to an Invalid-data state prior to the specified access time. 
NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 

speCifications are not violated and the proper polarity of DSF is selected on the failing edge of RAS and CAS to select the desired write 
mode (normal, block write, etc.). 

8~302 

Figure 36. Enhanced-Page-Mode Read-/Write-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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~ ~ ~ 
__ ~I I~ tw(RL) ~, I N r1 L II~ tcJ(RLCH) ~I ::=- tw(RH) ~ 

tt -+I ~ 14 '-.!I It I 
I I~ .... b(CLRH) I ~I I I_!+- tcJ(RLCL) ~ ... 

tcJ(iW rr ~ ! ... ~r----- tw(CL) ~ ~ tcJ(CHRL) --+I 

CAS ~ ~_ ! i -r~ ! '-<C~ j'--
I I 1 1 ' I I 

~ ~IsU(RA) I I I I 

AO-AS 

I I 1 I~ ~I th(SFC) 1 1 
1 I~ th(RSF) ~ 1 1 

lsu(SFR) -+!, ~ ~ ~ lsu(SFC) 1 1 

~j+-lh(SFR)11 _. 1 I. 
~II·II~ 

TRO§§W!!_ 
-+I :.t lsu(WMR) I~ 1 I taU(WCH) ~I I 

I I I~ I I tau(WRH) ~I 
I I~ I I I th(RLW) ~I 

th(RWM) -[--+! I+- I I I~ lh(CLW) ~I 

~ I I -+1 ~ t8U(WCL) I 
WEx· I \?OOhl I I _ 

1~11 ~ 
I I~: I tw(WL) ~I 
I -+j 14{- tau(OCL) 

I I I~ th(CLO) ---~~I 
I~ I th(RLD) _____ ~~I 

1 I 

°OQQ01-S ~~~~~~~~ ~-------------------~. ~ Valid-Color Input ~ 

Figure 37. Load-Color-Reglster-Cycle Timing (Early-Write Load) 

-!!1TEXAS 
INSTRUMENTS 
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~ ~~ ~ 
I I~ twIRL) .1 I 

RAS ---N 1,1 L 
I 14 ... 1 r i.-iw(RH)--.I 

_ I I~ tcf(RLCH) "I ..., ~ it 1 
tt ~ ~ 1l1li tcf(CLRH) .1 1 
_ I l. j.- tcf(RLCL) -.I I !+-r tcf(CHRL) ----+I 

tcf(C~ ~I J ~ I 

CAS w II . N~ iw(CL) ~Il i'-
I *-- th(RSF) 1 1 .1 I 1l1li I tw(CH) .1 

. til 1 1 I I I 
t ~~ ~ Refresh Row I I 
sU(RA)"-1 I. 

AO-AS 

tau(SFR) -+i i4t I 1l1li ., th(SFC) 1 1 
th(SFR) +-t.I !+- ..., IIIIIj tau(SFC) 1 1 

DSFW7!!W! _ 
-+l rt tsu(TRG) ! I I 

TRG XJ.XJ.XT, I I 1l1li th(CLW) .• : : : 1OO<XXXXXXXXX.X 
AiJ5U I I I 1l1li tau(WRH) I I .1 i 'O0OOOOOOOOOOOO 
~ tcf(GHD) -+1 1l1li tau(WCH) .1 1 

I 1l1li I th(RLW) .1 I 
-+i ~ tau(WMR) I 14 1 I 

I I I I'" th(WLG) 1 .1 

WEx ~ ! ! N~ tw(WL) ~~ 
I I I I 
I ~ lIIIIt tau(OWL) 

I I 1 ~ th(WLD) --.I 
1l1li I I th(RLD). .1 

~~~5 ~ Valid-Color Input ~ 

8-304 

Figure 38. load-Color-Register-Cycle Timing (late-Write load) 

~TEXAS 
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~ ~~ ~ 
__ -\1 14 twIRL) ~ I 

N VI+- tw(RH) -.1'--1 i 14 lcI(RLCH) ., -+I i+- tt 

lcI(RLCL) tt1 ::- .14 lcI(CLRH) I 4lc1(CHRL)-J 

~ fflcl(CHRL) 'b tw(CL) ~ ~ 1 

CAS ~I N 01 ~ 
lcI(RLCA) ~ .1 1 I th(CLCA) , I+i- tw(CH) -----' 

I j+--ih(RLCA) -+I I I I 
lcI(RLCA) I 14 .14 1 I I lcI(CARH) , I .1 

tsu(RA) ~ I4t 14 I I i lcI(CACH) ----.J 1 I 

~-.. ~::'~ 
-+i I j+-- lcI(RSF) -p\ Block Address I I 

tau(SFR) ,~ 1 , , I A2.-AS I I 

ih(SFR) ill I+- -+j ~ tau(SFC) I I 
, nil 'I.. .1 ih(SFC) I I 
"I"~ 

OSF ~IIYIIl!:: _ 
+- (TRG) ..... ~ I+- th(TRG) , ... u _, ~ 

TRGW'II~ 
I I -+.I I" I , tsu(WCH) .1 1 

th(RWM) I I I+- I I I -+i I ~"+-I---- tau(WRH) ·1 
tau(WMR) '~I -.l ~ tsu(WCL) , 1 I I: :.. th(CLW) --~~I 

~, .. , I I' th(RLW) ~I 
WEx 1 ~ I i tw(WL) ---.. ~""~~~~~~~~ 

~I~,--------------~~~~~~~~= 
I ,i44---1f-L-, th(RLO) -----.!., 

tau(OQR) -+i 104+ ~ Io4t tau(DCL) I 
th(ROQ) ~ I+- 1 j+-- th(CLD) ~ 
;;;;:~~l ' 

OQO-OQ15 ~ 3 ~ 

Figure 39. Block-Write-Cycle Timing (Early Write) 

Table 10. Block-Write-Cycle State Table 

CYCLE 
1 

Block-wr~e operation (nonmasked) H 

Block-write operation with nonpersistent write-per-bit L 

Block-wr~e operation with persistent wr~e-per-bit L 

Example: 

STATE 

2 

Don't care 

Wr~emask 

Don't care 

3 

Column mask 

Column mask 

Column mask 

Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data DOi - DOi + 3 0: column write disable 
(I = 0, 4, 8, 12) 1: column write enable 

000 - column 0 (address A1 = 0, AO = 0) 
001 - column 1 (address A1 = 0, AO = 1) 
002 - column 2 (address A 1 = 1, AO = 0) 
003 - column 3 (address A 1 = 1, AO = 1) 

~TEXAS 
INSTRUMENTS 
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DQO-DQ15 
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~ ~~ ~ ----.I' ,... tw(Rl) ., I N Vi L 
, i+- '. IcI(RlCH) ., ,!+- tw(RH) -+t 

tt -+I ;;: ,... IcI(ClRH}, ~ I+- tt I 
, '+ IcI(RlCL} ~ J, ti+-, IcI(CHRL} ~ 

IcI(C~ ~ 1.. r'" tw(CL) "H' 
lllU ! iii )-1 i+-tw(CH) ---.,'--

IcI(RlCA) , ,... ·1'" I 1 IcI(CACH) .1' 
: :.- th(RlCA) --+I , : 

th(RA) ~ I+- I'" Ll 'IcI(CARH) , ·1 
, 'I -+j 1'1 tsu(CA) , , . 

ta~I''''_~::: . 

~RSF) ~ Block Address 
tau(SFR) -+I. ~ -+I I4t tau(SFC) A2-AS :: 

th(SFR) -ri ~. 1 : ... 

~"~·I~ 
-+i. H tsu{TRG) I , , 

§W>i , , :... th(ClW). ·'1 ,~ 
~ IcI(GHD) ~ ~ tsu(WCH) ---r : i 

, ,... , th(RlW) .,' , 

-.I i4 tau(WMR) : :l1li tau(WRH) ~ , 
,~ I+- th(RWM) ','" th(WlG) , ., 

~
I , 

~ 'N*--tW(WL)~-"""""""""""""'-"""''''' 

, 'I +t ~ tau(DQR) -t.I ,+ tsu(DWL) 

: -+l I+- th(RDQ) I: *- th(WLD) -.I 
~ ~_ ~ th(RlD) .: 

~3~ 
Figure 40. Block.Wrlte·Cycle Timing (Late Write) 

Table 11. Block.Wrlte·Cycle State Table 

STATE 
CYCLE 

1 2 3 

Block-write operation (non masked) H Don't care Column mask 

Block-write operation with nonpersistent write-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: 1/0 write disable 
1 : 1/0 write enable 

Column-mask data DOi - DOi + 3 0: column write disable 
o = 0, 4, 8, 12) 1: column write enable 

"!!1 TEXAS 
INSTRUMENTS 

L 

L 
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Write mask Column mask 

Don't care Column mask 

Example: 
DOO - column 0 (address A 1 = 0, AO = 0) 
DOl - columnl (address Al = 0, AO = 1) 
D02 - column 2 (address A 1 = 1, AO = 0) 
DQS - column S (address A 1 = 1, AO " 1) 



AO-AS 

DSF 

DQO-DQ15 
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~ ~~ ~. 

~ - ~.. ~ ~ ~~-I 14 tcI(RLC4 4 I :.- tw(CH) --.I 14-- tcI(CLRH) I I 
-+I t.t tcI(CHR4 14 ~I I tw(C4 I tcI(CHR4 14 I ~I 

MIl I 1)1 r N' / i ~ 14- tcI(RLCA) --.I I i I 
I I t_ --..l-.J .I[j~1 "'(CLCA) I I I 

I .. u(CA)1I I I I I I 
"'(RA) I j4 ~I I I I I I ~ tcI(CACH) -+j I 

-+\ ~teU(RA) I "'(RLCA) I I ~I 14 I I tcI(CARH) --+I . 

~~Ii.- ~ ~~ ~. ~tt-~-: ~ 
·n(SFR) I. I ~I I I I+- th(SFC) -+I I I+- "'(SF~ ---' I 

~ I~I teu(SFR) II ~ teu(SFC) I Wi .l4-+I-teU(sFc) I ~I I . 
~!·II 1- 1-
X'tA'X II 1ft;f" I I I I 

!.J I+- th(TRO) I I I I. 
~II I I I 

Wf!\"OBOl : ~ : ...... A : : 

t Referenced to the first falling edge of WEi or the failing edge of CAS, whichever occurs later 
NOTE A: To aasure page-mode cycle time, TRG must remain high throughout the antire page-mode operstion if the late-wrlte feature is used. 

If the early write-cycle timing is used, the state ofTRG Is a don't care after the minimum period 1t1(TRG) from the failing edge of RAS. 

Figure 41. Enhanced-Page-Mode Block-Wrlte-Cycle Timing 

Table 12. Enhanced-Page-Mode Block-Wrlte-Cycle State Table 

CYCLE 

Block-write operation (non masked) 

Block-write operation with nonpersistent wrIte-per-bit 

Block-write operation with persistent write-per-bit 

Write-mask data 0: I/O write disable 
1: VO write enable 

Column-mask data OOi - DOl + 3 0: column write disable 
o .. 0, 4, 8, 12) 1: column write enable 

~TEXAS 
INSTRUMENTS 

1 

H 

L 

L 
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STATE 

2 3 

Don't care Column mask 

Write mask Column mask 

Don't care Column mask 

Example: 
000 - column 0 (address A1 .. 0, AD .. 0) 
001 - column 1 (address A1 .. 0, AD .1) 
OQ2 - column 2 (eddress A1 • 1, AD .. 0) 
003 - column 3 (address A1 .. 1, AD .. 1) . 
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"'I~f------- tc(rd) ~ 

RAS------~----------------~~:\:===-~-(-Rl-)-----~11 ~ 
-+l ~ tt I+- ~(RH) -+I 

ld(CHRl) -l<1~1--.~: I ld(RHCl) --l++l -+i \+-ld(CHRl) 
II IW

I 
~II 

I I 

WEx 

DQO
DQ15. 

8-308 

Figure 42. RAS-Only Refresh-Cycle Timing 

~TEXAS 
INSTRUMENTS 
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~ ~~ ~ 

~tw(RH) ~'\ ~I : IT ~'i ..... "'._~~~~~_tw_(R_l,)_-_-:_-_ -_ .... -~Y: 
__ oJ II'" .1 lcI(RHCl,) I 1- -+1 I+- It 

I... .1 lcI(cLRL) II I4-lcI(RLCH)-+I 

CAi§§W'( 'i Ii . V 
i+-lcI(CHRl,) ---+I I 

I I 
tau(AA) -"'II"'I-_.~I ~1"'1---t.*"1 - IJI(RA) 

I I ~ 
AO-A8~,,-_..,....,. __ ~ 

I I 
tau(SFR) -"'I"'I--.~I 1oIIII1"'1---t.*I- th(SFR) 

DSF~:':~ 
m.~ 
WEx~ .3 

DQO-DQ15 

Figure 43. CBR-Refresh-Cycle Timing 

CYCLE 

CBR refresh with option reset 

C.BR refresh with no reset 
CBR refresh with stop-point set and no reset 

Table 13. CBR·Cycle State Table 

1 

Don't care 

Don't care 

Stop address 

-!!1TEXAS . 
INSIRUMENTS 
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STATE 
2 3 

L H 

H H 

H L 



SMJ55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 
SGMS057A-APRll 1995-REVISEDJUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ Memory Read Cycle ~ Refreah Cycle .:... Refresh Cycle ----+j 

1 I.-- .' I I+-- tc(rd) .1 tc(rd) L... ...1 
I ... ,-tc(rd) "I tw(RH) • ,... ~ tw(RH) ,... .. 

RAS ~l'" } {, tW(RL)j\f ~Vit-! --"':II' I 

:)- !.! - i') I~ 
;rl~! ld(~!"'NHR~~ ld(CARliH) I -+l :+- tt ld(RLCH) I I'" .: 

CAsr;;gIIII~! jl tw(CL) I: '/j:l ~ 
. : 1 .... 1 ~·i : ld(RLCA) : i 1 . 1 , I 

I 1 I, II , 1 I -+I ~" ltiu(RA) .....,!.!- LU(RA) 
" I~ I j+-th(CLCA) , , .... I~I .. 

: 1-+1 ~ltiU(CA) , , : : : ... ~ th(RA) I : : .... 1 th(RA) 
~ ~ th(RA) -+I :.i- tau(RA) ,I, 1 1 1 I I I 

-+I ~ tau(RA) II : I II1II.1 th(RA) 1 1 I 1 1 1 I I I 

.. -.. ~:,: ~',' ~~7~ 
I I 'I' I +: ~ tau(SFR) ~ ~SFR) +: ~ tau(SFR) 

DSF~';_:; ~~::4. 
1 I I I 1 ~ th(RHrd) '+--+I i'IIIIt tau(TRG) : I I : ldls/CH) --+I I 

Y ~ ~llhF.G) I I I I : ldls(G) -I11II-+I 
TRG : \.~ ~ ld(GLRH) I : : I I ! I 

1 h ~ Iii I I ',S I I· 1 
tau(rd) ~ 1 ~ jIIII-I-- tsu(WMR) ~ ~ tau(WMR) ~ ~ tau(WMR) 

~ I 1 .bJ "'~~~ 14 °1 .. ~ "'"I ....... 
.... ~ ~~~'":,\ 3~ 3 ~»'\ 3 • 

DQO
OQ1S 

,...... ta(R) +i'"--_____________ """""SS'--____ ---Jl
i 

------«. Data Out S}-. }-

Figure 44. Hldden-Refresh-Cycle Timing 

Table 14. Hldden-Refresh-Cycle State Table 

CYCLE 
1 

CBR refresh with option reset Don't care 

CBR refresh with no reset Don't care 

CBR refresh with stop-point set and no option reset Stop address 
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STATE 

2 3 

L H 
H H 

H L 



AD-AS 

DSF 

DQO-DQ15 

SC 

SQ 

QSF 

H 

SMJ55166 
262144 BY 16-BIT 

.MULTIPORT VIDEO RAM 
SGMS057A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ ~~R~----------------~~ 
I 14 tw(RL) ~ l ------.j \4--tcl(RLCL) ~ 1 ~------~ 
N - 1?1- tw(RH) ~ 

",*"_~~I ~I tcI(RLCH) i r ~ '----
tcI(CHRL) 14 I I . 14---+ tcI(CARH) ~ II 
vvvwJz I I I I 
~ I j4- tcI(RLCA) ---.I IV"- tw(CL) --y 

I r- th(RA) "4 -.J ~I teu(CA) 

t_ -J+--.-../! 1 I ~ Ih(CLCA) 
.. u(RA) I : 4 1h)0(.(RLCA) I! ~ . XXXXXi<W' Row Tap Point 

~~~~~ _ AD-AS ~~~~~~~~~~~~~~_ 

teu(SFR) ~ 14 ~ Ih(SJR) 1 
I I l~~~~~~~~·~~~~~~~~~~~ 

~L II 
teu~RG) ~ ~ Ih~G) I. 1 

~ I 14 ~",;~"""~,..;,.;~r+-:~r-r$rr/firrm'7?r--tw-(G-H)--.j"""_~~· ~~.~~~ 
teU(WMR)-j4---+I i I _~tcI(CASH). 
~II . 
- II 

1 I 1 HI-Z+I--_~I ______ -----r- tcI(SC~) ~ ~ tcI(CLSH)j4 ~ . 

tw(SCH) 14 = tcI(RLSH) . I I ~ tw(SCL) 

----JJ: !-\\\\\\t\\\~ ~~tw(sCH)~''-----J;t 
j4- ta(SQ) tI I I ta(SQ) = ~SC) ~ 

th(SHSQ) 14 ~II 1 :: Ih(SHSQ) 14 ~ ~ 
Old Data X . Old Da~ A 

I ~-----: ~ __ ~HQS~& 
New Data 

Tap Point Bit A7 

tcI(CLQSF) 

... 14i-------tcl(RLQSF) ~ 
L ---------------------------------------------

NOTES: A. DO outputs remain in the high-impedance state for the entire memory-to-date-registertransfer cycle. The memory-to-date-register 
transfer cycle Is used to load the data registers in parallel from the memory array. The 256 locations in each date register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM Is in the serial-read mode ~.e., the SO Is enabled), allowing data to be 
shifted out of the registers. Also, the first bit to read from the date register after TRG has gone high must be activated by a positive 
transition of SC. 

C. AO-A7: registertep point; AS: Identifies the DRAM row half 
D. Early-load operation is defined as Ih~RG) min < th~RG) < id(RLTH) min. 

Figure 45. Full-Reglster-Transfer Read Timing, Early-Load Operations 
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SMJ55166 
262144 BY 16-BIT 
MULTIPaRT VIDEO RAM 
SGMS057A - APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

~ te(TRD) ~ 
I ~ twIRL) ~ I 

-------...~ tcI(RLCL) --, ~ tw(RH) i\. .... __ _ 
tcI(CHRL) -"IIIII---.JJ ~I tcI(RLCH) I ~ i 

I . I -LJ I 
~ i :.-- tcI(RLCA) -./ ~ tw(CL) I y I 

I IIII-t -+I I I . I I 
I I h(RA) ~ j+t tsu(CA) I I 

tsu(RA) --i41111-~~ I+-- th~LCA) ! I ., I I 

AO-AS :':"lr~ ~ .~ow ~T~~:~t~ 

DSF aJ"i 1~ 
taU(TRG)--i4II11--.!J I ~ 

mw- I 

! td(SC~ 
DQO-DQ1S 

I I, 1111 ~ tcI(THSC) 

I I I HI-Z -+1---... 1 ----------

SC 

tw(SCH) jill ~ 'I I I 

To 1\ ) 'I \ II i To \ ~ 
_--J/ I I .. ~ l' \1 .11 "'--__ oJ I J 

jill:- !a(SQ) -ttl 'III ""'t I rill te(SC) 4J 
k ~ I I PI w(SCL) I I+- !a(SQ) -+! 

th(SHSQ) ~ ~II I :: th(SHSQ) 1111 ~ ~Ir! _____ _ 

Old Data X Old Data . X . Old Data ~ New Data 

H --------------l:--------------~:,~:::~~tcI~(~C~LQ~:;.:~H:Q:S:.~::~~:~:~--~-a-P-p-OI-nt-B-lt-A-7----
,.. tcI(RLQS~ ~I 

L ------------------------------~--~------------------------------

SQ 

QSF 

NOTES: A. Da outputs remain in the high-impedance state for the entire memory-to-data-registertransfercycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
Into from the 256 corresponding columns of the selected row. 
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B. Once data Is transferred into the data registers, the SAM is in the serial-read mode (i.e., the sa is enabled), allowing data to be 
shifted out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. AO-A7: register tap pOint; AS: identifies the DRAM row half 
D. Late load operation is defined as Id(THRH) < 0 ns. 

Figure 46. Full-Reglster-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS 77251-1443 



AO-AS 

OSF 

OQO
OQ15 

SC 

SQ 

QSF 

SMJ55166 
262144 BY 16·BIT 

MULTIPORT VIDEO RAM 
SGMS057A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

,... Ic{TRO) ., 

I I'" tw(R4 ----~.I I+- tw(RH) -+l 
__ ~N~(RLC4-' yt \ 
~(CHR4~ I 1 '-------

1 1 ~(RLCH) .1 !4--+II-- tw(CH) -----.t.1 
~(RLCA) t+- tw(C4 -+j I--t-------~~~~ 

1 " 1 ~ "",,,,,,V' 1 I tau(CA) 1 

th(RA) ~ I+- 1 1 1 

taU(RA)~~':: I I. :~ 
~jO:,,)@XTapPolntAO-AS ~ 

tau{TRG) -+I 1 1 See Note A I 

I ~~~ 
~III 
~II 

~ i+- th(SFR) 1 

taU(SFR)+j 1+1-_, . 1 

0MW 1 ! ' i!t 1+ th(RWM) 

tau(WMR)+j i+-_'~ .. 
§W'l. 

1 
1 HI.z--i-1 -----~-----

~(MSRL) -l4--~.1 I 
i4---I-Ic(SC) ~(RHMS) -+j l+-

H 

L 

Bit 128 or 
Bit 254 

I'" 

Bit 127 or 
Bit 255 

.1 ~(SCQSF) 
1 

X 

TapPolntM 

~(SCQSF) 

MSB Old:: 

(,~ 

I I+--Ic(SC)---+I 
I ~-, 

Bit 127 or Tap 
Bit 255 PolntN 

, I'" .1 ta(SQ) 

'''' .1 

X NewMSB 

NOTE A: AO-AS: tap point of the given half; A7: don't care; AS: identifies the DRAM row half 

Figure 47. Split-Reglster-Transfer Read Timing 
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SMJ55166 
262144 BY 16·BIT 
MULTIPORTVIDEO RAM 
SGMS057A-APRIL 1995- REVISED JUNE 1995 

SC 

SQ 

PARAMETER MEASUREMENT INFORMATION 

"U(TRG)~ ~~:-----~---t------------------------
1IIiI"",---I.,M- h(TRG) 

111i114----tc(SC) ---~.I 

~ tc(SC).1 ~Je----I.!~I - 'wISCH) 
I 14-~---~~I-'w(SCH) 1 1 
,... ~ 'wISCH) 1 I 1 1 
I ~ ~ 1 ~ r- tw(SCL) ~ 1 ~ __ --J/['\J.~ tw(SCL) ~.v1' ~ 0---...","\. __ _ 
r4 ~I ta(SQ) L= 1 
I I'll ~ ta(SQ) !.. ~ ta(SQ) 

----"oJ ~ t t --!4"'-toIW II 1 ~ I 
~ .. I '(SHSO) '(SHSO) 1 ~ "'-0) 1'1 1 >Jrl-------

----_-----v,-al-ld-o-u-t ___ ...;IX Valid Out X Valid Out 

~ I4- ta(SE) 

SE ~~I ____________________________ __ 

NOTES: A. While reading data through the serial-data register, TRG is a don1 care; except TRG must be held high when RAS goes low. 

8-314 

This is to avoid the initiation of a register-data-transfer operation. 
B. The serial-data-out cycle Is used to read data out of the data registers. Before data can be read via SQ, the device must be put 

into the read mode by performing a transfer-read cycle. 

Figure 48. Serlal-Read-Cycle Timing (SE = VIL> 
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SC 

so 

SMJ55166 
262144 BY 16-BI1 

MULTIPORT VIDEO RAM 
SGMS057A-APRIL 1986-REVlSEDJUNE 1986 

PARAMETER MEASUREMENT INFORMATION 

leu{rRG) ~ ~"~14-=-------i-~;:-""-{rR-G)----------
~14---Ic(SC) ----.t~ 

14 Ic(SC) ~L. I 
I _I ~r--~~-.Iw(SCH) 14~--I~M-Iw(SCH) 

Iw(SCH) -14'---~~ ~ I L J+- tw(SCL) ~ I ~ 
__ --J~\L ~ Iw(SCL)"'" Ii ~ .vr \."--_ 

14 ~ Ie(SO) I.J I 
--a.! I ~ ., Ie(SO) I.. 1)11 Ie(SO) 

~I ~""(SHSO) _I ~ r 
I I l r-1e(SE) ~ ~ I .... (SHSO) 

--va-Ild-O-u-t-""",i r valid Out ) II ~ valid Out .L ~ X f <-.,. _________ .#X. YalldOut 

I I 
I I 

I4--¥-ldI8(SE) ·1 

--------~) ~_I-----------------
NOTES: A. While reading data through the serial-data register, TRG is a don't care except fAG must be held high when ~ goes low. 

This is to avoid the Initiation of a register-data-transfer operation. 
B. The serial-data-out cycle Is used to.read data out of the data registers. Before data can be raad via SQ, the devlca must be 

put Into the read mode by performing a transfer-read cycle. 

Figure 49. Serlal.Read Timing (SE·Controlied Read) 
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SMJ55166 . 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 
SGMS067A-APRIL 1995-REVISEDJUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

RAS " I \ r,', I \ r,~r--

'5S ~~r--
ADOR ::x::x:::JC ===4=:~~~" tF= Row Tap1 

(low) 

TRG "'\......J 
(hIgh) I (low) I (high) 
,.-_-,!'~ ~!,.......+...,. ~r--

\..J " i '--J " i '--J ' 

OSF ---_~". I,~~r--
I I 
I I 
I I 
I I CASE I 

Tap1 1 ~~lQ-
(low) I 127 (high) , , ,,255 (lOw) 127 

, " . !I jj I, I' I' ----..a..---lll--..... ------'l,r--"T I ,.,....--

SC 

QSF 

I I I 
I I I 

CASE II 

SC 

I I I 
I I' I 

-------+-I---Q-r\.;~~lQ-
I (low) 1271 (high) " I 255 (lOw) 127 

---'~--lIi------""';It...J " I' Ir,---f . 'r"""J I ' 
QSF 

I II 
I I I 
I I I 

CASElli 

I r\. ,r\.Ir\. r\. r\." I r\. r\. r\. I' r\. 
--------;I~----~;.ap1-;) BltlTap1 ..... -"'')"r-r-' Bit -Tap2-.' ..,." Bit -

I (low) 1271 (hIgh) . I 255 (low) 127 
I . 1/ " I 

QSF ----.1'--""""'111---------'1','1-1' II i ,. sr--l" 

SC 

I Spilt Register to the I Spilt Register to the I Split Register to the 
Full-Register-Transfer Read I High Half of the I Low Half of the I High Half of the 

I Data Register, I Data Register I Data Reglater 

NOTES: A. In order to achieve proper split-register operation. a full-reglster-transfer read should be perfonned before the first 
split-register-transfer cycle. This Is necessary to lriltiallze the data register and the starting tap location. First serial acceas can begin 
either after the full-register-transfer read cycle (CASE I). during the first split-register-transfer cycle (CASE II). or even after the first 
split-register-transfer cycle (CASE III). There Is no minimum requirement of SC clock between the full-register-transfer read cycle 
and the first split-register cycle. 

8-316 

B. A split-register transfer Into llie Inactive half Is not allowed until tel (MSRL) Is met telIMSEIL} Is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 127 or 255) and llie falling edge of RAS of the split-register-transfer cycle into the 
inactive half. After the teI(MSRL) Is met. the split-register transfer into the inactive half must also satisfy the minimum teI(RHMS) 
requlrement.teI(RHMS) Is the minimum delay time between the rising edge of RAS of the split-register-transfer cycle Into the InactiVe 
half and the rising edge of the serial clock of the last bit (bit 127 or 255). 

Figure SO. Split-Register Operating Sequence 
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device symbolization 
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MULTIPORT VIDEO RAM 
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Hd (-70,-80) 

tureRange 
ckageCode 

Tempera 
Pa 

LotTrac 

AsHmb 

eabllltyCode 
Date Code 

lySite Code 
vlalonCode 
rFabCode 

OleRe 
Wafe 
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SMJ27C128 
131 072-BIT UV ERASABLE PROGRAMMABLE READ·ONLY MEMORY 

• Organization •.• 16K x 8 

• Processed to MIL·STD-883, Class B 

• Single 5-V Power Supply 
• Pin-Compatible With Existing 64K and 128K 

EPROMs 

• All Inputs/Outputs Fully TTL-Compatible 

• Max Access/Min Cycle Times 

Vee:t 5% Vee:t 10% 
'27C128-120 120 ns 

'27C128·15 150 ns 
'27C128-17 170 ns 

'27C128-20 200 ns 

'27C128-25 250 ns 

• HVeMOS Technology 
• 3-State Output Buffer 
• Low Power Dissipation 

- Active ••• 138 mW Worst Case 
- Standby .•• 1.7 mW Worst Case 

(CMOS-Input Levels) 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Military Operating Temperature Range 
- 55°C to 125°C 

description 

AO-A13 
E 
G 
GND 
PGM 
00-07 
vCC 
vPP 

SGMS006E - AUGUST 1986 - REVISED JUNE 1995 

JPACKAGE 
(TOP VIEW) 

Vpp 1 28 VCC 
A12 2 PGM 

A7 3 A13 

A6 4 A8 

A5 5 A9 

A4 6 

0" 
All 

A3 7 22 G 
A2 8 21 Al0 

Al 9 20 E 
AO 10 19 Q7 

QO 11 18 Q6 

Ql 12 17 Q5 

Q2 13 16 Q4 

GND 14 15 Q3 

PIN NOMENCLATURE 

Address Inputs 
Chip Enable, Power Down 
Output Enable 
Ground 
Program 
Outputs 
5-V Power Supply 
12-13-V Power Supply 

The SMJ27C128 series is a set of 131 072-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interfacing with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits 
without the use of external pullup resistors. The data outputs are three-state for connecting multiple devices to 
a common bus. The SMJ27C128 is pin-compatible with 28-pin 128K ROMs and EPROMs. They are offered in 
a 600-mil dual-in-line ceramic package (J suffix) rated for operation from -55°C to 125°C. 

Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
Signals are TTL-level. These devices are programmable by either Fast or SNAPI Pulse programming 
algorithms. The Fast programming algorithm uses a Vpp of 12.5 V and a Vee of 6 V for a nominal programming 
time of two minutes. The SNAPI Pulse programming algorithm uses a Vpp of 13.0 V and a Vee of 6.5 V for a 
nominal programming time of two seconds. For programming outside the system, existing EPROM 
programmers can be used. Locations can be programmed singly, in blocks, or at random. 

~TEXAS 
INSTRUMENTS 
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SMJ27C128 
131 072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

SGMSOO8E - AUGUST 1988 - REVISED JUNE 1995 

logic symbolt 

AO 
A1 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
AS 

A10 
A11 
A12 
A13 

E 

G 

10 
9 
8 
7 
6 
5 
4 
3 

25 
24 
21 
23 
2 

26 
20 

22 

o .... EPROM 
16384,,8 

AV 

> A16~ 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

13.~ 
IPWRDWNI 

... & I EN 

tThlssyrnbol1s In accordance wHh ANSVlEEE Std 91-1984 and lEe Publication 617-12. 

operation 

11 
12 
13 
15 
16 
17 
18 
19 

QO 

01 
02 
03 
Q4 
05 
Q6 
07 

The seven modes of operation for the SMJ27C128 are listed in the following table. The read mode requires a 
single 5-V supply. All inputs are TTL-level exceptforVpp during programming (12.5 V for Fast or 13 V for SNAPI 
Pulse) and 12 V on A9 for signature mode. 

FUNCTION 
(PINS) 

E 
(20) 

G 
(22) 

PGM 
(27) 

Vpp 
(1) 

Vee 
(28) 

AS 
(24) 

AD 
(10) 

OO-Q7 
(11-13,15-19) 

* X can be VIL or VIH. 
§VH = 12V :0.5 V. 

·8-320 

READ 
OUTPUT 
DISABLE 

VII. VIL 

VIL VIH 

VIH VIH 

Vee Vee 

Vee Vee 

X X 

X X 

Data Out Hi-Z 

MODE 

STANpBY PROGRAMMING VERIFY 
PROGRAM SIGNATURE 

INHIBIT MODE 

VIH VIL VIL VIH VIL 

x* VIH VIL X VIL 

X VIL VIH X VIH 

Vee Vpp Vpp Vpp Vee 

Vee Vee Vee Vee Vee 

X X X x VH§ VHf 

X X X X VIL VIH 

CODE. 

Hi-Z Data In Data Out Hi-Z MFG DEVICE 

97 83 

~1ExAs , 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



read/output disable 

SMJ27C128 
131072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

SGMSOO6E - AUGUST 1966 - REVISED JUNE 1996 

When the outputs of two or more SMJ27C128s are connected in parallel on the same bus, the output of any 
device in the circuit can be read without interference from the outputs of competing devices. To read the output 
of the selected SMJ27C128, a low-level signal is applied to the E and G pins. All other devices In the circuit 
should have their outputs disabled by the application of a high-level Signal to one of these pins. Output data is 
accessed at pins QO through Q7. 

latch up Immunity 

Latchup immunity on the SMJ27C128 is achieved by the application of a minimum of 250 mA on all inputs and 
outputs. This current provides latchup immunity beyond any potential transients at the PC-board level when the 
devices are interfaced to industry-$tandard TTL or MOS logic devices. Input/output layout approach controls 
latchup without compromising performance or packing density. 

For more information, see application report SMLA001, Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family, availa:ble through TI Field Sales Offices. 

powerdown 
Active ICC supply current can be reduced from 25 mA to 500 jJA (TTL-level inputs) or 300 jJA (CMOS-level 
inputs) by applying a high input signal to the E pin. In this mode all outputs are in the high-impedance state. 

erasure 

Before programming, the SMJ27C128Is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). EPROM erasure before programming is necessary to assure 
tHat all bits are In the logic 1 (high) state. Logic lows are progtammed into the desired locations. A 
programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose 
(UV intensity x exposure time) is 15 Wos/cm2. A typical 12 mW/cm2, filterless UV lamp erases the device 
in 21 minutes. The lamp should be located. about 2.5 cm above the chip during erasure. After erasure, all 
bits are in the high state. It should be noted that normal ambient light contains the correct wavelength for 
erasure. Therefore, when using the SMJ27C128, the window should be covered. with an opaque label. 

SNAPI Pulse programming 

The 128K EPROM can be programmed using the TI SNAPI Pulse programming algorithm illustrated by the 
flowchart in Figure 1. The TI SNAPI Pulse programming algorithm can reduce programming time to two 
seconds. Actual programming time varies as a function of the programming used. 

Data is presented in parallel (eight bits) on pins QO to Q7. Once addresses and data are stable, PGM is pulsed. 

The SNAPI Pulse programming algorithm uses initial pulses of 100 J.I.S followed by a byte verification to 
determine when the addressed byte has been successfully programmed. Up to ten 100-J.I.S pulses per byte are 
provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13 V, VCC = 6.5 V, G = VII-!, and E = VIL' More than 
Onl;t device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified 
with/ VCC = Vpp = 5 V. 

Fast programming 

The 128K EPROM can be programmed using the Fast programming algorithm illustrated by the flowchart 
in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins QO through Q7. Data 
is presented in parallel (eight bits) on pins QO to Q7. Once addresses and data are stable, PGM is pulsed . 

. -!/} TEXAS 
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SMJ27C128 
131 072·BIT UV ERASABLE PROGRAMMABLE READ·ONLY MEMORY 

SGMSOO6E- AUGUST 1986 - REVISED JUNE 1995 

Fast programming (continued) 

The programming mode is achieved when Vpp = 12.5 V,Vee = 6 V, G = VIH, PGM = VIL, and E = VIL. 
More than one SMJ27C128 can be programmed when the devices are connected in parallel. Locations can 
be programmed in any order. 

Programming uses two types of programming pulses: prime and final. The length of the prime pulse is 
1 millisecond;. this pulse is applied up to 25 times. After each prime pulse, the byte being programmed is 
verified. If the correct data is read, the final programming pulse is applied; if correct data is not read, an 
additional 1 millisecond pulse is applied up to 25 times. The final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vee = 6 V and Vpp = 12.5 V. When the tull 
Fast programming routine is complete, all bits are verified with Vee = Vpp = 5 V (see Figure 2). 

program Inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pin. 

program verify 

Programmed bits can be verified with Vpp = 12.5 V when G = VIL, E = VIL, and PGM = VIH. 

signature mode 
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The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when A9 (pin 24) is forced to 12 V :I: 0.5 V. Two identifier bytes are accessed by AO (pin 10); 
i.e., AO = VIL accesses the manufacturer code, which is output on QO-Q7; AO = VIH accesses the device 
code, which is output on QO-Q7. All other addresses must be held at VIL. Each byte possesses odd parity 
on bit Q7. The manufacturer code. for these devices is 97, and the device code is 83. 
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Vee. 8.5 V:I: 0.25 V, Vpp • 13V:l:0.25V 

Increment 
Addreea 

Increment Addre .. 

No 

Figure 1. SNAPI Pulse Programming Flowchart 
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Vea 
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Device 
Failed 

Figure 2. Fast Programming Flowchart 
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absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp (see Note 1) ............................................. -0.6 V to 14 V 
Input voltage range (see Note 1), All inputs except A9 ................................ -0.6 V to 6.5 V 

A9 ............................... -0.6 V to 13.5 V 
Output voltage range .(see Note 1) ............................................ -0.6 V to Vee + 1 V 
Minimum operating free-air temperature, TA ...............................................• -55° C 
Maximum operating case temperature ..................................................... 125° C 
Storage temperature range, Tstg ••••••••••.••••••••••••••••••••••••••••.•••••••••• -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voHage values are wHh respect to GND. 

recommended operating conditions 
'27C128-15 

'27C128-120 
'27C128-17 
'27C128-20 UNIT 
'27C128-25 

MIN NOM MAX MIN NOM MAX 

Read mode (see Note 2) 4.75 5 5.25 4.5 5 5.5 V 

VCC 
Supply 

Fast programming algorithm 5.75 6 6.25 5.75 6 6.25 V 
voHage 

SNAPI Pulse programming algorithm 6.25 6.50 6.75 6.25 6.5 6.75 V 

Read mode (see Note 3) VCC-0.6 VCC+ 0.6 VCC-0.6 VCC+0.6 V 

Vpp 
Supply 

Fast programming algorithm 12 12.5 13 12 12.5 13 V 
voHage 

SNAPI Pulse programming algorithm 12.75 13 13.25 12.75 13 13.25 V 

TTL 2 VCC+1 2 VCC+1 V 
VIH High-level input voltage 

CMOS VCC-0.2 VCC+l VCC-0.2 VCC+ 1 V 

TTL -0.5 0.8 -0.5 0.8 V 
VIL Low-level input voltage 

CMOS -0.5 0.2 -0.5 0.2 V 

TA Operating free-air temperature -55 -55 ·C 

TC Operating case temperature 125 125 ·C 

NOTES: 2. V CC must be applied before oratthe same time as VPP and removed after or althe same time as Vpp. The deVice must not be Inserted 
into or removed from the board when Vpp or VCC is applied. 

3. Vpp can be connected to VCC directly (except in the program mode). VCC supply current in this case is ICC + Ipp. 
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electrical characteristics over recommended ranges of supply voltage and operating free·alr 
temperature 

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VOH High-level output vo~age IOH=-400mA 2.4 V 

VOL Low-level output voltage IOL=2 .. 1 mA 0.4 V 

II Input current Oeakage) VI = 0 V to 5.5 V :1:1 I4A 
10 Output current (leakage) Vo = OVtoVCC :1:1 I4A 
IpPl Vpp supply current Vpp .. VCC" 5.5 V 100 I4A 
IpP2 Vpp supply current (during program pulse) (see Note 4) Vpp" 13V 35 50 mA 

I TTL-input level VCC = 5.5 V, E=VIH SOO I4A 
ICCl VCC supply current (standby) I CMOS-input level VCC = 5.5 V, E=VCC 300 I4A 

VCC = 5.5 V, E=VIL, 
ICC2 VCC supply current (active) Ie = minimum cycle time, 10 25 mA 

outputs open 

t Typical values are at TA = 25°C and nominal voltages. 
NOTE 4: This parameter has been characterized at 25°C and is not tested. 

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

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

CI Input capacitance VI = 0 V, f = 1 MHz 6 10 pF 

Co Output capacitance Vo = 0 V, f = 1 MHz 8 14 pF 

t TYPical values are at TA = 25°C and nominal voltages. 
NOTE 5: CapaCitance measurements are made on sample basis only. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Notes 4 and 5) 

TEST CONDITIONS '27C128-120 '27C128-15 
PARAMETER 

(SEE NOTES 4 AND 5) MIN MAX MIN MAX 

ta(A) Access time from address 120 150 

tatE) Access time from chip enable 120 150 

len (G) Output enable time from G 50 70 

Output disable time from G or E, See Figure 3 
!dis whichever occurs firstt 0 50 0 50 

tv(A) 
Output data valid time after change of 
address, E, orG, whlcheveroccursfirstt 0 0 

TEST CONDITIONS '27C128-20 
PARAMETER (SEE NOTES 4 AND 5) MIN MAX 

talA) Access time from address 200 

tatE) Access time from chip enable 200 

Ien(G) Output enable time from G 75 

Output disable time from G or E, See Figure 3 
!dis whichever occurs first:!: 0 60 

tv(A) 
Output data valid time after change of address, E, or G, 
whichever occurs first:!: 0 

:!: Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not production-tested. 
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'27C128-17 
UNIT 

MIN MAX 
170 ns 

170 ns 

70 ns 

0 50 ns 

0 ns 

'27C128-25 
UNIT 

MIN MAX 
250 ns 

250 ns 

100 ns 

0 60 ns 

0 ns 
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recommended timing requirements for programming: Vcc = 6 V and Vpp = 12.5 V (Fast) or VCC = 
6.5 and Vpp =13 V (SNAP I Pulse), TA = 25°C (see Note 6) 

MIN NOM MAX UNIT 

tells Disable time, output from G 0 130 ns 

tanG Enable time, output from G 150 ns 

ttloo Hold time, address 0 l1li 

ttI(D) Hold time, data 2 l1li 
Fast programming algorithm 0.95 1 1.05 me 

tw(IPGM) Pulse duration, initial program 
SNAPI Pulse programming algorithm 95 100 105 l1li 

twtFPGMl Pulse duration, final Fast programming only 2.85 78.75 ms 

tau(A) Setup time, address 2 l1li 

tau(G) Setuptime,G 2 l1li 

taulD) Setup time, data 2 l1li 

tauIVPP) Setup time, Vpp 2 l1li 

tauNCc) Setup time, Vee 2 l1li 

I tsulE\ Setup time, E 2 l1li 
NOTES: 8. For all switching characteristics and timing measurements Input pulse levels are 0.4 V to 2.4 V. 11mlng meesuraments are made 

at 2.0 V for logic high and 0.8 V for logic low for both Inputs and outputs. 
7. Common test conditions apply for tells except during programming. 

PARAMETER MEASUREMENT INFORMATION 

Output 
Under Teet 

2.08 V 

--J RL=800Q 

T CL-100pF 
_ (seeNoteA) 

NOTE A: CL Includes probe and fixtura capacitance. 

Figure 3. Output Load Circuit 

AC testing Input/output wave forms 

2.4 "'----'""V '--__ ,.,/\ 0.: ~ 
O.4V~ 

AC testing Inputs are driven at 2.4 V for logic high and 0.4 V for logic low. l1ming measurements are made at 
2 V for logic hlgtt and 0.8 V for logic low for both inputs and outputs. 
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PARAMETER MEASUREMENT INFORMATION 

AO-A13 __ --'X Add,. .... Velld . X'-______ _ 
I I 
I I 

E----~!~--~ ~ 
I ~I ------------------~I II 
I I+--ta(E) ----+j I 
I I I ~I -----_-
I \ }1 .. · I . I ~ I ~ 
I I+- tan(G) -+j I I+-- tell. ~ 
14 ta(A) ~I t,,(A) 14 ~I I 

QO-Q7 ---HI-Z («<«( Output Valid »»»)} HI-Z-

Figure 4. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

7., I I I I 
--.-/! I I I 

,I I I I 
~ tsu(VPP) I I I 

I I 

Figure 5. Program-Cycle Timing 
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SMJ27C040 
4194304·B11 UV ERASABLE 

PROGRAMMABLE READ·ONLY MEMORY 

• Organization ••• S12K x 8 

• Single S-V Power Supply 

• Industry Standard 32-Pln Dual-in-line 
Package 

• Alllnput8/0utput8 Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 

Vee :t: 10% 
'27C040-10 100 ns 
'27C040-12 120 ns 
'27C04D-1S 150 ns 

• 8-Blt Output For Use In 
Microprocessor-Based Systems 

• Power-Saving CMOS Technology 

• 30State Output Buffers 

• 400-mV DC Assured Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation (Vee = 5.5 V) 
- Active ••• 385 mW Worst Case 
- Standby ••• 0.55 mW Worst Case 

(CMOS-Input Levels) 

• Military Operating Temperature Range 
- ssoC to 125°C 

descrIptIon 

1992 

JPACKAGE 
(TOP VIEW) 

Vpp 1 32 Vec 
A16 2 31 A18 
A15 3 30 A17 
A12 4 29 A14 
A7 5 28 A13 
A6 8 27 AS 
AS :0= AS 
A4 A11 
A3 

" 24 
G 

A2 10 23 A10 
A1 11 22 E 
AO 12 21 D07 

DOO 13 20 D06 
D01 14 19 D05 
D02 15 18 D04 
GND 16 17 D03 

PIN NOMENCLATURE 

AO-A18 
OQO-OQ7 
E 
G 
GNO 

vcc 
vPP 

Address Inputs 
Inputs (programming) IOutputs 
Chip Enable 
Output Enable 
Ground 
5-V Supply 
13-V Power Supplyt 

t Only in program mode 

1995 

The SMJ27C040 is a set of 4194304-bit. ultraviolet-light erasable. electrically programmable read-only 
memories (EPROMs). 

These devices are fabricated using CMOS technology for high speed and simple Interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series S4 TTL circuits. Each output can drive 
one Series 54. TTL circuit without external resistors. The data outputs are 30state for connecting multiple 
devices to a common bus. 

The SMJ27C040 is offered in a 32-pin 600-mil dual-in-line ceramic package (J suffix) rated for operation from 
- ssoC to 12SoC. 

Since this EPROM operates from a single S-V supply (in the read mode). it is ideal for use in 
microprocessor-based systems. One other (13-V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 
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logic symbolt 

AO 
A1 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
A9 

A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 

E 

12 
11 
10 
9 
8 
7 
6 
5 
27 
26 
23 
25 
4 
28 
29 
3 
2 
30 
31 
22 

T 
24~ 

EPROM 524288 X 8 

0'" 

0 
> A 524287 

1~_~ 
[PWRDWNI 

" I EN 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

tThis symbol is In accordance with ANSVIEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for the J package. 

operation 

13 
14 
15 
17 
18 
19 
20 
21 

DQO 
DQ1 
DQ2 
DQ3 

DQ4 
DQ5 
DQ6 
DQ7 

The seven modes of operation are listed in the following table. The read mode requires a single S-V supply. All 
inputs are TTL level exceptforVpp during programming (13 V), and VH (12V) on A9 for signature mode. 

FUNCTION 

E G Vpp Vee A9 AO DQO-DQ7 

Read VIL VIL Vee Vee x x Data Out 

Output Disable VIL VIH Vee Vee x x HI-Z 

Standby VIH X Vee Vee X X Hi-Z 

Progrsmming VIL VIH Vpp Vee X X Data In 

progrsm Inhibit VIH VIH Vpp Vee X X HI-Z 

Verify VIH VIL Vpp Vee X X Data Out 

Signature Mode VIH* 
VIL MFGCode97 

VII, VIL Vee Vee 
VIH Device Code 50 

*Xcan beVIL orVIH. 
§VH .12V:I: 0.5 V 

read/output disable 

8-332 

When the outputs of two or more SMJ27C040s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from competing outputs of the other devices. To 
read the output of a single device, a low level signal is applied to the E and G pins. All other devices in the circuit 
should have their outputs disabled by applying a high level signal to one of these pins. Output data is accessed 
at pins QO-Q7. 
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Latchup immunity on the SMJ27C040 is a minimum of 250 rnA on all inputs and outputs. This feature provides 
latchup immunity beyond any potential transients at the P.C. board level when the EPROM is interfaced to 
industry standard TIL or MOS logic devices. The input/output layout approach controls latchup without 
compromising performance or packing density. 

For more information see application report SMLA001, "DeSign Considerations; Latchup Immunity of the 
HVCMOS EPROM Family", available through TI Sales Offices. 

power down 
Active lee supplt current can be reduced from 70 rnA to 1 rnA for a high TIL input on E and to 100 JAA for a high 
CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure 

Before programming, the SMJ27C040 EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet-light (wavelength 2537 A). The recommended minimum exposure dose 
(UV intensity x exposure time) is 15-W·s/cm2. A typical 12-mW/cm2, filterless UV lamp erases the device in 21 
minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in 
the high state. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the SMJ27C040, the window should be covered with an opaque label. After erasure (all 
bits in logic high state) ,logic lows are programmed into the desired locations. A programmed low can be erased 
only by ultraviolet light. 

SNAPI Pulse programming 

The SMJ27C040 and TMS27PC040 are programmed by using the SNAPI Pulse programming algorithm. The 
programming sequence is shown in the SNAP! Pulse programming flow chart (Figure 1). 

The initial setup is Vpp = 13 V, Vee = 6.5 V, E = VIH, and G = VIH. Once the initial location is selected, the data 
is presented in parallel (eight bits) on pins DQ1 through DQS. Once addresses and data are stable, the 
programming mode is achieved when E is pulsed low (VIL) with a pulse duration of tw(PGM)' Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified at Vpp = 13 V, Vee = 6.5 V, E = VIH, and G = VIL. If the correct data 
is not read, the programming is performed by pulling G high, then E low with a pulse duration of tw(PGM)' This 
sequence of verification and programming is performed up to a maximum of 10 times. When the device is fully 
programmed, all bytes are verified with Vee = VPP = 5 V:!: 10%. 

program Inhibit 

Programming can be inhibited by maintaining high level inputs on the E and G pins. 

program verify 

Programmed bits can be verified with Vpp = 13 V when G = VIL, and E = VIH' 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AO. All other 
addresses must be held low. The signature code for the SMJ27C040 is 9750. AO low selects the manufacturer's 
code 97 (Hex), and AO high selects the device code 50 (Hex), as shown by the signature mode table below. 

ICENTIFIERT 
PINS 

AO CQ7 CQ6 CQS CQ4 CQ3 

MANUFACTURER CODE VIL 1 0 0 1 0 

DEVICE CODE VIH 0 1 0 1 0 

t E = G = VIL, A1-A8 = VIL, A9 = VH, A10-A18 = VIL, Vpp = VCC. 
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CQ2 CQl CQO HEX 

1 1 1 97 

0 0 0 50 
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Increment AcIdre .. 

Figure 1.SNAPI Pulse Programming Flow Chart 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee (see Note 1) .............................................. -0.6 V to 7 V 
Supply voltage range, Vpp (see Note 1) ............................................. -0.6 V to 14 V 
Input voltage range (see Note 1), All inputs except A9 ................................ -0.6 V to 6.5 V 

A9 ................................. -0.6 V to 13 V 
Output voltage range, with respect to Vss (see Note 1) .......................... -0.6 V to Vee + 1 V 
Minimum operating free-air temperature ................................................... - 55°C 
Maximum operating case temperature ...................................................... 125°C 
Storage temper~ture range ....................................................... -65°C to 125°C 

t Stresses beyond those listed under "absolute maxim urn ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All vottage values are with respect to GND. 

recommended operating conditions 
MIN TYP MAX UNIT 

Read mode (see Note 2) 4.5 8 5.5 V 
VCC Supply voltage 

SNAPI Pulse programming algorithm 6.25 6.5 6.75 V 

Read mode (see Note 3) VCC- 0.6 VCC+ 0.6 V 
Vpp Supply voltage 

SNAPI Pulse programming algorithm 12.75 13 13.25 V 

TTL 2 VCC+0.5 
VIH High-level input vottage V 

CMOS VCC- 0.2 VCC+0.5 

TTL -0.5 0.8 
VIL Low-level Input voltage V 

CMOS -0.5 0.2 

TA Operating free-air temperature -55 ·C 

TC Operating case temperature 125 ·C 

NOTES: 2. VCC must be applied before oralthesametimeas Vpp and removed atteror althe same time as Vpp. ThedevlC6 must not be Inserted 
into or removed from the board when Vpp or VCC is applied. 

3. Vpp can be connected to VCC directly (except in the program mode). VCC supply current in this case would be ICC + Ipp. 
During programming. Vpp must be maintained at 13 V,. 0.25 V. 

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

PARAMETER TEST CONDITIONS 

VOH High-level output vottage 10H = - 400 IlA 
VOL LOW-level output voHage IOL=2.1 rnA 

II Input current (leakage) VI = OVto 5.5V 

10 Output current (leakage) Vo = OVtoVCC 

IpP1 Vpp supply current Vpp = VCC = 5.5 V 

IpP2 Vpp supply current (during program pulse) (see Note 4) Vpp = 12.75 V, TA-25·C 

I TTL-Input level VCC=5.5V. E=VIH 
ICC1 VCC supply current (standby) I CMOS-Input level VCC =5.5V, E=VCC 

E=VIL. VCC=5.5V 
ICC2 VCC supply current (active) !cycle = minimum cycle time, 

outputs open (see Note 5) 

NOTES: 4. ThiS parameter IS only sampled and not 100% tested. 
5. Minimum cycle time = maximum access time. 
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MIN MAX UNIT 

2.4 V 

0.4 V 

,.1 IlA 
,.1 IlA 
10 IlA 
50 rnA 

1 rnA 

100 IlA 

50 rnA 
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capacitance over recommended ranges of supply voltage and operating free-alr temperature, 
f = 1 MHz (Vee = Vpp = 5 V ::I: 0.5 V) t 

PARAMETER 

CI Input capacitance 

Co Output capacitance 
. .. t Capacitance IS sampled only at 1000Iai deSIgn and after any major change . * All typical values are at TA = 25°C and nominal voltages. 

TEST CONDITIONS 

VI =OV 

VO=OV 

MIN TYP* MAX UNIT 

4 8 pF 

8 12 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Notes 7 and 8) 

TEST '27C04G-10 '27C040-12 '27C040-15 
PARAMETER CONDITIONS UNIT (SEE NOTE 

6 AND 7) MIN MAX MIN MAX MIN MAX 

talA) Access time from address 100 120 160 ns 

talE} Access time from chip enable 100 120 150 ns 

len (G) Output enable time from G (see Figure 2) 50 50 50 ns 

Output disable time from G or E, whichever occurs Input tr " 20 ns 
tdis first (see Note 8) Input tf " 20 ns 0 50 0 50 0 50 ns 

tv(A) 
Output data valid time after change of address, E, 

0 0 0 ns or G, whichever occurs first (see Note 8) 

NOTES: 6. For all switchIng characteristics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logIC hIgh and 
0.8 V for logic low. (Figure 2) 

7. Common test conditions apply for tdis except during programming. 
8. Value calculated from 0.5-V delta to measured output leltel. This parameter is only sampled and not 100% tested. 

switching characteristics for programming: Vee = 6.5 Vand Vpp = 13 V (SNAPI Pulse), TA = 25°C 

PARAMETER MIN MAX UNIT 

tdis(G~ Output disable time from G 0 100 ns 

IenIG} Output enable time from G 150 ns 

recommended timing requirements for programming: Vee = 6.5 V and Vpp = 13 V (SNAPI Pulse), 
TA = 25°C, (see Note 6) 

MIN TYP MAX UNIT 

theA) Hold time, address 0 lUI 

thlD} Hold time, data 2 lUI 

tw(PGM) Pulse duration, program I SNAPI Pulse programming algorithm 95 100 105 lUI 

\su(A) Setup time, address 2 lUI 

tsu(E) Setup time, E 2 I'S 

tsu(G} Setup time, G 2 lUI 

\sueD) Setup time, data 2 lUI 

\suNPP} Setup time, VPP 2 lUI 

\suNCC} Setup time, VCC 2 lUI 
NOTE 6: For all switching characteristics the Input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 

0.8 V for logic logic low. (Figure 2) 
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AO-A18 

if 

G 

DQO-DQ7 

SMJ27C04O 
4194304-BI1 UV ERASABLE 

PROGRAMMABLE READ-ONLY MEMORY 
SGMS048A- NOVEMBER 1992 - REVISED JUNE 1886 

PARAMETER MEASUREMENT INFORMATION 

Output 
Under Te.t 

2.oaV -I RL
_ aooQ 

, I CL-100pF 
(eeeNoteA) 

NOTE A: CL Includes probe and fixture capacitance. 

::: ==========X :.: V 

0.: ~X'""-___ _ 
Figure 2. Output Load Circuit and Input/Output Wave Forms 

=x 
~ 

HI"z 

AddresS •• valid X 
te(A) ~ 

I 
I 

I I 

\ I j,1 I 
I I I I 
14-- te(E) ~ I I 

JA, \ 
I 
I 
I 

l.- ten(G) ~ I i4--ldla ~ 
tv(A) ~ I 

«~ OutputYalid 

Figure 3. Read-Cycle TIming 
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SMJ27C04O 
4194304·BIT UV ERASABLE 
PROGRAMMABLE READ·ONLY MEMORY 
SGMS046A- NOVEMBER 1992 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

_14----Verlfy ----~~ 
~~---Program ---.!~ I 

AO-A18 ====>( _______________ ~ __ dra~:U~S-m-ble--------------~~ 
I I 
14-* teu(A) I If--lh(A) ---.. 

---« Dam In 5mble )- HI-Z -+-I---<{ D::b~~t )>-_____ _ 
I r I oJ I I 
~ teu(D) I "n(G) 14 ., 14 ~ tclla(G) 

I I I 

DOD-D07 

vppt 

t 13-V Vpp and B.SoV Vee for SNAPI Pulse programming. 

Figure 4. Program·Cycle Timing (SNAPI Pulse Programming) 
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Each package drawing contains a JEDEC Std 30 descriptor in the title line. This descriptor uses the following 
convention: shape, material, terminal position, package outline, lead form, and terminal count. The codes for 
each element in the JEDEC Std 30 descriptor are as follows: 

R-PDSO-OXXX 

SHAPE--------------JT T 
a - round R - rectangular S - square X - other I 
MATER~--------------------------------~--------------------~ 

C - ceramic. metal 
M-metal 

G - ceramic. glass 
P-plastlc 

TERMINAL POSmON --------------------------------------------------' 
B - bottom Q - quad 
L -lateral T - triple 

O-dual 
P - perpendicular 

S-single 
Z-zig-zag 

PACKAGEOUTUNE--------------------------------------------------------~ 
CC - chip carrier GA - grid array 
FM - flange mount SO - small outline 

CY - cylinder or can 
FP-flat pack 

IP-in-line 
1M - in-line module 

LEADFORM----------------------------------------------------------------~ 
F-flat P-pin/peg 
J-Jlead W-wlre 

G-gullwing 
N-no lead 

T - through-hole 

TERMINALCOUNT--------------------------------------------------------------~ 
One, two, or three digits as appropriate 
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Mechanical Data 
MOS Memory Products - Commercial 

AD (R-PSIM-N30) SINGLE-IN-UNE MEMORY MODULEt 

1

14l1li--------- 3.505(89,03) 
3.495 (88,77) 

0.125 (3,18) TYP 

NOTES: B. All linear dimensions are in inches (millimeters). 
C. This drawing is subject to change without notice. 

t Applicable MOS Memory Devices: 

TM4100GAD8 TM4100EAD9 

0.133 (3,38) TYP 

0.400 (10,18) TYP 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

l . MAX r 0.208 (5,28) 

I 
0.805 (20,45) 
0.795 (20,111) 

~ 
~ ~ 0.054 (1,37) 

0.047 (1,111) 

40401112/B 10/114 



Mechanical Data 
MOS Memory Products- Commercial 

BK (R·PSIM.N72) SINGLE·IN·LINE MEMORY MODULEt 

4.255 (108,08) -----------.t·1 0.054 (1,37) l r 4.245 (107,82) 0.047 (1,19) 

r 0.125 (3,18) TYP 

~~~------------------------------------------~----~f 

JL-J~ 0.050(1,27) 

0.040 (1,02) TYP 

-J I.- 0.128 (3,25) 
0.120 (3,05) 

0.400 (10,16) TYP 

1.005 (25,53) 
0.995 (25,27) 

0.208 (5,28) MAX l 
4040226/ B 10/94 

NOTES: A. All linear dimensions are in Inches (millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MaS Memory Devices: 

TM497BBK32 

9·6 

TM497BBK32S 

-!11 TEXAS 
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· Mechanical Data 
MOS Memory Products - Commercial 

BK (R·PSIM.N72) SINGLE·/DOUBLE·SIDED IN·LINE MEMORY MODULEt 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 

t Applicable MOS Memory Devices: 

TMI24BBK32 
TMI24MBK36B 
TMI24MB!<36C 

TMI24BBK32S 
TMI24MBK36R 
TMI24MBK36S 

TM248CBK32 
TM248NBK36B 
TM248NBK36C 

TM248CBK32S 
TM248NBK36R 
TM248NBK36S 

-!!11EXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 
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Mechanical Data 
MOS Memory Products - Commercial 

BK (R·PSIM·N72) DOUBLE-8IDED SIN.GLE·IN·LlNE MEMORY MODULEt 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 

t Applicable MOS Memory Devices: 

TM893CBK32 TM893CBK32S TM497MBK38A TM497MBK36Q 

-!I1TEXAS , 
INSTRUMENTS· 

POST OFfiCE SOX 1443 • HOUSTON. TEXAS 172a1-1443 
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Mechanical Data 
MOS Memory Products - Commercial 

BK (R-PSIM-N72) SINGLE-/DOUBLE-SIDED SINGLE-IN-LINE MEMORY MODULEt. 

r 
4.255 (10S,OS) 

l 
0.054 (1,37) 

lr 4.245 (107,82) 0.047 (1,19) 

0.125 (3,lS) TYP 

f 
1.005 (25,53) 

0.995 (24,26) 

Ef> 

JL j~.OSO">n -J I.- 0.12S (3,25) l 0.120 (3,05) 

0.040 (1,02) TYP 0.400 (10,16) TYP 

0.20S (5,2S) MAX 

0.360 (9,14) MAX 

4040197-3/A 4/95 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MaS Memory Devices: 

TM124BBK32F TM24SCBK32F TM124MBK36F TM24SNBK36F TM124MBK36G TM248NCK36G 
TM124BBK32U TM248CBK32U TM124MBK36U TM248NBK36U TM124MBK36V TM248NBK36V 

~TEXAS 
INSTRUMENTS 
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Mechanical Data 
MOS Memory Products - Commercial 

BM (R-PSIM-N72) SINGLE/DOUBLE-SIDED IN-LINE MEMORY MODULEt 

r 0.125 (3,18) TYP 

4.255 (108,08) -----------.tj 0054 (1 37) 

...... 0"..., • •• ""':'9) lr 

-J I.- 0.128 (3,25) 
0.120 (3,05) 

I 
1.305 (33,15) 

1.295 (32,89) 

Ef)+---r 

J L -J ~ 0.050 (1,27) I 
0.040 (1,02) TYP 0.400 (10,16) TYP l 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MOS Memory Devices: 

9·10 

TM893NBM36A TM893NBM36Q TM497MBM36A TM497MBM36Q 

~TEXAS 
INSTRUMENTS 
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0.360 (9,14) MAX --Iol-----.t 
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Mechanical Data 
MOS Memory Products - Commercial 

DBJ (R·PDSO·G44) PLASTIC SMALL·OUTLINE PACKAGEt 

~o ~~JJ 
ll4-' ---28,30 ---~~ J 

28,10 

r ~ 
t,85 MAX 0,50 MI~ 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change wHhout notice. 
C. Body dimensions do not include moid flash or protrusion. 

t Applicable MaS Memory Devices: 

TMS28F200BZT TMS28F200BZB TMS28F400BZT TMS28F400BZB 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS n251-1443 

4073325/A 10/94 
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Mechanical Data 
MOS Memory Products - Commercial 

DBR (R-PDSO-G56) PLASTIC DUAL. SMAL.L.-OUTL.INE PACKAGEt 

~-----.:r------------------------------------------------------------~56 o 
0.553 (14,05) 
0.549 (13,95) 

o 

---.:t. 
Y 0.020 (0,50) I 
---.:t. 
t 0.010(0,25) 1-$-10.008(0,21) ®I 

0.004 (0,10) 

o 0 ~----~~ ____________________________________________________________ ~29 

28 1*14----- 0.726 (18,44) .1 
0.722 (18,35) 

NOTES: A. All linear dimensions are in inches(millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MaS Memory Devices: 

9-12 

TMS28F200BZT TMS28F200BZB TMS28F400BZT TMS28F400BZB 

~lExAs 
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/ Mechanical Data 
MOS Memory Products - Commercial 

DD (R-PDSO-G32) THIN SMALL-OUTLINE PACKAGEt 

~--~~----------------------------~~ o --.! 
4 0.050 (1,27) I 
--.! 
t. 

~--~~--------____________________ ~17 

16~1+-__ 

1EO~T:~~ 
0.016 (0,40) 

0.726 (18,44) I 
0.724 (18,39) -----~. 

0.012 (0,30) 1-$-1 0.008 (0,21) ® 1 
0.004 (0,10) 

t= ut~========3h... 
0.006(0,15) I 0.791 (20,10) ------------toI1 ===~~~~~~~ 
~ . ~~~~ . 

0.047 (1,20) MAX 1 
t:luuuuuuuuuuuuuuul'f 

0.000 (O,OO) MIN 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

t Appllceble MOS Memory Devices: 

TMS28F512A 
TMS28F020 

TMS28F010B TMS27C512 TMS27PC512 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 

4040097/B 10/94 

TMS28C010A TMS27PC010A 
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Mechanical Data 
MOS Memory Products - Commercial 

DGA (R-PDSO-G20/26) PLASTIC SMALL-OUTLINE PACKAGEt 

0.020 (0,50) l..<toe I 0.008 (0,21) ®I 
0.012 (0,30) . "fT. _. 

0.304 (7,72) 
0.296 (7,52) 

T 
0.371 (9,42) 
0.355 (9,02) 

~~~~~ 
0.679 (17,24) 
0.671 (17,04) 

13 

0.006 (0,15) NOM 

~~~b~u-uu~u~U~' ____ ~I_U~U-uU~U~aL~~~~==~~~~+.~~~----------~~ 
0.047 (1,20) MAX 0.000 (0,00) MIN 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t Applicable MaS Memory Devices: 

TMS44100 
TMS46400 

TMS44100P 
TMS46400P 

TMS46100 TMS46100P 

~1EXAS 
INSTRUMENTS 
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Mechanical Data 
MOS Memory Products - Commercial 

DGA (R-PDSO-G24/26) PLASTIC SMALL-OUTLINE PACKAGEt 

0.020 (0,50) 1-$-1 0.008 (0,21) ® I 
0.012 (0,30)·· -' 

0.304 (7,72) 
0.296 (7,52) 

T 
0.371 (9,42) 
0.355 (9,02) 

~0-rr-l"l'-rT-r"I'~""Tl-rT"..,.,.-.,-r-~~ 
0.679 (17,24) 
0.671 (17,04) 

13 

0.006 (0,15) NOM 

~~~b __ .LJ_._LJ __ LJ'LJ~LJ~' __ -uILJ-uLJ-uLJ~LJ~LJ~a~~-+~~~~~_~_~_~=~~-T'J'~~----------~~ 
0.047 (1,20) MAX 0.002 (0,05) MIN 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t Applicable MaS Memory Devices: 

TMS44460 
TMS417400 

TMS44460P 
TMS417400P 

TMS46460 
TMS426400 

TMS46460P 
TMS426400P 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n2S1-1443 

TMS416400 
TMS427400 

4040265-3/C 4/95 

TMS416400P 
TMS427400P 
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Mechanical Data 
MOS Memory Products - Commercial 

DGC (R.PDSO-G32) PLASTIC SMALL·OUTLINE PACKAGEt 

Ii 0.020 (0,50) \-$-I 0.008 (0 20) @ 1 
0.012 (0,30)·· ' _. 

17 

-l----ru1~ 
0.455 (11,56) 

0.404 (10,26) 
0.396 (10,06) 

~O 1"r"""Tr"'I'T"r-T'T""TT'""T'T~rr-n-TT"""T"~ ~ 
0.006 (0,15) NOM 

1 14 1
16 

~ .... ______ 0.829 (21,05) _____ --+1. 
0.821 (20,85) 

LEu u u 0 u u u 0 0 u u u u u u dJ. Seating Plane j @"-"-l~ ____ ---,l 
L :.047 (1,20) MAX 0.002 (0,05) MIN 1\.0.1 0.004 (0,10) fl 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t Applicable MaS Memory Devices: 

TMS464400 TMS464400P TMS464800 TMS464800P 

~TEXAS 
INSTRUMENTS 
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Mechanical Data 
MOS Memory Products - Commercial 

DGE (R.PDSO·G40/44) PLASTIC SMALL·OUTLINE PACKAGEt 

0.018 (0,45) 1-$-10.006 (0,16) ® 1 
0.012 (0,30)·· _. 

23 

0.404 (10,26) 

.... OTT'l'TT'I''I'T'T''I'''I''I''''I'''I''I'''~rT-.....,"T'T'T"T'T'T'l'''l'TTT'I''I'T'T''I'''I''I'''r-':J'·~ 
C 0.729 (18,51) 

0.721 (18,31) 

[6uuuuuuuuU! 
0.047 (1,20) MAX 

NOTES: A All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

22 

C. Body dimensions do not include mold flash or protrusion. 
t Applicable MaS Memory Devices: 

r 
0.471 (11,96) 
0.455 (11,56) 

TMS44165 TMS44165P TMS45160 TMS45160P 

"!!1TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS n251-1443 
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TMS45165 TMS45165P 
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Mechanical Data 
MOS Memory Products - Commercial 

DGE (R-PDSO-G44/50) PLASTIC SMALL-OUTLINE PACKAGEt 

0.018 (0,45) I ~I I 
0.012 (0,30) "IT 0.006 (0,16) ® 

0.829 (21,05) 
0.821 (20,85) 

[buuuuuuuuuU! 
0.047 (1,20) MAX 

25 

0.002 (0,05) MIN 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t Applicable MOS Memory Devices: 

TMS416160 
TMS428160 
TMS426169 

TMS416160P 
TMS428160P 
TMS426169P 

TMS418160 
TMS416169 
TMS428169 

TMS418160P 
TMS416169P 
TMS428169P 

~lExAS 
INSTRUMENTS 
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TMS426160 
TMS418169 

4040070-4/C 4/95 

TMS426160P 
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Mechanical Data 
MOS Memory Products - Commercial 

DGE (R-PDSO-G44) PLASTIC SMALL-OUTLINE PACKAGEt 

0.018 (0,45) 1-$-1 0.006 (0,16) ® 1 
0.012 (0,30) 

0.404 (10,26) 

:"-O'l"l""l''I''!''I'n"I''l''''&l"I'''I''l''T'Ml''l'''!'l'''l"l'''!'"I'TT'T'I"TT'T'TTT'TTTT''I'TT'I'''''':J .~ 
c 0.729 (18,51) 

0.721 (18,31) 

22 

r 
0.471 (11,96) 
0.455 (11 ,56) 

0.006 (0,15) NOM 

f 6 u u u u u U u U u u u u u u u U u u U u u d--i S::,:.::a::::tl"::!g!..:,p..:.:la:::"::..+-"""."u'--+ _______ ..I .... 

0.047 (1,20) MAX 0.002 (0,05) MIN j ,-'<:::'-.1.._""":''':''''';'-' 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t Applicable MOS Memory Devices: 

TMS626402 TMS626802 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n2S1-1443 

404007Cl-3/C 4/95 
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Mechanical Data 
MOS Memory Products - Commercial 

DGH (R-PDSO-G64) PLASTIC SMALL-OUTLINE PACKAGEt 

11 ~1~1~"2@1 

32 

26,42 __ ,--____ ~ 
26,17 

14,50 
14,00 

fLuuuuuuuuuuuuuuuuuuuuuuuuuuouuuudj .. _ PO" 

2,38 MAX 0,00 MIN a. 0,10 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Plastic body dimensions do not include mold flash or protrusion. Maximum mold protrusion is 0,125. 

t Applicable MOS Memory Devices: 

TMS55160 

9-20 

TMS55165 TMS55161 TMS55166 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. lEXAS n251-'1443 

4040068/810/94 



Mechanical Data 
MOS Memory Products - Commercial 

DJ (R-PDSO..J20/26) PLASTIC SMALL-OUTLINE J-LEAD PACKAGEt 

C 0.680(17,27) I ..,.07.... • 
26 22 18 14 . 

~ ..,n~nn I 
J 0.305 (7,7&) 

0.295 (7,49) 

o ~ 
'1 .... .... ~4"5' '8' .... .... .... '1; 

-.j 0.032 (0,81) 
0.026 (0,66) 

T 
0.340 (8,64) 
0.330 (8.38) 

f~ ·'~·u'.~·AX ____ o_.OO8-. (O'r HOM 

~~I J-t ~ ~-----1 Seating Plane ~ 

J II 0020(051). Yo.l 0.004(0,10) I 
. --II+- 0:016(0:41) 1-$-1 0•007 (0,18) ®I 

+-f 0.050 (1,27) I 

~ 0.275 (6,99) ~ 
0.260 (6,60) 

4040092-2/810/94 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Plastic body dimensions do not Include mold protrusion. Maximum mold protrusion Is 0.005 (0.125). 

t Appllcsble MaS Memory Devices: 

TMS44100 
TMS46400 

TMS44100P 
TMS46400P 

TMS46tOO TMS48100P 

~1ExAs .. 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSlON.1e(A877251-1443 

TMS44400 TMS44400P 

9·21 



Mechanical Data 
MOS Memory Products - Commercial 

DJ (R-PDSO.J24126) PLASTIC SMALL-OUTUNE J-LEAD PACKAGEt 

'"'''''' I 
0.305 (7,75) 

0.295 (7,49) 

o ~ 

-J ~ 8 0.032 ~O,81) 
0.026 (0,66) 

13 

T 
0.340 (8,84) 
0.330 (8,38) 

0.148 (3,78) 0.106 (2,69) TVP 0.008 (0,20) NOM 

~a~ j 
U==it~!s.~a!!!tln~g~p~la!!!n.~;~~~:~~~~~~~~:gf 
J 11. 0020 (051) . I :Y.o.! 0.004(O,10)! 

-+II+- 0:016(0;41) 1-$-1 0•007 (0,18) ®I 
....------. 

I 0.275 (6,99) I 
~ 0.280 (6,60) -+I 

4040092-3/B 10/94 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Plestic body dimensions do not Include mold protrusion. Maximum mold protrusion Is O.OOS (0.125). * Applicable MOS Memory Devices: . 

9-22 

TMS44480 
TMS417400 

TMS44480P 
TMS417400P 

TMS46480 
TMS428400 

TMS46480P 
TMS428400P 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, lEXAS 77261-1443 

TMS418400 
TMS427400 

TMS418400P 
TMS427400P 



Mechanical Data 
MOS Memory Products - Commercial 

DZ (R-PDSO-J32) PLASTIC SMALL-OUTLINE J-LEAD PACKAGEt 

rlllf-32
------ 0.830 (21,08) -------.1.1 0.820 (20,83) 

000002' 

o 

0.032 (0,81) 
0.026 (0,66) 

16 

f 
0.445 (11,30) 
0.435 (11,05) 

0.405 (10,29) 
0.395 (10,03) 

~ 

0.148 (3,76) 

:t=~ __ ~~~~~~~L-.~0~'1728_~ __ ~5_) ____ ~~ 
J --IJ.- ::::~:: 1*1''''(O,l~ ®I 

0.008 (0,20) NOM 

4040094-4/C 4/95 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Plastic body dimensions do not include moid protrusion. Maximum mold protrusion is 0.005 (0,125). 

t Applicable MaS Memory Devices: 

TMS464400 TMS464400P TMS464800 TMS464800P 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 9·23 



Mechanical Data 
MOS Memory Products - Commercial 

DZ (R·PDSO.J40) PLASTIC SMALL·OUTLINE J·LEAD PACKAGEt 

o 

1.030 (26,16) I 
1.020 (25,91) ~ 

ooooooo~ 

0.032 (0,81) 
0.026 (0,66) 

20 

f 

0.148 (3,76) 

l:~~~~~~~~_&0~'1~28_(_3'_2~ ____ ~~ 
J -J I.- ~::: ~~II.1 0""(0, 1~ ® I 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125). 

t Applicable MOS Memory Devices: 

TMS44165 

9-24 

TMS44165P TMS45160 TMS45160P 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON, TEXAS n251-1443 

TMS45165 

0.008 (0,20) NOM 

4040094-5/C 4/95 

TMS45165P 



Mechanical Data 
MOS Memory Products - Commercial 

DZ (R-PDSO-J42) PLASTIC SMALL-OUTLINE J-LEAD PACKAGEt 

1.080 (27,43) -------22~~1 
1.070 (27,18) . 

"""""""" I 
o 

j I..- 0.032 (0,81) 
0.026 (0,66) 

f .'''~''''NO. 
J rj:-:--I..-":,,:,,,:,...,:.,:~: ~:::~~ I ~ I 0.007 (0,18) ® I 

21 

0,405 (10,29) 

0.395 (10,03) 

* 

Seating Plane 

f 
0.445 (11,30) 

0.435 (11,05) 

0.148 (3,76) 
0.128 (3,25) 

0.008 (0,20) NOM 

4040094-6/C 4/95 

NOTes: A. All linear dimensions are in inches (millimeters), 
B. This drawing is subject to change without notice. 
C. Plastic body dimensions do not Include mold protrusion. Maximum mold protrusion is 0.005 (0.125). 

t Applicable MOS Memory Devices: 

TMS416160 
TMS428160 
TMS426169 

TMS416160P 
TMS428160P 
TMS426169P 

TMS418160 
TMS416169 
TMS428169 

TMS418160P 
TMS416169P 
TMS428169P 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 

TMS426180 
TMS418169 

TMS426160P 
TMS418169P 

9-25 



Mechanical Data 
MOS Memory Products - Commercial 

FM (R·PQCC-J32) PLASTIC J·LEADED CHIP CARRIERt 

Seating Plane 

~----- ~::~~:::~ ------+1 
0.129 (3,28) -i4----~ 
0.123 (3,12) 

5 

13 

4 1 30 

0.049 (1,24) 
0.043 (1,09) 

0.009 (0,20) NOM c= 0.453 (11,51) 
0.447 (11,35) 

~~~~~~~~--,+~--.r 

o 

14 20 

I 0.050 (1 ,27) I 

29 

21 

0.595 (15,11) 
0.585 (14,86) 

0.553 (14,05) 
0.547 (13,89) 

NOTES: A. All linear dimensions are in Inches (millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MOS Memory Devices: 

9·26 

TMS28F512A TMS28F010B 
TMS27PC010A TMS27PC020 

TMS28F020 
TMS27PC040 

TMS27PC256 

~TEXAS 
INSTRUMENTS 

PoST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 

4040201-4/B 10/94 

TMS27PC510 TMS27PC512 



Mechanical Data 
MOS Memory Products - Commercial 

FN (S·PQCC-J**) 
20 PIN SHOWN 

0 

01 

:=J 3 

0 0.032 (0,81) 

0.026 (0,66) 
4 18 

E E1 

C 14 

9 13 

NO. OF DIE 01/E1 
PINS .. 

MIN MAX MIN MAX 

20 0.385 (9,78) 0.395 (10,03) 0.350 (8,89) 0.356 (9,04) 

28 0.485 (12,32) 0.495 (12,57) 0.450 (11,43) 0.456 (11,58) 

44 0.685 (17,40) 0.895 (17,65) 0.850 (16,51) 0.656 (16,86) 

52 0.785 (19,94) 0.795 (20,19) 0.750 (19,05) 0.756 (19,20) 

68 0.985 (25,02) 0.995 (25,27) 0.950 (24,13) 0.958 (24,33) 

84 1.185 (30,10) 1.195 (30,35) 1.150 (29,21) 1.158 (29,41) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change w~hout notice. 
C. Falls within JEDEC MS-018 

t Applicable MOS Memory Devices: 

TMS28F210 TMS27PC210A TMS27PC240 

~TEXAS 
INSTRUMENTS 

PLASTIC J·LEADED CHIP CARRIERt 

0.180 (4,57) MAX 

0.120 (3,05) 

0.090 (2,29) 

0.020 (0,51) MIN 

02/E2 

~ 02/E2 

1d~ 
0.013 (0,33) 

1-$-1 0.007 (0,18) @I 

02/E2 

MIN MAX 

0.141 (3,58) 0.169 (4,29) 

0.191 (4,85) 0.219 (5,56) 

0.291 (7,39) 0.319 (8,10) 

0.341 (8,66) 0.369 (9,37) 

0.441 (11,20) 0.469 (11,91) 

0.541 (13,74) 0.569 (14,45) 

4040005/810/94 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 9-27 



Mechanical Data 
MOS Memory Products - Commercial 

J (R·CDIP. T**) 

24 PIN SHOWN 

CERAMIC SIDE·BRAZE DUAL·IN·LINE PACKAGEt 

) o 
7 ~ ~ ~ ~~~:5;6; ~ ~ 

0.045 (1,14) 

c 

Lens Protrusion 
0.010 (0,25) MAX 

=!==t;::::i i~A ~ 
I 

I I 0 100 (2 54) I "0.022 (0,56) 0.125 (3,18) MIN IL 
-+I H· '. -+II+- 0.014 (0,36) -.Ii 0.012 (0,30) 

0.008 (0,20) 

~ 24 28 32 40 
DIM NARR WIDE NARR WIDE NARR WIDE NARR WIDE 

A 
MAX 0.624{15,85) 0.624{15,85) 0.624{15,85) 0.624{15,85) 0.624{15,85) 0.624{15,85) 

MIN 0.590{14,99) 0.590{14,99) 0.590{14,99) 0.590{14,99) 0.590{14,99) 0.590{14,99) 

MAX 1.265{32,13) 1.265{32,j3) 1.465{37,21) 1.465{37,21) 1.668{42,37) 1.668{42,37) 
B 

1.235{31 ,37) MIN 1.235{31 ,37) 1.435{36,45) 1.435{36,45) 1.632{41,45) 1.632{41,45) 

MAX 0.541 (13,74) 0.598{15,19) 0.541 (13,74) 0.598{15,19) 0.541 (13,74) 0.598{15,19) 
C 

MIN 0.514{13,06) 0.571 (14,50) 0.514{13,06) 0.571 (14,50) 0.514{13,06) 0.571 (14,50) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 

t Applicable MOS Memory Devices: 

0.624{15,85) 0.624{15,85) 

0.590{14,99) 0.590{14,99) 

2.068{52,53) 2.088{52,53) 

2.032{51 ,61) 2.032{51 ,61) 

0.541 (13,74) 0.598{15,19) 

0.514{13,06) 0.571 (14,50) 

4040084/ B 10/94 

TMS27C256 
TMS27C040 

TMS27C510 
TMS27C240 

TMS27C512 TMS27C010A TMS27C210A TMS27C020 

9·28 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 



Mechanical Data 
MOS Memory Products - Commercial 

N (R-PDIP-T**) 

24 PIN SHOWN 

PLASTIC DUAL-IN-LINE PACKAGEt 

r· 24 

A 

0.560 (14,22) 

0.520 (13,21) 

~.........,...,.~~ 
12 

0.200 (5,08) MAX 

0.020 (0,51) MIN 

mmm--r--T Seating Plane 

J L I.-.H 0.100 (2,54) 1 

0.021 (0,53) 1-$-1 0.010 (0 25) ® 1 
0.015 (0,38)" ' -' 

0.125(3,18) MIN JL 
0.010 (0,25) NOM 

~ DIM 
24 

A MAX 
1.270 

(32,26) 

A MIN 
1.230 

(31,24) 

NOTES: A. All linear dimensions are in Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Falls within JEDEC MS"()11 
D. Falls within JEDEC MS"()15 (32 pin only) 

t Applicable MaS Memory Devices: 

28 

1.450 
(36,83) 

1.410 
(35,81) 

32 40 48 

1.650 2.090 2.450 
(41,91) (53,09) (62,23) 

1.610 2.040 2.390 
(40,89) (51,82) (60,71) 

TMS28F512A TMS28F010B TMS28F210 TMS27PC258 
TMS27PC010A 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS n2S1-1443 

52 

2.650 
(67,31) 

2.590 
(65,79) 

TMS27PC510 

4040053/B 10/94 

TMS27PC512 

9·29 



Mechanical Data 
MOS Memory Products - Commercial 

U (R-PSIM-N30) SINGLE-IN-LINE MEMORY MODULE* 

3.505 (S9,03) -------+I.~ 'l 3.495 (88,77) 

0.125 (3,1S) TYP 0.133 (3,38) TYP 

G.400 (10,16) TYP 

NOTES: A. All linear dimensions are In inches (millimeters), 
B. This drawing is subject to change without notice, 

t Applicable MaS Memory Devices: 

TM497GUS 

9-30 

TM497EU9 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 

r 0.208 (5,28) 
MAX 

I 
0.655 (16,64) 

MAX 

~ 
J ~ 0.054 (1,37) 

0.047 (1,19) 

4040193/810/94 



FNC (R-CDCC-N24/28) 

12 

0.125 (3,18) 

0.105 (2,87) 

r- 0.460 (11,68) 1 
0.440 (11,18) 

1 
0.785 (19,94) 
0.766 (19,43) 

0.008 (0,20) RAD TYP 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MaS Memory Military Devices: 

SMJ416100 SMJ416400 

~TEXAS 
INSTRUMENTS 

Mechanical Data 
MOS Memory Products - Military 

LEAD LESS CERAMIC CHIP CARRIERt 

0.035 (0,89) MIN 

4040142/B 10/94 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 9-31 



Mechanical Data 
MOS Memory Products - Military 

FQ (R-CDCC·N20) LEAD LESS CERAMIC CHIP CARRIERt 

r 
0.608 (15,44) 
0.592 (15,04) 

L 

n 
I 0.357 (9,07) . I r- 0.343 (8,71) ~ 

0.685 (17,40) 
0.665 (16,89) 

0.008 (0,20) RAD TYP 

0.090 (2,29) TYP ---114--.t 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Appllceble MOS Memory Military Devices: 

SMJ44C256 

9-32 

SMJ4C1024 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON, TEXAS 77251-1443 

0.030 (0,76) MIN 

4040143/B 10194 



Mechanical Data 
MOS Memory Products - Military 

GB (S·CPGA·P68) CERAMIC PIN GRID ARRAY PACKAGEt 

0970(2463) 

rru..~1. 

I 

D 
0 

0.536 (13,81) 
0.524 (13,31) 

0.088 (2,23) 
0.Q72 (1,83) 

~ L 
~~=}--r 

0.194 (4,98) 

0.188 (4,16) 

f 0.055 (1 ,39) 
0.045 (1,14) 

NOTES: A. All linear ~imensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

J 

H 

G 

F 

E 

D 

C 

B 

A 

C. Index mark may appear on top or bottom depending on package vendor. 

· · 
• @ 

• • 
• • 
• • 

· • 
• @ 

• • 
2 

0.800 (20,32) TVP 

· · · · • · • 
• · • • • @ · 
• • • • • • 
• • • • 

• • 

· • · • 

• • • • • @ • 
• • • • · • • 
3 4 5 5 7 8 9 

4040114-14/ A 2/95 

D. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.015 (0,38) radius ralative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 
F. The pins can be gold plated or solder dipped. 
G. Falls within MIL·STD·1835 CMGA1·PN and CMGA13·PN and JEDEC MO·067AA and MO·066AA, respectively 

t Applicable MOS Memory Military Devices: 

SMJ55161 SMJ55166 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 9·33 



MechanIcal Data 
MOS Memory Products - Military 

HJ (R-CDCC..J20) J-LEADED CERAMIC CHIP CARRIERt 

0.685 (17,40) 1+------- 0.665 (16,89) 

0.608 (15,44) _____ ~~ _ 0.048 (1,22) 
0.592 (15,04) I ...-- 0.028 (0,71) 4 Placea 

20 11 

0.338 (8,59) 

~::;;;;;::::;;;:::;;::;:;::::===::::;;;:::;;:::;;;;:::;;:~LJ " 
0.056 (1 ,42) 
0.044 (1,12) 

h 0.050 (1,27) I 

10 

0.022 (0,56) I I 
0.012 (0,30) -.j I+-

0.035 (0,89) Radius 
0.025 (0,64) 

NOTES: A All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals will be gold plated. 

t Applicable MOS Memory Military Devices: 

SMJ44C256 SMJ4C1024 

~TEXAS 
INSTRUMENTS 

1 t 0.010 (0,25) 
0.006 (0,15) 

0.308 (7,82) 
0.264 (6,71) 

9-34 POST OFFICE BOX 1443· HOUSTON, TEXAS n251-1443 

t 
0.137 (3,48) 
0.114 (2,90) 

* 

4040144-2/B 10/94 



Mechanical Data 
MOS Memory Products - Military 

HJ (R-CDCC.J28) J-LEADED CERAMIC CHIP CARRIERt 

0.740 (18,80) 
0.720 (18.29) 

14 
0.660 (16,76) 

·1 
I+- 0.050 (1,27) 

0.640 (16,26) 0.030 (0,76) 4 Plac •• 

28 15 

0.422 (10,72) 
0.408 (10,64) 

U 
~ ~ ~ ~ ~ ~ 

1 14 

0.101 (2,56) 1tOM.-

~] 
0.006 (0,15) 

f I I 0.178 (4,52) 
0.139 (3,53) 

'=? <'- * ~ ~ I .... ~~~~ J ~ 0.370 (9,40) TYP -J 0.050 (1,27) 0.016 (0,41) 

0.077(1,96) 
0.059 (1,50) 0.035 (0,89) 

Radlu. 
0.025 (0,64) 

4040144-3/8 10/94 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals will be gold plated. 

t Applicable MaS Memory Military Devices: 

SMJ44C251B 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 9-35 



Mechanical Data 
MOS Memory Products - Military 

HK (R-CDFP-F20) 

0.035 (0,89) 
r- 0.025 (0,64) 

CERAMIC DUAL FLATPACKt 

r 0.010 (0,25) 
1_ 0.004 (0,10) 

,. f 

0.095 (2,41) 

""'~")1 
~ I ________ ~ 
Ud/~ 0.310(7,87) j 

0.290 (7,37) 

0.680 (17,27) 

0.660 (16,76) 

1 l J 20 

I: II '-::l 

=I 
r: II ::J 
l=: 1:::::1 

-=t 
r: ::J 

l......:t 
r: ::J 

10 L O~ •• ~) 1 o.,,~~ J 
0.370 (9,40) 0.295 (7,50) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MaS Memory Military Devices: 

SMJ4C1024 

9-36 

SMJ44C256 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n2S1-1443 

0.120 (3,05) 

j-.~ 

~ 0.050 (1,27) I 

-,-
0.021 (0,53) ---..f 0.015 (0,38) 

-,-

4040174/B 10/94 



Mechanical Data 
MOS Memory Products - Military 

HKB (R-CDFP-F28) CERAMIC DUAL FLATPACKt 

_ 0.045(1,14) 
0.026 (0,68) 

0.009 (0,23) 0.130 (3,32) I Ud 

~c:::004=(O'=10=) =511=::!!~=~~~3 ..... • .... 1 
f 0 .... ~.", ... -tll4----I~*I- 0.400 (10,16) 

2 Places 0.350 (8,89) 

0.010 (0,25) MIN 
4 PTlaces ~ 0.460 (11,68) -i~~14f---~~11- 0.370 (9,40) 

0.440 (11,18) 0.250 (6,35) 

12 13 

~f~rll~J 
0.790 (20,01) 
0.760 (19,30) 

:::J 

~~~~ 4 0.050 (1,27) r 
:::J 

§==t 
~ _____________ r~~ ______ ~~ 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MOS Memory Miiitary Devices: 

SMJ416100 SMJ416400 

28 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 7nS1-1443 

0.021 (0,53) 
0.016 (0,38) 

4040120/B 10/94 

9-37 



Mechanical Data 
MOSMemory Products - Military 

HKC (R-CDFP-F64) CERAMIC DUAL FLATPACK WITH TIE BARt 

~11,30) -fO,67) 

0.445 
0.420 

1 620 (4114) 
1:580 (40:13) SQ rr '.~~91)~ 0.980 (24,89) 

0.765 (19,43) 
0.730 (18,54) 

00 0 

2JY 
0 

33 64 

32 1 

01 
loc ~ D 01 Iro 

0 0 

0 
~ 

ra-
0 

4,70)J 0.185 ( 
0.145 (3,68) It- .1. 0.0098 (0,250) 

0.0060 (0,150) 
r--__ -:--:-,-, 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed wHh a: metal lid. 
D. The terminals are gold plated. 
E. All leads not shown for clarity purposes. 

t Applicable MaS Memory Military Devices: 

SMJ55161 SMJ55166 

~TEXAS 
INSTRUMENTS 

0.026 (0,66) MIN 

0.150 (3,81) 
0.100 (2,54) 

0.070 (1,78) 
0.055 (1,40) 

.", ... J= 
0.295 (7,49) 

0.0079 (0,200) ± 
0.0043 (0,110) ~ 

0.040 (1,02) 
0.030 (0,76) 

4073150/B 10/94 
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HKD (R-CDFP-F50) 

Pin 1 Index Area 

'// .... 
V//1 

Mechanical Data 
MOS Memory Products - Military 

CERAMIC DUAL FLATPACKt 

50 

26~ 
O,38MIN j 

(4 PLACES) 

21,40 
20,60 

1 if 1 r:....==2,OO=TYP==~ -.l 
J~==:f;::~~~ IILL----~:-:~-~ ~~~~~~J...:=~~~~~:..:O=,66::tIN ~ 

0,10 

0,76 MIN -.I ~ 
NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 
t Applicable MOS Memory Military Devices: 

SMJ416160 SMJ418160 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS n2S1-1443 

4081537/A4/95 

9-39 



Mechanical Data 
MOS·Memory.Products - Military 

HL (R-CDCC-N20/26) LEAD LESS CERAMIC CHIP CARRIERt 

10 

r 
0.608 (15,44) 
0.592 (16,04) 

0.090 (2,29) TYP'-I4-~ 

0.357 19,07) 
0.343 (8,71) 

~ 

0.685 117 
0.665 (16 

,40) 
,89) 

0.028 (0,71) 
0.022 (0,56) 

0.008 (0,20) RAD TYP 

I.- 0.050 (1 ,27) TYP 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. This package can be hermetically sealed w~h a metal lid. 
D. The terminals are gold plated. 

t Applicable MaS Memory Military Devices: 

SMJ44C256 

9-40 

SMJ4Cl024 SMJ44100 SMJ44400 

~TEXAS 
INSTRUMENTS ' 

POST OFFICE BOX 1443' HOUSTON. TEXAS n251.,.1443 

0.030 (0,76) MIN 

4040145(84(95 



HM (R-CDCC-N28) 

I.-- 0.405 {10,29) I 
0.395 (10,03) ~ 

0.730 {18, 
0.710 (18, 

54) 
03) 

0.028 (0,71) 
0.022 (0,56) 

Mechanical Data 
MOS Memory Products - Military 

LEAD LESS CERAMIC CHIP CARRIERt 

0.070 {1 ,78) 
0.050 (1 ,27) 

o.ooe (0,20) RAD TYP 

0.100 (2,54) TYP -101---.1 0.075 (1 ,91) TYP 

NOTES: A. All linear dimensions are In inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MaS Memory Military Devices: 

SMJ44C251B 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS 77251-1443 
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Mechanical Data 
MOS Memory Products - Military 

HR (R·CDFP·F20) CERAMIC DUAL FLATPACKt 

-,.-----------1-n LI""'""-------"1J-2
-
0
------j---r- 0.100 (2,54) MIN 

II 
u [ 

[ 

[ 

~~::t==========:::::::J --.f 0.050 (1,27) TYP 

=I 
[£'!=======~ ~ 

0.715 (18,16) 

0.685 (17,39) II ::t 
:] 0.022 (0,56) [ 

~::t==========:::::::J --.f 0.015 (0,38) 

::::11£=======:::J ~ 
~::t 

[ 

-"----_10 r,--------" l11 J 
I 0.500 (12,70) I 0.370 (9,40) 
j4- 0.480(12,19) ~ 0.250(6,35) 

0.035 (0,89) 11.025 (0,64) 

0.009 (0,23) 
0.004 (0,10) 

;=r 
0.100 (2,54) 

.... P.", ] 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed w~h a metal lid. 

t Applicable MOS Memory Military Devices: 

SMJ44100 

9·42 

SMJ44400 

~TEXAS 
INSTRUMENTS 
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Mechanical Data 
MOS Memory Products - Military 

J (R·CDIP. T**) 
24 PIN SHOWN 

CERAMIC SIDE·BRAZE DUAL·IN·LlNE PACKAGEt 

I' • 'I ~_1'"""'1 = .. '-'1'"""'1 .-,.-, ,......, ,......, ,......, ,......, ~ 

Lens Protrusion 
0.010 (0,25) MAX 

~ 24 28 32 
DIM NARR WIDE NARR WIDE NARR WIDE 

A 
MAX 0.624(15,85) 0.624(15,85) 0.624(15,85) 0.624(15,85) 0.624(15,85) 0.624(15,85) 

MIN 0.590(14,99) 0.590(14,99) 0.590(14,99) 0.590(14,99) 0.590(14,99) 0.590(14,99) 

MAx 1.265(32,13) 1.265(32,13) 1.465(37,21) 1.465(37,21) 1.668(42,37) 1.668(42,37) 
B 

MIN 1.235(31,37) 1.235(31,37) 1.435(36,45) 1.435(36,45) 1.632(41,45) 1.632(41,45) 

MAX 0.541 (13,74) 0.598(15,19) 0.541 (13,74) 0.598(15,19) 0.541 (13,74) 0.598(15,19) 
C 

0.571 (14,50) MIN 0.514(13,06) 0.571 (14,50) 0.514(13,06) 0.571 (14,50) 0.514(13,06) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frl!. 
D. Index point is provided on cap for terminal identification only on press ceramic glass frlt seal only 

t Applicable MOS Memory Military Devices: 

SMJ27C128 SMJ27C040 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS n251-1443 

40 
NARR WIDE 

0.624(15,85) 0.624(15,85) 

0.590(14,99) 0.590(14,99) 

2.068(52,53) 2.068(52,53) 

2.032(51,61 ) 2.032(51,61) 

0.541(13,74) 0.598(15,19) 

0.514(13,06) 0.571 (14,50) 

4040084/B 10/94 
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Mechanical Data 
MOSMemory Products - Military 

JD(R·CDIP. T**) 
22 PIN SHOWN 

CERAMIC SIDE·BRAZE DUAL·IN·LINE PACKAGEt 

r------- A --------+1 J ~ 18 20 22 
DIM 

22 

J l- 0.065 (1,65) 
0.045 (1,14) 

0.070 (1,78) MAX 
4 Placas 

I 
A MAX 

0.410 (10,41) 

TYP 

~ 
11 

0.140 (3,56) MAX 

Saatlng Plana 

0.015 (0,38) MIN 

0.910 1.010 1.100 
(23,11) (25,65) (27,94) 

r-- 0.420 (10,67) ~ 

IF 0.390 (9,91) ::::J,I 

H 0.100 (2,54) I JL 0.021 (0,53) 

0.015 (0,38) 

0.125 (3,18) MIN JL 0.014 (0,38) 
0.008 (0,20) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. This package can be hermetically sealed wnh a metal lid. 
D. The terminals are gold plated, 

t Applicable MaS Memory Military Devices: 

SMJ44100 

9·44 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443· HOUSTON. TEXAS 77251-1443 
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Mechanical Data 
MOS Memory Products - Military 

JD (R·CDIP·T**) 

20 PIN SHOWN 

CERAMIC SIDE·BRAZE DUAL·IN·LINE PACKAGEt 

I' ~-2-0---------- A ------------~ 

0.065 (1,65) 
0.054 (1,14) 

0.075 (1,91) MAX 4 Placea 
0.175 (4,45) 
0.140 (3,56) 

~ DIM 
16 

A MAX 
0.810 

(20,57) 

18 20 24 

0.910 1.010 1.100 
(23,11) (25,65) (27,94) 

r:=~;:~ 
Seating Plana 

JL· r-1r~ \ 0.020 (0,51) MIN 

0.125 (3,18) MIN JL~1~~ 
0.015 (0,38) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MOS Memory Military Devices: 

SMJ44C256 SMJ4C1024 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSlON. TEXAS 77251-1443 

0.012 (0,30) 
0.008 (0,20) 

4040086/B 10/84 

9-45 



Mechanical Data 
MOS Memory Products - Military 

JD (R·CDIP· T**) 

24 PIN SHOWN 

CERAMIC SIDE·BRAZE DUAL·IN·LINE PACKAGEt 

A 

0.065 (1,65) 
0.045 (1,14) 

12 

~ DIM 

1 
A MAX 

0.590 (15,00) 
TYP 

J 
0.175 (4,45) 

0.140 (3,56) 

24 28 40 48 

1.250 1.450 2.050 2.435 
(31,75) (36,83) (52,07) (61,85) 

r-- 0.620(15,75) 1 
I,.c=: 0.590 (14,99) ::=:J,I 

52 

2.650 
(67,31) 

Seating Plane \ 

0.125 (3,18) MIN ~ 

0.020 (0,51) MIN JL 00-150 . I 

0.021 (0,53) 

0.015 (O,38) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 

t Applicable MOS Memory Military Devices: 

SMJ44C251B 

9·46 

~TEXAS 
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0.012 (0,30) 
0.008 (0,20) 
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Mechanical Data 
MOS Memory Products - Military 

JDB (R-CDIP-'P*) 

20 PIN SHOWN 

CERAMIC SIDE-BRAZE DUAL-IN-UNE PACKAGEt 

I .. 
20 

A ------1-1~.1 
~ 18 20 

DIM 

A MAX 
0.810 1.010 
(23.11) (25.85) 

0.075 (1,91) MAX 
4Placu 

0.070 (1,78) 

0.030 (0,78) 

0.280 (7,37) TYP 

10 

0.200 (5,08) MAX 

SeaUng Plane 

0.020 (0,51) MIN 

H 0.1110 (2,54) I J L 0.021 (0,53) 

0.015 (0,38) 

0.125 (3,18) MIN 

NOTES: A. All linear dimensions are In Inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Falls within MIL-STD-1835GDIP1-T18. GDIP1·T20 and JEDEC MS-015 AD. MS-015AE 

t Applicable MOS Memory Military Devices: 

SMJ441 00 SMJ44400 

~ThXAs 
INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS 77251-1443 

j+- 0.320 (8,13) ~ 

I,.c: 0.280 (7,38) ::::J,I 

JL 0°_10°-.1 

0.015 (0,38) 

0.008 (0,20) 

4040080/8 10/84 
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Mechanical Data 
MOS Memory Products -- Military 

SV (R-CZIP-T**) 

20 PIN SHOWN 

CERAMIC ZIG-ZAG PACKAGEt 

r 
r 

[ 
1 

B 

1 I 

A 

1 

c-). -). - r -). - r ;.- -). - ) • Seating Pia ne 

0.200 (5,08) r 0.125 (3,18) 

0.060 (1,52) 
0.040 (1,02) 

0.050 (1,27) 
0.015 (0,38) Jt 

c 
--.! !.- 0.023 (0,58) 

-11- 0.015 (0,38) 

2 10 12 14 16 18 20 

j 6l 0.375 (9,52) 
0.070 (1,78) 0 355 (9 02) 

'-______________ 0._04_0_(_1'_02_) ____________ ~~' 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

t Applicable MOS Memory Military Devices: 

~ DIM 
20 

A MAX 
1.065 

(27,05) 

A MIN 
1.035 
(26,29) 

BMAX 0.380 
(9,65) 

B MIN 0.355 
(9,02) 

CMAX 
0.910 
(23,11) 

C MIN 
0.890 
(22,61) 

SMJ44C256 SMJ4C1024 SMJ44400 SMJ416400 SMJ44C251B 

9·48 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443' HOUSTON. TEXAS n2S1-1443 

0.130 (3,30) 
0.100 (2,54) 

0.015 (0,38) 
0.008 (0,20) 

0.115 (2,92) 
0.085 (2,16) 

24 28 

1.265 1.465 
(32,13) (37,21) 

1.235 1.435 
(31,37) (36,45) 

0.465 0.465 
(11,81) (11,81) 

0.440 0.440 
(11,18) (11,18) 

1.110 1.310 
(28,19) (33,27) 

1.090 1.290 
(27,69) (32,77) 

4040002/ B 10/94 



10-1 



10-2 

:II TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 772151-1443 



LQglc Symbols 

EXPLANATION OF IEEE/lEC LOGIC SYMESOLS FOR MEMORIES 

Introduction 

The Intemational Electrotechnical Commission (IEC) has developed a very powerful symbolic language that 
shows the relationship of each input of a digital logic circuit to each output without showing explicitly the internal 
logiC. At the heart of the system is dependency notation, which is partially explained below. 

The system was introduced in the USA in a rudimentary form in IEEElANSI Standard Y32.14-1973. Lacking 
at that time a complete development of dependency notation, it offered little more than a substitution of 
rectangular shapes for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, 
etc. This is no longer the case. 

The current standards are IEC Publication 617-12,1983 and ANSI/lEEE Standard 91-1984. Most of the data 
sheets in this data book include symbols prepared in accordance with these standards. The explanation that 
follows is necessarily brief and greatly condensed from the explanation given in the standards. This explanation 
is not intended to be sufficient for people who will be developing symbols for new devices. It is primarily intended 
to make possible the understanding of the symbols used in this book. 

Explanation of a Typical Symbol Fora Static Memory 

The TMS27C400 symbol is explained in detail. This symbol includes almost all of the features found in the OTP 
PROMs and EPROMs. 

The address Inputs are arranged in order of their assigned binary weights and the range of addresses is shown 
as A,* Where m is the decimal equivalent of the lowest address and n is the highest. The outputs affected by 
these addresses are indicated by the letter A, as data inputs also would be if the device were a RAM. 

The polarity indicator t::.. indicates that the external low level causes the internal1-state (the active or asserted 
state) at an input or that the internal1-state causes the external low level at an output. The effect is similar to 
specifying positive logic and using the negation symbol o. 

AD 
A1 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
AS 

A10 
A11 
A12 
A13 
A14 

The TMS27C400 Symbol The v symbols indicate 3-state outputs. The 3-state 
outputs are always controlled by an EN function. 
When EN stands at Its Internal1-state, the outputs are 
enabled; when EN stands at its internal D-state, the 
outputs stand at their high-impedance states. 
Sometimes the EN is a single input, but in the 
illustrated case, it is the output of a two-Input AND 
gate. Both inputs (pins 20 and 22) are active low, so 
if one of them goes high, the outputs is disabled. The 
upper one of these two inputs (pin 20) has another 
function. When nonstandard labels and explanatory 
labels are used within symbols, they are enclosed 
within square brackets. Here we find the labelN[PWR 
OWN]". This is intended to indicate that if pin 20 is 
high, the memory will go to a low-power standby state. 

10 0 EPROM 

8 32768x8 
8 
7 
8 
5 
4 
3 

25 0 

24 
A 32767 

21 
23 
2 

26 
27 

14J 

20 [PWRDWN] 
T 22-;: " J EN 

AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 

11 
12 
13 
15 
16 
17 
18 
18 

DQ1 
DQ2 
DQ3 
DO. 
DQ5 
DQ6 
DQ7 
DQa 

~TEXAS 
INSTRUMENTS 
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Logic Symbols 

10;4 

TheB.alca ' 

The next section shows the most common building blocks that are used In constructing symbols for memories. 
On the left are shown the symbols that specify the active levels for level-operated inputs and the direction of 
active transition for dynamic inputs. 

It is preferred to show all input lines on the left and all output lines on the right. When an exception is made to 
this left-to-rlght signal flow, an arrowhead Is used to show the reverse signal flow. Three symbols are shown 
that indicate 3-state, open-drain, and open-source outputs. If none of these is used, the output should be 
assumed to be totem-pole. The common control block is a point of replacement for inputs that affect an array 
of elemente. 

The drawings on the right define the three forms of dependency notation used in this book.M an input (or output) 
that affects other Inputs or outputs, a letter (G, C, or Z) is placed followed by a number. That same number is 
placed at the affected inputs and outputs. The letter G Indicates that an AND relationship exists; if the affecting 
input stands at the O-state, it imposes that O-state on the affected input or output. The letter C indicates a control 
relationship, usually between clock and a D (data) input. If the C input stands at its O-state, the affected input 
is disabled. A D input is always an input to a storage element, which it either sets to the 1-state or resets to the 
O-state, unless the D input Is disabled to have no effect. Z dependency is used to transfer a signal from one place 
in a symbol to another, for example from the output at Z4 across to a terminal labeled -4", or from the output 
at Z5 back to the -5" where It serves as an input with no terminal attached. 

~TEXAS 
INSTRUMENTS 

POSTOFFtCE BOX ,_. HOUSTON,1'EXA8772sf-t_ 



a 

b 

c 

d 

Logic Symbols 

Diagrammatic Summary 

INPUTS G~ND)DEPENDENCY 

r---

Active H (hIgh) a ----I G5 a a & ab 
b ----I 5 b b & ae 

Active on L-to-H tranaltlon e ---I 5 =e =e 
f 

& ad 5 d d Active on H-to-L tranaltlon d ---UI 

INPUT/OUTPUT 

OUTPUTS 

---
Active high 

Actlvelowt ""-
3-State V 

Open-Clrcult (L-type)* ~ 

Open-Clrcult (H-type)lI ~ 

---
COMMON CONTROL BLOCK 

a 

b 

-c 

d 

L...._ 

C(CONTR04DEPENDENCY 

a -~""'-I 

[STORAGE) 

& 
S [Set) 

& 
R [Re.et) 

Z (INTERCONNECTION) DEPENDENCY 

ai :1-
5 zsj-

a 

t The active-low indicator may be used in combination 
with the 3-state and open-circuit indicators. * L-types include N-channel open-drain and P-channel 
open-source outputs. 

11 H-types include P-channel open-drain and N-channel 
open-source outputs. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS n251-1443 10-5 



Logic Symbols 

10-6 

explanation of a Typical Symbol for a Dynamic Memory 

The TMS4C1024 Symbol 

......!:---1l11DlI1/21Dt 

C2O[ROWJ 
Cl23l\REFRESH ROW] 

---"'-+---f 24\PWR DWNI 
C21[COL) 
24 

The TMS4C1024 symbol will be explained in detail for each 
operating function. The assumption is made that the previous 
sections have been read and understood. While this symbol 
is complex, so is the device it represents and the symbol 
shows how the part will perform depending on the sequence 
in which signals are applied . 

Addressing 

The symbol above makes use of an abbreviated form to show the multiplexed, latched addresses. The blocks 
representing the address latches are implied but not shown. 

CAS 
AO 

..... 
~ 
~ 0 

A1 1 -A2 2 
A3 - 3 

AD 20010/2100 
A4 
AS 

A1 
AS 

A2 

A3 
A7 

AI 
A4 0 
AS A 1048575 A9 

RA! 
A6 

-
-
-
-
-
-

" 
,---,--

- ~ ~ 

4 
5 
6 
7 

8 
t 0 

A 1048575 
10 

A7 - 11 
AS - 12 -A9 20019/2109 13 

RA! C20 
CAS C21 

-
- 14 

15 
I--- 16 
I---
I--- 17 

I--- 16 

I--- 19 

When RAS goes low, it momentarily enables (through C20,I> indicates a dynamic input) the 0 inputs of the ten 
address registers 10 through 19. When CAS goes low, it momentarily enables (through C21) the 0 Inputs of 
the ten address registers 0 through 9. The outputs of the address 'registers are in 20 Internal address lines that 
select 1 of 1 048 576 cells. 

~TEXAS 
INSTRUMENTS 
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Refresh 

... --1IREFREBH ROW] 

Power Down 

Write 

24[PWRDWN) 

024 

RAS~23 CAS " 
Vi 23C22 

D A,22D 

Read 

CAS --....-"="'1> C21 
024 

Q 

Logic Symbols 

When RAS goes low, row refresh starts. It ends when RAS goes 
high. The other input signals required for refreshing are not 
indicated by the symbol. 

CAS is ANDed with RAS (through G24) so when RAS and CAS 
are both high, the device is powered down. 

By virtue ofthe AND relationship between CAS and W (explicitly 
shown), when either one of these inputs goes low with the other 
one and RAS is already low ( RAS is ANDed by G23), the D 
input is momentarily enabled (through C22). In an Mearly-write" 
cycle it is W that goes low first; this causes the output to remain 
off as explained below. . 

The ANDed result of RAS and W (produced by G23) is 
clocked into a latch (through C21~ the instant CAS 
goes low. This result will. be M1" if RAS is low and W is 
high. The complement of CAS is shown to be ANDed 
with the output of the latch (by G24 and 24). Therefore, 
as long as CAS stays low, the output is enabled. In the 
Mearly-write" cycle referred to above, a MO" was stored in 
the latch by W being low when CAS went low, so the 
output remained disabled. 

IEEE Standards may be purchased from: 

Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 
New York, New York 10017 

International Electrotechnical Commission (IEC) publications may be purchased from: . 

AmeriCan National Standards Institute, Inc. 
1430 Broadway 
New York, New York 10018 

-!111ExAs 
INSTRUMENTS 
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Quality and Reliability 

MOS MEMORY QUALITY AND RELIABILITY STRATEGY 

Texas Instruments is committed to providing its customers with reliable, high quality memory products. MOS 
Memory management has applied a four-point quality and reliability strategy to: 

• Provide customers with the lowest cost of product ownership through quality, reliability, and service by: 

- On-time delivery to minimize customer inventory. 

- Quality performance that justifies ship-to-stock certification and eliminates the cost of component testing. 

- No system manufacturing fallout. 

- No warranty and service costs. 
• Develop partnership relationships to service and solve customer problems and anticipate upcoming needs. 

• Uve the quality improvement process from product creation and manufacturing through product sales via our total 
quality control approach of: 

- Quality Function Deployment. 

- Design-in and build-In quality and reliability. 

- In-control manufacturing. 

- Leadership customer service. 

• Measure Tl's performance by the customer's measurement and perception. The performance standard is continu
ous customer satisfaction. 

Total Quality Control (TQC) 

Total Quality Control (TQC) at TI is a business management process encompassing all company functions. The 
goal of TQC Is continuous customer satisfaction. Utilizing a process of Improvement through a positive feedback 
cycle, TQC is deployed in the MOS Memory Division from the initial design-in Q&R stage, in-control manufacturing, 
and customer service (see Figure 1). 

PLAN Uncl .... tancl 
Cuatom.r 
Care-abouta 

DO Product 
Specification 

CHECK Cuatomer 
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Figure 1. Total Quality Control 
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Quality and Reliability 

Total Quality Control (TQCHContlnued) 

Proper application of the concept of "PLAN-DO-CHECK-ACr allows a positive feedback loop that creates con
tinuous improvement and breakthrough, as opposed to the "FIX-FIX-FIX-FIX" results of a negative loop (see 
Figure 2). 

Quality Function Deployment 

Continuous customer satisfaction can be achieved only by fully understanding customer needs, then introducing 
innovative products that satisfy those needs. Quality Function Deployment (QFD) accomplishes both purposes at 
TI. QFD is a technique that systematically records the voice of the customer, identifying product and service attributes 
most important to the customer. QFD then blends these needs with the talents and innovations of a TI design team 
to define a manufacturable, reliable product solution for the customer. 

Deslgn-ln Quality and Reliability 

Quality and reliability improvements at TI start with the chip and package design. The objective of MOS Memory's 
Design-In Quality and Reliability (01 R) thrust is first-pass qualification of new products, internally and at the customer. 
The TI approach to DIR has been to understand customer requirements of a product, and to formalize this knowledge 
into a database that incorporates both reliability modeling knowledge, and "lessons learned" from historical problems 
and engineering evaluations. Before any new design is approved, the design is verified against a DIR "checklist". 
Design verification is planned to evolve to computer verification utilizing artificial intelligence. 

From Negative Loop 

In-Control Manufacturing 

Documentation/Audit System 

To Positive Loop 

Figure 2. TQC Philosophy 

To assure in-control manufacturing, TI employs a hierarchical specification system. General specifications on all 
aspects of quality, reliability, and customer service are written and controlled by the central Quality and Reliability 
group. More detailed specifications control the operating practices of design, manufacturing, marketing, and other 
support organizations. These specifications follow guidelines set by the higher-level specifications, but concentrate 
on the type of business entity. 
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Quality and Reliability 

In-Control Manufacturing (continued) 

Regularly scheduled audits are performed within TI to ensure compliance with all specifications. The five types 
of audits performed are: 

1. Self audit: An internal audit within each functional operation. This type of audit is conducted by persons within the 
operation and an additional person from outside the operation. 

2. Cross-audit: An audit by persons independent of the operation being audited. 

3. Group audit: An audit of an operation conducted by the Semiconductor Group audits and procedures function, 
which is a part of the central Quality and Reliability organization. 

4. Procedures audit: An audit of lower-level specifications with respect to higher-level specifications. 

5. Compliance audit: An audit of operating practices with respect to specifications. 

Statistical Process Control (SPC) 

Quality improvement is achieved through Statistical Process Control (SPC). SPC is applied throughout the 
manufacturing operations of the MOS Memory division. The objectives of SPC are: 

- Control processes on a realtime basis. 

-Improve process capability (CP). 

- Reduce variability to target value (CPl<). 

- Eliminate ·out-of-spec· lots. 

- Achieve dependable delivery. 

- Lower cost-of-quality. 

Computer hardware and artificial intelligence software have been coupled to establish interactive control allowing 
the computer to generate realtime control charts and prompt adjustments to equipment and processes 
(see Figure 3). 

.0 
Training 

- SPC 
• Design of Experiments 

Control Charts 
• Control to Target 
• Reduce Variability 

Identify Problems snd 
Data Collection 9 
• Parato of Defects 

L..----...I 

Identify Source of Variation 
• Multl-Varlsble Chart 
• Flsh·Bone 

D 
<r------' 

Capability Studies 
• Proce .. Spraad 
• Spec Spraad 

Figure 3. Computer-Aided Statistical Process Control 
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Quality and Reliability 

Die Fabrication Control 

In addition to extensive SPC applications in our MaS fabrication centers, TI implements wafer-level quality and 
reliability controls. 

Wafer-level quality control focuses on reduction of variability around target values (CPK) for key functionality pa
rameters and controls the processes that affect these parameters. For example: Column access time (tcAd is a key 
DRAM parameter. One of the die manufacturing processes that affects tCAC is the photo etch. To reduce variability 
of the target value of tCAC, polysilicon-width dimension is controlled at the photo etch process. 

Wafer-level reliability controls address process control of known reliability hazards. For example: Excessive 
phosphorus use in die processing can lead to corrosion defects in the finished device. Wafer-level reliability controls 
require that phosphorus level control be built into the manufacturing process and that action be prescribed for out-of
control material. Other wafer-level reliability controls are shown in the following table. 

Table 1. Wafer Reliability Controls 

PARAMETER CONTROL 

Metal Electromigration Testing, Grain Size, Silicon Nodule Monitor 
Step Coverage/Metal Necking MonHor 
Stress-Induced Metal Void Testing 

Protective Overcoat P.O. integrity 
Stress Testing 
Thickness Monitor 
Refraction 

Corrosion % Phosphorus In Multilevel Oxide Monitor 

Gate Oxide Integrity Breakdown VoHage 

Device Assembly Control 

TI has also implemented assembly level reliability controls and SPC at critical assembly points (see Table 2) to 
ensure highly reliable device packaging. Each parameter has certain controls performed at appropriate frequencies 
to ensure that assembly processing is at qualified levels. Controls may be added or reduced after extensive testing 
has been performed. Results are carefully studied and fed back to preclude reliability problem introduction into the 
assembly process. Some of the parameters and controls are shown in Table 3. 
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Table 2. Major Assembly Steps Using SPC/SQct 

PLASTIC DEVICE ASSEMBLY 

Process Control Parameter 

Mount % Coverage of Epoxy 

Bond Bond Strength 

Mold Temperature and Molding Parameters 

Trim/Form Lead Deflection (DIP) 

CERAMIC DEVICE ASSEMBLY 

Bond Bond Strength 

Seal Seal Furnace Temperature 

tStatistical Process ControVStatistical Quality Control 
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Quality and Reliability 

Table 3. MOS Memory Assembly Level Reliability Controls 

PARAMETER 

P.O. Integrity 

Chip/Crack 

Bond Integrity 

Package Integrity 

Die Mount Integrity 

Contamination 

Product Assessment/lmprovement 

Reliability Control System 

CONTROL 

Contactless Wafer Mount on Tape Ole Mount System 
Mold Compound Parameters 

Visual Inspection 
Temp Cycle 
Saw Blade Conditions 
Poker Pin Height 
Wet Etch Monitor (EPROM) 

Bond Strength Monitor 
Bond Parameters 
Bake/Bond Pull Monitor 
Capillary Change 

Visual Inspection 
Mold Press Parameters (Plastic) 
X-Ray Inspection (PlastiC) 
Trim/Form (Plastic) 
Package Seal (Ceramic) 
Temp Cycle (Ceramic) 
Hermeticity Monitor (Ceramic) 

Die-Shear Monitor 
Centrifuge Monitor 
X-Ray Inspect 
Leadframe Polylmlde Pattern Inspect 
Pick-Up Arm Force 

Visual Inspection 

The MOS Memory reliability control system (Figure 4) provides closed-loop-system feedback resulting in correc
tive actions and ongoing product improvements. Each new product, process, or major change to an existing product 
is internally qualified to industry leadership standards prior to production. This is followed by intensive monitoring 
during production ramp-up and reliability monitoring each month, once a product achieves final production release. 

Reliability Development Issues 

Soft Error: TI does extensive work in all phases of device development to minimize the effects of soft errors. Soft 
errors are caused by alpha particles emitted by the decay of small amounts of thorium and uranium located in device 
packaging materials. TI maintains an aggressive program of evaluating new mold compounds to ensure low alpha 
emmissivity. Certain device design and processing techniques are also applied to ensure a low soft-error rate. The 
goal of device design and proceSSing is to maximize the cell capacitance by employing an oxide-nitride dielectric, 
as opposed to an oxide dielectric. Also, the cell capacitance increases as the dielectric thickness decreases. Testing 
has shown that the trench capacitor used in dynamic RAMs has competitive soft-error rates. 

Channel Hot Electron: Channel hot electrons are caused by impact ionization in the drain pinch-off region. 
Electrons are accelerated toward the drain, collide with positive ions, and can be trapped in the gate oxide. This 
trapped charge can change the characteristics of the transistor by raising the VT (threshold voltage). One method 
employed to reduce the effects of hot electrons is to add a lightly doped drain to reduce the electric field at the gate. 
Testing for channel hot electrons is performed at a low temperature' (-1 Q·C) and a high drain voltage. 

Latch-up: A CMOS device can latch-up when the gain of the parasitic PNP+NPN transistors is greater than 1. 
These PNP+NPN transistors act as a silicon controlled rectifier (SCR).lf enough current flows through the resistors, 
the transistors will turn on and the device will latch-up. 

To control latch-up, the SCR gain must be controlled to less than or equal to one. Methods for improving latch-up 
immunity include incorporating guard rings between P+ find N+ diffusions, and isolating P+ and N+ diffusions. 

Latch-up testing is performed to ensure our CMOS devices meet the minimum holding current for industry 
standards. 
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Quality and Reliability 

Customer Service 

Quality, Reliability, Service, and the Cost of Ownership 

The goal of Texas Instruments is to offer the best quality, reliability, and service in the semiconductor industry. 
The foundation for this approach is to ship consistent quality. Consistent quality allows ship-to-stock programs that 
foster the elimination of the customer's incoming inspection. Ship-to-stock quality, coupled with 100% on-time deliv
ery to narrow shipping windows means support of the customer's just-in-time manufacturing program. This combina
tion of quality, reliability, and service can be measured by a single index called "the cost of ownerShip". The "cost of 
ownerShip· is defined as being composed of the purchase price, quality adders (for incoming inspection and board 
rework), inventory adders (for maintenance of a buffer inventory for suppliers who cannot meet just-in-time delivery), 
in-house reliability adders (for system burn-in and rework), and field reliability adders (for warranty and post-warranty 
field repairs). 

For more information about the cost-of-ownership concept, contact your local TI sales office and request the 
brochure "Texas Instruments Lowers Semiconductor Cost of OwnerShip·, SSYB057. 

Quality Improvement 

Significant improvement in product quality has been achieved through: 

- Better definition of customer's requirements. 

- Greater emphasiS on quality as a design criterion. 

- Improved control of incoming materials. 

-Intensive training of supervisors and operators. 

- Extensive use of statistical process control. 

- More automation of operations to minimize operator-related defects. 

QUALIFICATION PRODUCTION RAMP LOT ACCEPT 

Baseline process Baseline process 

3 - 6 diffusion lots Reliability lot acceptance concurrent with 

Worst case customer qualificetion 
qualifications 

requirements Review of data once sufficient lots have been 
sampled 

TESTS 
TESTS 

125'COplife 
EFRt Early Failure Ratet 
85/85 High temperature reverse bias§ 
Temperature cycle Temperature cycle 
Pressure cooker test Pressure cooker test 

PSP/PVP* Bake 
Static bias/storage 85/85§ 

Soft error 
Data retention bake 
Electromigration 
Package integrity 
ESD 

t DRAM - 125'C OPL, 80 Ilours 
EPROM & OTP - 200'C bake, 44 hours (OTP in ceramic package) 

* PSP: Pressure cooker, Solder dip, Pressure cooker 
PVP: Pressure cooker, Vapor phase, Pressure cooker 

§ Non-Volatile only 
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Quality and Reliability 

As i~ demonstrated in Figure 5, MOS Memory EPROM and DRAM outgoing quality has dramatically improved 
during the last few years. This significant improvement has occurred for all TI product lines and has been recognized 
publicly by many of our customers, who have given TI more than 70 major quality awards in the last several years. 
Included among these awards are Ford's 0-1 and TOE Awards, the U.S. Naval Ouality Award, and the Deming Prize, 
which is Japan's most prestigious quality award. 

Reliability Improvement 

Low IC failure rates are achieved through design-in reliability, computer aided design, stringent qualification test
ing prior to product release, routine monitoring of released products, and an extensive failure mode tracking and 
feedback system for IC failures. 

Each generation of MOS Memory products has exhibited a device failure rate improvement trend, and each new 
generation shows a step function improvement in quality and reliability over the previous generation (see Figures 5 
and 6). Even though the memory device complexity increases in an ongoing manner, Tl's failure rate by function has 
improved at an even faster pace. TI continues to emphasize reliability improvement as a major factor in reducing the 
total cost of ownership for our customers. Reliability improvement is reflected as a reduction in. the expected field 
failures during system lifetime. 

Up-tO-date quality and reliability data for MOS Memory products is available. Please contact your I.ocal TI sales 
office for information. 
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Scope 

Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 

This guideline establishes the require'1"ents for methods and materials used to protect electronic parts, devices, 
and assemblies (Items) that are susceptible to damage or degradation from electrostatic discharge (ESD). The 
electrostatic charges referred to In this specification are generated and stored on surfaces of ordinary plastics, most 
common textile garments, ungrounded person's bodies, and many other commonly unnoticed static generators. The 
passage of these charges through an electrostatic-sensitive part may result in catastrophic failure or performance 
degradation of the part. 

The part types for which these requirements are applicable include, but are not limited to the following: 
1. All metal-oxide semiconductor (MOS) devices; e.g., CMOS, PMOS, etc. 
2. Junction field-effect transistors (JFET) 
3. Bipolar digital and linear circuits 
4. Op-amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or 

other MOS elements 
5. Hybrid microcircuits and assemblies containing any of the types of devices listed 
6. Printed circuit boards and other types of assembly containing static-sensitive devices 
7. Thin-film passive devices 

Definitions 

1. Electrostatic Discharge (ESD): A transfer of electrostatic charges between bodies at different 
electrostatic potentials caused by direct contact or electrostatic field induction. 

2. Conductive material: Material having a surface resistivity of 10S C/square maximum. 
3. Static dissipative material: Material having a surface resistivity between 10S arid 109 C/square. 
4. Antistatic material: Material having a surface resistivity between 109 an,d 1014 C/square 
5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length 

and unit width of a surface. Note: Surface resisti~ity of a material is numerically equal to the surface 
resistance between two electrodes forming opposite sides of a square. The size of the square Is 
immaterial. Surface resistivity applies to both surface and volume conductive materials and has the 
dimension of C/square. 

6. Volume resistivity: Also referred to as bulk resistivity, it is normally determined by measuring the 
resistance (R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 

7. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or from a 
radioactive energy source in an airstream and distributes a layer of low velocity ionized air over a work 
area to neutralize static charges. 

8. Close proximity: For the purpose of this guideline, 6 inches or less. 

Device Sensitivity per Test Circuit of Method 3015, MIL·STD-883C 

1. Devices are categorized according to their susceptibility to damage resulting from electrostatic 
discharges (ESD). 

Category 
Class 1 
Class 2 
Class 3 

ESD Sensitivity 
OV-1999V 

2000 V - 3999 V 
4000 V and above 

2. Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, 
test, and shipment of completed equipment. 
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Guidelines for Handling Electrostatic-Dlscharge-Sensltlve (ESDS) 
Devices and Assemblies 

Applicable Reference Documents 

The following reference documents (of latest issue) can provide additional information on ESD controls. 
1. MIL-M-38510 Microcircuits, General Specification 
2. MIL-STD-883 Test Methods and Procedures for Microelectronics 
3. MIL-STD-19491 Semiconductor Devices, Packaging of 
4. MIL-M-55565 Microcircuits, Packaging of 
5. DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 
6. DOD-STD-1686 Electrostatic Discharge Control Program 
7. NAVSEA SE 003-11-TRN-010 Electrostatic Discharge Training Manual 
8. JEDEC Standard Publication 108 

Facilities for Static-Free Workstation 

The minimum acceptable static-free. workstation shall consist of a work surface covered with static dissipative 
material attached to ground through a 1 MC :t 1 0% resistor, an attached grounding wrist strap with integral 
1 MC:t 10% resistor for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall 
be connected to the static dissipative material. Ground shall utilize the standard building earth ground; refer to Figure 
1. Conductive floor tile/carpet along with conductive shoes may be used in lieu of the conductive wrist straps for 
non-seated personnel. The Site Safety Engineer must review and approve all electrical connections at the static-free 
workstation prior to its Implementation. 

Air ionizers shall. be positioned so that the devices at the static-free workstations are within a 4-foot arc measured 
by a vertical line from the face of the ionizer and 45 degrees on each side of this line. 

General grounding requirements are to be in accordance with Table 1. 

(. 

Personal 
Ground 
Strap 

R 

ESD Protective 
Trays,ete. 

Table ,....._..L...._., 
Top 

Ionizer 
f g=:~atlve 

Chair t-"""R\.----e§§~~~~~~~~~~~~~~~~~§ with Ground 
(optional) 

WorkBench 

AllelectricaJ equipment sitting on the conductive table top must be hard grcunded but must be isolated from the static dissipative work surface. 
NOTE A: Earth grcund Is not computer grcund or RF ground or any other limited-type grcund •. 
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Figure 1. Statl~-Free Workstation 
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Guidelines for Handling Electrostatlc.Dlscharge~Sensltlve (ESDS) 
Devices and Assemblies 

Table 1. General Grounding Requirements 

Treated With Antlatetle Grounded to Stetle Dlaalpatlve Solution or Made of 
Conductive Material Common Point Material 

Handling Equlpmenl/ X X Handtools 

Metal Parts of Fixtures and X Tools/Storage Racks 

Handling Trays/Tubes X X 

So~eringl~U. X 

Table Tope/Floor Mats X X X 

Personnel X Using Wrist Strap· 

• With 1 MQ:I: 10% realstor 

Usage of Antistatic Solution In Areas to Control the Generation of Static Charges 

The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESO program. 
Any antistatic chemical application shall be considered as a means to reduce or eliminate static charge generation 
on nonconductive materials in the manufacturing or storage areas. 

The application of any antistatic chemical in a clean room of class 10000 or less shall not be permitted. 
Accordingly, any user of antistatic solutions must consider the following_precautions: 

1. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, 
or equipment. 

2. 00 not perfdrm antistatic chemical applications in any area when bare chips, raw parts, packages, and/or 
personnel are exposed to spray mists and evaporation vapors. 

The need for initial application and frequency of reapplication can be established only through routing electrostatic 
voltage measurements using. an electrostatic voltmeter. The following durability schedule is a reasonable 
expectation. 

1. Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying. 
2. Hard abused surfaces (floor, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, 

by wiping or mopping. . 
3. Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, 

by wiping or spraying. 
4. Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or. adding 

antistatic concentrate to final rinse water wl'len cleaned. 
The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, 

and requirements shall be the responsibility of the area supervisor where antistatic chemicals are used. 
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Guidelines for Handling Electrostatic~Discharge·Sensltlve (ESDS) 
Devices and Assemblies . 

ESD Labels and Signs In Work Antss 

ESD caution signs at workstations and labels on static-sensitive parts and containers shall be consistent in color, 
symbols class, voltage sensitivity Identification, and appropriate instructions. Signs shall be posted at all workstations 
performing operations with static-sensitive items. These signs shall contain the following information or its equivalent. 

CAUTION 
STATIC CAN DAMAGE COMPONENTS 

Do not handle·E5D-sensitive items unless grounding wrist strap 
is properly worn and grounded. Do not let clothing or plain plastic 
materials contact or come in close proximity to ESD-sensitive 
items. .. 

Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for 
the intended purpose. Additionally, labels must be consistently placed on containers and packages at a standard 
location to eliminate mishandling. Use only aC-accepted and approved signs and labels to identify static-sensitive 
products and work areas. The use of ESD signs and la!>els and their information content shall be the responsibility 
of the area supervisor to assure consistency and compatibility throughout the static-sensitive routing. 

Relative Humidify Control 

Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area 
should be maintained within the 40%-60% relative humidity range. 

Preparation for. Working at Static-Free Workstation 

A workstation with a static disspative work surface ccinnected to ground through a 1 MO:t 10% resistor, a 
grounding wrist strap with the ground wire connected to the conductive work surface, and an ionizer constitute a 
static-free workstation (Figure 1). An operator is properly grounded when the wrist strap is in snug (no slack) contact 
with the bare skin, usually positioned on the left wrist for a right-handed operator. The wrist strap must be worn the 
entire time an operator is at a static.fr~e workstation. The operator should first touch the grounded bench top before 
handling static-sensitive items. This precaution should be observeCl in addition to wearing the gounding wrist strap. 
If possible, the operator should avoid touching leads or contacts even though he or she is grounded. 

CAUTION 
Personnel shall never be attached without the presence of the 
1 Me:t 10% series resistor in thEfground wire. 

An operator's clothing should never make contact or come in close prOximity with static sensitive items. Operators 
must be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long 
sleeves must be rolled up or covered with antistatic sleeve protector banded to the bare wrist, which shall "cage" the 
sleeve at least as far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items. , 

Any improperly prepared person, while at or near the work station, shall not touch or come in close proximity with 
any static-sensitive item. It is the responsibility of the operator and the area supervisor to ensure that the static-free 
work area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, 
plastic cosmetic bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastiC purses. All 
work-related items, including information sheets, fiuid containers, tools, and part carriers must be approved for use 
at the static-free workstation. . 

, ~1ExAs 
INSTRUMENTS 

12-6 POST OFFICE BOX 1443.t1. kOUS'TON, lEXAS 77251-1443 



Guidelines for Handling Electrostatlc-Dlscharge-Sensltlve (ESDS) 
Devices and Assemblies 

General Handling Procedure. and Requirements 

1. All static-sensitive items must be received in an antistatiC/conductive container and must not be removed 
from the container except at the static-free workstation. All protective folders or envelopes holding 
documentation (lot travelers, etc.) shall be made of nonstatic-generating material. 

2. Each packing (outermost) container and package Onternal or intermediate) shall have a bright yellow 
warning label attached, stating the following information or equivalent: 

..... • ~ CAUTION ... 
~ .: ELECTROSTATIC ~ r"'-J SENSITIVE· 

,., DO Nofo~~CO~~DLE 4.,., 
• EXCEPTATA 

STATIC-FREE WORKSTATION 

The warning label shall be legible and easily readable to normal vision at a distance of three feet. 

3. Static-sensitive items are to remain in their protective containers except when actually in use at the 
static-free station. 

4. Before removing the items from their protective container, the operator should place the container on the 
conductive grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly 
plugged into the ground receptacle, then touch hands to the conductive bench top. 

5. All operations on the items should be performed with the items in contact with the grounded bench top 
as much as possible. Do not allow conductive magazine to touch hard-grounded test gear on bench top. 

6. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 
7. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe 

strap may be used along with conductive tile/mats. 
8. When the operator moves from any other place to the static-free station, the start-up procedure shall be 

the same as in Preparation for Working at Static-Free Workstation. 
9. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, 

and shall be in operation during the entire time periOd the items are at the station. 
10. ·Plastic snow" polystyrene foam, ·peanuts,· or other high-dielectric materials shall never come in contact 

with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as 
evidenced by pink color and generation of less than:l: 100 volts). 

11. Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers 
made of untreated plastic material unless items are protectively packaged in conductive material. 

Packaging Requirements 

Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item 1. The use of tape and plain 
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in General Handling Procedures 
and Requirements, item 2. Conductive magazineS/boxes may be used in lieu of conductive bags. 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 

Specific Handling Procedures for Static-Sensitive Items 

Stockroom Operations 
1. Containers of static-sensitive Items are not to be accepted into stock unless adequately Identified as 

containing static-sensitive items. 
2. Items may be removed from the protective container (magazlne/bag, etc.) for the purpose of subdividing 

for order issue only by a properly grounded operator at an approved static-free station as defined In 
Facilities for and Preparation for Working at Static-Free Workstation. 

3. All subdivided lots must be carefully repackaged In protective containers (magazine/bag, etc.) prior to 
removal from the static-free work-station and labeled to indicate that the package(s) contain 
static-sensitive items. If it is suspected that a static-sensitive item is not adequately protected, do not 
transfer it to another container; return it to the originator for disposition unless the originator is a customer. 
In that case, the QC engineer should contact the customer and negotiate an appropriate disposition. 

4. It is the responsibility of the stockroom supervisor to ensure that all personnel assigned to this operation 
are familiar with handling procedures as outlined in this specification. A copy of this specification Is to 
be posted in the vicinity so that it is accessible to the operators. Stock handlers and all others who might 
have occasion to move stock are to be instructed to avoid direct contact with unprotected static-sensitive 
items. 

Module and Subassembly Operations 
1. Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless 

received in approved static-protective packaging and properly labeled to indicate that the contents are 
static-sensitive. 

2. All single station, progressive line manual assembly operators, and visual inspectors prior to wave 
soldering operations are to be properly grounded with a grounding wrist strap when handling 
static-sensitive items. 

3. Progressive lines used as single stations where operators will be working on a mix of boards, both 
static-sensitive and nonstatic-sensitive, will require that all operators working on the line be properly 
grounded. This is necessary to accommodate the sliding of static-sensitive boards along the assembly 
bench or across positions not engaged in the assembly of this.type board. 

4. It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items 
are familiar with this procedure and fully aware of the damage or degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that 
the static-free stations are in the proper working order and to ensure that operators are wearing 
grounding wrist straps properly (snugly in contact with bare skin). 

Soldering and Lead-Forming Operations 
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1. All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to 
ensure that they are at the same ground potential as the grounded operators working on their stations. 
No machine surfaces exposed to static-sensitive items are to be above ground potential. 

2. All processing equipment shall be groundedj including all loading and unloading stations, that Is, the 
stations before and after each piece of processing eqUipment. 

3. All nonmetallic, static-generating components in the handling systems shall be treated to ensure 
protection from static. 

4. All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 
5. Operators are to be properly grounded with a grounding wrist strap during handling,loading, unloading, 

inspection, rework, or proximity to static-sensitive items. 
6. Unloading-operators working at a grounded station shall place static-sensitive items into approved 

static-protective bags or containers. 
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Guidelines for Handling Electrostatic-Discharge-Sensltive (ESDS) 
. Devices and Assemblies 

Soldering and Lead-Forming Operations (Continued) 

7. All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. 
Operators are to wear grounding wrist straps when working on static-senstive items. Only grounded-tip 
soldering/desoldering irons are allowed when working on static-sensitive items. 

8. It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items 
are familiar with this procedure and fully aware of the damage or degradation of these units in the event 
of noncompliance; A periodic inspection should be made using an electrostatic voltmeter to assure that 
the static-free stations are in proper working order and to ensure that the operators are wearing 
grounding wrist straps properly (comfortably snug in contact with bare skin). 

Electrical Testing Operations 

1. All electrical test stations shall be static protected. Operators shall be properly grounded when working 
on these items. 

2. Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 
3. Devices should be in an antistatic/conductive environment except at the moment when actually under 

mst. . 

4. Devices should not be inserted into or removed from circuits or mster with the power on or with signals 
applied to inputs to prevent transient voltages from causing permanent damage. 

S. All unused input leads should be biased if possible. 
6. Device or module repairs must be performed at static-free stations with the operator attached to a 

grounding wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 
7. Static-sensitive items shall be handled through all electrical inspections in static protective containers. 

Removal of the items from the protective contain~rs shall be done at a static-free workstation as 
discussed in Preparation for Working at a Static~Free Workstation. The units must be returned to the 
containers before leaving the station. 

8. All such items shall be shipped with an ESD warning label affixed as listed. 
9. It is the responsibility of the area supervisor to ,ensure thatall personnel handling static-sensitive items 

are familiar with this procedure and fully aware of the damage or possible degradation of these units in 
the event of noncompliance. A periodiC inspection should be made using an electrostatic voltmeter to 
assure that the static-free stations are in proper working order and to ensure that operators are wearing 
grounding straps properly (snugly in contact with bare skin). 

Packing Operations 

1. Static-sensitive items are not to be accepted into the packing area unless they are contained In a 
static-protected bag or conductive container. 

2. A static-sensitive item delivered to the packer within an approved container or bag and found to be in 
order regarding identification shall be packed in the standard shipping carton or other regular packaging 
'material. Containers are to be labeled in accordance with General Handling Procedures and 
Requirements, item 2. 

3. Any void-fillers shall be made of an approved antistatic material. 

Bum-In Operations 

1. Burn-In board loading and unloading of static-sensitive items shall be done at a static-free station. 
2. Shorting Clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into 

the board sockets. The clip/connectors shall be taken off just prior to plugging the board into the oven 
connector. The clip/connector shall be installed immediately upon removal of the board from the oven 
connector. Installation and removal ofthe clip/connector shall be done by a properly grounded operator. 

3. . All automatic or semi-automatic loading and unloading equipment shall be properly electrically 
grounded. 
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Guidelines for Handling Electrostatlc-Dlscharge-Sensltive (ESDS) 
D.evicesand Assemblies '. 

Burn-In Operations (continued) 

4. It Is the responsibility of the area supeNisor to ensure that all personnel handling static-senstlve items 
are familiar with this procedure and fully aware of the damage or possible degradation of these units in 
the event of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to 
assure that. the static-free stations are in proper working order and to ensure that operators ~ wearing 
grounding straps properly (snugly in contact with b~re Skip) •. 

Customer-Returned-Item Handling Procedure 

Receipt of ESD sensitive-labeled items is to be done at a static-free workstation and handled in accordance with 
applicable sections within this guideline. 

Quality Control Provision 

Sampling 

Each manufacturing, stockroom, and testing operation handling ESD sensitive devices will be audited a minimum 
of once each quarter for compliance with all terms of this specification by the responsible process control or ORA 
organization. Ground continUity and the presence of uncontrolled static voltages are considered critical and shall be 
checked more frequently as specified below. 

Ground Continuity (minimum of once a week) 

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. 
The presence of a 1 MO:t 10% resistor in the ground connections between both the operator wrist straps to the work 
surface and the work surface to ground connector must be verified. 

Grounded Conditions (minimum of once a week) 

A visual inspection shall be made to determine full compliance with this specification at static-free workstations 
during handling of static-sensitive items, including operator being grounded as required, static-sensitive items not 
being handled in unprotected or unauthorized areas, and no static-generating materials at the grounded workstation. 

Sleeve Protectors (minimum of once a week) 

A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved ciothing either 
has sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 

Static Voltage Levels (minimum of once a week) 

In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check 
for uncontrolled elect8tatic voltages at or near electrostatic-controlled work stations. 

Conductive Floor Tiles (minimum of once a month) 

Conductive floors must have a resistance of not less than 100 kO from any point on the tile to earth ground. Also, 
resistance from any point-to-point on the tile floor three (3) feet apart shall be not less than1 00 kO. The test methods 
to be u$ed are ASTM~F-150·72 and NFPA 99. . 

Records 

Written records must be kept of all these QC audits. 
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Training 

Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 

Training is applicable for all areas where individuals come in contact with ESD-sensitive devices. It is the 
responsibility of each area supervisor to make sure that his/her people receive ESD training initially and every 12 
months thereafter to maintain proficiency. Training should include static fundamentals, a review of applicable parts 
of this specification, and actual applications in the work area. 
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